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  Core Features

• Embryology of the salivary glands and their as-
sociated structures

• Detailed anatomy of the parotid, submandibular, 
sublingual, and minor salivary glands, including 
nervous innervation, arterial supply, and venous 
and lymphatic drainage

• Histology and organization of the acini and duct 
systems within the salivary glands

• Physiology and function of the glands with re-
spect to the production of saliva

• Considerations when taking a patient’s history

• The intra- and extraoral aspects of inspection 
and palpation during a physical examination
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 Anatomy, Function, and Evaluation 
of the Salivary Glands
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Introduction

The human salivary gland system can be divided into two 
distinct exocrine groups. The major salivary glands in-
clude the paired parotid, submandibular, and sublingual 
glands. Additionally, the mucosa of the upper aerodiges-
tive tract is lined by hundreds of small, minor salivary 
glands. The major function of the salivary glands is to 
secrete saliva, which plays a significant role in lubrica-
tion, digestion, immunity, and the overall maintenance of 
homeostasis within the human body.

Developmental Anatomy

In the last 15 years, significant improvement has been 
made in our understanding of the molecular basis of 
salivary gland development, supplanting and expanding 
classical teaching in the embryology and developmental 
anatomy.

Early work suggests that development of the salivary 
glands begins during the sixth to eighth embryonic week 
when oral ectodermal outpouchings extend into the ad-
jacent mesoderm and serve as the site of origin for major 
salivary gland growth. The development of major salivary 
glands is thought to consist of three main stages [1, 8]. 
The first stage is marked by the presence of a primordial 
anlage (from the German verb anlagen, meaning to lay a 
foundation or to prepare) and the formation of branched 
duct buds due to repeated epithelial cleft and bud devel-
opment. Ciliated epithelial cells form the lining of the 
lumina, while external surfaces are lined by ectodermal 
myoepithelial cells [2]. The early appearance of lobules 
and duct canalization occur during the second stage. 
Primitive acini and distal duct regions, both containing 
myoepithelial cells, form within the seventh month of 
embryonic life. The third stage is marked by maturation 
of the acini and intercalated ducts, as well as the dimin-
ishing prominence of interstitial connective tissue.

The first of the glands to appear, during the sixth ges-
tational week, is the primordial parotid gland. It develops 
from the posterior stomodeum, which laterally elongates 
into solid cords across the developing masseter muscle. 
The cords then canalize to form ducts, and acini are formed 
at the distal ends. A capsule formed from the ambient 
mesenchyme surrounds the gland and associated lymph 
nodes [14]. Small buds appear in the floor of the mouth 
lateral to the tongue during the sixth week of embryonic 

life and extend posteriorly around the mylohyoid muscle 
into the submandibular triangle. These buds eventually 
develop into the submandibular glands. A capsule from 
the surrounding mesenchyme is fully developed around 
the gland by the third gestational month [8]. During the 
ninth embryonic month, the sublingual gland anlage is 
formed from multiple endodermal epithelial buds in the 
paralingual sulcus of the floor of the mouth. Absence of 
a capsule is due to infiltration of the glands by sublingual 
connective tissue. Intraglandular lymph nodes and ma-
jor ducts also do not generally develop within sublingual 
glands. Upper respiratory ectoderm gives rise to simple 
tubuloacinar units. They develop into the minor salivary 
glands during the 12th intrauterine week [17].

Recent work using murine models has shown the 
complexity of the underlying molecular events orches-
trating classical embryological findings. Development 
of the salivary glands is an example of branching mor-
phogenesis, a process fundamental to many developing 
organs, including lung, mammary gland, pancreas, and 
kidney [12]. Branching organs develop a complex arbo-
rization and morphology through a program of repeti-
tive, self-similar branching forks to create new epithelial 
outgrowths. The developmental growth of a multicellular 
organ such as a salivary gland is based on a set of interde-
pendent mechanisms and signaling pathways. The result-
ing expression of these pathways is dynamic, organized, 
and changes correspondingly with each developmental 
stage. The sonic hedgehog (Shh) signaling plays an es-
sential role during craniofacial development [13]. Other 
pathways, including the fibroblast growth factor family of 
receptors and associated ligands, have also been shown to 
play a crucial role [28].

Parotid Gland

Anatomy

The paired parotid glands are the largest of the major sali-
vary glands and weigh, on average, 15–30 g. Located in 
the preauricular region and along the posterior surface of 
the mandible, each parotid gland is divided by the facial 
nerve into a superficial lobe and a deep lobe (Fig. 1.1). 
The superficial lobe, overlying the lateral surface of the 
masseter, is defined as the part of the gland lateral to the 
facial nerve. The deep lobe is medial to the facial nerve 
and located between the mastoid process of the temporal 
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bone and the ramus of the mandible. Most benign neo-
plasms are found within the superficial lobe and can be 
removed by a superficial parotidectomy. Tumors arising 
in the deep lobe of the parotid gland can grow and extend 
laterally, displacing the overlying superficial lobe with-
out direct involvement. These parapharyngeal tumors 
can grow into “dumbbell-shaped” tumors, because their 
growth is directed through the stylomandibular tunnel 
[5].

The parotid gland is bounded superiorly by the zygo-
matic arch. Inferiorly, the tail of the parotid gland extends 
down and abuts the anteromedial margin of the sterno-
cleidomastoid muscle. This tail of the parotid gland ex-
tends posteriorly over the superior border of the sterno-
cleidomastoid muscle toward the mastoid tip. The deep 
lobe of the parotid lies within the parapharyngeal space 
[10].

An accessory parotid gland may also be present lying 
anteriorly over the masseter muscle between the parotid 
duct and zygoma. Its ducts empty directly into the parotid 
duct through one tributary. Accessory glandular tissue is 
histologically distinct from parotid tissue in that it may 
contain mucinous acinar cells in addition to the serous 
acinar cells [6].

Fascia

The deep cervical fascia continues superiorly to form the 
parotid fascia, which is split into superficial and deep 
layers to enclose the parotid gland. The thicker superfi-
cial fascia is extended superiorly from the masseter and 
sternocleidomastoid muscles to the zygomatic arch. The 
deep layer extends to the stylomandibular ligament (or 
membrane), which separates the superficial and deep 
lobes of the parotid gland. The stylomandibular ligament 
is an important surgical landmark when considering the 
resection of deep lobe tumors. In fact, stylomandibular 
tenotomy [22] can be a crucial maneuver in providing 
exposure for en bloc resections of deep-lobe parotid or 
other parapharyngeal space tumors. The parotid fascia 
forms a dense inelastic capsule and, because it also covers 
the masseter muscle deeply, can sometimes be referred to 
as the parotid masseteric fascia.

Stensen’s Duct

The parotid duct, also known as Stensen’s duct, secretes 
a serous saliva into the vestibule of the oral cavity. From 

Fig. 1.1: The parotid gland and the facial 
nerve branching
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the anterior border of the gland, it travels parallel to the 
zygoma, approximately 1 cm below it, in an anterior di-
rection across the masseter muscle. It then turns sharply 
to pierce the buccinator muscle and enters the oral cavity 
opposite the second upper molar tooth.

Neural Anatomy

The facial nerve (CN VII) exits the skull base via the sty-
lomastoid foramen, which is slightly posterolateral to the 
styloid process and anteromedial to the mastoid process. 
Before entering the posterior portion of the parotid gland, 
three motor branches are given off to innervate the pos-
terior belly of the digastric muscle, the stylohyoid muscle, 
and the postauricular muscles.

The main trunk of the facial nerve then passes through 
the parotid gland and, at the pes anserinus (Latin: goose’s 
foot), divides into the temporofacial and lower cervico-
facial divisions approximately 1.3 cm from the stylomas-
toid foramen. The upper temporofacial division forms the 
frontal, temporal, zygomatic, and buccal branches. The 
lower cervicofacial division forms the marginal mandibu-
lar and cervical branches. Branches from the major up-
per and lower branches often anastomose to create the 
diverse network of midfacial buccal branches.

The temporal branch traverses parallel to the super-
ficial temporal vessels across the zygoma to supply the 
frontal belly of the occipitofrontalis muscle, the orbicu-
laris oculi, the corrugator supercilii, and the anterior and 
superior auricular muscles. The zygomatic branch travels 
directly over the periosteum of the zygomatic arch to in-
nervate the zygomatic, orbital, and infraorbital muscles. 
The buccal branch travels with Stensen’s duct anteriorly 
over the masseter muscle to supply the buccinator, upper 
lip, and nostril muscles. Buccal branches can either arise 
from the upper temporofacial or the lower cervicofacial 
division. The marginal mandibular branch courses along 
the inferior border of the parotid gland to innervate the 
lower lip and chin muscles. It lies superficial to the pos-
terior facial vein and retromandibular veins in the plane 
of the deep cervical fascia directly beneath the platysma 
muscle. The cervical branch supplies the platysma muscle. 
Like the marginal mandibular branch, it is located within 
the plane of the deep cervical fascia direct underneath the 
platysma.

Small connections can exist among the temporal, zy-
gomatic, and buccal branches, and anatomic variations in 
facial nerve branching patterns occur commonly. Each 

terminal branch can be located distally and traced retro-
grade across the parotid gland to the main trunk of the 
facial nerve. The facial nerve can also be identified at the 
stylomastoid foramen by performing a mastoidectomy if 
identification by the usual landmarks is not possible [5, 
10, 23].

The great auricular nerve is a sensory branch of the 
cervical plexus, particularly C2 and C3, and innervates 
the posterior portion of the pinna and the lobule. The 
nerve parallels the external jugular vein along the lateral 
surface of the sternocleidomastoid muscle to the tail of 
the parotid gland, where it splits into anterior and poste-
rior branches. The great auricular nerve is often injured 
during parotidectomy, which can result in long-term sen-
sory loss in the lobule. Harvesting of this nerve can be 
used for facial nerve grafting in certain cases.

The auriculotemporal nerve is a branch of the man-
dibular nerve, the third inferior subdivision of the tri-
geminal nerve (V3). After exiting the foramen ovale, the 
nerve traverses superiorly to innervate the skin and scalp 
immediately anterior to the ear. Its course runs parallel to 
the superficial temporal vessels and anterior to the exter-
nal auditory canal.

Autonomic Nerve Innervation

The glossopharyngeal nerve (CN IX) provides visceral 
secretory innervation to the parotid gland. The nerve 
carries preganglionic parasympathetic fibers from the 
inferior salivatory nucleus in the medulla through the 
jugular foramen (Fig. 1.2). Distal to the inferior gan-
glion, a small branch of CN IX (Jacobsen’s nerve) reen-
ters the skull through the inferior tympanic canaliculus 
and into the middle ear to form the tympanic plexus. 
The preganglionic fibers then course along as the lesser 
petrosal nerve into the middle cranial fossa and out the 
foramen ovale to synapse in the otic ganglion. Postgan-
glionic parasympathetic fibers exit the otic ganglion be-
neath the mandibular nerve to join the auriculotemporal 
nerve in the infratemporal fossa. These fibers innervate 
the parotid gland for the secretion of saliva. Postgangli-
onic sympathetic fibers innervate salivary glands, sweat 
glands, and cutaneous blood vessels through the external 
carotid plexus from the superior cervical ganglion. Ace-
tylcholine serves as the neurotransmitter for both post-
ganglionic sympathetic and parasympathetic fibers [10]. 
This physiologic coincidence allows for the development 
of “gustatory sweating” (also known as Frey’s syndrome) 
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following parotidectomy [19, 26]. Patients develop sweat-
ing and flushing of the skin overlying the parotid region 
during eating due to aberrant autonomic reinnervation 
of the sweat glands by the regenerating parasympathetic 
fibers from any residual parotid gland. Frey’s syndrome 
may occur in as many as 25–60% of patients postopera-
tively. The risk for Frey’s syndrome can be minimized first 
by complete and meticulous superficial parotidectomy. 
Second, by developing skin flaps of appropriate thick-
ness, exposed apocrine glands of the skin are protected 
from ingrowth and stimulation by the severed branches 
of the auriculotemporal nerve and their parasympathetic 
stimulation during meals. There are numerous nonsurgi-
cal and surgical treatments for persistent Frey’s syndrome 
following parotidectomy (see Chapter 5, Treatment of 
Frey’s Syndrome).

Arterial Supply

The blood supply to the parotid gland is from branches 
of the external carotid artery, which courses superiorly 
from the carotid bifurcation and parallel to the mandible 
under the posterior belly of the digastric muscle. The ar-
tery then travels medial to the parotid gland and splits 
into two terminal branches. The superficial temporal 
artery runs superiorly from the superior portion of the 
parotid gland to the scalp within the superior pretragal 
region. The maxillary artery leaves the medial portion 
of the parotid and supplies the infratemporal fossa and 
the pterygopalatine fossa. During radical parotidectomy, 
this vessel must be controlled especially when marginal 
or segmental mandibulectomy is required. The transverse 
facial artery branches off the superficial temporal artery 
and runs anteriorly between the zygoma and parotid duct 
to supply the parotid gland, parotid duct, and the mas-
seter muscle [10].

Fig. 1.2: Parasympathetic supply 
to the major salivary glands
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Venous Drainage

The retromandibular vein, formed by the union of the 
maxillary vein and the superficial temporal vein, runs 
through the parotid gland just deep to the facial nerve 
to join the external jugular vein. There is substantial 
variation in the surgical anatomy of the retromandibular 
vein, which may bifurcate into an anterior and posterior 
branch. The anterior branch can unite with the posterior 
facial vein, forming the common facial vein. The pos-
terior facial vein lies immediately deep to the marginal 
mandibular branch of the facial nerve and is therefore 
often used as a landmark for identification of the nerve 
branch, especially at the antegonial notch of the mandible 
where the nerve dips inferiorly [3]. The posterior branch 
of the retromandibular vein may combine with the post-
auricular vein above the sternocleidomastoid muscle and 
drain into the external jugular vein.

Lymphatic Drainage

Contrary to the lymphatic drainage of the other salivary 
glands, there is a high density of lymph nodes within and 
around the parotid gland. The parotid is the only salivary 
gland with two nodal layers, both of which drain into the 
superficial and deep cervical lymph systems. Approxi-
mately 90% of the nodes are located in the superficial layer 
between the glandular tissue and its capsule. The parotid 
gland, external auditory canal, pinna, scalp, eyelids, and 
lacrimal glands are all drained by these superficial nodes. 
The deep layer of nodes drains the gland, external audi-
tory canal, middle ear, nasopharynx, and soft palate [7].

Parapharyngeal Space

Tumors of the deep parotid lobe often extend medially 
into the parapharyngeal space (PPS). This space just pos-
terior to the infratemporal fossa is shaped like an inverted 
pyramid. The greater cornu of the hyoid bone serves as 
the apex and the petrous bone of the skull base acts as the 
pyramidal base. The PPS is bound medially by the lateral 
pharyngeal wall, which consists of the superior constric-
tor muscles, the buccopharyngeal fascia and the tensor 
veli palatine. The ramus of the mandible and the medial 
pterygoid muscle make up the lateral border. The para-
pharyngeal space is bordered anteriorly by the pterygoid 
fascia and the pterygomandibular raphe. The posterior 

border is lined by the carotid sheath and prevertebral fas-
cia.

A line from the styloid process to the medial portion 
of the medial pterygoid plate divides the parapharyngeal 
space into two compartments. The prestyloid compart-
ment contains the deep lobe of the parotid gland, minor 
salivary glands, as well as neurovascular structures, in-
cluding the internal maxillary artery, ascending pharyn-
geal artery, the inferior alveolar nerve, the lingual nerve, 
and the auriculotemporal nerve. The poststyloid compart-
ment contains the internal jugular vein, carotid artery and 
vagus nerve within the carotid sheath, as well as cranial 
nerves IX, X, XI, and XII and the cervical sympathetic 
chain. Neurogenic tumors or paragangliomas from the 
cervical sympathetics or cranial nerves can thus arise in 
this compartment [4].

Submandibular Gland

Anatomy

The submandibular gland (in older texts, this gland was 
sometimes referred to as “the submaxillary gland”) is the 
second largest major salivary gland and weighs 7–16 g 
(Fig. 1.3). The gland is located in the submandibular tri-
angle, which has a superior boundary formed by the infe-
rior edge of the mandible and inferior boundaries formed 
by the anterior and posterior bellies of the digastric mus-
cle. Also lying within the triangle are the submandibular 
lymph nodes, facial artery and vein, mylohyoid muscle, 
and the lingual, hypoglossal, and mylohyoid nerves. Most 
of the submandibular gland lies posterolateral to the my-
lohyoid muscle. During neck dissection or submandibu-
lar gland excision, this mylohyoid muscle must be gently 
retracted anteriorly to expose the lingual nerve and sub-
mandibular ganglion. Often, smaller, tongue-like projec-
tions of the gland follow the duct, as it ascends toward 
the oral cavity, deep to the mylohyoid muscle [29]. How-
ever, these projections should be distinguished from the 
sublingual gland which lies superior to the mylohyloid 
muscle. (For more detail, see Chapter 21, Management of 
Tumors of the Submandibular and Sublingual Glands.)

Fascia

The middle layer of the deep cervical fascia encloses the 
submandibular gland. This fascia is clinically relevant be-
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cause the marginal mandibular branch of the facial nerve 
is superficial to it, and care must be taken to preserve the 
nerve during surgery in the submandibular region. Thus, 
division of the submandibular gland fascia, when onco-
logically appropriate, is a reliable method of preserving 
and protecting the marginal mandibular branch of the fa-
cial nerve during neck dissection and/or submandibular 
gland resection.

Wharton’s Duct

The submandibular gland has both mucous and serous 
cells that empty into ductules, which in turn empty into 
the submandibular duct. The duct exits anteriorly from 
the sublingual aspect of the gland, coursing deep to the 
lingual nerve and medial to the sublingual gland. It even-
tually forms Wharton’s duct between the hyoglossus and 
mylohyoid muscles on the genioglossus muscle. Whar-
ton’s duct, the main excretory duct of the submandibular 
gland, is approximately 4–5 cm long, running superior to 
the hypoglossal nerve while inferior to the lingual nerve. 
It empties lateral to the lingual frenulum through a papilla 
in the floor of the mouth behind the lower incisor tooth. 
The openings for the sublingual gland, or the sublingual 
caruncles, are located near the midline of the sublingual 
fold in the ventral tongue.

Neural Anatomy

Both the submandibular and the sublingual glands are 
innervated by the secretomotor fibers of the facial nerve 
(CN VII). Parasympathetic innervation from the superior 
salivatory nucleus in the pons passes through the ner-
vus intermedius and into the internal auditory canal to 
join the facial nerve. The fibers are next conveyed by the 
chorda tympani nerve in the mastoid segment of CN VII, 
which travels through the middle ear and petrotympanic 
fissure to the infratemporal fossa. The lingual nerve, a 
branch of the marginal mandibular division of the fifth 
cranial nerve (CN V), then carries the presynaptic fibers 
to the submandibular ganglion. The postsynaptic nerve 
leaves the ganglion to innervate both the submandibular 
and sublingual glands to secrete watery saliva. As in the 
parotid gland, sympathetic innervation from the superior 
cervical ganglion accompanies the lingual artery to the 
submandibular tissue and causes glandular production of 
mucoid saliva instead [5].

The lingual nerve branches off the mandibular divi-
sion of the trigeminal nerve (V3) in the infratemporal 
fossa to supply general sensation and taste to the ante-
rior two thirds of the tongue. The nerve courses laterally 
between the medial pterygoid muscle and ramus of the 
mandible and enters the oral cavity at the lower third 
molar to then travel across the hyoglossus along the 

Fig. 1.3: The submandibular gland 
and important anatomic landmarks

7Anatomy, Function, and Evaluation Chapter 1



floor of the mouth in a submucosal plane. Beneath the 
mandible, a small motor nerve branches off and trav-
els posteriorly from the lingual nerve to innervate the 
mylohyoid muscle. These fibers are usually sacrificed 
during surgical removal of the submandibular gland. 
Parasympathetic fibers are carried via the lingual nerve 
to the submandibular ganglion, and postsynaptic fibers 
exit along the course of the submandibular duct to in-
nervate the gland.

The hypoglossal nerve (CN XII) supplies motor inner-
vation to all extrinsic and intrinsic muscles of the tongue 
except for the palatoglossus muscle. From the hypoglos-
sal canal at the base of the skull, the nerve is pulled in-
feriorly during embryonic development down into the 
neck by the occipital branch of the external carotid ar-
tery. From here, the hypoglossal nerve travels just deep to 
the posterior belly of the digastric muscle and common 
tendon until it reaches the submandibular triangle. Here 
CN XII lies deep in the triangle covered by a thin layer of 
fascia. Its location is anterior, deep and medial relative to 
the submandibular gland. Typically the nerve has a close 
relationship to the anterior belly of the digastric muscle. 
It then ascends anterior to the lingual nerve and its genu 
deep to the mylohyoid muscle. Extreme care should be 
taken to preserve this important nerve during head and 
neck surgery.

Arterial Supply

Both the submandibular and sublingual glands are sup-
plied by the submental and sublingual arteries, branches 
of the lingual and facial arteries. The facial artery, the tor-
tuous branch of the external carotid artery, is the main 
arterial blood supply of the submandibular gland. It runs 
medial to the posterior belly of the digastric muscle and 
then hooks over to course superiorly deep to the gland. 
The artery exits at the superior border of the gland and 
the inferior aspect of the mandible known as the facial 
notch. It then runs superiorly and adjacent to the inferior 
branches of the facial nerve into the face. During sub-
mandibular gland resection, the artery must be sacrificed 
twice, first at the inferior border of the mandible and 
again just superior to the posterior belly of the digastric 
muscle. The lingual artery branches inferior to or with the 
facial artery off the external carotid artery. It runs deep 
to the digastric muscle along the lateral surface of the 
middle constrictor and then courses anterior and medial 
to the hyoglossus muscle.

Venous Drainage

The submandibular gland is mainly drained by the an-
terior facial vein, which is in close approximation to the 
facial artery as it runs inferiorly and posteriorly from the 
face to the inferior aspect of the mandible. Because it lies 
just deep to the marginal mandibular division of the facial 
nerve, ligation and superior retraction of the anterior fa-
cial vein can help preserve this branch of the facial nerve 
during submandibular gland surgery. It forms extensive 
anastomoses with the infraorbital and superior ophthal-
mic veins. The common facial vein is formed by the union 
of the anterior and posterior facial veins over the middle 
aspect of the gland. The common facial vein then courses 
lateral to the gland and exits the submandibular triangle 
to join the internal jugular vein.

Lymphatic Drainage

The prevascular and postvascular lymph nodes draining 
the submandibular gland are located between the gland 
and its fascia, but are not embedded in the glandular tis-
sue. They lie in close approximation to the facial artery 
and vein at the superior aspect of the gland and empty 
into the deep cervical and jugular chains. These nodes are 
frequently associated with cancers in the oral cavity, es-
pecially in the buccal mucosa and the floor of the mouth. 
Thus, when ligating the facial artery and its associated 
plexus of veins, greater care must be taken not only to re-
sect all associated lymphoadipose tissue, but also to pre-
serve the marginal mandibular branch of the facial nerve, 
which runs in close proximity to these structures.

Sublingual Gland

The smallest of the major salivary glands is the sublingual 
gland, weighing 2–4 g. Consisting mainly of mucous aci-
nar cells, it lies as a flat structure in a submucosal plane 
within the anterior floor of the mouth, superior to the my-
lohyoid muscle and deep to the sublingual folds opposite 
the lingual frenulum [11]. Lateral to it are the mandible 
and genioglossus muscle. There is no true fascial capsule 
surrounding the gland, which is instead covered by oral 
mucosa on its superior aspect. Several ducts (of Rivinus) 
from the superior portion of the sublingual gland either 
secrete directly into the floor of mouth, or empty into 
Bartholin’s duct that then continues into Wharton’s duct.
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Both the sympathetic and parasympathetic nervous 
systems innervate the sublingual gland. The presynaptic 
parasympathetic (secretomotor) fibers of the facial nerve 
are carried by the chorda tympani nerve to synapse in the 
submandibular ganglion. Postganglionic fibers then exit 
the submandibular ganglion and join the lingual nerve to 
supply the sublingual gland. Sympathetic nerves inner-
vating the gland travel from the cervical ganglion with the 
facial artery [5].

Blood is supplied to the sublingual gland by the sub-
mental and sublingual arteries, branches of the lingual and 
facial arteries, respectively. The venous drainage parallels 
the corresponding arterial supply. The sublingual gland is 
mainly drained by the submandibular lymph nodes.

Ranulas are cysts or mucoceles of the sublingual gland, 
and they can exist either simply within the sublingual 
space or plunging posteriorly to the mylohyoid muscle 
into the neck. A simple ranula will most commonly pres-
ent as a bluish, nontender mass in the floor of the mouth 
and may either be a retention cyst or an extravasation 
pseudocyst. A plunging ranula will present as a soft, 
painless cervical mass and is always an extravasation 
pseudocyst (see Chapter 10, Management of Mucocele 
and Ranula).

Minor Salivary Glands

About 600 to 1,000 minor salivary glands, ranging in 
size from 1 to 5 mm, line the oral cavity and orophar-
ynx. The greatest number of these glands are in the lips, 
tongue, buccal mucosa, and palate, although they can 
also be found along the tonsils, supraglottis, and parana-
sal sinuses. Each gland has a single duct which secretes, 
directly into the oral cavity, saliva which can be either se-
rous, mucous, or mixed.

Postganglionic parasympathetic innervation arises 
mainly from the lingual nerve. The palatine nerves, how-
ever, exit the sphenopalatine ganglion to innervate the 
superior palatal glands. The oral cavity region itself deter-
mines the blood supply and venous and lymphatic drain-
age of the glands. Any of these sites can also be the source 
of glandular tumors [11].

Histology

All glands in general are derived from epithelial cells and 
consist of parenchyma (the secretory unit and associated 

ducts) and stroma (the surrounding connective tissue that 
penetrates and divides the gland into lobules). Secretory 
products are synthesized intracellularly and subsequently 
released from secretory granules by various mechanisms. 
Glands are usually classified into two main groups. Endo-
crine glands contain no ducts, and the secretory products 
are released directly into the bloodstream or lymphatic 
system. In contrast, exocrine glands secrete their products 
through a duct system that connects them to the adjacent 
external or internal epithelial surfaces. Salivary glands are 
classified as exocrine glands that secrete saliva through 
ducts from a flask-like, blind-ended secretory structure 
called the salivary acinus.

The acinus itself can be divided into three main types. 
Serous acini in salivary glands are roughly spherical and 
release via exocytosis a watery protein secretion that is 
minimally glycosylated or nonglycosylated from secre-
tory (or zymogen) granules. The acinar cells comprising 
the acinus are pyramidal, with basally located nuclei sur-
rounded by dense cytoplasm and secretory granules that 
are most abundant in the apex. Mucinous acini store a vis-
cous, slimy glycoprotein (mucin) within secretory gran-
ules that become hydrated when released to form mucus. 
Mucinous acinar cells are commonly simple columnar 
cells with flattened, basally situated nuclei and water-solu-
ble granules that make the intracellular cytoplasm appear 
clear. Mixed, or seromucous, acini contain components of 
both types, but one type of secretory unit may dominate. 
Mixed secretory units are commonly observed as serous 
demilunes (or half-moons) capping mucinous acini.

Between the epithelial cells and basal lamina of the 
acinus, flat myoepithelial cells (or basket cells) form a lat-
ticework and possess cytoplasmic filaments on their basal 
side to aid in contraction, and thus forced secretion, of 
the acinus. Myoepithelial cells are also observed around 
intercalated ducts, but here they are more spindle shaped 
[16].

Electrolyte modification and transportation of saliva 
are carried out by the different segments of the salivary 
gland’s duct system (Fig. 1.4). The acini first secrete 
through small canaliculi into the intercalated ducts, 
which in turn empty into striated ducts within the glan-
dular lobule. The intercalated duct is comprised of an ir-
regular myoepithelial cell layer lined with squamous or 
low cuboidal epithelium. Bicarbonate is secreted into 
while chloride is absorbed from the acinar product within 
the intercalated duct segment. Striated ducts have distin-
guishing basal striations due to membrane invagination 
and mitochondria and are lined by a simple columnar 
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epithelium. These ducts are involved with the reabsorp-
tion of sodium from the primary secretion and the con-
comitant secretion of potassium into the product. The 
abundant presence of mitochondria is necessary for the 
ducts’ transport of both water and electrolytes. The aci-
nus, intercalated duct, and striated duct are collectively 
known as a single secretory unit called a salivon [15].

The next segment of the duct system is marked by the 
appearance of the interlobular excretory ducts within the 
connective tissue of the glandular septae. The epithelial 
lining is comprised of sparse goblet cells interspersed 
among the pseudostratified columnar cells. As the diam-
eter of the duct increases, the composition of the epithe-
lial lining transitions to stratified columnar, and then to 
nonkeratinized stratified squamous cells, within the oral 
cavity [16].

The arterial blood flow received by the salivary glands 
is high relative to their weight and is opposite the flow 
of saliva within the duct system. The acini and ductules 
are supplied by separate parallel capillary beds. The high 
permeability of these vessels permits rapid transfer of 
molecules across their basement membranes. The high 
volume of saliva produced by the salivary glands relative 
to their weight is partly due to the high blood flow rate 
through the glandular tissue.

The serous acini that make up the parotid gland are 
roughly spherical, and they are comprised of pyramidal 
epithelial cells surrounded by a distinct basement mem-
brane. Merocrine secretion by the epithelial cells releases 
a secretory mixture containing amylase, lysozyme, an 
IgA secretory piece, and lactoferrin into the central lu-
men of the acinus. The main excretory duct is also known 
as Stensen’s duct and empties into the oral cavity opposite 
the second upper molar tooth.

The submandibular gland is classified as a mixed gland 
that is predominantly serous with tubular acini. The ma-
jority of acinar cells are serous with very granular eosino-
philic cytoplasm. Only approximately 10% of the acini are 
mucinous, with large, triangular acinar cells containing 
central nuclei and clear cytoplasmic mucin vacuoles rang-
ing in size. The mucinous cells are capped by demilunes, 
which are crescent-shaped formations of serous cells. The 
intercalated ducts of the submandibular gland are longer 
than those of the parotid gland, while striated ducts are 
shorter by comparison. Wharton’s duct serves as the main 
excretory duct and empties into the floor of the mouth.

Like the submandibular gland, the sublingual gland 
has mixed acini with observable serous demilunes 
within the glandular tissue. Unlike the submandibular 
gland, however, the sublingual gland is predominantly 

Fig. 1.4: Functional histology 
of the salivon
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mucinous. The main duct empties into the submandib-
ular duct and is also known as Bartholin’s duct. Several 
smaller ducts (of Rivinus) also directly secrete into the 
floor of the mouth.

The minor salivary glands are found throughout the 
oral cavity, with the greatest density in the buccal and la-
bial mucosa, the posterior hard palate, and tongue base. 
They are not as often observed, however, in the attached 
gingiva and closely associated anterior hard palatal mu-
cosa. The majority of these glands are either mucinous or 
seromucinous, except for the serous Ebner’s glands on the 
posterior aspect of the tongue. These deep posterior sali-
vary glands of the tongue are also marked by the presence 
of ciliated cells, especially within the distal segments of 
the excretory ducts. The minor salivary gland duct system 
is simpler than that of the major salivary glands, where 
the intercalated ducts are longer and the striated ducts are 
either less developed or not present [15].

Physiology of Salivary Glands

Saliva production, the main function of the salivary 
glands, is crucial in the processes of digestion, lubrica-
tion, and protection in the body. Saliva is actively pro-
duced in high volumes relative to the mass of the salivary 
glands, and it is almost completely controlled extrinsically 
by both the parasympathetic and sympathetic divisions of 
the autonomic nervous system.

Saliva plays a crucial role in the digestion of carbohy-
drates and fats through two main enzymes. Ptyalin is an 
α-amylase in saliva that cleaves the internal α-1,4-glyco-
sidic bonds of starches to yield maltose, maltotriose, and 
α-limit dextrins. This enzyme functions at an optimal pH 
of 7, but rapidly denatures when exposed to a pH less 
than 4, such as when in contact with the acidic secretions 
of the stomach. Up to 75% of the carbohydrate content in 
a meal, however, is broken down by the enzyme within 
the stomach. This is due to the fact that a significant por-
tion of an ingested meal remains unmixed within the oral 
region, and thus there is a delay in the mixture of gastric 
juices with the food bolus. Starch digestion is not slowed 
in the absence of ptyalin because pancreatic amylase is 
identical to salivary amylase and is thus able to break 
down all carbohydrates when in the small intestine. The 
salivary glands of the tongue produce lingual lipase, which 
functions to break down triglycerides. Unlike ptyalin, this 
enzyme is functional within the acidic stomach and prox-
imal duodenum because it is optimally active at a low pH. 

Saliva also serves to dissolve and transport food particles 
away from taste buds to increase taste sensitivity.

The mucus constituent of saliva facilitates the lubrica-
tion of food particles during the act of chewing, which 
serves to mix the food with saliva. Lubrication eases the 
processes of swallowing and of the bolus traveling down 
the esophagus. Salivary lubrication is also crucial for 
speech.

The antibacterial properties of saliva are due to its 
many protective organic constituents. The binding gly-
coprotein for immunoglobulin A (IgA), known as the 
secretory piece, forms a complex with IgA that is immu-
nologically active against viruses and bacteria. Lysozyme 
causes bacterial agglutination and autolysin activation 
to degrade bacterial cell walls. Lactoferrin inhibits the 
growth of bacteria that need iron by chelating with the 
element. Saliva also serves as a protective buffer for the 
mouth by diluting harmful substances and lowering the 
temperature of solutions that are too hot. It washes out 
foul-tasting substances from the mouth and neutralizes 
gastric juice to protect the oral cavity and esophagus. Xe-
rostomia, or dry mouth, due to lack of salivation, can lead 
to chronic buccal mucosal infections or dental caries.

Comprised of both inorganic and organic compounds, 
saliva is distinguished by its high volume compared to 
salivary gland weight, high potassium concentration, and 
low osmolarity (Fig. 1.5). The large relative volume of 
saliva production is due to its high secretion rate, which 
can go up to 1 ml per gram of salivary gland per minute. 
Saliva is mostly hypotonic to plasma, but its osmolarity 
increases with increasing rate of secretion, and at its high-
est rate saliva approaches isotonicity. The concentration 
of electrolytes in saliva also changes with varying secre-
tion rates.

Within the salivary gland, potassium (K+) concentra-
tion is always high while sodium (Na+) concentration is 
low compared to that found in plasma. With increasing 
flow rates, however, Na+ concentration increases, while 
K+ concentration initially decreases slightly and then lev-
els off to a constant level. Chloride (Cl−) concentrations 
follow the same general pattern as Na+ concentrations. In 
other words, Na+ and Cl− are generally secreted and then 
slowly reabsorbed along the course of the salivary system, 
from acinus to duct. The salivary concentration of bicar-
bonate (HCO3 −) is hypertonic compared to in plasma ex-
cept at lower rates of secretion.

Initially within the salivon, the acini first produce a 
primary secretion that is relatively isotonic to plasma. 
As the saliva travels through the ducts, Na+ and Cl− are 
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reabsorbed, while K+ and HCO3 − are secreted into the 
fluid. Less time is available for the movement of these 
electrolytes when the flow rate of saliva is higher. At high 
flow rates, therefore, plasma and saliva are similar in con-
centration. At lower secretion rates, K+ concentration is 
higher in the saliva, while Na+ and Cl− concentrations 
are significantly lower. Bicarbonate concentrates remains 
fairly hypertonic relative to in plasma even with higher 
flow rates due to its secretory stimulation by most sali-
vary gland agonists. Saliva is mostly hypotonic to plasma 
due to the fact that reabsorption of Na+ and Cl− is greater 
than the secretion of K+ and HCO3 − within the salivary 
ducts.

Several organic compounds present in saliva have al-
ready been discussed: α-amylase, lingual lipase, mucus, 
lysozymes, glycoproteins, lactoferrin, and the IgA secre-
tory piece. Saliva is also comprised of the organic blood 
group antigens A, B, AB, and O. Kallikrein is secreted by 
the salivary glands during increased metabolic activity. 

Kallikrein enzymatically converts plasma protein into 
bradykinin, a vasodilator, in order to increase blood flow 
to the glands. Saliva contains approximately one tenth the 
total amount of protein as that found in plasma.

The secretion, blood flow, and growth of salivary glands 
are mostly controlled by both branches of the autonomic 
nervous system. Even though the parasympathetic ner-
vous system has more influence on the secretion rate of 
the salivary glands than the sympathetic system, secre-
tion is stimulated by both branches.

Parasympathetic innervation of the major salivary 
glands follows branches of the facial and glossopharyn-
geal nerves. Parasympathetic stimulation activates both 
acinar activity and ductal transport mechanisms, lead-
ing to glandular vasodilation as well as myoepithelial cell 
contraction. Acetylcholine (ACh) serves as the parasym-
pathetic neurotransmitter that acts on the muscarinic re-
ceptors of the salivary glands. The subsequent formation 
of inositol trisphosphate leads to increased Ca2+ concen-

Fig. 1.5: Electrolyte secretion 
by the acinar and ductal cells
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trations within the cell, released from either intracellular 
Ca2+ stores or from the plasma. This second messenger 
significantly effects salivary volume secretion. Glandu-
lar secretion is sustained by acetylcholinesterases, which 
inhibit the breakdown of ACh. The muscarinic antago-
nist atropine, however, decreases salivation by competing 
with ACh for the salivary receptor site.

The sympathetic supply to the salivary gland is mainly 
from the thoracic spinal nerves of the superior cervical 
ganglion. Like parasympathetic innervation, myoepithe-
lial cell contraction also results. Changes in blood flow, 
however, are biphasic: vasoconstriction due to α-adren-
ergic receptor activation is followed by vasodilation due 
to buildup of vasodilator metabolites. Binding of the 
neurotransmitter norepinephrine to α-adrenergic recep-
tor results in formation of 3',5'-cyclic adenosine mono-
phosphate (cAMP), which then leads to phosphorylation 
of various proteins and activation of different enzymes. 
Increases in cAMP result in increased salivary enzyme 
and mucus content.

Within saliva, K+ concentrations increase while Na+ 
concentrations decrease in the presence of antidiuretic 
hormone (ADH) or aldosterone. Unlike other digestive 
glands, however, these two hormones do not affect sali-
vary gland secretion rate.

About 1 l of saliva is secreted by a normal adult each 
day. During unstimulated salivation, 69% of saliva is con-
tributed by the submandibular glands, 26% by the parotid, 
and 5% by the sublingual glands. The relative amounts 
supplied by the parotid and submandibular glands, how-
ever, are switched during stimulation, where two thirds 
of secretion is then from the parotid gland. Of total flow, 
7–8% is due to the minor salivary glands regardless of 
stimulation. The presence of food in the mouth, the act of 
chewing, and nausea all stimulate salivation, while sleep, 
fatigue, dehydration, and fear inhibit it. Salivary secretion 
rates are not dependent on age, and flow rates remain 
constant despite the degeneration of acinar cells during 
the aging process. Medication side effects or systemic dis-
ease are more likely to be responsible for hypofunction of 
salivary glands in elderly patients [15, 17].

Evaluation of the Salivary Glands

Symptoms indicative of salivary gland disorders are lim-
ited in number and generally nonspecific. Patients usu-
ally complain of swelling, pain, xerostomia, foul taste, 
and sometimes sialorrhea, or excessive salivation. Despite 

the prevalence of modern technology in the identification 
of salivary gland disorders, a detailed history and thor-
ough physical examination still play significant roles in 
the clinical diagnosis of the patient, and great care should 
be taken during these initial steps of evaluation.

History

When taking a patient’s history, the practiced skills of 
attentive listening and patience are required for subse-
quent diagnosis and proper treatment most fitting to the 
patient’s expectations and needs. The medical profile of 
the patient can provide helpful clues to the current condi-
tion of the salivary glands, for dysfunction of these glands 
is often associated with certain systemic disorders such as 
diabetes mellitus, arteriosclerosis, hormonal imbalances, 
and neurologic disorders. Either xerostomia or sialorrhea, 
for instance, may be due to factors affecting the medul-
lary salivary center, autonomic outflow pathway, salivary 
gland function itself, or fluid and electrolyte balance.

The factors of age group and gender are also impor-
tant, for several diseases are often related to age or gender. 
The autoimmune disorder known as Sjögren’s syndrome, 
for example, is common in menopausal women, while 
mumps, parotid swelling due to paramyxoviral infec-
tion, usually occurs in children between the ages of 4 and 
10 years.

Drug history of the patient should also be considered, 
for salivary function is often affected by drug usage. Xe-
rostomia is often due to the use of diuretics and other an-
tihypertensive drugs [9, 18].

A careful dietary and nutrition history should be ob-
tained. Patients who are dehydrated chronically from bu-
limia or anorexia or during chemotherapy are at risk for 
parotitis. Swelling and pain during meals followed by a 
reduction in symptoms after meals may indicate partial 
ductal stenosis.

Xerostomia is a debilitating consequence of radiation 
therapy to the head and neck and a history of prior radia-
tion should be sought.

Physical Examination

The superficial location of the salivary glands allows thor-
ough inspection and palpation for a complete physical 
examination. Initial inspection involves the careful ex-
amination of the head and neck regions, both intraorally 
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and extraorally, and should be carried out in a systematic 
way so as to not miss any crucial signs.

During the initial extraoral inspection, the patient 
should stand three to four feet away and directly facing 
in front of the examiner. The examiner should inspect 
symmetry, color, possible pulsation and discharging of si-
nuses on both sides of the patient. Enlargement of major 
or minor salivary glands, most commonly the parotid or 
submandibular, may occur on one or both sides. Parotitis 
typically presents as preauricular swelling, but may not be 
visible if deep in the parotid tail or within the substance 
of the gland. Submandibular swelling presents just medial 
and inferior to the angle of the mandible. Salivary gland 
swelling can generally be differentiated from those of lym-
phatic origin as being single, larger, and smoother, but the 
two types are often easily confused. Significant neurologic 
deficits should be examined as well. Facial nerve paralysis 
in conjunction with a parotid mass, for example, should 
remind us of a malignant parotid neoplasm, although it 
does occur rarely with benign neoplasms as well.

In addition to signs of possible asymmetry, discolor-
ation, or pulsation, intraoral inspection also includes as-
sessment of the duct orifices and possible obstructions. 
The proper lighting with a headlight should always be 
used when inspecting within the oral cavity and pharynx. 
The openings of Stensen’s and Wharton’s ducts can be in-
spected intraorally opposite the second upper molar and 
at the root of the tongue, respectively. Drying off the mu-
cosa around the ducts with an air blower and then press-
ing on the corresponding glands will allow the examiner 
to assess the flow or lack of flow of saliva. Sialolithiasis 
can sometimes be found by careful intraoral palpation. 
Dental hygiene and the presence of periodontal disease 
should also be noted since deficient oral maintenance is a 
major predisposing factor to various infectious diseases.

Size, consistency, and other qualities of the salivary 
glands and associated masses can be evaluated through 
extraoral and intraoral palpation. Bimanual assessment 
should be performed whenever possible with the palmar 
aspect of the fingertips.

During extraoral palpation of the face and neck, the 
patient’s head is inclined forward to maximally expose the 
parotid and submandibular gland regions. The examiner 
may stand in front of or behind the patient. It should be 
noted that observable salivary or lymphatic gland swell-
ings do not rise with swallowing, while swellings associ-
ated with the thyroid gland and larynx do elevate.

Finally, bimanual palpation (extraoral with one hand, 
introral with the other) must be performed to exam-

ine the parotid and submandibular glands. One or two 
gloved fingers should be inserted within the oral cavity 
to palpate the glands and main excretory ducts internally, 
while using the other hand to externally support the head 
and neck. By rolling the hands over the glands both inter-
nally and externally, subtle mass lesions can be identified. 
In the submandibular gland, lymph nodes extrinsic to the 
gland can often be distinguished from pathology within 
the gland itself using this technique. The neck should 
then also be carefully examined for lymphadenopathy.

Finally, a careful survey of minor salivary gland tis-
sue should be performed, especially in the anterior labial, 
buccal, and posterior palatal mucosa. Increased salivation 
from the duct orifices due to pressure externally applied 
to the glands may indicate inflammation [9, 18]. Finally, 
rare clinical entities, such as hemangiomas and other vas-
cular anomalies, may be identified by auscultation.

Radiologic and Endoscopic 
Examination of the Salivary Glands

Although a thorough history and complete physical ex-
amination are crucial steps in the diagnosis and even-
tual treatment of any salivary gland disorder, patients 
occasionally provide little more than vague complaints 
of pain and/or swelling. For patients with these unclear 
symptoms and no physical signs, radiographic diagnostic 
studies, such as sialography, plain-film radiography, com-
puted tomography, and magnetic resonance imaging, can 
play in important role in clarifying the etiology of such 
nonspecific symptoms. For patients with known disease, 
imaging can assist in treatment selection and planning. 
This final section will provide a brief introduction to 
these various techniques, which will then be covered in 
greater detail in subsequent chapters.

Sialography relies on the injection of contrast medium 
into glandular ducts so that the pathway of salivary flow 
can be visualized by plain-film radiographs. Correct ex-
posure and positioning is achieved by taking preliminary 
plain radiographs prior to the injection of a radiopaque 
medium [9]. The most common indication for sialogra-
phy is the presence of a salivary calculus, which is a de-
posit of mostly calcium salts that can block flow of sa-
liva and cause pain, swelling, and inflammation or lead 
to infection. Patients with calculi usually complain of a 
recurrent and acute onset of pain and swelling during 
eating. Often, sialographic examination is unnecessary if 
the preliminary radiographs detect the calculus before-
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hand. Other indications for sialography include gradual 
or chronic glandular enlargement (which can be due to 
sarcoidosis, infection, sialosis, Sjögren’s syndrome, be-
nign lymphoepithelial lesion, or a neoplasm), a clinically 
palpable mass in one of the glandular regions (possible 
tumor, cyst, or focal inflammation), recurrent sialadeni-
tis, or dryness of the mouth.

Although conventional sialography can be clinically 
useful in the diagnosis and the determination of treat-
ment for various salivary disorders, its effectiveness re-
mains arguable while its rate of usage is highly variable 
[25, 30]. This method should not be performed when the 
patient has an acute salivary gland infection, has a known 
sensitivity to iodine-containing compounds, or is an-
ticipating thyroid function tests. Thus, other methods of 
radiographic diagnosis are currently preferred and have 
largely replaced sialographic examination.

Computed tomography (CT) is now more widely used 
to assess the parotid and submandibular glands. The ad-
vantage of CT imaging is the two-dimensional view of the 
salivary glands, which can elucidate relationships to adja-
cent vital structures as well as to assess the draining cervi-
cal lymphatics. The parotid gland has low attenuation due 
to its high fat content and is therefore easily discernible 
by CT scanning. The submandibular gland has a lower fat 
content and higher density compared to the parotid gland 
and thus has a much higher attenuation, although extrin-
sic and intrinsic mass differentiation is easier to evaluate. 
Although stones can be identified, salivary gland inflam-
mation is not generally an indication for CT. While CT is 
often utilized as a primary screening tool for the detec-
tion of parotid and submandibular gland abnormalities, 
in difficult cases, a higher-sensitivity approach using both 
CT and sialography (CT-sialography) can be used [24]. 
Differences between intrinsic and extrinsic parotid gland 
masses, however, are often difficult to assess especially 
when present in the parapharyngeal space [27].

Magnetic resonance imaging (MRI) is more often used 
for assessment of parapharyngeal space abnormalities. 
MRI provides better contrast resolution, exposes the pa-
tient to less harmful radiation, and yields detailed images 
on several different planes without patient repositioning. 
This technique therefore is preferred in the evaluation of 
parapharyngeal space masses, especially in discriminating 
between deep lobe parotid tumors and other pathology, 
such as schwannoma and/or glomus vagale. MRI, however, 
is inferior to CT scanning for the detection of calcifications 
and early bone erosion. Chronic inflammation of the sali-
vary glands and calculi are not indications for MRI.

Sialendoscopy is a minimally invasive technique that 
inspects the salivary glands using narrow-diameter, rigid 
fiberoptic endoscopes [20]. Endoscopic visualization of 
ductal and glandular pathology provides an excellent al-
ternative to the indirect diagnostic techniques described 
above. As such, sialendoscopy has opened up a new fron-
tier for both evaluation and treatment of salivary gland 
disease [21]. Lacrimal probes are used to gently dilate the 
ductal orifice and then the endoscope is introduced un-
der direct visualization. During lavage of the glandular 
duct of interest, direct inspection of the duct and hilum of 
the gland is performed. Thus, in one setting, at the time of 
diagnosis, treatment and therapy for benign lesions can 
be performed (see Chapter 6, Sialendoscopy). Through 
a CO2-laser papillotomy, sialolithectomy can be easily 
performed [21]. Pharmacotherapy and laser-ablation can 
also be performed. Sialendoscopy has also been shown to 
have a significantly low complication rate and is gener-
ally well-tolerated [31]. This relatively new technique has 
shown much promise in the diagnosis and treatment of 
chronic obstructive sialadenitis (COS), sialolithiasis, and 
other obstructive diseases of the salivary glands.

  Take Home Messages

→	 Salivary gland development is the result of 
branching morphogenesis. Molecular biology 
is beginning to unravel signaling pathways im-
plicated in both craniofacial development and 
salivary gland histogenesis, including the sonic 
hedgehog (Shh) and the fibroblast growth factor 
family.

→	 Human saliva is not only important for lubrica-
tion in the oral cavity, but plays a crucial role in 
digestive and protective processes.

→	 Both visual inspection with optimal lighting and 
bimanual palpation is crucial in the precise phys-
ical examination of the major and minor salivary 
glands.

→	 Sialendoscopy is a novel modality for diagnostic 
evaluation as well as therapeutic intervention for 
disorders of the salivary glands.
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  Core Features

•	 This chapter discusses the various imaging mo-
dalities emphasizing the strengths and weakness-
es of each.

•	 For tumor evaluation, predicting the precise di-
agnosis is less important than defining the anat-
omy of the tumor. Particular emphasis is placed 
on characterization of the margin and evaluation 
of possible perineural spread.

•	 Various fat pads close to the skull base serve as 
markers for detection or exclusion of perineural 
spread. These include the fat in the stylomastoid 
foramen, the fat just below foramen ovale, and 
the fat in the pterygopalatine fossa.

•	 Several imaging approaches to inflammation can 
be effective but only if the strengths and limita-
tions of each are considered.

  

Introduction

Many different imaging modalities are useful in the eval-
uation of the salivary glands [7, 15, 18, 21]. In some in-
stances, one imaging technique is clearly preferable but 
in many situations the information can be gathered using 
one of a number of approaches. This chapter will briefly 
describe the imaging techniques most frequently applied 
to diseases of the salivary glands. Then approaches to the 
two major clinical entities for which imaging is requested, 
palpable masses and recurrent swelling, will be covered. 
There are special considerations in each of these situations 
and there are also variations depending upon the specific 
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gland being assessed. Abnormalities of the parotid, sub-
mandibular, and sublingual glands all require slightly dif-
ferent imaging considerations as do lesions arising in the 
minor salivary glands. In some cases, imaging can give a 
fairly accurate determination of the exact identity of a le-
sion but in many situations, particularly in tumor evalua-
tion, demonstration of the anatomy of the abnormality is 
more important. The chapter will emphasize the imaging 
information that is most important to practical clinical 
planning.

Imaging Modalities

Plain films, computed tomography (CT), magnetic reso-
nance imaging (MRI), and ultrasound are all commonly 
used in evaluation of salivary gland pathology. Sialogra-
phy is done less frequently but can still provide useful in-
formation in particular circumstances. Nuclear medicine 
provides very specific information regarding certain le-
sions as well.

Plain films can detect calculi but their effectiveness is 
limited by superimposition of bone on the areas of in-
terest. Specialized obliquities are required to project the 
region of a particular gland away from obscuring osseous 
structures. In many institutions, plain films have been al-
most completely replaced by computed tomography for 
detection of calculi. Combining plain films with injection 
of contrast into the salivary ducts for sialography does 
give an excellent demonstration of ductal anatomy and 
is very sensitive for identification of obstructing lesions. 
Sialography can assess perforations or interruption of a 
duct in trauma cases.

Computed tomography is superb at detecting small 
calcifications or calculi and does a reasonable job eval-
uating mass lesions. The density of fat is very different 
from that of bordering muscles so computed tomog-
raphy can show the anatomy of the salivary glands and 
bordering soft tissues. The fat planes around the various 
glands allow definition of tumors and, as importantly, al-
low demonstration of extension of neoplasm away from 
a gland. This information is important in assessing ag-
gressive malignancies, particularly those with perineural 
spread. There are, however, some instances where tumors 
can be invisible to computed tomography and so MRI 
is therefore usually preferred for assessment of tumors. 
Computed tomography does have a major advantage 
in speed of the examination compared to MRI. The CT 

study can be done in less than thirty seconds on modern 
scanners rather than the minimum of twenty to thirty 
minutes required for MRI and so many patients with pal-
pable masses are imaged with computed tomography. As 
long as the limitations are considered, this approach can 
be reliable.

Magnetic resonance imaging is preferred by most ra-
diologists for evaluation of tumors of the salivary glands. 
The varying sequences can almost always precisely define 
the margins of the tumor. The T1-weighted sequence for 
instance shows high or bright signal from the fat where as 
the T2-weighted sequence shows high signal from fluid. 
Different specialized sequences can indicate flow or can 
separate cysts from solids. Perineural spread toward or 
into the skull base is more reliably defined by MRI with 
gadolinium. However, no imaging finding has been 
proven reliable enough to avoid biopsy in most situations. 
Some patients cannot tolerate MRI because of claustro-
phobia or because of the length of time required. There 
are also contraindications such as pacemakers and vari-
ous implants. MR sialography uses specialized sequences 
that show the ductal anatomy in cases of suspected ob-
struction.

Ultrasound can also evaluate many salivary gland pa-
thologies [2, 8]. Ultrasound provides information about 
superficial lesions. This modality is limited by bone re-
flectivity so cannot assess some of the deeper structures 
such as the parapharyngeal extension of the parotid gland. 
If the abnormality is accessible to the ultrasound probe, 
this examination can separate cysts from solids and can 
identify a dilated duct in calculus obstruction. Often the 
particular calculus can be identified by acoustic “shadow-
ing” contributing to the evaluation. Newer ultrasound 
machines take advantage of Doppler effects to determine 
flow within a lesion and to identify blood vessels. The ef-
fectiveness of ultrasound of the neck is considered to be 
dependent on the operator’s experience but can be very 
valuable.

Nuclear medicine has very specific applications. A Tc-
99m pertechnetate scan shows high radionuclide uptake 
in Warthin’s tumor and in oncocytoma. Positron emission 
tomography (PET) shows metabolically active tissue. The 
normal salivary gland can show activity on PET scans but 
highly metabolic tumors of appreciable size can be identi-
fied [12, 13, 19]. Unfortunately PET cannot consistently 
separate benign from malignant tumors. Warthin’s tu-
mors are particularly active and pleomorphic adenomas 
frequently show increased metabolic activity [19].
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Evaluation of Masses (Tumors and Cysts)

General

Most salivary gland masses are palpable. Some are found 
incidentally at imaging done for some unrelated reason. 
One cannot reliably define that a lesion is benign but there 
are some strong indicators of malignancy. An irregular 
margin or apparent extension along a nerve strongly in-
dicates malignancy (Fig. 2.1). Smooth sharp margins can 
be seen in various benign lesions but also in malignancies, 
particularly those which are of low grade histology. Vari-
ous signal changes on MRI have been considered sugges-
tive of malignancy but these have not proven reliable [1, 16, 
17]. For instance, low signal on T2-weighted imaging, was 
considered suggestive of malignancy but now is thought to 
occur in any cellular tumor. Most head and neck radiolo-
gists feel that there is simply too much overlap to make a 
prediction based on the signal appearance alone.

Because of its frequency, the imaging appearance of the 
pleomorphic adenoma (benign mixed tumor) deserves 
special attention. This tumor virtually always has a sharp 
margin without irregular extension into the surrounding 
soft tissues (Figs. 2.2, 2.3). Following the line of least re-
sistance, the pleomorphic adenoma can extend through 
the stylomandibular tunnel forming a dumbbell-shaped 
tumor with a component in the more lateral parotid gland 
and a significant mass in the prestyloid parapharyngeal 

Fig. 2.1: Malignant tumor of the parotid. The malignancy (white 
arrowheads) has an unsharp irregular margin. Tumor extends 
through the stylomandibular tunnel between the styloid process 
(S) and the posterior edge of the mandible (M) into the parapha-
ryngeal space. Tumor extends into the fat (black arrowhead) of 
the stylomastoid foramen. Styloid (S), mastoid tip (white arrow), 
fat in the normal stylomastoid foramen (black arrow), retroman-
dibular vein (RMV)

Fig. 2.2: Pleomorphic adenoma contrast enhanced CT. a Axial plane. The tumor (T) has a sharp slightly undulating or bosselated 
margin. The retromandibular vein (arrow) is displaced medially. b Coronal plane shows the sharp margin of the tumor (T)
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space (Fig. 2.4). It will not extend along the nerves. As it 
expands, the lesion can remodel the contiguous bone but 
does not invade in a more infiltrative manner.

Not truly lobulated, the margin of many pleomorphic 
adenomas is slightly undulating or shows several slight 
bulges or surface eminences (Figs. 2.2, 2.3). The term 
“bosselated” has been applied to this appearance and 
when seen is strongly suggestive of the diagnosis.

Pleomorphic adenomas frequently show gradual en-
hancement [10]. If one images too quickly after intrave-
nous contrast is injected, the lesion may actually be al-
most invisible on CT scan. A delayed scan frequently will 
show the delayed enhancement typical of this tumor and 
demonstrate the margin (Fig. 2.5). This has actually be-
come more of a problem with the most modern CT scan 
technology. Many scanning protocols attempt to empha-

Fig. 2.3: Pleomorphic adenoma, MRI. a Axial T1-weighted im-
age, no contrast, shows the tumor (T) in the superficial parotid 
lateral to the retromandibular vein. b T2-weighted image shows 
high signal in the tumor. The lesion has slight protuberances 
or bosselations (arrowheads). c Postcontrast axial T1-weighted 
image with fat suppression. The lesion shows characteristic en-
hancement and demonstrates the bosselation (arrowhead) of the 
lesion
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Fig. 2.4: Pleomorphic adenoma arising in the prestyloid parapharyngeal space, MRI. a T1-weighted image without contrast. The 
tumor (T) fills the prestyloid parapharyngeal space. The tumor pushes the parapharyngeal fat anteromedially (white arrowheads). 
Laterally the lesion pushes beyond the plane of the stylomandibular tunnel (dashed line). The lateral margin (black arrowhead) dis-
places the retromandibular vein laterally. The key landmarks in identifying a lesion as arising in the prestyloid space are the carotid 
artery (C) the styloid process (arrow), the medial pterygoid muscle (MP) and the posterior margin of the mandible. Note the normal 
appearance of the parotid gland (P) on the left. b Axial T1-weighted image postcontrast. The lesion shows enhancement typical of 
pleomorphic adenoma. Carotid (C), styloid process (arrow), compressed and displaced medial pterygoid muscle (MP)

Fig. 2.5: Pleomorphic adenoma. CT showing gradual enhancement after injection of contrast. a Initial axial image. This image was 
taken immediately after the injection of contrast. The tumor (arrow) can barely be seen in the superficial parotid gland. Position of 
the lingual nerve (arrowhead). b Delayed image. After several minutes there is gradual enhancement of the tumor (arrow). This is 
typical of a pleomorphic adenoma. Retromandibular vein (arrowhead)
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size visualization of the arteries and veins and so the scan 
is done as the contrast is being injected and at that time 
the tumor may not be visible against the background of 
the normal parotid gland. Late visualization is another 
good indicator of the diagnosis of pleomorphic adenoma. 
The delayed enhancement phenomenon does not tend 
to be a problem with MRI. The multiple sequences used 
with MRI will almost always be sufficient to visualize the 
tumor. Also, several sequences are done after the injec-
tion of intravenous contrast so there would be time for 
gradual enhancement to occur. Consistent reliable visu-
alization of lesions is the primary reason that most head 
and neck radiologists prefer MRI to CT for investigation 
of salivary gland tumors.

Pleomorphic adenomas are almost always solitary neo-
plasms. Tumors that are multiple occur almost exclusively 
in the parotid gland. Warthin’s tumors, oncocytomas, 
lymph nodes, and the lymphoepithelial cysts associated 
with HIV infection can all be multiple. Similarly primary 
epithelial salivary gland malignancies present as single le-
sions within the gland rather than multiple tumors though 
there can be lymphadenopathy in the lower neck.

Not all “tumors” or space occupying lesions are solid 
tumors. Various cystic lesions are also considered. Sialo-
celes, branchial cleft cysts, and ranulas all occur in the 
region of the salivary glands. Lymphoepithelial cysts can 
occur in HIV-positive patients frequently with associated 
lymphadenopathy. There can be cystic lesions (usually 
small) associated with Sjögren’s disease. In addition some 
lesions such as Warthin’s tumor and others can have a 
substantial cystic component.

Finally, an obstructed duct can present as a “mass” as 
the gland enlarges. Usually there is pain but if the con-
dition is chronic, pain may not be a major complaint. 
If the main duct of a gland is obstructed then the entire 
gland tends to be large. If the entire gland is large and 
no normal gland is seen around a visualized “mass,” then 
neoplasm is very unlikely. Obstruction of a branch duct 
however can give a more confusing picture as the entire 
gland is not enlarged.

Specific Locations

The likelihood of a tumor having a certain histology var-
ies with the gland involved. Even the rate of malignancy 
varies. For instance, a tumor in the submandibular gland 
is more likely malignant than one identified in the parotid 

gland. Thus the gland of origin is important in predict-
ing the most likely identity of the tumor. Biopsy either by 
needle or by excision is usually needed for the final deter-
mination. Once a mass is identified, imaging defines the 
extent of the disease as exactly as possible emphasizing 
the course of major nerves that serve as potential path-
ways for perineural tumor spread. Landmarks that are 
crucial to therapy planning are dependent on the gland in 
question. The likely pathways for perineural spread vary 
with the gland involved.

Parotid Gland

The majority of lesions in the parotid gland are benign. 
Pleomorphic adenoma is the most frequent benign tu-
mor encountered. Mucoepidermoid carcinoma is the 
most common malignancy but there are others as de-
scribed elsewhere in this volume. No finding is consid-
ered to be specific in separating these lesions. The diagno-
sis of adenoid cystic carcinoma is particularly important 
because of the likelihood of perineural spread. If there 
are multiple lesions, Warthin’s tumors, lymphoepithelial 
cysts, lymph nodes, and oncocytomas should be consid-
ered though most of these can present as a single lesion 
as well. Enlarged nodes within the parotid gland can be 
the result of lymphoma, chronic lymphocytic leukemia 
(CLL), sarcoid, and several other pathologies. Sjögren’s 
disease can present with mass-like enlargement of the 
glands. The findings are usually bilateral and the entire 
gland is affected. Schwannoma of the facial nerve should 
be considered if the lesion is along the course of the facial 
nerve.

The relationship of a parotid tumor to the facial nerve 
and to the stylomandibular tunnel is important for surgi-
cal planning. The facial nerve is occasionally visible but 
not consistently seen. The stylomandibular tunnel is al-
ways visible.

The landmarks to determine the approximate loca-
tion of the facial nerve as it traverses the parotid gland 
are the stylomastoid foramen and the retromandibular 
vein (Fig. 2.1). There is normally fat in the stylomastoid 
foramen as the nerve exits between the styloid process 
and the mastoid tip. Small “dots” within the fat represent 
either the nerve or the stylomastoid artery, a branch usu-
ally from the occipital artery. A line drawn from the fora-
men to the lateral margin of the retromandibular gland 
approximates the position of the facial nerve.

22  Hugh D. Curtin

2



The styloid process and the posterior edge of mandible 
form the margins of the stylomandibular tunnel (Fig. 2.4). 
These osseous structures can be clearly demonstrated at 
computed tomography. MRI demonstrates the posterior 
margin of the mandible but the styloid process may not 
be obvious. The muscles attached to the styloid process 
are outlined by fat and may help identify this important 
landmark.

If one can establish that a tumor is in the prestyloid 
parapharyngeal space (PPS), then the lesion is almost 
certainly of salivary gland origin and most commonly 
is arising from the parotid gland. The imaging findings 
of such a lesion are very typical [4]. A lesion arising in 
the PPS pushes the fat medially and anteriorly. The fat 
usually outlines the margin of the lesion (Fig. 2.4). The 
residual fat is compressed against the constrictor ring of 
the pharynx. The wall of the pharynx bulges medially in 
larger tumors. The most important landmarks for estab-
lishing the location in the PPS are the carotid artery, the 
styloid process, the posterior margin of the mandible, and 
the medial pterygoid muscle (Fig. 2.4). Lesions that are 
posterior to the margin of the mandible and the medial 
pterygoid muscle and are anterior to the carotid artery 
and the styloid process are within the prestyloid space 
and thus almost certainly of salivary derivation. As a tu-
mor in the PPS enlarges, it will bulge laterally through the 
stylomandibular tunnel toward the facial nerve and more 
superficial parotid. In the normal case, imaging identi-
fies the parapharyngeal process bulging variably through 
the stylomandibular tunnel on the side opposite to the 
tumor.

Lesions located posterior to the carotid artery and that 
with lateral growth appear to bulge behind the styloid 
process are in the poststyloid or retrostyloid parapharyn-
geal space and are not of parotid origin. These are more 
likely tumors arising from the neural structures that ac-
company the carotid artery and are usually nerve sheath 
tumors or paragangliomas. The parapharyngeal fat de-
viates anteriorly and laterally away from these tumors. 
Masticator space lesions arise anterior to the prestyloid 
PPS and obliterate the fat between the pterygoid muscles 
pushing the parapharyngeal fat posteriorly and medially. 
Such lesions can arise from bone, dental structures, nerves 
(third division, trigeminal nerve), the temporomandibu-
lar joint, or other various mesenchymal structures but are 
not of parotid origin.

Perineural spread of tumor is one of the most impor-
tant considerations in any salivary gland abnormality 

particularly with adenoid cystic carcinoma. Even if the 
lesion is clearly benign, one should carefully examine the 
major pathways by which tumor can follow a nerve away 
from the primary tumor. In the parotid gland, there are 
two major routes toward the skull base. These are the fa-
cial nerve and the auriculotemporal nerve, a small branch 
of the third division of the trigeminal nerve.

The facial nerve is the classic route of perineural 
spread associated with parotid tumors. The facial nerve 
passes through the fat in the stylomastoid foramen as it 
enters the temporal bone. A nerve enlarged by perineu-
ral spread will obliterate the fat in the foramen (Fig. 2.1). 
This effect can be seen on CT or MRI as fat is very evi-
dent on T1-weighted MRI or on CT. As tumor extends 
upward along the nerve within the temporal bone, the 
facial nerve canal is usually enlarged. CT can detect this 
change. MRI relies on the enhancement of the involved 
nerve as it passes through the temporal bone but high 
resolution scans can detect the enlargement as well. The 
entire nerve should be assessed all the way through the 
temporal bone to the internal auditory canal even if there 
is no clinical facial paralysis.

The second pathway, following the auriculotemporal 
branch of the trigeminal nerve, can carry tumor around 
the posterior edge of the mandible and upward toward 
the foramen ovale. Approaching the skull base the nerve 
passes into the masticator space traveling through a small 
fat pad along the medial aspect of the lateral pterygoid 
muscle and just inferior to the foramen ovale (Fig. 2.6). 
Again an enlarged nerve will obliterate the fat normally 
seen in this location. Normally the nerve can be seen 
within the fat fairly consistently. If the fat and nerve are 
normal then perineural spread is extremely unlikely. If the 
tumor does pass into the skull base through the foramen 
ovale, the gasserian ganglion at the inferior lateral aspect 
of Meckel’s cave becomes the next target, so a normal ap-
pearance should be verified in every case of parotid tumor 
(Fig. 2.6). If perineural tumor does reach the gasserian 
ganglion then the preganglionic segment of the trigeminal 
nerve passing toward the pons and the second division of 
the trigeminal nerve passing through the foramen rotun-
dum should be assessed for further extension of tumor.

Magnetic resonance imaging is considered the pre-
ferred modality in evaluating possible perineural spread 
into the skull base. MRI visualizes the enlarged nerve, the 
obliterated fat, or the enlarged ganglion. Often there is 
atrophy of the masticator muscles, masseter and ptery-
goids, innervated by V3. Some imagers use fat suppressed 
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Fig. 2.6: Carcinoma of the parotid gland with perineural spread along the auriculotemporal nerve of the trigeminal nerve through 
the foramen ovale to the gasserian ganglion and Meckel’s cave, MRI. a Axial T1-weighted image without contrast shows the in-
filtrative tumor in the parotid gland (arrow). There had been previous surgery. There is tumor (arrowheads) extending along the 
auriculotemporal nerve into the masticator space toward the main branches of the third division of the trigeminal nerve. b Axial 
T1-weighted image without contrast just inferior to foramen ovale. The tumor enlarges the nerve just beneath foramen ovale oblit-
erating the important fat plane (arrow) along the medial margin of the lateral pterygoid muscle (LP). The lateral pterygoid muscle 
has atrophied slightly due to denervation. Note the normal trigeminal nerve third division (arrowhead) on the opposite side along 
the medial margin of a normal lateral pterygoid muscle. c Postcontrast T1-weighted image at the same level as b. Denervated lateral 
pterygoid (LP) muscle shows slight enhancement. The tumor (arrowheads) extending along the trigeminal nerve is better defined 
within the fat just inferior to foramen ovale. Note the appearance of the normal nerve (arrow) on the opposite side. d Coronal image 
through Meckel’s cave. The tumor (white arrow) having followed the trigeminal nerve through foramen ovale obliterates the gas-
serian ganglion and the cerebrospinal fluid in Meckel’s cave. Compare to the gasserian ganglion area (arrowhead) on the opposite 
side. Tumor just beneath foramen ovale (black arrow), mandibular condyle (MC), carotid artery (C)
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imaging while others prefer very high resolution post-
contrast imaging without fat suppression for this evalu-
ation. As long as the nerves can be precisely defined and 
a determination can be made about their involvement, 
either strategy can be effective.

Submandibular Gland

Tumors of the submandibular gland are less common but 
when present are more likely malignant than are those 
in the parotid gland. When a patient presents with a pal-
pable mass in the submandibular region, the goals of im-
aging are to determine the origin of the lesion and assess 
the extent.

The first task for imaging is to determine whether the 
lesion is arising within the submandibular gland or is ac-
tually contiguous to it (Fig. 2.7). The most common mass 
to be confused with a submandibular gland tumor is an 
enlarged lymph node. This is an important distinction as 
such lesions are frequently treated much differently than 
tumors of the submandibular gland. If the abnormality 
is an enlarged lymph node, a fat plane can usually be 
seen between the node and the submandibular gland. If 
the node is very large the gland can be compressed and 
deformed. The radiologist tries to estimate whether the 
gland is of normal size in an effort to make the distinction 
between an intrinsic and an extrinsic mass.

A neoplasm arising in the submandibular gland will 
not replace the entire gland. Some amount of normal 
gland almost always remains bordering the tumor. If this 
is not identified and the entire gland appears abnormal 
then enlargement from obstruction is more likely and the 
course of the submandibular duct is carefully examined 
for calculus or, less likely, some other obstructing lesion.

Perineural spread from a submandibular gland neo-
plasm is unusual. We have seen spread along the lingual 
nerve reaching this pathway via small branches connect-
ing the gland to the nerve. In every case of tumor of the 
submandibular gland, the course of the nerve should be 
assessed. The nerve courses between the anterior margin 
of the medial pterygoid muscle and the anterior edge of 
the ramus of the mandible (Fig. 2.5). More superiorly the 
nerve joins the remainder of the third division of the tri-
geminal nerve and passes through the previously men-
tioned small fat pad just inferior to the foramen ovale, 
along the medial margin of the lateral pterygoid muscle. 
The final destination is the gasserian ganglion at the lower 
lateral margin of Meckel’s cave.

Sublingual Gland

The sublingual gland lies in the sublingual space tucked 
beneath the mucosa of the floor of the mouth and be-
tween the mylohyoid muscle and the geniohyoid/genio-
glossus muscle complex. The important landmarks for 
any lesion are the muscular boundaries of the space. Le-
sions can exit the space posteriorly via the gap between 
the hyoglossus muscle and the posterior margin of the 
mylohyoid muscle. This is the same gap through which 
the submandibular duct courses. Alternatively lesions can 
pass directly through the muscle following a small defect 
in the muscle through which a vessel passes. Herniation 
of the gland through the muscle itself can be mistaken for 
a submandibular region mass at imaging but the appear-
ance is so similar to that of the gland that the diagnosis 
can usually be made.

Tumors of the sublingual gland are somewhat rare. 
The ranula is a more common cause of a “bulge” in the 
floor of the mouth (Fig. 2.8). The ranula has a character-
istic appearance as a cyst filling the sublingual space [3]. 

Fig. 2.7: Tumor of the submandibular gland. The tumor (T), 
which is partially imbedded into the submandibular gland, has 
a sharp margin (arrowheads). The lesion cannot be separated 
from the gland. A small amount of submandibular gland tissue 
(arrow) molds along the margin of the lesion
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Fig. 2.8: Ranula, MRI. a Axial T1-weighted image after contrast. The ranula (R) fills the sublingual space and protrudes beyond the 
mylohyoid muscle into the submandibular space indenting the submandibular gland (arrow). Genioglossus muscle (GG), normal 
sublingual gland on the opposite side (SLG), mylohyoid on the normal side (arrowhead). b T2-weighted images axial plane. The 
ranula (R) is clearly defined by the high signal. Midline fatty raphae of the tongue (arrow). c Coronal T1-weighted image after con-
trast. The ranula (R) fills the sublingual space and displaces the submandibular gland (arrow). Normal mylohyoid on the opposite 
side (white arrowheads), minor salivary glands along the roof of the mouth (black arrowheads). d Coronal T2-weighted image. The 
ranula (R) shows high signal and is found between the genioglossus muscle (GG) and the mylohyoid muscle (arrowheads) in the 
sublingual space. Normal sublingual gland (SLG) on the opposite side
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The wall of the ranula will enhance and there should be 
no enhancing tissue within the cystic part of the abnor-
mality. Initially the ranula is limited by the mylohyoid 
muscle. Larger lesions can herniate beyond the posterior 
edge of the muscle or through the muscle into the sub-
mandibular space. The term “plunging” has been applied 
to ranulas that reach the submandibular space. Some use 
the term to indicate that the lesion has extended beyond 
the normal confines of the cystic cavity. Rarely a ranula 
can present entirely in the submandibular space arising 
from a small lobule of the gland that herniates through 
the mylohyoid muscle.

A ranula can be present at birth. If large, the ranula 
in the oral cavity can interfere with breathing at birth 
and thus can be of considerable concern in the delivery 
room. Routine prenatal ultrasound can identify a cystic 
hypoechoic lesion in the oral region (Fig. 2.9). The lack of 
internal echoes differentiates the cyst from macroglossia 
and from prenatal tumors that can occur in the oral re-
gion [5]. A very large cyst can be drained prior to delivery 
or resection can be planned at delivery prior to clamping 
of the umbilical cord [9, 14]. Smaller cysts may be treated 
electively after delivery [6].

Minor Salivary Glands

Minor salivary glands are distributed throughout the mu-
cosa of the oral cavity and pharynx as well other regions of 
the upper aerodigestive tract. The roof of the mouth close 
to the junction of the hard and soft palates has a particu-
larly high concentration of minor salivary glands (Fig. 2.8). 
Both benign and malignant neoplasms can arise from the 
small glands. Retentions cysts can also occur here.

Of particular note is adenoid cystic carcinoma arising 
from these glands. When such a malignancy occurs in 
the region of the posterior hard palate the palatine nerves 
can carry tumor to the pterygopalatine fossa (Fig. 2.10). 
From the fossa, this perineural spread can pass through 
the foramen rotundum to the gasserian ganglion at the 
margin of the cavernous sinus and Meckel’s cave. The 
canal for the greater palatine nerve may be enlarged as 
these tumors tend to grow slowly. Obliteration of the fat 
in the pterygopalatine fossa is indicative of tumor exten-
sion into the fossa making the fossa one of the most im-
portant findings in head and neck cancer imaging . In the 
normal case, fat is always seen in this narrow slit between 
the pterygoid plate and the posterior wall of the maxillary 
sinus. If tumor reaches the fossa, the foramen rotundum 
and Vidian’s canal should be examined for enhancement 
or enlargement indicating more central spread.

Fig. 2.9: Prenatal ultrasound of salivary 
cyst of oral cavity. Coronal plane. The 
salivary cyst (arrow) is the hypoechoic 
area spreading the lips outward preventing 
mouth closure. Tip of nose (arrowhead). 
With permission from Doubilet PM, 
Benson CB (2003) Atlas of ultrasound in 
obstetrics and gynecology: a multimedia 
reference. Lippincott Williams & Wilkins, 
Philadelphia
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Fig. 2.10: Pterygopalatine fossa obliteration by perineural spread. Adenoid cystic carcinoma of the palate with perineural spread V2. 
a Axial T1-weighted image precontrast shows tumor (arrowheads) filling the pterygopalatine fossa between the maxillary sinus and 
the pterygoid process of the sphenoid bone. The fat is obliterated. Note the normal fat (arrow) in the opposite pterygopalatine fossa. 
b Axial T1-weighted image after contrast at the same level as a. The tumor (arrowheads) fills the pterygopalatine fossa and follows 
foramen rotundum to the area of the gasserian ganglion
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Inflammation/Obstruction

Obstructed Duct

An obstructed duct usually presents with recurrent swell-
ing and inflammation. This presentation is not usually 
confused with tumor and is imaged with a different strat-
egy. There are several applicable approaches.

Most calculi in the submandibular duct are dense 
enough that they can be seen in plain films. However, pro-
jecting the course of the submandibular duct away from 
the bone of the mandible can be very difficult. A special-
ized projection with the film held between the teeth and 
the X-ray beam projected upward from below the man-
dible can be effective. Trying to use plain films to visualize 
the course of the parotid duct is even more difficult.

Most radiologists consider computed tomography to 
be more reliable for demonstration of calculi (Fig. 2.11). 
Axial images done parallel to the occlusal plane will proj-
ect the entire submandibular duct below dental restora-
tions and the potential artifact that they cause. Similarly 
this plane of imaging will usually place the entire parotid 
duct above the dental artifact. The parotid duct can often 
be followed through the buccal fat, emerging from the 

buccinator muscle and then curving around the masseter 
muscle toward the parotid gland.

An obstructing calculus, if radio-opaque, is visual-
ized as a density along the course of the duct. In addition, 
the dilated duct itself can sometimes be seen extending 
toward the gland. If there has been recent obstruction, 
the gland may show increased density that is asymmet-
ric with the opposite normal side. With further inflam-
mation there may be stranding or streaky density in the 
contiguous fat. The platysma muscle may be thickened if 
there is inflammation.

Most radiologists do not use contrast if a calculus is 
suspected. If contrast is injected, a dilated duct may be 
better seen and the obstructed inflamed gland may en-
hance more than the opposite side. If there is an abscess 
suspected then intravenous contrast is very helpful in 
identifying an enhancing ring.

If a calculus is not dense enough to be radio-opaque, 
it will not usually be detected on CT. Mucous plugs have 
been implicated in cases where there is clinical obstruc-
tion but no calculus is identified.

Magnetic resonance imaging has been used to assess 
a potentially obstructed duct. There is no radiation and 
a dilated duct filled with fluid can be identified on sev-
eral sequences. Certain sequences or reconstructions 

Fig. 2.11: Calculus in the submandibular 
duct, axial CT scan. There is a calculus (ar-
row) in the anterior sublingual space along 
the course of the submandibular duct. Note 
that the submandibular gland (arrowhead) 
is more dense on the abnormal side than 
on the normal side. This reflects inflamma-
tory obstructive change
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can give an image very similar to a sialogram. A filling 
defect indicates an obstructing calculus or mucous plug. 
MR sialography is based on detecting the fluid within 
the obstructed duct. MR gives a good assessment of the 
gland itself and is very sensitive to minor changes in sig-
nal caused by edema or inflammation within the gland. 
A negative examination with normal signal within the 
gland and no dilation of the duct is considered to be reli-
able by some radiologists.

Ultrasound has several definite advantages in assess-
ing obstruction of the duct [20]. There is no radiation 
and the examination is very fast and inexpensive. One of 
the major strengths of ultrasound is the ability to define 
fluid-filled structures. The sound waves reflect from the 
walls of the structure giving prominent echoes but there 
are almost no echoes from the fluid. Calcified objects do 
not transmit sound and so there is acoustic shadowing. 
An echo-free stripe or band will project away from the 
calculus on the side opposite to the ultrasound probe. 
The dilated duct can be followed back into the gland. 
If a secondary abscess forms, ultrasound will show the 
fluid-filled space. Ultrasound is operator dependent but 
where available can be very reliable for this diagnosis.

Injection sialography is a safe but slightly invasive 
technique that allows excellent demonstration of the duc-
tal anatomy (Fig. 2.12). A small catheter is inserted into 

the orifice of the duct and iodinated contrast is injected. 
Contrast passes along the duct into the gland or will 
opacify to the point of obstruction. Irregularities of the 
duct indicate prior inflammation with fibrosis. A filling 
defect indicates a calculus or mucous plug. The examina-
tion should not be done if there is acute inflammation 
present as there is risk of causing further infection within 
the gland due to retrograde pressure from the injection. 
Sialography allows visualization of the entire ductal sys-
tem demonstrating sialectasis confirming the presence of 
obstructive, inflammatory disease even if a filling defect 
is not present.

Autoimmune Inflammatory Disease

Recurrent swelling may not be obstructive. Autoimmune 
sialadenitis or Sjögren’s disease also presents with fullness 
and inflammatory symptoms. On injection sialography 
there is a very specific appearance at least in relatively 
early stages. The duct can be normal or even appear to 
be slightly narrow particularly within the gland. Multiple 
small collections are seen “budding” off the intraglan-
dular ducts giving the classic “tree in bud” appearance 
(Fig. 2.12). The small collections tend to be very uniform 
though can vary with further destruction of the gland.

Fig. 2.12: Sjögren’s disease, sialogram. 
Contrast was injected into the parotid duct 
and shows the “tree in bud” appearance of 
Sjögren’s disease. Note the multiple tiny 
collections (arrows) throughout the gland 
including the accessory parotid gland
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On both CT and MRI, multiple small nodular densi-
ties are seen throughout the gland representing the small 
cystic collections (Fig. 2.13) [11]. The T2-weighted im-
ages often show the high signal in the small collections 
giving an appearance of a multimicrocystic distribution 
within the gland. In latter stages there can be more con-
fluent fibrotic changes and fatty infiltrations.

Sialosis

Sialosis or painless, noninflammatory enlargement of 
the salivary glands gives a variable appearance at imag-
ing depending on the stage. Either MRI or CT will show 
uniformly large glands. CT can show a dense gland or 
in more end-stage disease can show enlargement with 
fatty infiltration. The signal on MRI is relatively uniform 
throughout a gland but will also vary depending on the 
stage of the disease. End-stage fat infiltration of the gland 
shows a very characteristic pattern on T1-weighted se-
quences. Many times sialosis is seen as an incidental find-
ing. It is important to exclude a mass seen as a more focal 
abnormality within the gland.

Pitfalls and Common Problems

1. Pleomorphic adenoma may be invisible on initial CT 
scan if done as the contrast is injected. MRI is consid-
ered to be more reliable than CT in finding the mar-
gins of the tumor.

2. High enough resolution must be used so that the ma-
jor neural pathways leading away from a tumor are 
demonstrated and called negative or positive.

3. Many imaging findings support the preoperative diag-
nosis of pleomorphic adenoma but no finding is abso-
lutely specific.

4. Complications from imaging are related to contrast 
allergies. Retrograde sialadenitis can occur if injec-
tion sialography is done during acute infection of the 
gland.

Summary

Imaging of the salivary glands uses many different mo-
dalities. There is no established absolute algorithm as to 
which study should be done in a certain clinical situation. 
Individual radiologists may prefer one imaging tool over 
another for evaluation of a particular problem. As always 

communication between otolaryngologist and radiolo-
gist will provide the maximum benefit to the patient.

  Take Home Messages

→	 An irregular margin is the strongest indicator of 
malignancy but a smooth margin does not neces-
sarily indicate that the tumor is benign.

→	 The fat pads in the stylomastoid foramen, below 
the foramen ovale (medial to the lateral ptery-
goid muscle) and in the pterygopalatine fossa are 
key check points in the evaluation of perineural 
spread from salivary malignancy.

→	 The mylohyoid muscle is a key imaging landmark 
in sublingual and submandibular disease.

→	 No imaging modality is perfect for identifying ob-
structive disease in the salivary glands. The radiol-
ogist must know the strengths and weaknesses of 
each and apply the various studies appropriately.

  

Fig. 2.13: Sjögren’s disease, CT. Axial CT after intravenous con-
trast shows a nodular or granular appearance throughout both 
parotid glands. Note the multiple small nodular densities (ar-
rowheads)
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  Core Features

•	 Salivary gland lesions are rare and can be patho-
logically challenging due to their wide morpho-
logic spectra.

•	 Non-neoplastic diseases

– Acute and chronic non-autoimmune sialad-
enitis each have fairly characteristic patho-
logic features though they may have a variety 
of etiologic factors and pathogenetic mecha-
nisms.

– Autoimmune sialadenitis is largely comprised 
of the myoepithelial sialadenitis seen in 
Sjögren’s syndrome, though several autoim-
mune diseases may manifest in the salivary 
gland. A complication may be B-cell lympho-
proliferative disorders. A subset of chronic 
sclerosing sialadenitis belongs to this group of 
diseases.

– Necrotizing sialometaplasia is a benign self-
limited process that may histologically mimic 
squamous cell carcinoma or mucoepidermoid 
carcinoma. Subacute necrotizing sialadenitis 
is a relatively newly described related entity.

– Sialadenosis is a manifestation of generalized 
metabolic disturbances while adenomatoid 
hyperplasia is often an incidental finding.

– Salivary lymphoepithelial cysts of the salivary 
gland include salivary type, first branchial 
cleft cysts, and lymphoepithelial cystic disease 
of HIV. Dysgenetic polycystic disease is an ex-
tremely rare entity.

•	 Benign tumors

– Pleomorphic adenomas are the most common 
benign tumors and have a broad histologic 
spectrum. These tumors can recur if incom-
pletely excised and may rarely metastasize 
without having histologic features of malig-
nancy.

– Basal cell adenomas are benign tumors with 
specific histologic patterns. The membranous 
type is associated with cylindromatosis gene 
(CYLD1) mutations, cutaneous syndromes, 
and can be multifocal and is more likely to un-
dergo malignant transformation. Canalicular 
adenomas are minor salivary tumors that are 
clinicopathologically distinct from basal cell 
adenomas.

– Myoepitheliomas also have varied patterns 
and should show at most a few ducts.

– Warthin’s tumor is linked to smoking and 
older age and is thus demographically distinct 
from other cystadenomas. Morphologically it 
has a characteristic lymphoid stroma resem-
bling a lymph node.

– Oncocytoma and oncocytosis are benign 
tumors and tumor-like lesions comprised 
of solid nests of large polygonal cells with 
abundant granular eosinophilic cytoplasm 
that may occasionally mimic metastatic renal 
cell carcinoma.

– Sclerosing polycystic adenosis is a rare clonal 
proliferation that resembles fibrocystic disease 
of the breast, and though benign, may show 
changes resembling salivary duct carcinoma.

•	 Malignant tumors

– Adenoid cystic carcinoma is a slow growing 
but relentless malignancy for which stage, his-
tologic grade based on solid component, and 
p53 expression are important prognosticators. 
These characteristically overexpress c-kit.

– Mucoepidermoid carcinoma is the most com-
mon salivary malignancy with three cell types 
(mucous, intermediate, and epidermoid). 
Most grading systems are three tiered and 
generally correlate with prognosis; mucoepi-
dermoid carcinomas of the submandibular 
gland appear more aggressive than those of 
the parotid gland.
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Introduction

The major salivary glands are the paired parotid, subman-
dibular, and sublingual glands. Several hundred smaller 
minor salivary glands are distributed throughout the 
mucosa of the oral cavity. Morphologically and func-
tionally similar small aggregates of glands are also pres-
ent throughout the nasopharynx, sinonasal tract, larynx, 
trachea, and bronchi. These have also been referred to as 
minor salivary glands, but are probably more correctly re-
ferred to as mucoserous glands. Embryologically they all 
arise from ingrowths of surface epithelium, are histologi-
cally similar, and are affected by the same diseases. The 
anlage of the parotid can be recognized by the fifth week 
of embryologic life, the submandibular by the sixth, and 
the sublingual by the seventh. The parotid is considered to 
be of ectodermal origin while the submandibular and sub-
lingual glands take origin from endoderm. Origin from 
surface epithelium is the most likely explanation for the 
occasional finding of sebaceous glands in the major sali-
vary glands. As the epithelial buds of the future salivary 

glands enlarge, elongate, and branch they develop lumens 
and their terminal portions expand into acini lined on 
the luminal side by a single layer of epithelial cells and 
on the abluminal side by a single layer of myoepithelial 
cells. The acini of the parotid gland are lined exclusively 
by serous cells which are packed with zymogen granules. 
The acini of the submandibular gland are also mainly se-
rous, but also contain acini lined exclusively by mucous 
cells and others by serous and mucous cells. The mixed 
acini are lined by mucous cells with crescentic caps of se-
rous cells known as demilunes of Gianucci. The sublin-
gual gland while composed primarily of mucous acini also 
contains lesser numbers of serous and mixed acini. Minor 
salivary glands of the palate, retromolar trigone, and ven-
tral tongue are predominately mucous while those of the 
lateral tongue, lips, and buccal mucosa are seromucous. 
Those associated with the circumvallate papillae are re-
ferred to as von Ebner’s glands and are serous. The acini are 
drained by a series of ducts the smallest of which are the 
intralobular intercalated ducts. They are lined by a single 
layer of cuboidal epithelium and a layer of myoepithelial 

  Core Features

– Malignant mixed tumors can be subcatego-
rized into carcinoma ex-pleomorphic adeno-
ma, true malignant mixed tumor (carcinosar-
coma), and metastasizing mixed tumor.

– Acinic cell carcinoma is a low-grade tumor 
that can rarely dedifferentiate into an aggres-
sive high grade tumor.

– Epithelial-myoepithelial carcinoma is a rare 
biphasic low-grade neoplasm characterized 
by clear myoepithelial cells and small ducts 
and may mimic other clear cell lesions of the 
head and neck.

– Basal cell adenocarcinoma resembles its be-
nign counterpart, basal cell adenoma, and is 
distinguished mainly by the presence of inva-
sion, though ancillary studies such as immu-
noperoxidase stains for Ki 67, p53, bc1-2, and 
epidermal growth factor receptor may help in 
diagnosis.

– Myoepithelial carcinoma also resembles its 
benign counterpart and is separated mainly 
by the presence of invasion, mitoses, and ne-
crosis. Nuclear pleomorphism may be a poor 
prognostic sign.

– Salivary duct carcinoma is a high grade car-
cinoma that expresses androgen receptor and 
her-2-neu. It can be confused with low-grade 
cribriform cystadenocarcinoma, a recently 
characterized entity that resembles a low-
grade mammary type ductal carcinoma.

– Rare malignant tumors include cystadenocar-
cinomas, large cell carcinoma, small cell car-
cinoma, and primary squamous cell carcino-
mas; all but cystadenocarcinomas behave in 
an aggressive fashion.
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cells. These in turn drain into the striated ducts so named 
because of longitudinal infolding of the cell membranes 
which appears as striations under light microscopy. The 
striated ducts are also intralobular, but lined by a single 
layer of epithelium with eosinophilic granular cytoplasm. 
The intense granular eosinophilia is due to numerous 
mitochondria. Striated ducts typically lack myoepithelial 
cells, and are present only in the major salivary glands. 
Striated ducts drain into the interlobular ducts which are 
lined by pseudostratified columnar epithelium devoid of 
a myoepithelial layer. In the major salivary glands these 
ducts drain into major excretory ducts (Stensen’s duct in 
the parotid gland, Wharton’s duct in the submandibular 
gland, and Bartholin’s duct in the sublingual gland) and 
the epithelium of these ducts changes to squamous as they 
exit through the oral mucosa. In addition, the sublingual 
gland also contains several accessory ducts known as Rivi-
nus’ ducts. As a result of late encapsulation during embry-
ologic development the parotid gland, unlike the subman-
dibular and sublingual glands, contains intraparenchymal 
lymph nodes. Late encapsulation is also responsible for 
the presence of salivary gland structures, usually ducts 
and less frequency acini, in intra- and periparotid lymph 
nodes [177, 197, 288, 385, 391, 462].

Lesions of salivary glands are not common but can 
be pathologically challenging due to their wide range of 
histologic patterns. Inflammatory and non-neoplastic 
conditions of salivary glands far outnumber neoplasms 
which account for less than 3% of all tumors of the head 
and neck. Approximately one in six parotid tumors, one 
in three submandibular tumors, and one in two minor 
salivary gland tumors will be malignant. While tumors of 
the sublingual gland are extremely uncommon, approxi-
mately 80% are malignant [43, 57, 184, 198, 539].

Non-neoplastic Diseases

Acute Sialadenitis

Clinical Features

Acute sialadenitis may involve any salivary gland, though 
the major salivary glands, particularly the parotid, are most 
commonly affected [399, 462]. Causes may be bacterial or 
viral. This entity typically presents unilaterally with local-
ized erythema, swelling, and tenderness in the affected 
region. Purulent exudate can often be expressed from the 
excretory duct orifices. Acute viral sialadenitis, in contrast, 

is preceded by prodromal symptoms including fever, my-
algia, and headache and is typically bilateral [399, 462].

Pathology

Grossly, for both acute bacterial and viral sialadenitis, the 
lobular architecture of the salivary gland is maintained, 
though the lobules may be expanded and friable with the 
color ranging from red to yellow. Areas of liquefaction 
indicative of abscess formation may be present. Cyto-
megalovirus (CMV) sialadenitis may show no gross ab-
normalities.

Microscopically, acute bacterial sialadenitis is charac-
terized by acinar destruction with interstitial infiltrates 
comprised mainly of neutrophils. Multiple small ab-
scesses with necrosis are common. Occasionally, the bac-
teria can be seen with special stains such as gram stain 
and acid fast stain, particularly in cases where antibiotics 
have not yet been administered. Acute viral sialadenitis 
is rarely examined histopathologically, but consists of a 
lymphocytic and monocytic infiltrate in the interstitium 
with vacuolar change in the acini. CMV sialadenitis 
shows minimal inflammation, but instead may show viral 
inclusions in both the acini and ducts [195].

Pathogenesis

Bacterial sialadenitis typically occurs as the result of sali-
vary stasis and subsequent retrograde contamination of 
the salivary ducto-acinar units by oral flora [399, 515]. 
The parotid is thought to be more prone to bacterial in-
fection since its secretions are predominantly serous and 
thus lack the protective constituents (IgA, sialic acid, lyso-
zomes) seen in mucinous secretions of the other salivary 
glands [555, 556]. Causes of salivary stasis include post-
surgical setting, dehydration, medical illness, advanced 
age, radiation, medications, neonatal setting, sialectasia, 
and sialolithiasis [394, 399, 473]. Bacterial sialadenitis is 
often polymicrobial. The most common bacterial isolate 
in acute sialadenitis is Staphylococcus aureus. Streptococ-
cal species, most notably the Viridans streptococcal or-
ganisms, are also common, and more recently, the con-
tributing role of anaerobic bacteria such as Bacteriodes, 
peptostreptococcal, and fusobacterial species has been 
recognized. Rarely, mycobacterial infection may present 
as an acute sialadenitis rather than a chronic granuloma-
tous sialadenitis (see below) [91, 399, 462, 473, 515].
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Viral sialadenitis is typically systemic and can be most 
commonly attributed to the mumps paramyxovirus. Ad-
ditional viral isolates include influenza, parainfluenza, 
Coxsackie A and B, Epstein-Barr, echovirus, and lym-
phocytic choriomeningitis virus [399, 462]. In the setting 
of human immunodeficiency virus (HIV), CMV and ad-
enovirus have also rarely been implicated in acute viral 
parotitis [399].

Prognosis

The prognosis is largely dependent on the patient’s un-
derlying disease and its successful treatment. For in-
stance, the reported high mortality (20–50%) reflects 
the generally poor health status in patients with acute 
bacterial sialadenitis. A small number will progress to a 
chronic sialadenitis after resolution of the acute sialad-
enitis [399].

Chronic Non-autoimmune Sialadenitis

Clinical Features

Chronic non-autoimmune sialadenitis is clinically 
characterized by a variety of symptoms ranging from a 
long-standing swelling or mass to xerostomia and super-

infection. It may be a result of sialolithiasis which most 
commonly occurs in the submandibular gland [399, 462]. 
Chronic sialadenitis, often resulting in xerostomia, is a 
common and dreaded complication of radiotherapy for 
head and neck malignant neoplasms [266, 565].

Chronic non-autoimmune sialadenitis is often attrib-
utable to a specific etiologic factor such as recurrent ob-
struction (i.e., sialolithiasis), irradiation, or granuloma-
tous disease [195, 462]. A subset of cases, referred to as 
chronic recurrent sialadenitis or parotitis, based on the 
most common site of occurrence, are marked by recur-
rent painful episodes of swelling and expression of a gray 
or whitish flocculent material from the duct. Chronic re-
current sialadenitis typically occurs in children or young 
adults, and may be unilateral or bilateral [60, 462, 503]. 
Other rare categories of chronic non-autoimmune sial-
adenitis include infectious granulomatous disease [91, 
195].

Pathology

Chronic sialadenitis on gross examination ranges from 
unremarkable to a firm tan with expansion or atrophy 
of the lobular architecture depending on the degree of 
inflammation and chronicity. With sialolithiasis, stones 
may be grossly evident with associated obstructive 
changes of sialectasia and periductal fibrosis (Fig. 3.1a). 

Fig. 3.1: Chronic sialadenitis from sialolithiasis. a Submandibular gland with a large sialolith (arrow), and mildly ectatic ducts with 
periductal fibrosis represented by the fibrous white lines radiating from the stone (gross image). b Chronic sialadenitis with periduc-
tal fibrosis and a mixed chronic inflammatory infiltrate around a large duct that shows mucinous metaplasia (H&E, 100×)
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Mucus extravasation may be noted as well [195]. Radia-
tion sialadenitis may show a fibrous white cut surface 
with involvement of adjacent soft tissue. When the re-
sidual lobules are noted, they may be attenuated with 
interstitial fibrosis.

Microscopically, the classic findings of chronic sial-
adenitis are a chronic inflammatory infiltrate composed 
of lymphocytes, plasma cells and macrophages, fibrosis, 
acinar atrophy, and mucous cell metaplasia of the ductal 
system (Fig. 3.1b) [462]. A common regenerative phe-
nomenon is the presence of intercalated duct hyperpla-
sia that may be diffuse or nodular. In sialolithiasis, dark 
calcific stone fragments are noted within the ducts which 
may have a concomitant squamous metaplasia. Infec-
tious granulomatous sialadenitis ranges from the caseat-
ing granulomatosis seen in tuberculosis to foamy histio-
cytic aggregates seen in atypical mycobacterial infections. 
Intra- and periparotid lymph node involvement may be 
seen in the latter [319]. Acid fast stains will highlight the 
mycobacterial organisms.

Pathogenesis

The predilection of sialoliths to form in the submandibu-
lar gland is thought to be a result of the alkaline pH and 
high mucin content of its secretions. The nidus for stone 
formation has been postulated to arise as a result of bacte-
ria or organic debris [399, 462]. However, recent scanning 
electron microscopy and X-ray crystallography studies 
refuted this as a major cause, finding only hydroxyapatite 
crystals rich in calcium phosphates [326].

The mechanisms for radiation sialadenitis are not en-
tirely understood, but recent T-cell subset evaluations 
suggest a possible immune-mediated component of in-
jury [266, 565]. Tuberculous sialadenitis is rare; only 49 
cases of tuberculous parotitis have been reported since 
1966 [352]. In a review by van der Walt and Leake, tuber-
culous sialadenitis comprised 8/57 cases of granuloma-
tous sialadenitis [590].

Prognosis

The prognosis depends on the etiologic factor, if identi-
fied, and the severity of disease. While surgical treatment 
of chronic sialadenitis leads to resolution of symptoms of 
pain and prevention of superinfection with fistula or si-
nus tract formation [19], xerostomia, often seen in radia-
tion sialadenitis, does not resolve [266, 565].

Autoimmune Sialadenitis

Clinical Features

The majority of autoimmune sialadenitides are in the 
histopathologic spectrum of myoepithelial sialadenitis 
(MESA), a term coined as early as 1972 by Donath and 
Seifert [158], also known as benign lymphoepithelial le-
sion. The clinical correlates are varied and include terms 
such as Mikulicz disease, sicca complex, Sjögren’s syn-
drome, and chronic punctate sialadenitis [462].

Other systemic autoimmune diseases that can affect 
the salivary glands, usually the parotid include Wegener’s 
granulomatosis, sarcoid, and Kimura’s disease [383]. Re-
cent evidence indicates that a subset of chronic scleros-
ing sialadenitides (Kuttner tumor) have an autoimmune 
etiology [332].

Myoepithelial sialadenitis may present as unilateral or 
bilateral enlargement of salivary glands, at any age with 
or without autoimmune disease, but most commonly 
manifests in females in their fifth to sixth decades as a re-
flection of the close association with Sjögren’s syndrome. 
Sialograms show sialectasia which ranges from punctate 
to cavitary [462].

Sjögren’s syndrome is an autoimmune exocrinopathy 
characterized by keratoconjunctivitis, xerostomia, and 
often other extrasalivary manifestations. It can exist as a 
primary disease or as a secondary disease associated with 
other systemic autoimmune diseases, typically rheuma-
toid arthritis and occasionally progressive systemic scle-
rosis [224].

Salivary gland involvement in Wegener’s granuloma-
tosis, characterized by upper and lower respiratory tract 
and renal disease, is rare with the parotid being most 
commonly affected [383]. Fauci et al. [206] report an in-
cidence of less than 1% (n=158) in their experience. In 
contrast, salivary gland involvement in sarcoidosis is not 
infrequent ranging from 4% to 30%. A rare syndromic 
variant of sarcoidosis known as Heerfordt syndrome 
is characterized by uveitis, bilateral parotitis, and facial 
nerve palsy [383].

Kimura’s disease occurs typically in young Asian males 
and is characterized clinically by painless lymphadenopa-
thy of the head and neck region, including periparotid 
and intraparotid lymph nodes [383, 536]. Chronic scle-
rosing sialadenitis presents as a firm localized swelling 
of the salivary gland mimicking a neoplasm, most com-
monly involving the submandibular gland [462]. While 
originally categorized as a non-specific localized chronic 
sialadenitis, when excluding cases that are attributable to 
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sialolithiasis or other localized obstruction, at least a sub-
set present with autoimmune extrasalivary disease such 
as primary sclerosing cholangitis, idiopathic retroperito-
neal fibrosis, and lymphoplasmacytic sclerosing pancre-
atitis warranting placement in the autoimmune sialadeni-
tis category [323, 332].

Pathology

The gross manifestations of myoepithelial sialadenitis 
are similar to chronic non-immune sialadenitis, rang-
ing from a diffuse to a multinodular expansion. In some 
cases, the gross cut surface is a tan-pink reminiscent of a 
lymph node, however, the lobular architecture is main-
tained distinguishing this from lymphoma. Wegener’s 
granulomatosis may show areas of liquefaction necrosis 
as a result of vasculitis. Sarcoidosis and Kimura’s disease 
may show preferential enlargement of the intra/peripa-
rotid lymph nodes. Chronic sclerosing sialadenitis on 
gross examination resembles a salivary gland neoplasm 
and with a well-circumscribed tan-white appearance.

The histologic hallmark of MESA is the presence of ep-
ithelial-myoepithelial islands infiltrated by lymphocytes 
(Fig. 3.2). However, the process begins as a collection of 
lymphocytes centered on an intralobular duct. This lym-
phoid infiltrate, when a cluster of at least 50 lymphocytes 
per 4 mm2 defines a lymphoid focus, is the basis for grad-
ing of labial minor salivary gland biopsies for the diagno-
sis of Sjögren’s syndrome [139, 458]. As these lymphoid 
infiltrates progress, germinal centers may form, and 
acinar atrophy ensues. A proliferation of ductal epithe-
lium-myoepithelium arises, obliterating duct lumina and 
eventually giving rise to classic epithelial-myoepithelial 
islands. A few studies suggest that these islands may not 
contain a myoepithelial component, but are composed of 
metaplastic intercalated ducts with an altered immuno-
phenotype [309, 333].

Salivary glands in the setting of secondary Sjögren’s 
syndrome due to progressive systemic sclerosis may show 
periglandular fibrosis without inflammation in addition 
to MESA [458]. Wegener’s granulomatosis manifests as a 
classic triad of vasculitis, necrosis, and granulomatous in-
flammation, however, only 16% of cases with parotid in-
volvement have the complete triad [383]. Sarcoid is char-
acterized by tight epithelioid granulomas and a lymphoid 
infiltrate. Biopsies of salivary glands in the lip for the diag-
nosis of sarcoid show granulomas in 53% of cases [442].

Chronic sclerosing sialadenitis bears a remarkable 
similarity to lymphoplasmacytic sclerosing pancreati-

tis [323]. It is characterized by periductal fibrosis with a 
dense lymphoplasmacytic infiltrate with lymphoid fol-
licles. Eosinophils are variably present. Kitagawa et al. 
demonstrated the presence of obliterative phlebitis in all 
cases as demonstrated by elastic stain [332].

Pathogenesis

While Sjögren’s syndrome often has a characteristic se-
rology, including anti SS-A, anti SS-B, and occasion-
ally ANA and rheumatoid factor, the pathogenesis of 
the disease is not entirely clear and is multifactorial as 
with most autoimmune diseases [224]. In addition to 
HLA-DR associations, recent studies suggest that poly-
morphisms in genes, such as minor histocompatibility 
antigen HA-1, and TNF may play a role in the disease 
process. Humoral dysregulation and B-cell hyperac-
tivity is thought to be another pathogenic mechanism 
for Sjögren’s syndrome [224, 277].

Similarly, though the serologic manifestations are well 
known, the pathogenesis of Wegener’s granulomatosis, 
sarcoidosis, Kimura’s disease, and chronic sclerosing si-
aladenitis are not well understood. The classic serologic 
manifestation of Wegener’s granulomatosis is a positive 
C-ANCA. Sarcoidosis often manifests with hypergam-
maglobulinemia as well as non-serologic laboratory 
abnormalities such as hypercalcemia, elevated alkaline 
phosphatase, and angiotensin-converting enzyme levels. 
Kimura’s disease is characterized by elevated IgE levels 

Fig. 3.2: Myoepithelial sialadenitis (MESA) with a florid lym-
phoid infiltrate and prominent epithelial myoepithelial islands 
permeated by lymphocytes (H&E, 100×)
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and eosinophilia, while the association of chronic scleros-
ing sialadenitis with elevated IgG4 levels has been noted 
recently [323, 332, 383].

Prognosis

As with most sialadenitides, the prognosis is related to 
the severity and treatment of the underlying disorder 
[75]. Severe recurrent parotitis is amenable to surgical 
treatment [19]. Of note, patients with Sjögren’s syndrome 
have a forty-fold increased risk for development of small 
B-cell lymphomas of mucosa-associated lymphoid tissue 
(MALT) type [224].

Special Considerations

Myoepithelial Sialadenitis 
and Mucosa-associated 
Lymphoid Tissue (MALT) Lymphomas

The majority of salivary gland lymphomas are of the MALT 
type and arise in the setting of MESA. This association was 
noted as early as 1971 by Azzopardi and Evans [31]. The 
transition from MESA to MALT lymphoma is postulated 
to occur as a result of antigenic stimulation, though unlike 
gastric MALT lymphoma, the etiologic agent (H. pylori in 
gastric MALT lymphoma) has not been identified [32].

Histologic distinction of MESA from early MALT 
lymphoma is obfuscated by the detection of clonal prolif-
erations in otherwise typical appearing MESA [214, 337]. 
These MESA clones have a limited VH repertoire even 
among different patients, suggesting antigenic stimula-
tion from a common epitope [32]. While these clones 
may eventually give rise to MALT lymphoma, clonality 
in the setting of typical or even atypical MESA without 
a significant mass lesion does not indicate lymphoma. 
The earliest histologic changes of MALT lymphoma are 
the presence of “halos” of monocytoid or centrocyte-
like B cells that are slightly paler on low power magni-
fication [301]. These coalesce into sheets and eventually 
form mass lesions. Involvement of intra- and periparotid 
lymph nodes is often seen.

Immunohistochemical and flow cytometric analysis 
show a population of B cells that are CD19 positive, CD20 
positive, CD5 negative, CD10 negative, and CD23 nega-
tive. CD43, typically seen on T cells may be aberrantly 
expressed. MALT lymphomas will often but not always 
show light chain restriction [1].

Mucosa-associated lymphoid tissue lymphomas have 
several associated characteristic translocations and tri-
somies though the frequencies of these vary by site. In 
the salivary gland, the most common translocation is 
t(14;18)(q32;q21) which is the fusion of IGH/MALT1, 
while trisomy 3 was the most common alteration over-
all. The significance of these alterations is unclear at this 
point [552].

Myoepithelial Sialadenitis and Carcinoma

In rare instances, MESA can have malignant transfor-
mation of the epithelial component. Carcinomas aris-
ing in MESA are typically lymphoepithelial carcinomas 
resembling undifferentiated non-keratinizing nasopha-
ryngeal carcinoma, though keratinizing squamous cell 
carcinomas have been described [44, 89, 428]. Lympho-
epithelial carcinomas of the parotid, akin to their naso-
pharyngeal counterparts, are often associated with Ep-
stein-Barr virus (EBV) infection. Wu et al. demonstrated 
the presence of EBV small RNA-1 (EBER-1) in MESA 
with carcinomatous transformation in both the benign 
and malignant areas, while typical MESA was negative 
for EBER [620].

Necrotizing Sialometaplasia

Clinical Features

Necrotizing sialometaplasia (NSM), originally described 
by Abrams et al. in 1973 [3] is a benign self-healing sali-
vary gland lesion that can mimic malignancy. NSM typi-
cally occurs in the fourth decade (mean age 45.9 years) 
with a male predilection (male:female ratio 1.9:1) [85, 
222, 311, 462]. Although the palate is the most frequently 
involved site, NSM has been described in mucoserous 
glands throughout the upper and lower respiratory tract 
[85, 380, 484, 630]. The usual presentation is that of a 
single unilateral ulcer at the junction of the hard and soft 
palate [85, 222, 462]. Roughly 10% are bilateral, and 15% 
are asymptomatic [85].

Pathology

Grossly, NSM is typically a well-demarcated, raised, 
erythematous ulcer. The underlying salivary tissue is a 
soft friable gray tan [195, 462]. In a review of 184 cases, 
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the mean size was 1.9 cm (range 0.7–5.0 cm) [85]. The 
defining microscopic features are: ulceration with pseu-
doepitheliomatous hyperplasia of the adjacent mucosa, 
infarction of the salivary lobule, with mucus extravasa-
tion, varying degrees of fibrosis, and squamous meta-
plasia of the ductoacinar units (Fig. 3.3a, b). The latter 
may be prominent and thus misread as mucoepidermoid 
carcinoma or squamous cell carcinoma. However, the 
key distinguishing feature of NSM from the malignant 
lesions that it may mimic is the maintenance of the 
lobular architecture despite the often extensive squamous 
metaplasia. On small biopsy specimens, this may be dif-
ficult to assess. Though a high index of suspicion of this 
lesion is the main requirement for its diagnosis in such 
a situation, a recent study suggests that NSM in contrast 
to squamous cell carcinoma does not show evidence 
of immunohistochemical staining for p53, Ki-67, and 
bcl-2 and thus may be a useful adjunct for distinguish-
ing between these lesions [418]. It is very important to 
have an accurate diagnosis of NSM to avoid unnecessary 
surgery.

Pathogenesis

The classic NSM is thought to be the result of spontane-
ous infarction of mucoserous glands. However, a clini-
cally and histologically identical picture is seen as a result 
of surgery, radiation, trauma, or vasculitis among other 

distortive injuries [26, 487]. The self-limiting nature and 
histologic features suggest vascular compromise with 
ischemic injury and subsequent regeneration as the main 
pathogenic mechanism [85, 462]. The occasional associa-
tion with repeated emesis seen in bulimia and other dis-
orders raises the possibility of chemical injury as a con-
tributing factor [4, 496].

Prognosis

Prognosis is excellent. NSM is a self-limiting lesion lasting 
from a few days to a few months and does not recur [85].

Subacute Necrotizing Sialadenitis

Clinical Features

Subacute necrotizing sialadenitis (SANS) is a recently 
described idiopathic reactive process of minor salivary 
glands with only 26 cases reported in the literature [106, 
222, 371, 588, 612]. SANS shares several clinical and 
pathologic features with NSM.

In contrast to NSM, SANS occurs typically in the sec-
ond decade. However, similar to NSM, SANS typically 
occurs as a painful mass of the palate, though they are 
non-ulcerated in contrast to NSM. The male predomi-
nance is more pronounced (approximately 3:1) though 

Fig. 3.3: Necrotizing sialometaplasia. a Palate with ulcerated squamous mucosa (left) and necrotic mucous acini (right) showing loss 
of cellular detail and focal extravasation of mucin (arrow) (H&E, 20×). b Squamous metaplasia or “sialometaplasia” is noted in the 
ducts (H&E, 100×)
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this may reflect sampling bias, as many of these cases 
were obtained from a military population [222, 612].

Pathology

Grossly, these are non-ulcerated submucosal masses 
ranging from 0.3 to 2.5 cm. The histologic criteria put 
forth by Werning et al. [612] are: acinar cell necrosis and 
loss, and a mixed inflammatory infiltrate comprised of 
neutrophils, eosinophils (occasionally prominent), and 
plasma cells. In contrast to NSM, SANS does not show 
squamous metaplasia or fibrosis. Ultrastructurally, dense 
particles have been identified in the acini that either rep-
resent viral particles or lysosomes [222, 612].

Pathogenesis

The etiology of SANS is unclear. Because of similar clinical 
and pathologic characteristics, SANS is viewed by some as 
a variant of NSM [371]. However, the association in a sig-
nificant number of patients with upper respiratory tract 
infections, close living quarters, and a winter month pre-
dilection raises the possibility of a viral etiology. Further 
in support of this is the presence of dense viral-like par-
ticles ultrastructurally in the acini in several cases [222].

Prognosis

As in NSM, prognosis is excellent. SANS is also a self-lim-
iting disease with an even more rapid course than NSM; all 
cases reported resolved within 4 weeks [222, 371, 588].

Sialadenosis

Clinical Features

Sialadenosis is a diffuse enlargement of salivary glands 
described in several conditions. Sialadenosis usually in-
volves the parotid glands, and less commonly the sub-
mandibular glands [121, 157, 462]. Minor salivary gland 
involvement has also been reported [408]. It is frequently 
bilateral and has an equal sex distribution. It is typically 
painless and the enlargement may impart a striking fa-
cial appearance. Causes can be categorized as: nutritional 
(alcoholism, cirrhosis, eating disorders, kwashiorkor, and 

pellagra), endocrine (diabetes mellitus, thyroid disease, 
gonadal dysfunction), and neurochemical (vegetative 
state, lead, mercury, iodine, thiouracil, isoproterenol) 
[157, 462].

Pathology

Grossly, the salivary glands are unremarkable except for 
enlargement. Histologically, sialadenosis is a mixture of 
acinar hypertrophy and fatty infiltration. Morphometric 
studies have shown an increase in mean acinar cell diam-
eter (approximately 75 microns) as compared to normal 
(approximately 50 microns) [267]. Additionally zymogen 
granules are increased in number and size by light and 
electron microscopy [160]. Most importantly, no inflam-
mation or fibrosis is identified, distinguishing sialad-
enosis from the sialadenitides. While amyloidosis may 
present with diffuse enlargement of the salivary glands, 
histologically, there will be interstitial fibrosis with the 
characteristic pale amyloid deposition that can be dem-
onstrated with a Congo red stain [195].

Pathogenesis

Despite the variety of predisposing conditions, sialad-
enosis is thought to be a neurosecretory disorder. Ul-
trastructural and animal experimental studies point to a 
disturbance in the autonomic innervation of the salivary 
glands as the initiating factor for sialadenosis [121, 123, 
157, 160, 161].

Prognosis

The persistence of sialadenosis is dependent on the se-
verity and duration of the underlying disease. However, 
there is usually little morbidity associated with the condi-
tion itself; most surgical treatment is performed for cos-
metic purposes.

Adenomatoid Hyperplasia

Clinical Features

Adenomatoid hyperplasia is a proliferation of the mucous 
acini of minor salivary glands. The incidence of this le-

42  Robert L. Peel and Raja R. Seethala

3



sion is likely higher than reported in the literature [16, 39, 
86, 95, 462]. Adenomatoid hyperplasia typically presents 
as a painless mass located on the hard and soft palate in 
up to 95% of cases [39]. Rarely, adenomatoid hyperplasia 
is located on the retromolar trigone [86, 116]. While it 
can present at any age it is more common in the fourth 
decade with a slight male predominance. The typical 
clinical concern is that of a benign salivary gland tumor 
[462]. We have occasionally noted these lesions in uvulo-
palatopharyngoplasty specimens suggesting their role in 
some cases of obstructive sleep apnea.

Pathology

Grossly, these lesions range from 0.5 to 3 cm [462]. They 
are usually non-ulcerated well-circumscribed masses. 
Histologically, the lesion is comprised of expanded lob-
ules of mucous acini. Occasionally, there is mucus ex-
travasation, but without an inflammatory reaction. The 
overlying mucosa is unremarkable.

Pathogenesis

The pathogenesis is unclear. While Arafat et al. [16] raise 
the possibility of a hamartomatous origin to this lesion, 
Barrett and Speight [39] report 14 of 20 (70%) cases to be 
associated with dentures and/or tobacco suggesting a lo-
calized response to trauma. But this apparent association 
may be the result of sampling bias since the most com-
mon clinical setting for the detection of adenomatous hy-
perplasia is during dental examination [462].

Prognosis

Prognosis is excellent. Recurrences are not seen after ex-
cision.

Salivary Duct Cysts

Clinical Features

Salivary duct cysts are also known as sialocysts, simple 
cysts, and retention cysts. Unlike mucus extravasation 
phenomenon, salivary duct cysts are true cysts with an 
epithelial lining [56]. Salivary duct cysts are the most 

common salivary cysts, comprising about 1.5% of all sali-
vary gland disease in one study [507].

Pathology

These cysts are unilocular and may grossly contain tan 
serous to gray mucoid material. Long-standing cysts can 
develop sialoliths. Histologically, these cysts are lined by a 
cuboidal, columnar, or squamous epithelium. Oncocytic 
metaplasia may be seen in older individuals. However, 
these cysts are not associated with lymphoid elements 
[462].

Pathogenesis

Sialocysts usually occur secondary to obstruction from 
various causes [56, 195, 462].

Prognosis

Prognosis is excellent. Rare complications include super-
imposed infections. Recurrences are rare and result from 
incomplete excision [462].

Lymphoepithelial Cysts

Clinical Features

Lymphoepithelial cysts refer to a group of lesions that 
include true first branchial cleft cysts, salivary-type lym-
phoepithelial cysts, and HIV-associated sialadenitis, 
which may also have overlap with MESA.

True branchial cleft cysts typically present shortly after 
birth or in childhood though they may not be symptom-
atic until adulthood. They usually present as a painless 
unilateral mass near or occasionally in the parotid gland, 
often with associated sinus tracts and fistulae. Superinfec-
tion may cause pain [454, 462, 575].

Salivary duct derived lymphoepithelial cysts rarely 
present at birth and are not associated with sinus tracts 
or fistulae. HIV-associated lymphoepithelial cysts have 
become increasingly common, comprising up to 60% 
of parotid lymphoepithelial cysts [564]. These tend to 
be bilateral and associated with lymphadenopathy. The 
incidence of parotid gland involvement in HIV is about 
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3–5% [307]. Occasionally these may be the presenting 
symptom of HIV infection [390]. While the parotid gland 
is the most frequent site for HIV-associated lymphoepi-
thelial cysts, cysts in the submandibular glands have also 
been described [262].

Pathology

True first branchial cleft cysts of the parotid region can 
be divided into type I and type II. Type I anomalies are 
considered reduplication of the ectodermal component 
of the ear canal while type II anomalies also include me-
sodermal components as well [18, 212, 454]. The type II 
anomalies are more closely associated with the parotid 
parenchyma [454, 462]. Grossly, these cysts are adjacent 
to or in the parotid gland and contain cloudy to cheesy 
material representing keratinaceous debris. In type II 
anomalies, the cyst wall may grossly contain cartilage. 
Histologically, branchial cleft cysts will contain a combi-
nation of squamous and ciliated respiratory type epithe-
lium. Type II lesions will also contain skin adnexal struc-
tures and cartilage. Both types may have lymphoid tissue 
with germinal centers in the periphery.

Lymphoepithelial cysts may have a nodular inner lin-
ing that grossly represents lymphoid tissue. Salivary type 
lymphoepithelial cysts are lined by a thin squamous or 
columnar epithelium, and are surrounded by a promi-
nent lymphoid infiltrate with all the architectural features 
of a lymph node including sinusoidal spaces and primary 
and secondary germinal centers [56, 467]. Lymphoepi-
thelial cysts in HIV often contain epithelial-myoepithe-
lial islands seen in MESA, and an additional finding is 
that of multinucleated giant cells [169, 595]. Immuno-
histochemical detection has identified p24 antigen in 
the macrophages and giant cells seen in HIV-associated 
lymphoepithelial cysts [93, 347, 386, 583, 595]. The lym-
phoid infiltrate differs from that in non-HIV-associated 
lymphoepithelial cysts and MESA in that it is comprised 
largely of CD8+ lymphocytes [118, 382].

Pathogenesis

True branchial cleft cysts in the parotid region are de-
rived from the first branchial pouch and are duplication 
defects. While, initially, the term branchial cleft cyst was 
used interchangeably for all parotid lymphoepithelial 

cysts [551, 608], this term has now been reserved only 
for those cysts that have clinical or histologic features 
of first branchial pouch derivatives, e.g., early age of on-
set, presence of sinuses or fistulae, ciliated respiratory 
epithelium, and the presence of mesodermal elements 
in type II anomalies. The presence of salivary inclusions 
within the lymphoid stroma of some lymphoepithelial 
cysts, as well the documentation of a high amylase con-
tent in cyst fluid suggest that most lesions called lym-
phoepithelial cysts are of the salivary type [230, 467]. 
These cysts are thus thought to represent cystic dila-
tion of salivary inclusions of the intra- and periparotid 
lymph nodes.

Human immunodeficiency virus-associated lympho-
epithelial cysts are also thought to arise from cystification 
of salivary elements. However, the histologic spectrum 
along with three-dimensional reconstruction of 100 pa-
rotid lesions [308] suggest that these cysts are cystic dila-
tion of the native ductal system of the salivary gland in 
the setting of MESA-type lesion akin to that seen in au-
toimmune disease rather than dilatation of salivary gland 
inclusions within a lymph node [307, 308].

Prognosis

The recurrence rate for all types of lymphoepithelial cysts 
is low to absent, however, branchial cleft cysts are more 
likely to recur than the others, and must be completely 
excised [18, 212].

Dysgenetic Polycystic Disease

Clinical Features

Dysgenetic polycystic disease is an extremely rare salivary 
gland disease with only 15 cases reported in the literature 
[45, 156, 211, 235, 396, 456, 511].

Dysgenetic polycystic disease occurs almost exclu-
sively in the parotid glands of women with an age range 
of 6–65 years [235]. Only one case has been documented 
in the submandibular gland of a man [456, 511]. Usually 
this disease is bilateral, but unilateral disease has been 
documented [45, 156, 211, 235, 396, 456, 511]. The typi-
cal presentation is that of a non-tender mass [211, 511, 
534].
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Pathology

Grossly, these lesions present as spongy masses of the in-
volved salivary gland. Histologically, there is variable re-
placement of the parenchyma by cysts of various size and 
shape. The epithelium is attenuated and cuboidal, and the 
cyst wall is delicate with minimal fibrosis or inflamma-
tion. Occasional invaginations and tufting of epithelium 
may be seen. The lumina may contain concentric eosino-
philic secretions [534].

Pathogenesis

Dysgenetic polycystic disease is thought to be a result of 
some type of embryologic insult. Though it bears simi-
larities to polycystic disease of other organ sites, such as 
kidney and liver, this entity has not been associated with 
extraparotid manifestations. At least three cases have a fa-
milial association, though the responsible genetic altera-
tion has not yet been identified [198, 201, 492, 539].

Prognosis

This entity is sufficiently rare as to preclude definitive 
prediction of behavior. To date, recurrence has been de-
scribed only occasionally [198, 539].

Benign Tumors

Pleomorphic Adenoma

Clinical Features

Pleomorphic adenoma, also known as benign mixed tu-
mor, is the most common tumor of salivary gland origin, 
accounting for about 60% of all salivary tumors in large 
series [298]. Up to 80% occur in the parotid gland, 10% in 
the submandibular glands, and the rest in the minor sali-
vary glands, throughout the upper and lower aerodiges-
tive tract [449, 508, 624]. While most occur in the lower 
pole of the superficial lobe, the deep lobe can be involved. 
Extensions of deep lobe pleomorphic adenomas are the 
most common tumors of the parapharyngeal space con-
stituting 40% of tumors in this region [198, 201]. Bilateral 
occurrences of pleomorphic adenoma are rare [201, 462]. 

Pleomorphic adenomas can occur in any decade, but the 
mean age is 46 years with a slight female predilection [96, 
291, 329]. The typical presentation is that of a painless, 
slowly growing mass.

Pathology

Grossly, pleomorphic adenomas are typically well-cir-
cumscribed ovoid masses. They usually range from 2 to 
5 cm in greatest dimension [559], though tumors as large 
as 50 cm in diameter, weighing over 6 kg have been re-
ported [354, 509, 527]. Larger tumors often have a bos-
selated surface and may distend overlying skin and cause 
erosion of bone and remodeling deep to the tumor. In the 
major glands, they usually have a complete capsule, while 
in the minor glands they may not. Pleomorphic adenomas 
usually show a lobulated glistening gray tan cut surface 
representative of the chondromyxoid stroma character-
istic of this tumor (Fig. 3.4a). Areas with less chondroid 
appear as a homogeneous white tan color. Larger tumors 
may have areas of calcification/ossification, hemorrhage, 
and necrosis. Such areas of heterogeneity should be sam-
pled to exclude malignant degeneration. Satellite nodules 
in primary tumors are rare, but are typical of recurrent 
tumors.

Histologically, pleomorphic adenoma, as with many 
salivary tumors, is a biphasic tumor comprised of epi-
thelial (ductal) and myoepithelial cells. It is named for 
its various histologic patterns or “pleomorphism,” rather 
than actual cellular atypia. The myoepithelial component 
often predominates with spindled to ovoid cells with 
wispy pink cytoplasm embedded in a pale chondromyx-
oid blue gray stroma. These myoepithelial cells are often 
seen streaming off the ductal component blending into 
the stroma (Fig. 3.4b). A unique pattern within areas of 
myoepithelial predominance is a palisaded growth re-
sembling that seen in schwannoma [111]. Cartilaginous 
differentiation is often seen. Occasionally, osseous meta-
plasia and even lipomatous metaplasia may be present 
[201]. Tyrosine-rich crystals are occasionally seen within 
the chondroid stroma [145, 201].

The tumors can show various epithelial differentiation 
such as oncocytic, squamous, mucinous, and sebaceous 
metaplasia, and can be mistaken for squamous cell carci-
noma or mucoepidermoid carcinoma, if the overall archi-
tecture and configuration is not taken into consideration 
[445]. The proportions of epithelial and myoepithelial 
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cells vary greatly. Myoepithelial-rich pleomorphic ad-
enomas may be indistinguishable from myoepithelioma 
if the ductal component is not found. At the other end 
of the spectrum, cellular pleomorphic adenomas, which 
contain tubulotrabecular proliferations of ducts and 
myoepithelial cells with minimal stroma can be mistaken 
for malignant tumors such as epithelial-myoepithelial 
carcinoma and adenoid cystic carcinoma if only limited 
biopsy material is available (Fig. 3.4c).

Immunohistochemically, the ductal components are 
positive for various cytokeratins: 7, 8, 14, and 19, typi-
cally of low molecular weight. The myoepithelial cells are 

positive for p63, smooth muscle actin, calponin, vimen-
tin, muscle-specific actin, and variably for S-100 protein 
and glial fibrillary acidic protein (GFAP) [629]. GFAP, 
though not a sensitive myoepithelial marker, has the 
benefit of highlighting areas of chondroid stroma, which 
can distinguish pleomorphic adenoma from other simi-
lar histologic types [297]. Similarly, bone morphogenic 
proteins and type II collagen are expressed in these areas 
as well [97, 388]. While immunostaining for S-100 also 
highlights the stromal component, it may also stain some 
ductal areas [97].

Fig. 3.4: Pleomorphic adenoma. a A small well-circumscribed tumor of the tail of the parotid showing a homogeneous glistening 
gray-tan cut surface (gross image). b An encapsulated pleomorphic adenoma with ducts (top) and nodular areas of chondroid 
differentiation (arrow) (H&E, 40×). c Cellular pleomorphic adenoma with back-to-back ducts lined by myoepithelial cells almost 
resembling epithelial-myoepithelial carcinoma. Focal squamous metaplasia is present (small arrows) (H&E, 100×)
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Pathogenesis

Roughly 70% of pleomorphic adenomas have cytogenetic 
alterations that likely play a central role in tumorigenesis, 
and can be stratified into four groups: those with 8q12 
rearrangements, those with 12q13-15 rearrangements, 
those with miscellaneous clonal changes, and those that 
are karyotypically normal [325, 598]. Bullerdiek et al. 
[597] note that the karyotypically normal individuals are 
usually a decade older than those with 8q12 rearrange-
ments.

The 8q12 abnormalities are typically translocations in-
volving the PLAG1 gene, juxtaposing this zinc finger gene 
with a ubiquitously expressed translocation partner gene. 
The two most common translocations, t(3;8) (p21;q12) 
and t(5;8) (p13;q12), result in CTTNB1-PLAG1 and 
LIFR1-PLAG1 fusions, respectively [240, 241]. PLAG1 
alterations result in increased IgF2 expression, which is 
likely contributory to the development of pleomorphic 
adenoma [5]. The 12q13-15 abnormalities are also usu-
ally translocations, involving the HMGA2 (HMGIC) 
gene that encodes a transcription factor involved in the 
modulation of DNA structural conformation. The most 
common alterations are ins(9;12) and t(3;12), which re-
sult in HMGA2-NFIB and HMGA2-FHIT fusions, re-
spectively [189].

Interestingly, a t(3;12) was reported in two cases (sib-
lings) of familial pleomorphic adenomas [28, 242, 289, 
356, 479]. The aforementioned translocations are also 
implicated in radiation-associated pleomorphic adeno-
mas [242].

Prognosis

While pleomorphic adenoma is a benign tumor, it has the 
capacity to recur and to undergo malignant transforma-
tion. Recurrence rates range from 0.8% to 6.8% in large 
series with long-term follow-up [287]. While complete 
excision is required to ensure a favorable outcome, pres-
ervation of anatomic structures is also a major concern. 
Ghosh et al. [102, 477] argue that the recurrence rate is 
low (1.8%) even with tumor less than 1 mm from the 
margin. Capsular rupture and subsequent tumor spill-
age may play a role in the recurrence of pleomorphic ad-
enoma, however, Henriksson et al. [78, 247, 610] report 
that the presence of pseudopodia or capsular infiltration 
was a more significant predictor of recurrence. Recurrent 

pleomorphic adenomas have a higher likelihood for sec-
ond recurrence of about 6–15%. Uninodular recurrences 
have a better outcome than multinodular recurrences 
[78, 247, 610].

Rarely, a histologically benign pleomorphic adenoma 
can metastasize and behave like a low-grade malignancy, 
however, there are no features that can predict this rare 
occurrence. However, many of these tumors metastasized 
after at least one initial local recurrence, suggesting the 
possibility that altered anatomy secondary to surgery 
gave access to vascular and lymphatic channels [24]. As 
many as 40% of patients with metastasizing pleomorphic 
adenomas die with disease [133, 429, 626]. True malig-
nant transformation is rare as well. Clinical features pre-
dictive of malignant transformation are age, tumor size, 
and a long history of a mass in the parotid gland and sub-
mandibular location. The presence of hyalinized stroma 
is the most predictive histologic parameter for malignant 
transformation [462, 626].

Basal Cell Adenoma

Clinical Features

Basal cell adenomas tend to occur over the age of 50 years 
with a slight female predilection of 2:1 [199]. They usu-
ally occur in the parotid (75%) or submandibular gland 
(approximately 5%) [626]. These lesions are quite rare in 
the minor salivary glands when excluding canalicular ad-
enomas which were previously categorized with basal cell 
adenoma [623, 625]. They typically present as a slowly 
growing solitary painless mass [462]. A special variant of 
basal cell adenoma, the membranous type (dermal analog 
tumor) can be associated with multiple trichoepithelio-
mas and cylindromas (Brooke-Spiegler syndrome) [429].

Pathology

Grossly, these tumors are a well-circumscribed, solid ho-
mogeneous gray-white to tan-brown occasionally mim-
icking an enlarged lymph node. Rarely, cystic change may 
be seen grossly [625]. Most tumors are less than 2 cm in 
diameter [142]. Membranous type basal cell adenomas 
can be multifocal [429].

Despite the archaic term for these tumors, “mono-
morphic adenomas,” basal cell adenomas can show a va-
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riety of histologic patterns: tubular, trabecular, cribriform 
[141], solid, and membranous. Other than the membra-
nous type, these morphologic patterns have no clinical 
significance. The common feature to all of these tumors 
is a “basaloid” morphology to the tumor, namely a prolif-
eration of small dark cells that have a peripheral cuboidal 
to columnar layer with varying degrees of stratification 
and palisading. These tumors are reminiscent of cutane-
ous epidermal and adnexal tumors such as basal cell car-
cinoma, trichoepithelioma, and cylindroma. Microscopic 
cystic change is fairly common, present in as many as 
65% of tumors, predominating in the tubular/trabecular 
patterns [622, 625]. Within the center of these tumors, 
various lines of differentiation can be seen ranging from 
squamous to sebaceous to mucinous. Basal cell adeno-

mas may have a myxoid or hyaline stroma, and rarely a 
myoepithelial-rich cellular stroma [606]. However, in 
contrast to pleomorphic adenoma, the stroma, regardless 
of cellularity, is distinct from the basaloid proliferation, 
with no intermingling. Mitoses are rare to absent, as is 
necrosis, and there is no infiltration of surrounding tis-
sue or perineural invasion, which distinguishes basal cell 
adenomas from their malignant counterparts, basal cell 
adenocarcinomas.

The tubular pattern is composed of ductal structures 
surrounded by a cuboidal to palisaded basal layer, while 
the trabecular pattern consists of ribbons or cords of cells 
traversing a myxoid or hyaline stroma resembling a cana-
licular adenoma in areas (Fig. 3.5a). The solid and cribri-
form variants consist of broader nests or islands of cells 

Fig. 3.5: Patterns of basal cell adenoma (all H&E, 100×): a tubulotrabecular, b solid, c cribriform, and d membranous or dermal 
analogue type. Inset for d a focus of striated duct hyperplasia adjacent to the main tumor
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with peripheral palisading, and “cookie cutter” holes in 
the latter (Fig. 3.5b, c). This latter variant can be confused 
with adenoid cystic carcinoma. However, the cribriform 
basal cell adenoma does not infiltrate the surround-
ing tissue like adenoid cystic carcinoma. Additionally, 
though often small and dark, the nuclei in this subtype 
are more vesicular and less angulated than adenoid cystic 
carcinoma nuclei.

The membranous type of basal cell adenoma consists 
of nests of cells arranged in a “jigsaw” pattern identical 
to cutaneous cylindromas. Also similar to cylindroma, is 
the abundance of hyaline droplets within the nest, occa-
sionally resembling adenoid cystic carcinoma, though the 
hyaline droplets of membranous basal cell adenomas are 
smaller, and the nests are more rounded. The surround-
ing salivary tissue of membranous basal cell adenomas 
seen in syndromic and multifocal lesions may show areas 
of striated duct hyperplasia (Fig. 3.5d inset) with a focally 
basaloid appearance representing precursor lesions and 
explaining the multifocality seen in some of these distinct 
subtypes of basal cell adenoma [627].

Immunohistochemically, these tumors are strongly 
and diffusely positive for p63 a progenitor cell marker 
that is expressed in basal and myoepithelial cells [436]. 
These tumors may also show varying degrees of true 
myoepithelial differentiation, staining positively for vari-
ous smooth muscle markers [296, 519]. Nagao et al. were 
able to use a combination of a mitotic activity of less that 
4 per 10 high power fields along with a low proliferation 
index by Ki-67 immunostaining, low apoptotic index by 
TUNEL labeling, and negativity for biomarkers p53, and 
EGFR to effectively separate basal cell adenomas from 
basal cell adenocarcinomas [125].

Pathogenesis

For most sporadic basal cell adenomas, the pathogenesis 
is unclear. Cytogenetic alterations have been only rarely 
characterized in non-membranous basal cell adenomas, 
with a trisomy 8 and chromosome 13 alterations being 
the major abnormalities described [576]. With regards 
to membranous basal cell adenomas, alterations at the 
CYLD1 gene locus at chromosome 16q12-13 are seen in 
both sporadic and familial/syndromic cases, suggesting 
that this alteration is vital to this subtype’s pathogenesis 
[378]. CYLD1 is a deubiquitinating enzyme whose loss of 
activity correlates with activation of the NF-kB pathway, 
hinting at a mechanism of tumorigenesis [375].

Prognosis

Basal cell adenomas have a low rate of recurrence, except 
for the membranous subtype, which may recur in about 
25% of cases. Because of the propensity for multifocality in 
membranous basal cell adenomas, some of these cases may 
represent separate tumors rather than true recurrences 
[179]. Malignant transformation is rare, again favoring the 
membranous type of basal cell adenoma [137, 179, 210].

Canalicular Adenoma

Clinical Features

Canalicular adenoma, previously categorized with basal 
cell adenoma, is a rare tumor comprising less than 1% 
of all salivary tumors [137, 179, 210]. The mean age is 
65 years with a female predilection (ratio: 1.8:1) [179, 
553]. The anatomic distribution of canalicular adenomas 
is distinctive, with a marked tendency to involve minor 
salivary glands of the upper lip in about 80% of cases. The 
second most common site is the buccal mucosa, where 
these tumors occur in almost 10% of cases [210]. The re-
mainder of cases occur in the palate [486], and only rarely 
in the parotid gland [179]. They typically present as pain-
less, slowly growing submucosal nodules. Rarely, multi-
ple/multifocal canalicular adenomas can occur and pres-
ent clinically with as many as 13 discrete masses, typically 
occurring in the upper lip and buccal mucosa [462].

Pathology

Grossly tumors are well circumscribed and range from 0.5 
to 2.0 cm [209]. They are a homogeneous tan to yellow-
tan. Cyst formation is common [627]. Histologically, at low 
power magnification, these tumors show a characteristic 
beaded appearance of thin anastomosing cords of cells em-
bedded in a loose paucicellular myxoid stroma with prom-
inent vascularity (Fig. 3.6). On higher magnification, the 
cords are comprised of two rows of bland monomorphic 
columnar cells with some stratification. The palisading co-
lumnar cells of canalicular adenomas resemble the basal 
layer of tubular/trabecular basal cell adenomas, however, 
there are no other cell morphologies as seen in the latter. 
Additionally the appearance of the tumor cords “floating” 
in a loose vascular stroma is characteristic and only focally, 
if ever, seen in basal cell adenoma.
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Immunohistochemically, these tumors are uniformly 
positive for vimentin, S-100, and cytokeratins and only 
rarely for GFAP [164]. Muscle markers such as smooth 
muscle actin, calponin, and smooth muscle myosin 
heavy chain are uniformly negative suggesting a pure 
ductal epithelial differentiation [164]. Furthermore, can-
alicular adenomas are negative for p63, which is a key 
distinguishing factor immunophenotypically from the 
strongly p63-positive basal cell adenomas/carcinomas 
[328].

Polymorphous low-grade adenocarcinoma can be in 
the differential diagnosis of canalicular adenoma, but as 
its name suggests, polymorphous low-grade adenocarci-
noma has a greater variation in growth pattern and cell 
type, and will show areas of infiltration and often peri-
neural invasion, though distinction may still be admit-
tedly difficult on small biopsy. Additionally, multifocality 
of canalicular adenomas may be mistakenly interpreted 
as infiltration. Both polymorphous low-grade adenocar-
cinoma and canalicular adenoma are immunophenotypi-
cally very similar, though p63 can often be positive in the 
former [210].

Pathogenesis

The pathogenesis is not well understood, though the 
presence of multifocality in some cases suggests a field 
effect [179, 367].

Prognosis

The prognosis is excellent and recurrences are extremely 
rare. Additionally, some of these recurrences may repre-
sent separate tumors [36, 179, 498].

Myoepithelioma

Clinical Features

Myoepitheliomas account for about 1.5% of all sali-
vary tumors. This tumor is primarily one of adults with 
a peak incidence in the third to fourth decades (range 
8–82 years) [62, 63]. The parotid gland is the most com-
mon site ranging from 40% to 50%, followed by the mi-
nor salivary glands in the palate [462]. Myoepitheliomas 
of the sinonasal mucoserous glands are rare [101, 143]. 
Myoepitheliomas usually present as slow-growing pain-
less masses.

Pathology

Grossly, these tumors are a well-circumscribed uniform 
gray tan. In the parotid gland they usually have a thin fi-
brous capsule, but in the palate, they may not [143]. The 
majority measure less than 3 cm [143, 462]. Microscopi-
cally, myoepitheliomas have a varied morphology.

In a review of 40 cases, Dardick et al. [524] delin-
eated different cell types: spindled (32.5%), epithelioid 
(45.0%), hyaline (7.5%), clear (2.5%), and mixed (12.5%). 
The spindle cell type consists of bland sheets of cells with 
ovoid nuclei and delicate amphophilic to eosinophilic cy-
toplasm arranged in interlacing fascicles (Fig. 3.7a). There 
may be loose myxoid change, occasionally imparting a re-
ticulated or net-like arrangement, but there is never chon-
droid metaplasia as seen in pleomorphic adenomas [558]. 
The epithelioid cell type (Fig. 3.7b) consists of cords or 
solid sheets of polygonal round cells with amphophilic to 
eosinophilic cytoplasm occasionally arranged in pseudo-
glandular spaces. Occasionally the cytoplasm is granular 
and oncocytic with accumulation of mitochondria as 
seen in oncocytic epithelial lesions [50, 143]. The hyaline 
or plasmacytoid cell type (Fig. 3.7c) consists of sheets of 
cells with eccentrically located nuclei and a droplet of 
prominent dense hyaline eosinophilic cytoplasm. The 
ultrastructural correlate to these droplets are accumula-
tions of intermediate filaments that in immunoelectron 

Fig. 3.6: Canalicular adenoma with thin cords of columnar epi-
thelium streaming through a myxohyaline stroma (H&E, 100×)
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microscopy show staining for muscle-specific actin [101, 
364]. The clear cell type (Fig. 3.7d) most closely resembles 
the epithelioid cell type but instead shows clear cytoplasm 
indicative of glycogen accumulation [524]. Addition-
ally, squamous metaplasia can be seen in all subtypes of 
myoepithelioma, particularly after fine-needle aspiration 
[101]. Within the oncocytic myoepitheliomas, sebaceous 
differentiation has rarely been described [495].

The number of true ducts that are allowed in myo-
epithelioma is debatable and arbitrary, but if there are 
more than scattered ducts present within a myoepithelial 
tumor, perhaps a better designation would be a myoepi-
thelial-rich pleomorphic adenoma, or possibly even an 
epithelial-myoepithelial carcinoma, particularly when 
the myoepithelial component is of the clear cell subtype 

[495]. Myoepitheliomas are distinguished from their ma-
lignant counterparts by the absence of infiltration [10, 
557]. Other useful morphologic features include a low 
mitotic count, absence of necrosis, and perineural and 
angiolymphatic invasion [10, 557].

Immunohistochemically, myoepitheliomas will stain 
with both actins and cytokeratins as well as GFAP and S-
100 to varying degrees [231]. These markers are less likely 
to be expressed in the plasmacytoid and clear cell types, 
though vimentin, which is rarely expressed in non-neo-
plastic myoepithelial cells, is strongly and uniformly posi-
tive in all cell types in myoepithelioma [476, 500, 606]. 
The second generation muscle marker calponin shows 
promising results, staining myoepithelial cells more con-
sistently than smooth muscle actin [167]. Additionally, 

Fig. 3.7: Variants of myoepithelioma (all H&E, 200×): a spindled, b epithelioid, c plasmacytoid, and d clear cell type
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p63, a basaloid/myoepithelial stem cell marker is also 
strongly and consistently expressed in myoepithelioma 
[300] serving as a useful adjunct using the traditional 
myoepithelial markers.

Pathogenesis

As with many rare salivary gland tumors, the pathogene-
sis of myoepithelioma is poorly understood. In one myo-
epithelioma, a t(1:12)(q25;q12) along with deletions of 
parts of chromosomes 3 and 9 has been described [606]. 
By comparative genomic hybridization, gross cytogenetic 
alterations were only present in 25% (3/12) of cases [220, 
606]. In 3/12 myoepitheliomas, p53 mutations have been 
identified [498]. Additionally, p53 homologues p63 and 
p73 have a unique isoform expression profile in myoepi-
theliomas as compared to normal salivary tissue, namely 
the truncated transcriptionally inactive forms (∆N iso-
forms) increased in myoepitheliomas [10, 73].

Prognosis

Prognosis is generally favorable; recurrences are relatively 
rare and are usually related to incomplete excision [495]. 
Malignant transformation is uncommon [485]. In one 
series, myoepithelial carcinomas had an antecedent myo-
epithelioma in only 8% (2/25) of cases [179, 217]. Some 
authors regard all clear cell myoepitheliomas as tumors of 
uncertain malignant potential even if they are histologi-
cally benign [604]. However, this may stem from the past 
usage of the term clear cell myoepithelioma interchange-
ably with epithelial-myoepithelial carcinoma [517].

Warthin’s Tumor

Clinical Features

Warthin’s tumor, which Warthin himself [420] called pap-
illary cystadenoma lymphomatosum, is morphologically 
similar to other cystadenomas, but the demographic, 
pathologic, and morphologic features of this lesion are 
sufficiently distinct to separate it from these other cyst-
adenomas. Warthin’s tumor is the second most common 
salivary tumor overall, comprising 3% of all salivary tu-
mors in the United States [179], though the incidence 
may be as high as 30% in smaller regions such as central 

Pennsylvania [517]. The mean age at diagnosis is 62 years, 
rarely occurring before the age of 40 years [341, 468]. This 
tumor more commonly occurs in males, though the male 
to female ratio has decreased dramatically within the past 
50 years to about 2:1 [179, 517]. These trends in sex in-
cidence as well as the aforementioned regional variation 
are likely attributable to the strong link between Warthin’s 
tumor and smoking. Warthin’s tumor has an eight times 
higher incidence in smokers than in non-smokers [535].

Warthin’s tumor is essentially restricted to the parotid 
gland and its lymph nodes, with the tail of the parotid 
being the most common site of involvement. It is also the 
salivary gland tumor which occurs most commonly bi-
lateral/multifocal (up to 20%) [587]. Rarely extraparotid 
Warthin’s tumors have been described, comprising as high 
as 8% of all Warthin’s tumors, essentially all occurring in 
the cervical lymph nodes [517]. Rare examples have been 
described in the other glands [462], but on close scrutiny 
these are either from the anterior tail of the parotid or 
adjacent lymph nodes. Most patients present with a pain-
less mass that may fluctuate in size in as many as 40% of 
patients. Rarely, infarcted Warthin’s tumors (see below) 
may cause pain [517].

Pathology

Grossly these tumors range from 1 to 10 cm (mean 3.5 cm) 
[504]. They are typically well circumscribed and often cys-
tic to varying degrees. The cyst lining is often a nodular 
tan-white with papillary excresence s and the fluid con-
tents are characteristically a granular brown reminiscent 
of “motor oil.” The actual parenchyma is a nodular tan to 
dark brown (Fig. 3.8a). Microscopically, Warthin’s tumor 
is comprised of a papillary proliferation lined by a double 
layer composed of surface columnar oncocytic epithelium 
(Fig. 3.8b) and a smaller basal layer of small cuboidal cells 
with myoepithelial characteristics. Mucinous, sebaceous, 
and squamous metaplasia have been seen in Warthin’s 
tumor [200]. The surrounding stroma contains a highly 
ordered lymphoid architecture similar to an actual lymph 
node, with germinal centers often found in cores of the 
epithelial papillae. When Warthin’s tumor arises in a 
lymph node, it may be mistaken for metastatic carcinoma, 
particularly papillary thyroid carcinoma. However, pap-
illary thyroid carcinoma does not form a two cell layer 
proliferation, and will have characteristic nuclear features 
(clearing, overlap, grooves, elongation, and pseudoinclu-
sions) which are absent in Warthin’s tumor.
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The degree of epithelial proliferation varies greatly, 
and Seifert et al. classified Warthin’s tumor into four his-
tologic subtypes based largely on this epithelial to stromal 
ratio [153]. Their “type 4” Warthin tumor is of diagnostic 
interest as this represents Warthin’s tumor with extensive 
squamous metaplasia. This so-called metaplastic or in-
farcted Warthin’s tumor often shows extensive squamous 
metaplasia (Fig. 3.8c), necrosis, fibrosis, and histiocytic 
infiltrates, thought to be a result of mechanical or vas-
cular induced changes [462]. In at least some cases, this 
is secondary to fine-needle aspiration [517]. This variant 
can be mistaken for a mucoepidermoid carcinoma or a 

metastatic squamous cell carcinoma. However, infarcted 
Warthin’s tumor will still have a papillary configuration 
similar to typical Warthin’s tumor. Additionally many in-
farcted Warthin’s tumors will on careful examination still 
show areas of oncocytic columnar epithelium.

Immunohistochemical stains are not usually used for 
diagnostic purposes, but as with most oncocytic lesions, 
the epithelial cells of Warthin’s tumor are ultrastructurally 
composed of mitochondria, which can also be stained by 
for phosphotungstic acid–hematoxylin (PTAH) or im-
munohistochemically with antibodies to mitochondrial 
components such as cytochrome c [566, 568]. The im-

Fig. 3.8: Warthin’s tumor. a A solid tan-brown tumor of the parotid with central papillary architecture (gross image). b A papillary 
cystic tumor lined by columnar oncocytic cells with a prominent lymphoid stroma including a capsule resembling that of a lymph 
node (H&E, 20×). c “Infarcted” Warthin’s tumor with a transition to squamous metaplasia with surrounding fibrosis (arrows) (H&E, 
100×)
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munohistochemical profile of the lymphoid component 
is that of a reactive lymph node [22].

Pathogenesis

Despite being a fairly common and well-described iden-
tity, the pathogenesis of Warthin’s tumor is not well un-
derstood and is still debated. The prevailing theory for 
its initial development is that Warthin’s tumor is a pro-
liferation of the intercalated and striated ducts of hetero-
topic salivary inclusions in intra- and periparotid lymph 
nodes rather than a tumor with a prominent lymphoid 
response. Since the parotid does not have a complete cap-
sule, the lymph nodes and parotid parenchyma have the 
ability to intermingle embryologically [506]. While many 
other salivary gland neoplasms may have a prominent 
lymphoid stroma [392, 447], the fact that Warthin’s tu-
mor almost exclusively occurs in the parotid gland and 
its associated lymph nodes, and the presence of lymph 
node architectural elements, occasionally including cap-
sular sinuses, give credence to this hypothesis. Also the 
involvement of the lymphoid component by metastatic 
carcinoma, granulomatous disease, and lymphomas in a 
distribution similar to that in lymph nodes further sup-
ports this belief [17, 290]; this is not simply a papillary 
oncocytic proliferation with a tumor-associated lym-
phoid response.

Another point of contention is whether this represents 
a true neoplasm or a reactive proliferation. Initial studies 
demonstrated cytogenetic alterations in some Warthin’s 
tumors such as loss of the Y chromosome, 6p abnormali-
ties, and t(11;19) which is interestingly also seen in mu-
coepidermoid carcinomas. However, loss of the Y chro-
mosome is a senescent change that can be seen normal 
tissues, and many of the cytogenetic alterations seen in 
these series are usually only minority cell components in 
an otherwise normal stemline [362, 363]. More recently, 
Warthin’s tumor has not been shown to have monoclo-
nality, either by X chromosome-linked human androgen 
receptor analysis or by loss of heterozygosity profiling 
[233, 493, 628].

Regardless of origin and clonality, smoking likely con-
tributes significantly to the pathogenesis of the tumor. 
One mechanism includes mitochondrial DNA damage 
resulting in mutations [517]. Possible contributing mech-
anisms other than smoking include autoimmunity and 
EBV infection [504, 617].

Prognosis

Prognosis with surgical excision alone is excellent with a 
recurrence rate of 2–5% [617]. Even these may represent 
separate tumors, since Warthin’s tumor is often multifo-
cal. Malignant transformation is extremely rare with an 
estimated occurrence of 0.1–2% [523]. Interestingly mu-
coepidermoid carcinoma is the most common histology, 
though squamous cell carcinoma and oncocytic carcino-
mas have been described [179].

Cystadenomas

Clinical Features

Cystadenomas are rare benign cystic salivary tumors that 
resembles Warthin’s tumor, though the clinicopathologic 
features of this tumor are different. In contrast to War-
thin’s tumor, there is actually a slight female predilection, 
and there is no association with smoking [179, 600]. The 
mean age at presentation is 57 years [80]. The major site 
of involvement is the parotid gland (45%), though unlike 
Warthin’s tumor, other cystadenomas can be in sites such 
as the lip and buccal mucosa [523]. Rarely these tumors 
have been described in the supraglottic larynx as well 
[243, 522].

Pathology

Cystadenomas range from unicystic (approximately 20%) 
to multicystic. The multicystic lesions may often have a 
larger central cyst. These cysts may be filled with a serous 
or mucinous fluid, and papillary excrescences may be evi-
dent within the cysts though these are far less prominent 
than in cystadenocarcinomas. The histology recapitulates 
the gross appearance, and the cysts are lined by one to 
two cell layers comprised of a mixture of oncocytic, mu-
cinous, and focally sebaceous, or squamous epithelium. 
Papillary oncocytic cystadenomas and mucinous cystad-
enomas are the most common subtypes. The papillae of 
the former have a simple architecture with no ramifica-
tion and minimal multilayering of cells [397]. Luminal 
tyrosine crystals are occasionally seen [248].

Lymphoid stroma is sparse to absent in contrast to 
Warthin’s tumor. Cystadenocarcinomas and cystic sali-
vary duct carcinomas tend to have more architectural 
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complexity with solid areas and angulated cystic spaces 
rather than the round contours seen in cystadenomas. 
Additionally, they will have more cytologic atypia and 
mitotic activity than cystadenomas. Cystadenomas may 
resemble low-grade mucoepidermoid carcinomas, but the 
former, even when they are mucinous, will be lined mostly 
by columnar epithelium and will not have the three cell 
populations seen in mucoepidermoid carcinoma. Acinic 
cell carcinomas may mimic cystadenomas, however, the 
acinar cell lining in the cysts can be highlighted by a peri-
odic acid-Schiff (PAS) reaction after diastase stain.

Pathogenesis

The pathogenesis is not well understood. While these tu-
mors bear a superficial resemblance to Warthin’s tumor, 
demographics, the lack of a defined risk factor, and the 
site distribution suggest that these arise through distinct 
mechanisms.

Prognosis

The prognosis for this benign tumor is excellent; complete 
excision should be curative. One case of a carcinoma aris-
ing in a cystadenoma has been described.

Lymphadenomas

Clinical Features

Lymphadenomas consist of both sebaceous and non-se-
baceous tumors. They are rare tumors that also bear re-
semblance to Warthin’s tumor because of their prominent 
lymphoid stroma, though their epithelial constituents are 
different.

Sebaceous lymphadenomas, described as early as 1960 
[20, 34, 146, 151, 213, 215, 344, 397, 594, 605, 621] are 
far more common than non-sebaceous lymphadenomas 
[74, 110, 345, 379]. They tend to occur in the elderly, 
beyond the sixth decade, and are almost always seen in 
the parotid gland [403, 461]. All reported non-sebaceous 
lymphadenomas to date have been described in males 
(age 13–79 years), exclusively in the parotid gland [379].

The typical presentation is that of a painless mass, 
mimicking a pleomorphic adenoma. Sebaceous lymph-

adenomas may occasionally be cystic, clinically resem-
bling Warthin’s tumor [379].

Pathology

Sebaceous and non-sebaceous lymphadenomas are 
grossly solid or cystic well-circumscribed tan masses. 
Histologically, sebaceous lymphadenomas will have solid 
to cystic nests of sebaceous cells, foamy polygonal epi-
thelial cells with a slight basaloid appearance on the pe-
riphery of the nests embedded within a lymphoid stroma 
reminiscent of a lymph node (Fig. 3.9a, b). While some 
reports of non-sebaceous lymphadenomas show a cystic, 
albeit non-papillary, bilayered oncocytic proliferation 
within a lymphoid stroma, such tumors may be better 
classified as variants of Warthin’s tumor [248]. The term 
non-sebaceous lymphadenoma should be reserved for 
solid basaloid or tubular benign neoplasms with a promi-
nent lymphoid stroma.

These lymphadenomas may mimic MESA, lymphoma, 
or lymphoepithelial carcinoma. However, the circum-
scription, lobular nested appearance, and bland cytology 
of lymphadenomas separate it from lymphoepithelial 
carcinoma. Unlike MESA, lymphadenomas should only 
have a localized lymphoid stromal component without 
significant sialadenitis outside the lesion. Lymphomas 
should have effacement of lymphoid architecture charac-
terized by abnormal non-polarized follicles or an absence 
altogether [162]. Sebaceous lymphadenocarcinoma is 
among the rarest of salivary tumors and can be separated 
from lymphadenomas by its infiltrative pattern and other 
features of malignancy such as perineural and angiolym-
phatic invasion.

Pathogenesis

Lymphadenomas are thought to have an origin from 
epithelial rests within lymph nodes, similar to Warthin’s 
tumor [385]. In support of this theory is the occasional 
coexistence of mixed sebaceous lymphadenoma-War-
thin’s tumors [578]. Sebaceous components are thought 
to be ectodermally derived and formed embryologically 
along lines of closure [29, 109]. Ultrastructurally and 
chemically, the constituents of sebaceous glands in the 
parotid gland and sebaceous glands of the skin are iden-
tical [82].
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Prognosis

Prognosis is excellent; resection is curative.

Oncocytoma and Oncocytosis

Clinical Features

The distinction between oncocytoma and oncocytosis 
is often arbitrary. Oncocytoma is a rare monomorphic 
salivary tumor that resembles oncocytosis, which is a 
diffuse or multifocal proliferation of oncocytes. Oncocy-
toma is the preferred terminology if an oncocytic lesion 
is solitary or dominant and/or encapsulated. Hence, by 
this definition an oncocytoma can arise in the setting of 
oncocytosis.

It accounts for 1% of salivary tumors. Both oncocy-
toma and oncocytosis occur usually in the sixth decade, 
mirroring the increase in the number of oncocytes in 
salivary glands that is seen with increasing age [324]. 
About 20% of patients with oncocytoma have an ante-
cedent history of radiation exposure [82]. They may be 
solitary, bilateral (7%), or arise in the setting of multi-
nodular oncocytic hyperplasia. The parotid gland is 
the most common (84%) site while the remainder arise 
almost exclusively in the submandibular gland [381]. 
Rarely oncocytomas of the minor salivary glands have 
been described [82].

Clinically oncocytosis presents as unilateral or bilat-
eral salivary gland enlargement, typically of the parotid 
gland [82, 459]. Multifocal nodular oncocytic hyperplasia 
is far more common than diffuse oncocytosis.

Pathology

Grossly, oncocytoma is a solid well-circumscribed mass 
measuring 3–4 cm. Diffuse oncocytosis presents as a 
diffuse enlargement while multifocal nodular oncocytic 
hyperplasia has at least two nodules within the salivary 
parenchyma. As with oncocytic lesions at other sites, 
oncocytosis and oncocytoma are a tan brown to dark 
mahogany brown. Oncocytosis can be divided into two 
main pathologic categories of conditions that clinically 
and histologically mimic neoplasia: multifocal nodular 
oncocytic hyperplasia and diffuse oncocytosis.

Microscopically, diffuse oncocytosis involves the en-
tire gland with minimal if any residual normal salivary 
tissue. In contrast, oncocytoma and multifocal nodular 
oncocytic hyperplasia consist of solid/trabecular, well-de-
marcated proliferations of oncocytes, cells with abundant 
granular pink cytoplasm and round nuclei, embedded in 
otherwise normal-appearing salivary tissue. Oncocyto-
mas may have capsules, particularly in the parotid gland 
(Fig. 3.10a). The ultrastructural correlate of the granular 
cytoplasm of oncocytes is the abundance of mitochondria. 
Clear cell change can be seen in these lesions and reflects 
the accumulation of glycogen (Fig. 3.10b) [462, 524].

Fig. 3.9: Sebaceous lymphadenoma. a A solid and cystic proliferation with a lymphoid stroma reminiscent of a lymph node (H&E, 
40×). b The proliferation is comprised of foamy polygonal cells defining the sebaceous cell type (H&E, 400×)
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In contrast, oncocytic carcinomas are characterized 
by necrosis and perineural and vascular invasion. Meta-
static carcinomas, particularly renal cell carcinoma and 
Hürthle cell thyroid carcinoma can mimic oncocytosis or 
oncocytoma, however, immunohistochemical stains are 
helpful in ruling out these metastatic tumors [29, 109]. 
Other considerations include acinic cell carcinoma, on-
cocytic mucoepidermoid carcinoma, and oncocytic myo-
epitheliomas. A battery of histochemical stains, PAS with 
diastase treatment for acinic cell carcinoma, mucicar-
mine for mucoepidermoid carcinoma, and myoepithelial 
markers such as smooth muscle actin and vimentin for 
myoepithelioma, can help to exclude these entities. Ad-
ditionally oncocytomas, because of their mitochondria, 
will be positive by phosphotungstic acid–hematoxylin 
stain or by immunohistochemistry toward mitochondrial 
cytochromes (Fig. 3.10c) [100].

Pathogenesis

The pathogenesis of oncocytosis and oncocytoma is 
unclear, but is likely a progression from the age-related 
precursor of oncocytic metaplasia [381]. While mito-
chondrial abnormalities are a plausible pathogenic mech-
anism, mitochondrial DNA C-tract mutations are noted 
to be rare in these lesions [82].

Prognosis

The prognosis is excellent for lesions classified both as 
oncocytoma and oncocytosis [87, 178]. Recurrence rates 
for oncocytomas are roughly 10% in oncocytoma, and 
may be a result of multifocality rather than incomplete 
excision. Recurrent cases also tend to have marked clear 
cell change [8, 90, 279, 537].

Miscellaneous Rare Benign Tumors 
and Tumor-like Lesions

Ductal Papillomas

Clinical Features

Ductal papillomas are a rare group of benign papillary 
neoplasms of the large excretory duct. There are three 
major subtypes of ductal papillomas of salivary gland ori-
gin that are about equally rare: intraductal papilloma, in-
verted ductal papilloma, and sialadenoma papilliferum.

Intraductal papillomas are rare with only 40 cases re-
ported using strict criteria [87]. They are typically a tu-
mor of minor salivary duct origin, though tumors in the 
parotid, submandibular, and sublingual glands have been 
described [87, 99, 127, 148, 236, 271, 283, 321, 342, 614, 

Fig. 3.10: Oncocytoma and oncocytosis. a An encapsulated parotid tumor comprised of solid “pink” or oncocytic cells (H&E, 40×). 
b Clear cell oncocytosis of the parotid (H&E, 100×). c Immunohistochemical stain for cytochrome c showing positivity in an onco-
cytoma (DAB chromogen, 400×)
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618]. They typically occur in the fifth or sixth decade as a 
painless submucosal mass (range 29–77 years) without a 
gender predilection [236].

Inverted ductal papillomas are also rare with only 35 
cases reported [401]. Inverted ductal papilloma is a tu-
mor of minor salivary origin (lip and buccal mucosa) 
with the only tumor reported in the major salivary gland 
being debatable [87, 178, 257, 582]. There is no sex predi-
lection and the mean age of occurrence is 53 years. These 
tumors typically present as a painless submucosal mass 
with a central dilated pore reflecting their localization to 
the salivary excretory duct orifice.

Sialadenoma papilliferum resembles its skin adnexal 
counterparts syringocystadenoma papilliferum and hi-
dradenoma papillferum [87] and is rare with under 50 
cases reported, and estimated incidence of approximately 
0.2% [87]. These tumors also typically occur in the fifth to 
sixth decade and they are most frequent on the palate, but 
unlike other ductal papillomas, they present as granular 
papillary masses reflecting their often extensive surface 
component.

Pathology

Grossly, inverted ductal and intraductal papillomas are 
well-circumscribed masses, the latter more cystic, that 
are typically less than 3.0 cm. Sialadenoma papilliferum 
is a granular tan mass that involves the surface mucosa 
[489]. Microscopically, inverted ductal papilloma has 
an endophytic growth of transitional/basaloid cells with 
microcysts reminiscent of its Schneiderian counterpart 
inverted papilloma. The nests of basaloid cells have cen-
tral cleft-like spaces that are lined by columnar excre-
tory duct-type mucinous cells. Intraductal papilloma is 
histologically composed of a cystic dilation of the excre-
tory duct with a papillary arborizing proliferation of a 
mixture of oncocytic or mucinous cells. Histologically 
sialadenoma papilliferum shows surface papillary pro-
jections of oncocytic columnar cells intermingling with 
the surface squamous epithelium with a well-demarcated 
submucosal component that is comprised of large-caliber 
ducts with uniform “saw tooth” like papillary luminal in-
vaginations.

All ductal papillomas may be mistaken for other pap-
illary salivary gland tumors, particularly cystadenomas 
and cystadenocarcinomas. Cystadenomas and cystad-
enocarcinomas are deeper within the salivary gland pa-

renchyma and can be multicystic unlike ductal papillo-
mas [342]. Nonetheless, this distinction in some cases is 
not well defined. In the pancreas, intraductal papillary 
mucinous neoplasms and mucinous cystic neoplasms 
are separated by the fact that the former maintains its 
connection to the ductal system [401]. In contrast, the 
understanding of cystadenomas and cystadenocarcino-
mas of the salivary gland from this standpoint is rudi-
mentary if at all existent; and the possibility that many 
of these cystadenomas may actually be intraductal papil-
lomas or “papillomatosis” has not been examined in the 
literature.

Pathogenesis

Other than the presumed excretory ductal origin, not 
much is know about the pathogenesis of ductal papil-
lomas. Of note, inverted ductal papillomas, unlike Sch-
neiderian papillomas, have no known human papilloma 
virus association [87]. Also, unlike its cutaneous coun-
terpart syringocystadenoma papilliferum, sialadenoma 
papilliferum is not a part of the nevus sebaceous complex 
[439, 514].

Prognosis

Prognosis is generally thought to be excellent, though 
most series have little or no follow-up [6, 138, 190, 208, 
248, 306, 313, 322, 368, 455]. Rare cases of malignant in-
traductal papillomas and transformation of sialadenoma 
papilliferum are described [313], but as a rule, excision is 
thought to be curative.

Sebaceous Adenoma

Clinical Features

While sebaceous differentiation can be seen in a variety 
of salivary tumors, purely sebaceous adenoma without a 
lymphoid component is extremely rare with less than 25 
cases reported [173]. The mean age is roughly 62 years 
with a slight male predominance. Sites that are usually 
involved are the parotid gland and the oral cavity closely 
mirroring the distribution of Fordyce granules and ecto-
pic sebaceous rests [208].
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Pathology

These tumors are well circumscribed and composed of 
sheets or lobules of sebaceous cells. These must be distin-
guished from other clear cell neoplasms such as mucoepi-
dermoid carcinoma, acinic cell carcinoma, and clear cell 
oncocytoma among others [613]. The oil red O stain on 
frozen sections and electron microscopy remain the two 
main supportive studies to prove sebaceous differentia-
tion: the presence of intracellular lipids within the foamy 
cells.

Pathogenesis

Unlike cutaneous sebaceous adenomas there is no de-
scribed association with Muir-Torre syndrome, a heredi-
tary non-polyposis colorectal carcinoma syndromic vari-
ant, suggesting a different pathogenesis [248, 313]. While 
non-neoplastic ectopic sebaceous rests express androgen 
receptor just as in their cutaneous counterparts [67, 246, 
254, 310, 525, 532], it is not clear whether sebaceous ad-
enomas express this marker.

Prognosis

The prognosis is excellent; none of the cases reported 
have recurred after excision [254].

Sclerosing Polycystic Adenosis

Clinical Features

Sclerosing polycystic adenosis is an extremely rare cystic 
lesion resembling fibrocystic disease of the breast with 
only 37 cases described in the literature [254]. The mean 
age of occurrence is 44.5 years with no sex predilection 
[246, 525]. The typical presentation is that of a slow-
growing usually painless mass, usually in the parotid.

Pathology

These tumors range from 0.3 to 6.0 cm and are grossly 
comprised of homogeneous tan masses with a micro-
cystic cut surface. Microscopically, they are well circum-

scribed with cystic spaces lined by varying proportions 
of ductal and acinar cells. A spectrum of changes that 
can be seen in fibrocystic disease of the breast can also 
be seen in sclerosing polycystic adenosis including scle-
rosing adenosis, apocrine metaplasia, and atypical ductal 
hyperplasia [520]. Changes of salivary ductal carcinoma 
in situ have rarely been identified [77, 538, 546]. There is 
an outer myoepithelial layer to the ducts and tubules seen 
in sclerosing polycystic adenosis, distinguishing these le-
sions from an invasive salivary duct carcinoma.

Pathogenesis

While traditionally considered a non-neoplastic lesion, 
recent studies of X chromosome-linked human androgen 
receptor suggest a clonal and thus neoplastic origin to 
this lesion [77, 295, 481].

Prognosis

The prognosis is fairly good, even in cases with changes 
of salivary duct carcinoma in situ, with a local recurrence 
rate of 19%. No metastases or mortality have been re-
ported with this disease.

Malignant Tumors

Adenoid Cystic Carcinoma

Clinical Features

The term adenoid cystic carcinoma was coined by Spies 
in 1930 [68, 349, 560]. Robin, Lorain and Laboulbene are 
credited with the first microscopic description which ap-
peared in a paper they published in 1853 [77, 168, 226, 
268, 599]. In 1859 Billroth suggested the term cylindroma 
and over the years numerous other terms have been pro-
posed for this tumor including tubular carcinoma, tu-
bular sarcoma, endothelioma hyalinum, adenocystic 
basaloid carcinoma, adenocystic carcinoma, adenoepi-
thelioma, basaloma, and basal cell tumor to name just a 
few [168, 226, 599]. The preferred term is adenoid cystic 
carcinoma. It has the advantage of identifying the lesion 
as a carcinoma while avoiding confusion with the benign 
cutaneous appendage tumor known as cylindroma. The 
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term adenoid cystic carcinoma is still somewhat mislead-
ing however since the tumor is not cystic!

Although the majority arise from the major and minor 
salivary glands, identical tumors can arise from seromu-
cous glands throughout the upper and lower respiratory 
tract and from the esophagus, lacrimal glands, cerumi-
nous glands, Bartholin’s glands, Cowper’s glands, breast, 
uterine cervix, vulva, and rarely the ovary. Adenoid 
cystic carcinoma accounts for 10% of all salivary gland 
neoplasms and 30% of all minor salivary gland tumors 
[351]. It also accounts for 20% of all malignant salivary 
gland tumors making it the second most common sali-
vary gland malignancy. It is the most common carcinoma 
of minor salivary glands where the most frequent loca-
tion is the palate [114]. Adenoid cystic carcinoma makes 
up 12–15% of parotid gland carcinomas, 30–60% of sub-
mandibular gland carcinomas, and 35–55% of minor 
salivary gland carcinomas [168, 338, 474, 546]. Approxi-
mately 25% arise in the major salivary glands and 75% in 
the minor salivary glands [30, 114, 117].

Adenoid cystic carcinoma is most frequently en-
countered in individuals between 40 and 60 years of age. 
It rarely afflicts those younger than 20 years of age. Al-
though some series have a slight female predominance 
others show either no sex predilection or a male predom-
inance [30]. The most common symptom is a slow-grow-
ing frequently painless mass, a feature which may lull 
both patient and physician into a false sense of security. 
More ominous signs and symptoms include fixation to 
adjacent tissues and paraesthesia or paralysis due to the 
affinity of this tumor for perineural invasion. Ulceration 
may occur with intraoral tumors and obstruction and 
epistaxis with those arising from seromucous glands in 
the sinonasal tract.

Pathologic Features

Adenoid cystic carcinoma, despite its name, is grossly 
solid rather than cystic and firm. The tumor may be well 
or poorly circumscribed. The cut surface is pink tan and 
non-hemorrhagic. Close inspection of those that appear 
well circumscribed usually reveals areas of infiltration.

Microscopically the tumor is composed of ductal and 
myoepithelial cells. The predominant cell type consists of 
cells with dense angular nuclei and scant frequently clear 
cytoplasm. The cells are considered to be of myoepithelial 
origin. A second and much less frequent cell type has a 
nucleus with a more open chromatin pattern and con-

tains more abundant pink cytoplasm. This second cell 
type is considered to be of ductal origin [30, 103, 114, 
164, 182].

Three characteristic growth patterns have been de-
scribed, namely tubular or trabecular, cribriform, and 
solid. While all three histologic patterns are often en-
countered in a single tumor, frequently one pattern pre-
dominates. The cribriform pattern is the most common 
and also most easily recognizable. Proliferation of myo-
epithelial-type tumor cells form nests in which the cells 
surround spaces or pseudolumens producing a classic 
sieve or Swiss cheese pattern (Fig. 3.11a, b). The pseu-
dolumens are filled with dense eosinophilic basement 
membrane material produced by the myoepithelial cells 
or basophilic mucinous material [353]. This basement 
membrane material also surrounds nests of tumor cells. 
When this material is extensive it can result in disrup-
tion of the cribriform pattern in which case thin strands 
of tumor cells stream through this material. True lumens 
lined by ductal-type epithelium are rare and smaller than 
the pseudolumens. They may contain mucicarmine and 
PAS-positive diastase-resistant mucin. The stroma is 
commonly dense and hyalinized but may also be myxoid. 
There is a very strong predilection for perineural inva-
sion.

The tubular growth pattern features ducts and tubules 
lined by an inner layer of epithelial cells and an outer type 
of myoepithelial cells. Tubular structures containing eo-
sinophilic hyalinized or basophilic material are also pres-
ent.

In the solid pattern of adenoid cystic carcinoma, 
rounded and lobulated solid nests and islands of tumor 
cells predominate containing few if any pseudolumens or 
true lumens. While cells similar to those seen in the tubu-
lar and cribriform growth patterns may be present, over 
all the cells in the solid pattern tend to be larger and the 
nuclei larger and less angular. Cellular pleomorphism and 
comedonecrosis can also be seen, features not typical of 
the tubular and cribriform growth patterns. Mitoses are 
often present and may reach counts as high as 5 or more 
per 10 high power fields. This is in contrast to the tubular 
and cribriform growth patterns where mitotic figures are 
infrequently encountered.

Immunohistochemical stains confirm the presence of 
both myoepithelial and epithelial cells in adenoid cys-
tic carcinoma. The myoepithelial cells are positive for 
muscle-specific actin and usually stain for S-100 protein 
as well as vimentin, p63, and cytokeratin. The epithelial 
cells stain for cytokeratin, carcinoembryonic antigen, and 
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epithelial membrane antigen and are negative for muscle-
specific actin and vimentin. They may or may not express 
S-100 protein [469]. Recently adenoid cystic carcinomas 
have been shown to be positive for MUC3 [14, 204, 229, 
406]. They may also be estrogen and progesterone recep-
tor positive although not in all cases [182]. Approximately 
90% are c-kit (CD117) positive [142].

Differential Diagnosis

Included in the differential diagnosis of adenoid cystic 
carcinoma are basaloid squamous cell carcinoma, basal 
cell adenocarcinoma, basal cell adenoma, cellular pleo-
morphic adenoma, polymorphous low-grade adeno-
carcinoma, and the basal cell and plexiform subtypes of 
ameloblastoma. The staining pattern with p63 is useful 
in distinguishing basaloid squamous cell carcinoma from 
adenoid cystic carcinoma. Basaloid squamous cell car-
cinomas consistently display diffuse staining of nearly 
100% of the tumor cells with p63. Adenoid cystic carci-
nomas, on the other hand, show staining of a single pe-
ripheral layer of cells or compartmentalized staining with 
surrounding or interspersed p63 negative cells [463].

Basal cell adenomas, unlike adenoid cystic carcino-
mas, are characterized by peripheral palisading, a deli-
cate fibrovascular stroma, a circumscribed rather than 
infiltrating growth pattern and lack of perineural inva-
sion. Rarely, however, they may show trabecular and solid 

cribriform growth patterns reminiscent of adenoid cystic 
carcinoma [250]. Basal cell adenocarcinomas show areas 
of invasive growth and perineural invasion, features in 
common with adenoid cystic carcinoma, but otherwise 
resemble basal cell adenomas.

Cellular pleomorphic adenomas can resemble adenoid 
cystic carcinomas, however, careful examination of the 
junction of the cellular elements with the stroma aids in 
the distinction. In pleomorphic adenomas the myoepithe-
lial cells spin off the epithelial elements and blend into the 
stroma. By contrast, there is a sharp demarcation between 
the cellular components of adenoid cystic carcinomas and 
the surrounding, often hyalinized, stroma. In addition, 
perineural invasion is not present in pleomorphic adeno-
mas. Pleomorphic adenomas are also GFAP positive and 
adenoid cystic carcinomas are GFAP negative.

Perineural invasion occurs as often in polymorphous 
low-grade adenocarcinoma (PLGA) as in adenoid cystic 
carcinoma. However, the cells in PLGA are cuboidal to 
columnar with eosinophilic or clear cytoplasm and vesic-
ular nuclei. The classic hyperchromatic angulated nucleus 
of adenoid cystic carcinoma is not present. Expression of 
c-kit may also be helpful as it is positive in virtually 100% 
of adenoid cystic carcinomas and in only approximately 
50–60% of PLGA [268, 474, 546]. In addition, it has also 
been reported that where as 90% of tumor cells in PLGA 
are positive for epithelial membrane antigen, only the 
epithelial cells lining true lumens stain in adenoid cystic 
carcinoma [474].

Fig. 3.11: Adenoid cystic carcinoma. a Cribriform growth pattern. Cells with dense angular nuclei and scant clear cytoplasm sur-
round spaces producing a classic Swiss cheese pattern (H&E, 200×). b Perineural invasion (H&E, 200×)
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Peripheral palisading is inconspicuous in the basal 
cell subtype of ameloblastoma and stellate reticulum is 
absent. The tumor is composed of islands and anasto-
mosing cords of small basaloid cells. These features may 
lead to confusion in separating this tumor from adenoid 
cystic carcinoma. The plexiform subtype also lacks pe-
ripheral palisading and has a scant stellate reticulum. It 
consists of anastomosing cords of low columnar to cu-
boidal tumor cells. Lack of myoepithelial cells and ab-
sence of perineural invasion are useful features in sepa-
rating these subtypes of ameloblastoma from adenoid 
cystic carcinoma.

Treatment and Prognosis

Surgical resection is the primary treatment for adenoid 
cystic carcinoma. Lymph node metastases are uncom-
mon and, although controversial, neck dissection may be 
reserved for patients with clinically positive lymph nodes 
[94, 104, 268, 338, 351, 407, 474]. Distant metastases, on 
the other hand, develop in 20–60% of cases and most 
commonly involve the lung, liver, bone, and brain [77]. 
Radiation as the sole treatment has proven ineffective 
since the tumor is radiosensitive but not radiocurable. 
Postoperative radiotherapy, however, has proven effec-
tive in improving local control of the tumor [7, 204, 294, 
450]. The best results appear to be obtained by using a 
combination of radical surgery and postoperative radia-
tion therapy [122, 128, 338, 349, 393, 407, 499, 542, 586]. 
The usefulness of chemotherapy remains to be proven. 
Since adenoid cystic carcinomas are usually c-kit positive, 
clinical trials have been undertaken using Imatinib. These 
have yielded conflicting results [135].

Data from a combined series of over 800 cases of 
adenoid cystic carcinoma from all sites shows the fol-
lowing survival rates: 75% at 5 years, 40% at 10 years, 
25% at 15 years, and 20% at 20 years [54, 264, 554]. In 
a series of 129 cases, univariate analysis showed that age 
over 45 years, paresthesia, advanced clinical stage, solid 
histological growth pattern, and increased expression of 
p53 correlated with a poor prognosis. Advanced clinical 
stage, solid histological growth pattern, and increased 
expression of p53 were found to be independent signifi-
cant prognostic factors of a poor prognosis in multivari-
ate analysis of this series [165, 183, 225, 226, 275, 376, 
581, 586, 589, 599]. Studies looking only at the histologic 
growth pattern have shown that grade I tumors (predom-
inately tubular with no solid component), grade II tu-
mors (predominately cribriform with no more than 30% 

solid component), and grade III tumors (solid compo-
nent greater than 30%) have cumulative 15-year survival 
rates of 39%, 26%, and 5%, respectively [71, 259, 339]. 
The prognostic significance of perineural invasion and 
DNA ploidy remain controversial [550].

Mucoepidermoid Carcinoma

Clinical Features

Mucoepidermoid carcinoma is the most common cancer 
of the salivary glands. Although it accounts for 30% of 
all cancer of the salivary glands, it forms only 10% of all 
salivary gland tumors and less than 5% of head and neck 
cancers [219]. Stewart et al. first reported this tumor in 
the United States in 1945 [83]. They coined the term mu-
coepidermoid tumor and suggested that it occurred in 
both a benign and malignant form. Foote and Frazell were 
the first to point out that all mucoepidermoid tumors are 
carcinomas albeit those which histologically appear low 
grade very rarely metastasize [71, 270, 343, 373].

Slightly more than 50–60% arise in the major salivary 
glands and of these, greater than 80% occur in the pa-
rotid, 8–13% in the submandibular gland, and 2–4% in 
the sublingual gland. Most of the remainder arise from 
minor salivary glands, usually in the palate. Seromucous 
glands at other sites such as the sinonasal tract, larynx, 
and trachea may also be the site of mucoepidermoid car-
cinomas on rare occasions [83, 258, 259].

Mucoepidermoid carcinoma most commonly occurs 
in adults (mean age 49 years), although no age group is 
excluded and indeed it is the most common salivary gland 
cancer in the pediatric age group [92, 601]. In some series 
it is more common in women by a ratio of 3:2 while in oth-
ers there is no sex predominance [71]. The rare intraosse-
ous (central) mucoepidermoid carcinomas, however, have 
an established female predominance [51, 71, 187].

The most common presenting symptom is a slowly en-
larging painless mass of several years duration clinically 
mimicking a pleomorphic adenoma or other benign neo-
plasm. Pain and tenderness along with rapid enlargement 
may be seen with high-grade lesions [452, 563].

Pathologic Features

The gross appearance varies with the grade of the tumor. 
Low-grade mucoepidermoid tumors produce well-cir-
cumscribed though unencapsulated ovoid masses usually 
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2–4 cm in diameter. Solid gray-white or gray-pink areas 
are mixed with mucus-filled macrocysts while interme-
diate grade neoplasms are grossly similar but lack mac-
rocysts. High-grade tumors may be similar in size but 
grossly are not well circumscribed and gross infiltration is 
often evident. They do not contain macrocysts although 
hemorrhage and necrosis, which are not infrequent, may 
lead to areas of cystic degeneration.

By definition, mucoepidermoid carcinomas are com-
posed of three types of cells, namely mucous cells, epider-
moid cells, and intermediate cells. Mucous cells are filled 
with mucin (mucicarmine and PAS-diastase positive) 
which compresses the small dark nucleus peripherally. 
Epidermoid (squamous) cells are polygonal with vesicu-
lar nuclei and abundant eosinophilic cytoplasm. Kerati-
nization is rare and never extensive. Intercellular bridges 
are also not frequently encountered. The third type of cell 
is the intermediate cell, thought by some to be able to 
differentiate into mucous and epidermoid cells [88, 273, 
315]. Intermediate cells are smaller than either mucous 
or epidermoid cells and do not stain with either PAS or 
mucicarmine stains. Intermediate cells range from small 
basaloid cells to cells just smaller than epidermoid cells 
and when numerous grow in syncytia. They are also neg-
ative with PAS and mucicarmine stains. Less frequently 
clear cells, oncocytes, spindle cells, and sebaceous cells 
may predominate. The clear cell variant of mucoepider-
moid carcinoma is composed primarily of clear cells with 
well-defined cell borders and clear cytoplasm due to the 
presence of glycogen [107, 203, 282, 305, 372, 424, 584]. 

Oncocytic mucoepidermoid carcinomas show extensive 
oncocytic change [431]. Other variants include the spin-
dle cell, sebaceous cell, and sclerosing variants [259]. The 
sclerosing type is characterized by dense central sclero-
sis with a prominent peripheral inflammatory response 
composed of lymphocytes, plasma cells, and frequently 
eosinophils. Possible etiologies of the sclerosis include a 
reaction to extravasated mucin and/or infarction. In ad-
dition there is at least one report of dedifferentiation in a 
low-grade mucoepidermoid carcinoma [83].

Three histologic grades of mucoepidermoid carci-
noma have been described. Low-grade tumors contain 
numerous cysts of varying size including macrocysts. 
These cysts are lined predominately by well differentiated 
mucin containing goblet cells. The cysts are filled with 
mucus which may extravasate producing an extensive 
inflammatory reaction in the surrounding stroma. Solid 
nests of intermediate and epidermoid cells are infrequent 
and there is essentially no cellular pleomorphism. Mitoses 
are very infrequent and there is no perineural invasion. 
Low-grade tumors are well circumscribed both grossly 
and microscopically (Fig. 3.12a, b). Intermediate-grade 
tumors have fewer and smaller cysts and fewer cysts lined 
exclusively by goblet cells. Intermediate cells tend to pre-
dominate and they, along with epidermoid cells, produce 
large cellular sheets. Pleomorphism is absent or mini-
mal, mitoses are infrequent, and perineural invasion is 
very uncommon. Grossly intermediate-grade tumors are 
usually circumscribed but microscopically infiltration of 
the adjacent salivary gland tissue is present. High-grade 

Fig. 3.12: Mucoepidermoid carcinoma. a Low-grade mucoepidermoid carcinoma. Tumor is cystic and contains cytologically bland 
mucous, epidermoid, and intermediate cells (H&E, 200×). b Low-grade mucoepidermoid carcinoma with prominent peripheral 
lymphoid inflammatory response (H&E, 200×)
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tumors are characterized by a solid growth pattern com-
posed of various mixtures of intermediate, epidermoid, 
and squamous cells. Cystic structures are infrequent and 
small. Mucous cells form less than 10% of the cellular 
component and indeed may be difficult to recognize un-
less the tissue is stained with mucicarmine or PAS-dia-
stase. Cytologic and nuclear pleomorphism are present 
and mitoses are easily found. Perineural invasion may 
also be present. Grossly the high-grade tumors are not 
well circumscribed and microscopically tissue infiltration 
is seen. In an attempt to make grading more objective two 
numerical scoring systems have been proposed, one by 
Goode et al. [591] and the other by Brandwein et al. [276, 
353, 607]. In one study 89% of high-grade mucoepider-
moid carcinomas were aneuploid while 88% of low and 
intermediate tumors were diploid [11, 276, 607].

Mucoepidermoid carcinomas stain for cytokeratins 
and may focally stain for vimentin. Negative staining for 
GFAP and usually for muscle-specific actin and S-100 
protein are consistent with an epithelial origin with no 
significant myoepithelial component. Mucoepidermoid 
carcinomas also express MUC1, MUC4, and MUC5AC 
[276]. MUC1 expression increases with tumor grade 
while staining for MUC4 decreases with grade [444, 591]. 
Positive staining for MUC5AC may be helpful in separat-
ing high-grade mucoepidermoid carcinoma from squa-
mous cell carcinoma [469]. High-grade tumors are typi-
cally positive for HER2/neu and typically show greater 
than 20% nuclear staining for Ki-67, while low-grade tu-
mors are negative for HER2/neu and show less than 20% 
nuclear staining for Ki-67 [601]. Mucoepidermoid carci-
nomas do not stain for estrogen receptor [574, 601].

Differential Diagnosis

High-grade mucoepidermoid carcinomas contain few 
mucin cells and frequently extensive areas of squamous 
differentiation making distinction from a squamous cell 
carcinoma difficult. In these cases use of mucin stains to 
identify the rare mucin-containing cells, positive stain-
ing for MUC5AC, and lack of extensive keratinization 
are useful in recognizing the tumor as a mucoepidermoid 
carcinoma.

Adenosquamous carcinoma of salivary glands is rare 
and usually arises in minor rather than major salivary 
glands. By definition it contains separate distinct foci of 
adenocarcinoma and squamous cell carcinoma unlike 
mucoepidermoid carcinoma where both cell types are 
intimately admixed.

The clear cell variant of mucoepidermoid carcinoma 
may mimic other primary and non-primary clear cell 
carcinomas. Proper classification usually comes down to 
identifying at least some areas containing mucous cells 
and intermediate and or epidermoid cells.

Cystadenomas and cystadenoma carcinomas tend to 
have less stroma than mucoepidermoid carcinomas. They 
also lack the solid proliferations of intermediate and epi-
dermoid cells and typically show a papillary component.

Central mucoepidermoid carcinoma is usually low 
grade and must be distinguished from glandular odonto-
genic cysts. According to Waldron and Koh, some areas 
of glandular odontogenic cysts can be histologically iden-
tical to low-grade central mucoepidermoid carcinomas 
[339, 470]. The epithelial lining of glandular odontogenic 
cysts, however, is uniformly thin and lacks the more solid 
areas of epithelial proliferation seen in mucoepidermoid 
carcinomas [470].

Treatment and Prognosis

The treatment of mucoepidermoid carcinomas is surgi-
cal resection. Low-grade tumors are usually treated with 
wide local excision without neck dissection. Neck dissec-
tion in intermediate-grade tumors is probably only indi-
cated if lymph nodes are clinically suspicious. High-grade 
cancer is treated with neck dissection. Prognosis is influ-
enced by the grade and stage of the tumor, and patient 
age and sex [470]. Histologic grade is considered one of 
the most important factors in prognosis. Overall 5-year 
survival rates range from 92% to 100% for low-grade tu-
mors, 62% to 92% for intermediate-grade tumors, and 0% 
to 43% for high-grade tumors [531]. Age over 40 years 
is also associated with a poor prognosis but it should be 
noted that most cancers in the first and second decades 
of life are histologically low-grade tumors [470]. Tumors 
of the submandibular gland have a worse prognosis than 
tumors of the parotid gland [202, 255, 350, 440, 475, 601, 
619]. While all mucoepidermoid carcinomas are capable 
of metastasizing, metastases most often occur in high-
grade lesions. In addition to lymph nodes, the usual sites 
of metastases are the lungs and bone [601].

Central (Intraosseous) 
Mucoepidermoid Carcinoma

Central mucoepidermoid carcinomas are rare with less 
than 100 cases having been reported [202, 440, 601]. They 
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are, however, the most common intraosseous salivary 
gland tumor [601]. They occur three times more often in 
the mandible (usually in the region of the third molar) 
than the maxilla and are twice as common in women. Al-
though they have been reported in both the young and 
the very old, the mean age at diagnosis is 51 years [40, 72, 
186, 194, 245, 360, 370, 415, 453, 567]. Usually low grade, 
they are thought to arise from the lining of odontogenic 
cysts or from entrapped salivary gland tissue [567].

Malignant Mixed Tumors

The term malignant mixed tumor is an all inclusive term 
encompassing three clinically and histologically distinct 
tumors. They are: (1) carcinoma ex-pleomorphic ade-
noma, (2) malignant mixed tumor (carcinosarcoma), and 
(3) metastasizing mixed tumor.

Carcinoma Ex-pleomorphic Adenoma

Clinical Features

Carcinoma ex-pleomorphic adenoma (CEPA) is by defi-
nition a carcinoma arising in a pleomorphic adenoma. 
While it makes up only 5–15% of all salivary gland carci-
nomas, it accounts for 99% of all malignant mixed tumors 
[245]. Thackray and Lucas have estimated that left unre-
sected, approximately 25% of pleomorphic adenomas 
would eventually undergo carcinomatous change [239, 
370, 410]. Approximately 80% arise in the major salivary 
glands and 20% in the minor salivary glands. Among the 
major salivary glands the parotid gland is the primary site 
in 81.7% of cases, the submandibular gland in 18%, and 
the sublingual gland is 0.3% [94, 219, 370, 540]. Origin 
in minor salivary glands occurs in approximately 20% of 
cases with the palate being the most frequent intraoral 
site [61, 186, 453].

Most series show a female to male ratio of 1.2 to 3:1 [61, 
186, 194, 239, 245, 370, 540, 567]. In at least three series, 
however, men outnumbered women by a ratio of 2:1 [21, 
41, 61, 130, 194, 245, 370, 540, 567]. The average age at 
diagnosis is 50–60 years which is approximately 10 years 
older than most individuals with pleomorphic adenoma. 
While cases have been reported in patients from the first 
to the ninth decade, CEPA is extremely uncommon in in-
dividuals below the age of 20 years [41, 239, 245, 490].

Reflecting its origin in a pleomorphic adenoma, the 
most common clinical presentation is sudden rapid en-

largement of a long-standing (average 20 years) previ-
ously non or slowly enlarging painless mass. In 12–55% 
of cases this rapid enlargement will be painful and often 
associated with facial nerve palsy and fixation to the sur-
rounding soft tissues [188]. A minority of patients pres-
ent with a rapidly enlarging mass and no prior symptoms 
[41].

Scientific support for the origin of CEPA from pleo-
morphic adenomas was provided by Eneroth and Zetter-
berg. They undertook a microspectrophotometric DNA 
analysis of pleomorphic adenomas and demonstrated 
a difference in the DNA content between morphologi-
cally benign pleomorphic adenomas of short duration 
and those of long duration [21, 41, 61, 245, 369, 415, 453, 
567, 569]. This finding supports the hypothesis that the 
risk of carcinomatous transformation in a pleomorphic 
adenoma increases with the age of the tumor. Origin in a 
small previously undetected pleomorphic adenoma could 
explain those cases of CEPA presenting without a history 
of a previous long-standing slowly enlarging mass.

Pathologic Features

Gross features suggestive of CEPA include foci of capsu-
lar invasion, hemorrhage, and necrosis in a tumor which 
in other areas shows classic features of a pleomorphic ad-
enoma. In one series of 47 cases these tumors averaged 
4.4 cm in greatest diameter in the parotid gland, 5.0 cm 
in the submandibular gland, and 2.2 cm in the minor sali-
vary glands [61, 130, 219, 453, 490].

The carcinoma is usually a high-grade adenocarci-
noma or an undifferentiated carcinoma although nu-
merous other types including squamous cell carcinoma, 
mucoepidermoid carcinoma, adenoid cystic carcinoma, 
myoepithelial carcinoma, clear cell carcinoma, papillary 
carcinoma, and terminal duct carcinoma have been re-
ported (Fig. 3.13a, b) [453]. Thus when making the di-
agnosis of CEPA it is important to state the histologic 
subtype and degree of differentiation of the carcinoma-
tous component. The ratio of pleomorphic adenoma to 
carcinoma in CEPA is highly variable. Hyalinization is 
frequently seen in the benign component of the tumor 
and indeed the presence of hyalinization in an otherwise 
classic pleomorphic adenoma is reason for additional 
sampling to avoid missing a small focus of CEPA [370, 
453, 540]. On the other hand, residual pleomorphic ad-
enoma may be reduced to a few microscopic foci. In one 
series residual foci of pleomorphic adenoma were 5 mm 
in 9% of cases [569].

65Pathology of Salivary Gland Disease Chapter 3



Treatment and Prognosis

The treatment of CEPA is wide surgical resection usually 
with a neck dissection. Features associated with an unfa-
vorable prognosis include high tumor grade, large size, 
soft tissue invasion, perineural invasion, and lymph node 
metastases [81, 453]. Tortoledo correlated survival with 
the histologic subtype of the carcinoma and reported 5-
year survival rates of 96% for terminal duct carcinoma, 
62% for ductal carcinoma, 50% for myoepithelial carci-
noma, and 30% for undifferentiated carcinoma [41, 130, 
245, 370, 567]. He also found no deaths when the tumor 
invaded less than 6 mm. Brandwein reported no recur-
rences in patients with less than 1.5 mm of invasion and 
Olsen found that patients with less than 5 mm of invasion 
did not suffer recurrence [81, 154, 207].

Carcinoma ex-pleomorphic adenoma metastasizes ex-
clusively as a carcinoma. Metastases develop in 30–70% 
of cases and distant metastases occur more frequently 
than regional metastases. These metastases seem to show 
a particular affinity for lungs and bone especially the ver-
tebral column [81, 154, 370, 415].

In recent years much has been written about non-in-
vasive (in situ or intracapsular) CEPA [207]. These are 
carcinomas which arise within a pleomorphic adenoma 
but have not penetrated the capsule of the pleomorphic 
adenoma. It has been stated that this finding has no ad-
verse effect and the standard resection for a pleomorphic 

adenoma is curative [330, 331]. There is, however, at least 
one well-documented report in which a non-invasive 
CEPA metastasized to a lymph node [245, 261].

True Malignant Mixed Tumor

Clinical Features

True malignant mixed tumors (TMMT) may be regarded 
as carcinosarcomas since both the epithelial and stromal 
components are histologically malignant. Kirklin is cred-
ited with the first description of these tumors in 1951 and 
King was the first to refer to them as carcinosarcomas in 
1967 [12, 234, 570].

As of 2000, 60 cases have been reported in the litera-
ture, the largest series having been reported by Gnepp in 
1998 [66, 346]. TMMT comprise only 0.16–1.0% of all 
malignant tumors of salivary glands [245, 346]. Although 
most appear to arise de novo, approximately 33% of pa-
tients have either a clinical history or histologic confir-
mation of a coexisting pleomorphic adenoma [12, 223, 
346]. The most common location is the parotid gland. 
Patients have ranged in age from 14 to 87 years and there 
is no sex predilection [12, 70, 223, 245, 261, 346, 547, 548, 
570]. Signs and symptoms are similar to those of CEPA. 
Both carcinoma and sarcoma are seen in the metastases 
of TMMT.

Fig. 3.13: Carcinoma ex-pleomorphic adenoma. a Area showing undifferentiated carcinoma (H&E, 200×). b Adjacent area of same 
specimen showing residual pleomorphic adenoma (H&E, 200×)
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Pathologic Features

The carcinomatous component is most often an adeno-
carcinoma, a squamous cell carcinoma, or an undifferen-
tiated carcinoma [223]. The sarcomatous element is usu-
ally a chondrosarcoma, however, other types of sarcoma 
have also been reported including spindle cell sarcoma 
not otherwise specified, osteosarcoma, fibrosarcoma, ma-
lignant fibrous histiocytoma, leiomyosarcoma, and rarely 
liposarcoma and rhabdomyosarcoma [66].

Fowler et al. studied the loss of heterozygosity in tu-
mor suppressor genes in TMMTs and CEPAs. They found 
that the carcinomatous and sarcomatous components of 
TMMTs are closely related. These findings also suggested 
a common clonal origin for the benign and carcinoma-
tous components of CEPA [219].

Treatment and Prognosis

The treatment is radical surgical resection which should 
be combined with radiation and chemotherapy. Even with 
such radical treatment most patients die within 5 years 
[245]. TMMTs metastasize more commonly via a hema-
togenous rather than lymphatic route with lung and bone 
being the most frequent sites of metastases.

Metastasizing Mixed Tumor

Clinical Features

Metastasizing mixed tumor is a pleomorphic adenoma, 
which despite its benign histology, metastasizes. Histo-
logically it is identical to a pleomorphic adenoma and can 
only be recognized as malignant once it has metastasized. 
Lung and bone are the most frequent sites of metastatic 
disease.

Foot and Frazell are credited with the first report of 
this tumor in 1953 [292]. Gnepp was able to find only 
32 reported cases in his 1993 literature search [228, 245, 
611]. By 1997 the number had increased to 40 [76, 113, 
260, 387]. Approximately 65% occur in the parotid gland 
and the mean age at presentation is 32 years [245, 610]. 
Initial signs and symptoms are consistent with those of 
a pleomorphic adenoma. In almost all cases metastases 
have been preceded by at least one and frequently numer-
ous local recurrences of a pleomorphic adenoma [610]. 

The time from initial resection of the pleomorphic ad-
enoma to the appearance of metastatic disease can be as 
short as 1 year or as long as 20 years.

Pathologic Features

Histologically metastasizing mixed tumors are essen-
tially identical to pleomorphic adenomas and lack any 
characteristics of malignancy [387]. Flow cytometry has 
not been helpful in identifying these tumors [387]. A re-
cent analysis of p53, bcl-2, M1B1, CD105, p27, and p21 
expression also proved unrewarding in identifying dif-
ferences between metastasizing and non-metastasizing 
pleomorphic adenomas [387, 419].

Treatment and Prognosis

Surgical excision is also the treatment of choice for the 
primary tumor, recurrences, and metastases [610].

Metastases may be related to implantation of tumor 
cells into blood vessels and lymphatics at the time of 
surgery [245]. In Wenig’s review of 32 patients, 25 (78%) 
were alive with or without tumor or died of unrelated 
causes [441]. Gnepp reported follow-up on 20 patients, 
seven of whom (37%) had died of their disease [98].

Acinic Cell Carcinoma

Clinical Features

The first description of acinic cell carcinoma was pub-
lished by Nasse in 1892 [361, 539]. Acinic cell tumor, the 
old name for this neoplasm, reflects the fact that its ma-
lignant behavior was not recognized until Buxton’s publi-
cation in 1953 [539].

Acinic cell carcinoma is a rare low-grade carcinoma 
accounting for only 2–4% of salivary gland neoplasms 
[47, 98, 126, 361, 400, 465]. The parotid gland is the most 
common site (80%) followed by the minor salivary glands 
(16%) and the submandibular gland (4%). While 80% oc-
cur in the parotid gland, acinic cell carcinoma accounts 
for only 4% of all parotid tumors [47, 269, 357, 400]. Al-
though some series have shown a male predominance 
and at least one no sexual preference, most report a fe-
male to male ratio of approximately 2:1 [47, 172, 400, 457, 
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494, 579]. The rate of bilateral involvement of the parotid 
gland is 3%. While this is low, the incidence of bilateral 
involvement by acinic cell carcinoma is second only to 
Warthin’s tumor which has a 5–10% incidence of bilater-
ality [166, 409].

The tumor is most frequent in individuals between 40 
and 50 years of age but may occur at any age. Although 
less than 4% of patients are younger than 20 years, it is 
second only to mucoepidermoid carcinoma among sali-
vary gland carcinomas occurring in the pediatric popula-
tion [172, 361].

Patients typically present with a history of a slowly en-
larging painless mass that is not fixed to the surrounding 
soft tissue or skin. Pain is a symptom in approximately 
22% of patients and facial nerve paresis or paralysis is en-
countered in approximately 3–8% [278, 361]. The median 
duration of symptoms prior to treatment is 2 years but 
may be as long as several decades [191].

Pathologic Features

Grossly the tumors are solitary, firm or rubbery, and well 
circumscribed ranging in size from 0.5 to 13 cm (me-
dian 2.5 cm). Recurrent tumors are frequently multiple 
and may be poorly demarcated. The cut surface var-

ies from tan to gray and is occasionally cystic [22, 404]. 
Microscopically multiple growth patterns occur, often 
within the same tumor. These have been categorized as 
solid, microcystic, papillary-cystic, and follicular with 
the solid and microcystic patterns being the most com-
mon (Fig. 3.14a–c). In the solid growth pattern the tu-
mor cells grow in large sheets. The microcystic pattern 
is characterized by interspersed spaces of varying sizes. 
The microcyst formation may result from accumulation 
of secretions due to a lack of ducts or may possibly be an 
artifact of fixation [263, 465]. The papillary-cystic pattern 
has large cystic spaces containing branching projections 
of epithelium. In the follicular pattern cystic spaces are 
distended with a homogeneous proteinaceous material 
resulting in a pattern mimicking thyroid follicles.

The prototypical cell type is round to polyhedral with 
a uniform round eccentric nucleus and basophilic granu-
lar cytoplasm. These cells very closely resemble normal 
serous acinar cells and indeed the diagnosis of acinic 
cell carcinoma is predicated on identifying this cell type. 
Other cell types include those resembling intercalated 
duct epithelial cells, vacuolated cells, clear cells, and non-
specific glandular cells. Intercalated duct type cells are cu-
boidal with eosinophilic cytoplasm and centrally placed 
hyperchromatic nuclei. Vacuolated cells are similar in size 
to acinar type cells but have vacuolated acidophilic cyto-

Fig. 3.14: Acinic cell carcinoma. a Neoplastic acinic cells with basophilic granular cytoplasm and growing in a predominately solid 
pattern (H&E, 200×). b Microcystic growth pattern (H&E, 200×). c Acinic cell carcinoma composed of granular acinic cells (dark 
granular cells) and non-specific glandular cells. Note presence of abundant lymphoid tissue (H&E, 200×)
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plasm and a more open chromatin pattern. Their nuclei 
may exhibit slight pleomorphism. Although vacuolated, 
the cells do not contain lipid, glycogen, or epithelial mu-
cin. Clear cells have pale or non-staining cytoplasm but 
otherwise resemble acinar or non-specific glandular cells. 
Non-specific glandular cells have eosinophilic cytoplasm, 
indistinct cell borders, and nuclei which are larger, more 
vesicular and more pleomorphic than those of the other 
cell types. Any one tumor may be composed primarily or 
exclusively of diagnostic acinar type cells or may contain 
a mixture of cell types. Mitotic figures are rare. Tumors 
composed primarily of acinar-type cells closely resemble 
normal serous salivary glands except for the lack of stri-
ated ducts. The stroma is typically scant and composed 
of thin delicate strands of fibrovascular tissue although 
some tumors may have a dense hyalinized stroma. A rela-
tively frequent finding in the stroma is the presence of 
abundant lymphoid tissue complete with germinal center 
formation. This occurs in upward of 30% of acinic cell 
carcinomas [172, 175, 176].

Like normal acinar cells, the acinar cells of acinic 
cell carcinoma contain PAS-positive diastase-resistant 
zymogen granules. The cytoplasm does not stain with 
mucicarmine or alcian blue stains although, in some 
cases, intercellular cystic areas may contain material that 
is weakly mucicarminophilic [145, 172, 176]. Well-dif-
ferentiated acinar cells are also positive for lactoferrin, 
amylase, alpha-1-antitrypsin, alpha-1-antichymotrypsin, 
carcinoembryonic antigen, Leu M-1, and vasoactive in-
testinal polypeptide [318, 448]. Acinic cell carcinomas are 
also immunoreactive for cytokeratin and approximately 
10% are S-100 positive [353]. They are negative for c-kit 
and p53 overexpression is low [46, 47, 58, 180, 404, 443]. 
Acinic cell carcinomas have also been found to be MUC3 
positive, MUC5AC negative, and MUC6 negative [361, 
443].

Differential Diagnosis

The lack of both ducts and a normal lobular architecture 
aid in distinguishing acinic cell carcinoma from normal 
salivary gland parenchyma. Absence of mucous and 
epidermoid cells permits distinction of the microcystic 
form of acinic cell carcinoma from mucoepidermoid 
carcinoma. Identification of zymogen-containing aci-
nar cells separates the papillary-cystic form of acinic cell 
carcinoma from cystadenocarcinoma. Lack of staining 
for thyroglobulin and thyroid transcription factor dis-

tinguishes the follicular variant of acinic cell carcinoma 
from metastatic thyroid carcinoma.

Pathogenesis

The name acinic cell carcinoma and the presence of aci-
nar-type cells in the tumor would suggest origin from aci-
nar cells. Most investigators, however, indicate an origin 
from the stem or reserve cells of the intercalated ducts 
[443].

Treatment and Prognosis

The treatment of acinic cell carcinoma is complete sur-
gical resection. Neck dissection is usually not recom-
mended because of a relatively low incidence of metasta-
ses to regional lymph nodes [361]. There have been only 
a few reported instances of a favorable response to radia-
tion treatment, most tumors having been radio resistant. 
Radiation is usually reserved for tumors which cannot be 
completely resected or for those uncommon cases which 
have extensive perineural or lymphatic invasion [126, 
361, 443].

Acinic cell carcinoma is a low-grade malignancy and 
there is no correlation between cell type or growth pat-
tern and prognosis [180, 361, 443, 465, 541]. The recur-
rence rate averages 10–35% and the distant metastatic 
rate 13–16% [361, 409]. The lungs and bone are the most 
common sites of distant metastases. Survival rates range 
from 78 to 90%, 63 to 83%, and 44 to 67% at 5, 10, and 
20 years, respectively [166, 521]. The clinical course may 
be protracted and cases of recurrence have been reported 
after a disease-free interval of 30 years [284, 521].

Most tumors are diploid and as a result DNA studies 
are usually not helpful in predicting outcome. El-Nag-
ger, however, reported that in a study of 15 patients, none 
with diploid tumors developed metastases or died of dis-
ease while five of eight with aneuploid tumors developed 
metastases and four succumbed to their disease [521].

MIB-1 appears to be an independent prognostic factor. 
Patients with MIB-1-negative tumors have been shown to 
have significantly better survival than those with MIB-1-
positive tumors [545]. In a study by Skalova, five of seven 
patients with MIB-1 values higher than 10% had unfavor-
able outcomes while none of the 17 patients with values 
lower than 5% suffered recurrences during follow-up pe-
riods as long as 30 years [286, 545].
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Dedifferentiated Acinic Cell Carcinoma

A highly aggressive form of acinic cell carcinoma was re-
ported by Stanley in 1988 [152, 166, 497]. He called these 
tumors dedifferentiated acinic cell carcinomas. In addi-
tion to well-differentiated classic acinic cell carcinoma 
each contained discrete areas of poorly differentiated 
adenocarcinoma or undifferentiated carcinoma. Transi-
tional areas between the classic acinic cell carcinoma and 
the high-grade component are not seen.

Unlike classic acinic cell carcinomas, these tumors are 
highly malignant and metastasize early. It is therefore rec-
ommended that these cancers be treated by radical resec-
tion and neck dissection [286]. The dedifferentiated com-
ponent is usually aneuploid [55, 105, 192, 227]. Henley 
reported a case in which p53 was negative immunohisto-
chemically in both the low- and high-grade components. 
In addition, polymerase chain reaction and non-isotopic 
single-stranded conformational polymorphism analysis 
showed a germ line configuration of the p53 gene, exons 
five through eight, in both low- and high-grade compo-
nents of the tumor [249, 562].

Polymorphous Low-grade Adenocarcinoma

Clinical Features

Polymorphous low-grade adenocarcinoma of salivary 
gland origin (PLGA) was previously known as terminal 
duct carcinoma and lobular carcinoma because of its his-
tologic resemblance to these forms of breast carcinoma 
[2, 9, 48, 193, 327, 374, 596]. It is a rare neoplasm with 
distinctive clinical and morphologic features.

Most of these cancers arise from intraoral minor sali-
vary glands where it accounts for approximately 10% of 
all intraoral minor salivary gland tumors and 25% of 
the malignant ones [512, 609]. Sixty to seventy percent 
involve the palate [238, 327, 402, 411, 471, 480]. Origin 
from minor salivary glands in the nose and nasophar-
ynx and from the lacrimal glands has also been reported 
[105]. Origin in major salivary glands is very uncom-
mon and, when it does occur, usually involves the parotid 
gland [577].

The tumors grow slowly producing a non-ulcerated 
painless mass ranging in size from 0.4 to 6 cm [105, 193]. 
Most patients are between 40 and 60 years of age although 
some patients have been in their early twenties and at 
least one was diagnosed in a 12-year-old child [105, 134, 

252, 464, 571, 609]. PLGA is more common in women 
than men by a ratio of 2:1 [64, 163, 413, 463].

Pathologic Features

The name PLGA is appropriate because it reflects the 
main features of this neoplasm. The tumor is polymor-
phous in its histologic growth patterns but cytologically 
bland. It is its infiltrating growth pattern, tendency for re-
currence, perineural invasion, and ability to metastasize 
that attest to its malignancy.

Grossly PLGAs are solid and well circumscribed but 
not encapsulated. The cut surface is homogeneous and 
tan to tan-yellow. Histologically any combination of six 
growth patterns, namely solid, tubular, fascicular, crib-
riform, linear single cell, and papillary/papillary cystic 
may be observed. Concentric growth around blood ves-
sels and nerves is also characteristic. The tumor cells are 
cytologically bland and vary from cuboidal to columnar 
with eosinophilic or clear cytoplasm. Nuclei are round to 
oval with vesicular chromatin and small nucleoli. Mitotic 
activity and necrosis are usually not present. The tumor is 
supported by a stroma which may be scant or abundant 
and can vary from mucinous to hyalinized. Invasion of 
soft tissue may be local and easily overlooked. Perineural 
invasion is typical of PLGA and is seen as often or more 
often than in adenoid cystic carcinoma (Fig. 3.15a–c).

Polymorphous low-grade adenocarcinomas are posi-
tive for cytokeratin and vimentin. They are also strongly 
positive for S-100. Approximately 10–50% have been 
reported to be positive for GFAP, muscle-specific actin, 
and epithelial membrane antigen [105, 526]. Reported 
results of c-kit expression have been inconsistent [134, 
252]. Proliferative activity as measured by Ki-67 is low 
ranging from 0.2 to 6.4 with a mean of 2.4% [64, 144, 
232, 526].

Differential Diagnosis

Included in the differential diagnosis are pleomorphic 
adenoma, adenoid cystic carcinoma, and acinic cell carci-
noma. Pleomorphic and monomorphic adenomas of mi-
nor salivary glands do not have a capsule, however, they 
have a pushing rather than infiltrating destructive margin 
and lack neurotropism. Adenoid cystic carcinomas infil-
trate and have a marked predilection for perineural inva-
sion, however, the prototypical cell of these tumors has an 
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angulated hyperchromatic nucleus and scant cytoplasm. 
This is in contrast to the typical cell of PLGA which has a 
vesicular nucleus and more cytoplasm. Acinic cell carci-
nomas are rare in minor salivary glands and infrequently 
show perineural invasion. Although there is overlap in 
the immunohistochemical staining, PLGAs are less fre-
quently and less diffusely positive for GFAP than pleo-
morphic adenomas. In addition it is the epithelial com-
ponent that stains in PLGA in contrast to pleomorphic 
adenomas where the staining is in the stromal compo-
nent [64, 163, 413, 463]. Positivity for vimentin and a 
much lower proliferative activity measured by Ki-67 can 
be helpful in separating PLGA from adenoid cystic carci-
noma which shows just the opposite staining results [48, 
105, 327, 414]. Some have found c-kit expression helpful 
in distinguishing between PLGA and adenoid cystic car-
cinoma while other have not [105].

Treatment and Prognosis

Treatment is complete surgical resection. PLGA is a low-
grade indolent tumor with a tendency for local recurrence. 
In the past it has been associated with a recurrence rate of 
20% although a more recent study by Castle et al. reports 

a recurrence rate of 9.1% [48, 327, 414]. The average time 
from initial surgery to recurrence is 7 years [193]. In 6–7% 
of cases there is metastasis to regional lymph nodes [48, 
193, 530]. Tumors with a predominately papillary growth 
pattern have been associated with a higher incidence of 
cervical lymph node metastases [105, 193]. Postoperative 
radiation therapy is considered unnecessary due to the 
low-grade nature of this tumor. Distant metastases have 
occurred but are very uncommon [159]. Deaths due to 
tumor are infrequent and usually occur after a prolonged 
course [25, 217, 312, 572, 573].

Epithelial-myoepithelial Carcinoma

Clinical Features

Epithelial-myoepithelial carcinoma of salivary glands 
(EMC) is a rare but histologically distinctive low-grade 
carcinoma. The name was proposed in 1972 by Donath et 
al. who were the first to appreciate that the tumor is a car-
cinoma [416, 417, 544]. Prior names applied to this neo-
plasm include adenomyoepithelioma, clear cell adenoma, 
and glycogen-rich adenoma and reflect the misconcep-
tion that it is a benign tumor.

Fig. 3.15: Polymorphous low-grade adenocarcinoma. a Cytologically bland tumor cells with eosinophilic to clear cytoplasm. The 
tumor cells are growing in a solid pattern (H&E, 200×). b Papillary cystic growth pattern (H&E, 200×). c Tubular growth pattern 
with perineural invasion (H&E, 200×)
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Epithelial-myoepithelial carcinoma accounts for ap-
proximately 0.5–1% of all salivary gland neoplasms and 
favors women by a ratio of 2:1 [446, 466]. The vast major-
ity arise in the major as opposed to the minor salivary 
glands. The parotid gland is the site of approximately 75% 
with an additional 10–12% arising in the submandibu-
lar gland. Origin from minor salivary glands primarily 
occurs in the palate [505, 561]. EMC has also arisen in 
extraoral mucoserous glands in the nasopharynx, larynx, 
and bronchi [572]. Interestingly a histologically identical 
tumor occurs in the breast where it is still known as an 
adenomyoepithelioma [129, 132, 256, 417, 491].

Epithelial-myoepithelial carcinoma is essentially a 
tumor of older adults (mean age 60 years) although rare 
cases have been reported in the pediatric age group and 
we have seen one unreported case in a 6½-year-old child 
[124, 159]. Patients usually present with an asymptom-
atic mass. Much less frequently signs and symptoms of a 
malignant neoplasm, such as facial paralysis and pain, are 
present. In some instances a mass has been present for 
several years prior to the patient seeking medical treat-
ment [218].

Pathologic Features

Grossly these tumors are firm, solid, and frequently lobu-
lated. The margins may be sharply circumscribed or infil-
trative. The cut surface ranges from yellow to gray-white 
and cystic spaces are sometimes present. Those involving 
the palate frequently ulcerate. EMC have ranged in size 
from 1 to 8 cm.

Histologically four growth patterns have been de-
scribed namely tubular, cribriform, solid, and papillary 
[573]. The tubular is the prototypical and most common 
growth pattern. The tubules are composed of duct-like 
structures having an inner (luminal) single cell layer of 
cytologically bland cuboidal epithelial cells with dense 
granular eosinophilic cytoplasm and an outer (abluminal) 
single or multiple cell layer of ovoid to polygonal myoepi-
thelial cells with clear cytoplasm and eccentric vesicular 
nuclei. The epithelial cells are strongly positive with cy-
tokeratin stains and negative for myoepithelial markers. 
The myoepithelial cells are usually only weakly positive 
for cytokeratin but stain strongly with myoepithelial 
markers (S-100, smooth muscle actin, p63, HHF35, and 
calponin). Their clear cytoplasm is due to the presence of 
glycogen. Pleomorphism and mitotic activity are absent 
or minimal although rarely tumors may show pleomor-

phism and increased mitotic activity. Histologic evidence 
of malignancy is reflected in areas showing an infiltrative 
growth pattern and perineural invasion. Prominent col-
lars of PAS-positive diastase-resistant basement mem-
brane material surrounds the duct-like structures which 
in turn form nests of tumor separated by fibrous bands of 
connective tissue. This results in a multilobulated appear-
ance (Fig. 3.16). In the cribriform growth pattern two 
cell populations are still discernable and, while the crib-
riform pattern can mimic an adenoid cystic carcinoma, 
no hyaline material is present in the round spaces. The 
solid growth pattern consists of sheets of myoepithelial 
cells which, in some areas, may have a spindled shape. 
Ductal structures are scarce and may be difficult to find. 
The papillary growth pattern is encountered in cystic ar-
eas. The epithelium lining the cystic spaces and papillary 
structures maintains a biphasic pattern with luminal duc-
tal epithelial cells and abluminal clear myoepithelial cells. 
In all growth patterns the myoepithelial cells predomi-
nate, however, occasionally areas may be present in which 
apparent atrophy of the clear cells has produced “naked 
ducts” lined only by a single layer of epithelial cells.

Differential Diagnosis

The differential diagnosis of EMC includes other salivary 
gland tumors containing clear cells, such as clear cell 
myoepithelioma, acinic cell carcinoma, and mucoepi-
dermoid carcinoma, and metastatic tumors which may 
contain clear cells, in particular those from the kidney 
and thyroid. The clear cells of EMC are myoepithelial 
cells which contain glycogen and are PAS positive dia-
stase sensitive and mucicarmine negative. The clear cells 
of clear cell myoepithelioma are also glycogen-containing 
myoepithelial cells with the same staining characteristics 
as those in EMC. Clear cell myoepitheliomas, however, 
lack ducts and may contain foci of other types of myo-
epithelial cells such as the plasmacytoid, hyaline, and epi-
thelioid forms. Acinic cell carcinoma contains cells with 
PAS-positive diastase-resistant granules not seen in EMC. 
Mucoepidermoid carcinoma contains intracytoplasmic 
droplets of mucin which is PAS positive diastase resistant 
and mucicarmine positive. The clear cells in renal cell car-
cinoma contain both glycogen and lipid and will be PAS 
positive diastase sensitive and will also stain with lipid 
stains. Clear cell carcinoma of the thyroid is negative for 
both glycogen and lipid but will stain for thyroglobulin 
and thyroid transcription factor.
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Treatment and Prognosis

The treatment is complete surgical resection. Fonseca et 
al. found higher values of proliferative cell nuclear antigen 
in the myoepithelial cells as opposed to the epithelial cells 
and a higher recurrence rate in those tumors with a pre-
dominately solid myoepithelial growth pattern [124, 274]. 
A study by Tralongo et al. also found that higher prolif-
erative activity occurred in tumors with a more aggressive 
clinical course [49, 274]. Other studies, however, failed to 
demonstrate a correlation between proliferative activity or 
histologic growth pattern and prognosis [124]. The major-
ity of the tumors are diploid [49, 124, 129, 377, 516]. Some 
studies have found that those which were aneuploid pur-
sued a more aggressive clinical course, however, 60% of 
those that were diploid also recurred or metastasized [49, 
124, 129, 377, 516]. Local recurrence rates for EMC range 
from 30% to 50% [335, 395]. Regional lymph node metas-
tases occur in 18% of patients and distant metastases in 
7–25% [265, 317, 472]. The overall 5-year survival rate is 
80%. This drops off to approximately 70% at 10 years.

Basal Cell Adenocarcinoma

Clinical Features

Basal cell adenocarcinoma is the malignant counterpart 
of basal cell adenoma. It is an uncommon low-grade ma-
lignancy first recognized by Klima et al. in 1978 [147, 317, 
423]. It accounts for 1.6% of all salivary gland neoplasms 
and 2.9% of all salivary gland malignancies [423].

Most patients are in their sixth or seventh decade 
(mean age 60 years) although cases have been reported 
in individuals as young as 2 months and as old as 92 years 
[265, 317, 423, 436, 603]. Basal cell adenocarcinoma oc-
curs with equal frequency in men and women [265]. 
Most of these tumors arise de novo. Origin in a pre-exist-
ing basal cell adenoma is uncommon and when it does 
occur it usually involves the membranous type of basal 
cell adenoma [15, 147, 265, 317]. Approximately 90% of 
the tumors arise in the major salivary glands with the vast 
majority involving the parotid gland [181]. Origin in mi-
nor salivary glands is uncommon [52, 423]. Patients usu-
ally present with an asymptomatic swelling which may 
be of weeks to years in duration. Pain and tenderness 
are uncommon [502]. In approximately 10–15% of cases 
basal cell adenocarcinoma of salivary glands occurs in 
conjunction with dermal cylindromas and trichoepithe-
liomas. This association, while significant, is lower than 
the 40% association of basal cell adenomas with these 
dermal tumors [603].

Pathologic Features

Basal cell adenocarcinomas are solid tan to gray tumors 
up to 7 cm in diameter. Infiltration into adjacent salivary 
gland parenchyma and soft tissue may be readily appar-
ent or very subtle.

Microscopically there is a striking resemblance to 
basal cell adenomas both in growth pattern and cytol-
ogy. Four growth patterns, identical to those in basal cell 
adenoma, occur. The tubular pattern is characterized by 

Fig. 3.16: Epithelial-myoepithelial carcinoma. The tumor forms 
tubules lined by a luminal layer of epithelial cells and an ablumi-
nal single or multiple cell layer of myoepithelial cells with clear 
cytoplasm. Prominent collars of basement membrane material 
surround the structures. Pleomorphism is absent or minimal 
(H&E, 200×)
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multiple small ductal structures, the trabecular by anasto-
mosing cords of cells, the solid by rounded nests or large 
sheets of cells, and the membranous by overproduction 
of basement membrane material which accumulates both 
around cell nests and intercellularly. While any combina-
tion of growth patterns may be seen in a single tumor, 
one usually predominates. Of the four patterns, the solid 
is the most common.

Cytologically two cell types similar to those in basal 
cell adenomas are present. One is a small round cell with 
a round dark staining nucleus and scant cytoplasm and 
the other a larger cell with a lighter staining nucleus and 
amphophilic cytoplasm. In most tumors the smaller cells 
are arranged peripherally and perpendicular alignment 
of their nuclei produces a palisading effect, which may, 
however, not be as conspicuous as in basal cell adenomas. 
Centrally located larger cells may produce swirls and 
squamous eddies.

Cellular and nuclear pleomorphism are minimal and 
necrosis, if present, is focal and not extensive. Mitoses 
are not frequent averaging two or less per 10 high power 
fields. Careful examination, however, will reveal invasive 
growth. In addition there is a 25–35% incidence of peri-
neural and intravascular invasion [65, 265, 502, 616].

Immunohistochemically basal cell adenocarcinoma 
does not differ from basal cell adenoma [502]. Staining 
results support both epithelial and myoepithelial differ-
entiation in both the small and large cells. While all tu-
mors stain for cytokeratin, the majority are also at least 
focally positive for S-100, smooth muscle actin, vimentin, 
carcinoembryonic antigen, and epithelial membrane an-
tigen [115, 181, 375].

Pleuro-potential ductal reserve cells are thought to 
give rise to this tumor [436]. The membranous variant 
of basal cell adenoma is the most common variant to 
give rise to basal cell adenocarcinoma, however, this is 
uncommon, most basal cell adenocarcinomas apparently 
arising de novo [423].

Differential Diagnosis

Included in the differential diagnosis of basal cell adeno-
carcinoma are basal cell adenoma, adenoid cystic car-
cinoma, cutaneous basal cell carcinoma, and small cell 
carcinoma. In some instances basal cell adenocarcinoma 
may only be differentiated from basal cell adenoma by 
identifying an infiltrative growth pattern and/or perineu-
ral and intravascular invasion. Some have found staining 

for Ki-67, p53, bcl-2, and epidermal growth factor re-
ceptor helpful in making this distinction [336, 580]. The 
membranous variant of basal cell adenoma is typically 
multifocal and care must be taken not to mistake multi-
focality for invasion.

Basal cell adenocarcinoma and adenoid cystic carci-
noma both show perineural invasion and both produce 
hyalinized basement membrane material. Intercellular 
deposits of basement membrane material, squamous ed-
dies, and peripheral palisading, however, are features as-
sociated with basal cell adenocarcinoma and not adenoid 
cystic carcinoma. A dual population of small and large 
cells is also characteristic of basal cell adenocarcinoma 
and not adenoid cystic carcinoma.

Perineural invasion and immunohistochemical evi-
dence of myoepithelial differentiation would aid in dis-
tinguishing basal cell adenocarcinoma from cutaneous 
basal cell carcinoma. Clinical information as to the loca-
tion of the tumor would also be invaluable.

Basal cell adenocarcinoma lacks the nuclear molding, 
brisk mitotic activity, and prominent necrosis of small 
cell carcinomas. Unlike small cell carcinoma, it is nega-
tive for synaptophysin and chromogranin.

Treatment and Prognosis

Treatment is complete surgical excision. Since it is a low-
grade carcinoma, neck dissection is usually reserved for 
patients with clinically positive lymph nodes. In a recent 
review of a large series of basal cell adenocarcinomas 
Muller and Barnes found a local recurrence rate of 37%. 
Cervical lymph node metastases were present in 8% and 
distant metastases in 4%. There was a mean follow-up of 
54 months on 45 patients. Of these patients, 37 were alive 
without disease, 4 were alive with disease, 1 died of disease, 
and 3 died of other causes [10, 35, 120, 437, 488, 495].

Myoepithelial Carcinoma

Clinical Features

Myoepithelial carcinoma (malignant myoepithelioma) is 
the malignant counterpart of myoepithelioma. By defini-
tion it is composed exclusively or almost exclusively of 
myoepithelial cells with an infiltrative growth pattern.

Myoepithelial carcinomas account for only 0.2% of all 
epithelial salivary gland tumors and 10% of all myoepi-
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thelial salivary gland tumors [437, 495]. Approximately 
84 cases have been reported to date [580]. Seventy-five 
percent occur in the parotid gland [10, 120, 336, 437, 488, 
495, 580, 593]. When minor salivary glands are involved 
there is a distinct predilection for those in the palate 
[495]. The tumors are most common in the sixth and sev-
enth decades (range 24–81 years) and occur with equal 
frequency in men and women [495]. A painless mass is 
usually the only clinical complaint. Approximately 50% 
of cases have arisen in a pre-existing benign tumor, usu-
ally a pleomorphic adenoma or a myoepithelioma.

Pathologic Features

Grossly myoepithelial carcinomas are unencapsulated 
soft to firm and often nodular. They vary in size from 2 to 
10 cm. The cut surface is tan to gray-white and may show 
areas of necrosis and cystic degeneration. Glassy gelati-
nous areas may also be observed [303, 405, 495].

Microscopically there is infiltrative destructive growth 
into the adjacent salivary gland or soft tissues. These tu-
mors frequently have a multinodular growth pattern. The 
nodules of tumor cells are separated by fibrous stroma 
and often have myxoid or necrotic centers. As in myo-
epitheliomas any of four cell types may be present and 
in any proportion. These cell types are: (1) epithelioid, 
(2) plasmacytoid (or hyaline), (3) spindle, and (4) clear 
cell. The epithelioid cells have a moderate amount of eo-
sinophilic cytoplasm. The plasmacytoid or hyaline cells 
have eccentrically placed nuclei reminiscent of plasma 
cells and a glassy eosinophilic cytoplasm. They tend to 
be particularly numerous in palatal tumors. The spindle 
cells are elongated and resemble plump fibroblasts. The 
clear cells have clear cytoplasm due to the presence of gly-
cogen. In some myoepithelial carcinomas the cytologic 
atypia is obvious whereas in others cytologic features of 
malignancy are very subtle and indeed the diagnosis of 
malignancy may rest solely on identifying areas of inva-
sive destructive growth. In the 25 cases reported by Sav-
era et al. 40% were classified as high grade and 60% as low 
grade [171, 174, 221].

The stromal component of these tumors is character-
ized by the presence of amphophilic to blue-gray myx-
oid material and or eosinophilic hyalinized material. The 
myxoid material is particularly characteristic and often 
accumulates around nests of plasmacytoid cells.

Results of immunoperoxidase stains are essentially the 
same as obtained with myoepitheliomas. Myoepithelial 

carcinomas are positive for AE1/3, vimentin, and S-100 
in virtually all cases. Vimentin and S-100 are infrequently 
present in normal myoepithelial cells but are sensitive (al-
though non-specific) markers of neoplastic myoepithelial 
cells. Reactivity for other myoepithelial cell markers such 
as muscle specific actin, GFAP, smooth muscle actin, and 
calponin is variable.

Differential Diagnosis

The differential diagnosis is lengthy and includes a num-
ber of other salivary gland tumors such as: polymorphous 
low-grade adenocarcinoma, epithelial-myoepithelial 
carcinoma, oncocytoma and hyalinizing clear cell carci-
noma, benign and malignant spindle cell tumors, plas-
macytomas, and metastatic renal cell carcinoma. Docu-
mentation of exclusive myoepithelial differentiation by 
immunohistochemistry will usually permit distinction of 
myoepithelial carcinomas from other neoplasms.

Treatment and Prognosis

The treatment is complete surgical excision. The clinical 
behavior of myoepithelial carcinomas is unpredictable. 
Although tumors showing cytologic pleomorphism, nu-
merous mitoses and necrosis are usually associated with 
an adverse outcome, some with aggressive histologic fea-
tures have been clinically indolent. In addition there have 
been reports of histologically low-grade tumors that have 
metastasized and resulted in death [221].

Cystadenocarcinoma

Clinical Features

Cystadenocarcinomas of the salivary glands are low-
grade cystic neoplasms which have been reported in the 
past under a variety of names including malignant papil-
lary cystadenoma, mucus-producing adenopapillary car-
cinoma, low-grade papillary adenocarcinoma, papillary 
adenocarcinoma, adenopapillary carcinoma, papillary 
cystadenocarcinoma, and papillary cystic adenocarci-
noma [9, 27, 69, 112, 140, 171, 174, 185, 221, 320, 412, 
422, 501, 510, 529, 543, 544, 615].

The tumor is twice as common in the major salivary 
glands as opposed to the minor salivary glands and most 
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frequently occurs in the parotid [221]. Cystadenocarcino-
mas have been reported over an age range of 20–86 years, 
however, 75% of patients are over the age of 50 years 
(mean age 58.8 years) [334].

Microscopically there are haphazardly arranged cystic 
spaces that vary in size and shape. Mucin released from 
ruptured cysts can produce an inflammatory response. 
The cystic spaces are separated by scant to abundant 
stroma. Solid cellular areas and ducts may be present be-
tween the cysts and at the periphery of tumor but they 
never comprise the major portion of the neoplasm. The 
cysts and ducts are lined by small and large cuboidal 
and columnar cells with eosinophilic, clear, or mucinous 
cytoplasm. In some tumors the columnar cells impart a 
decidedly enteric appearance. The epithelium lining the 
cystic spaces may form a single layer to multiple layers. In 
over three fourths of cases there is a prominent intracystic 
papillary growth. This may range from small collections 
of cells lacking a fibrovascular core to large elongated and 
branching structures supported by fibrovascular cores. A 
cribriform growth pattern may also be seen. Nuclei are 
typically bland and mitoses are infrequent. Although 
some tumors may show a moderate degree of nuclear 
pleomorphism this has not been predictive of a more ag-
gressive course. In contrast, tumors composed predomi-
nately of columnar cells may prove to be more aggressive 
[314, 585].

Recognizing these tumors as carcinomas is predicated 
upon finding areas of infiltrative growth. Tumors arising 
in minor salivary glands infiltrate adjacent soft tissue and 
skeletal muscle and may even infiltrate bone. In major sal-
ivary glands the infiltrative growth may be limited to the 
gland parenchyma making it more difficult to appreciate. 
Perineural invasion is not a feature of this neoplasm.

Differential Diagnosis

Included in the differential diagnosis are cystadenomas 
and all other salivary gland neoplasms that may have a 
cystic component. Cystadenomas are the benign counter-
part of cystadenocarcinomas and do not have the infiltra-
tive growth pattern of the latter.

Low-grade mucoepidermoid carcinomas are predomi-
nately cystic and often papillary cystic but unlike cystade-
nocarcinomas contain a mixture of mucous, epidermoid, 
and intermediate cells. Epidermoid differentiation is un-
common in cystadenocarcinomas. Also the solid prolif-

erative component is usually larger in mucoepidermoid 
carcinomas than in cystadenocarcinomas.

The cystic and papillary areas of polymorphous low-
grade adenocarcinoma can also be confused with cyst-
adenocarcinoma. Features of polymorphous low-grade 
adenocarcinoma which can aid in the distinction from 
cystadenocarcinoma include a more variable growth pat-
tern, mucinous and hyalinized stroma, and perineural 
invasion.

The papillary cystic form of acinic cell carcinoma is 
distinguished from cystadenocarcinoma by its microcys-
tic growth pattern and tumor cells with basophilic, PAS-
positive diastase-resistant zymogen granules.

Treatment and Prognosis

Cystadenocarcinomas are low-grade tumors and com-
plete surgical excision is usually curative.

These tumors are uncommon and the series by Foss 
et al. remains the largest to date [293]. They had follow-
up on 40 of their 57 patients. Local recurrence occurred 
in three patients and four had regional lymph node me-
tastasis, three at the time of diagnosis and one 4.5 years 
following initial surgery. Three patients developed local 
recurrences which were successfully treated. Of the 40 
patients, 36 were alive and 4 died of other causes after a 
mean postsurgical interval of 59 months.

Salivary Duct Carcinoma

Clinical Features

First described by Kleinsasser et al. in 1968, salivary 
duct carcinoma is a rare high-grade tumor thought to 
arise from the large excretory ducts [314]. The name is 
somewhat misleading since essentially all salivary gland 
carcinomas are believed to arise from reserve cells of the 
ductal system.

The peak incidence of this tumor occurs in the sixth 
and seventh decades. It is more common in men than 
women by a ratio of 2.5:1. It occurs most commonly in 
the parotid gland (78%) followed by the submandibular 
gland (12%) and the minor salivary glands (10%) [293]. 
Salivary duct carcinoma comprises approximately 6–10% 
of all carcinomas of the parotid [13]. Many patients pres-
ent with signs and symptoms reflecting the aggressive be-
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havior of this tumor including a rapidly enlarging painful 
mass and facial nerve paresis or paralysis. In the series by 
Jaehne et al., approximately two thirds of the patients pre-
sented with T3 or T4 tumors [293]. Hosal et al. reported 
the presence of calcifications seen on CT scans in 5 of 
their 15 patients [84, 150, 272, 358, 425, 451, 533].

Pathologic Features

Grossly salivary duct carcinomas are firm and gray white. 
Tumor margins may be obviously infiltrating or, less fre-
quently, may appear deceptively discrete. Central com-
edo-type necrosis may be apparent on cross-section.

Microscopically the tumor is very reminiscent of duc-
tal carcinoma of the breast. An intraductal component is 
characterized by solid, papillary, cribriform, and comedo 
growth patterns similar to intraductal carcinoma of the 
breast. All four growth patterns may be present in the 
same tumor. The invasive component typically grows 
as ribbons and small clusters of cells in a desmoplastic 
often hyalinized stroma reminiscent of invasive ductal 
carcinoma of the breast. It should also be stressed that 
invasive disease may also produce growth patterns simi-
lar to intraductal disease. In these instances invasion is 
recognized by a lack of a smooth round contour to the 
nests of tumor cells and also by a lack of a peripheral 
layer of myoepithelial cells [136, 205, 244, 314, 358, 451, 
528]. The tumor cells are moderately large with an in-

creased nuclear cytoplasmic ratio, abundant eosinophilic 
cytoplasm, hyperchromatic pleomorphic nuclei with 
prominent nucleoli, and frequent and abnormal mitotic 
figures (Fig. 3.17a, b). Perineural invasion is present in 
approximately 80% of cases [37, 155, 358, 398, 451]. The 
tumor cells are typically positive for cytokeratin and epi-
thelial membrane antigen. Immunoreactivity for CEA 
has varied from 0% to 72% while staining for S-100 has 
varied from 0% to 41% depending on the series [285, 
433, 434, 460, 518]. Salivary duct carcinomas are also 
frequently positive for gross cystic disease fluid protein, 
androgen receptor, and HER2/neu [304, 433, 460]. They 
are seldom positive for estrogen and progesterone recep-
tors [433, 460]. Proliferative activity as measured by Ki-
67 is usually high.

Histologic variants of salivary duct carcinoma include 
sarcomatoid, micropapillary, and mucin-rich [434]. The 
sarcomatoid variant is biphasic consisting of both car-
cinomatous and sarcomatous areas histologically. The 
sarcomatous change is considered to be a dedifferenti-
ated phenomenon and has also been seen in mucoepi-
dermoid, acinic cell, adenoid cystic, squamous cell, and 
epithelial-myoepithelial salivary gland carcinomas [285, 
518]. The sarcomatous component expresses cytokera-
tin and epithelial membrane antigen in addition to be-
ing positive for vimentin [316, 592]. The micropapillary 
variant has foci where the tumor produces morula-like 
papillary cell clusters which lack fibrovascular cores and 
are surrounded by clear spaces [13, 119]. Mucin-rich sal-

Fig. 3.17: Salivary duct carcinoma. a Cribriform and comedo growth patterns (H&E, 100×). b Higher magnification to show marked 
pleomorphism of tumor cells and abnormal mitotic figures (H&E, 400×)

77Pathology of Salivary Gland Disease Chapter 3



ivary duct carcinoma is characterized by islands of tumor 
cells surrounded by pools of mucus which in turn are 
separated into compartments by bands of fibrous tissue 
[293].

Differential Diagnosis

The differential diagnosis includes metastatic adeno-
carcinoma from the prostate and metastatic ductal car-
cinoma of the breast. Immunoperoxidase staining for 
prostate-specific antigen aids in ruling out metastatic 
prostate carcinoma [38]. It is more difficult to exclude 
metastatic ductal carcinoma of the breast since, in rare 
instances, salivary duct carcinoma is positive for estrogen 
and progesterone receptors. Identifying areas of intra-
ductal (in situ) tumor would serve to distinguish salivary 
duct carcinoma from both metastatic prostate and breast 
carcinoma [293]. Less frequently other primary salivary 
gland cancers, namely mucoepidermoid carcinoma and 
low-grade papillary adenocarcinoma, enter into the dif-
ferential diagnosis. Mucoepidermoid carcinomas, unlike 
salivary duct carcinomas, are not characterized by papil-
lary, cribriform, and comedo growth patterns. Moreover 
mucoepidermoid carcinomas have a more heterogeneous 
cell population consisting of intermediate, epidermoid, 
and mucin cells. This is in contradistinction to the single, 
albeit pleomorphic, cell type that comprises salivary duct 
carcinoma. Papillary growth in a low-grade adenocar-
cinoma should not cause confusion with salivary duct 
carcinoma since this is cytologically a low-grade tumor. 
In addition it is primarily a cancer of minor rather than 
major salivary glands.

Treatment and Prognosis

Because of its aggressive clinical behavior, salivary duct 
carcinoma is treated by complete surgical excision of the 
primary combined with neck dissection and adjuvant 
radiotherapy. Cervical lymph node metastases are pres-
ent in 60–80% of cases. Hosal et al. found that 50% of 
patients with clinically negative (N0) lymph nodes had 
histologically positive lymph nodes [149]. The incidence 
of distant metastases ranges from 33% to 66%. Two thirds 
of patients die of their disease usually within 4 years of 
treatment [79, 149]. Death is usually from distant metas-
tases which occur most commonly to the lungs and bone 
[79, 149].

Low-grade Cribriform Cystadenocarcinoma

Clinical Features

This tumor was first described by Delgado et al. in 1996 
[79, 149]. The authors proposed the term low-grade 
salivary duct carcinoma. Currently the preferred term 
is low-grade cribriform cystadenocarcinoma (LGCC) 
which avoids confusion with conventional salivary duct 
carcinoma which is a high-grade tumor with a poor prog-
nosis.

This is an uncommon tumor, less than 30 cases hav-
ing been reported [221]. Patients have a median age of 
64 years and the tumor occurs with equal frequency in 
men and women. In a combined series of 26 cases, 25 
arose in the parotid gland and one in the submandibular 
gland [79, 149]. Most patients seek treatment because of 
the presence of an asymptomatic mass.

Pathologic Features

Tumors range in size from 0.7 to 4 cm. Grossly they are 
well circumscribed and typically have a cystic component 
which may be either focal or extensive.

Microscopically LGCC resembles atypical ductal hy-
perplasia of the breast or micropapillary/cribriform in 
situ ductal carcinoma of the breast. Single or multiple 
cystically dilated ducts and smaller ducts are filled by cells 
forming cribriform, micropapillary, and filigree papillary 
patterns. Areas showing a solid growth pattern may also 
be present. The tumor cells are cytologically bland ductal 
cells (Fig. 3.18a, b). Some may contain a golden brown 
lipofuscin-like pigment in the cytoplasm imparting an 
apocrine-like appearance to the cells. Immunoperoxidase 
stains for myoepithelial cells demonstrate that most of the 
tumors are in situ although some will show foci of micro-
invasion or small focal areas of limited invasive disease.

Low-grade cribriform cystadenocarcinomas are 
strongly and diffusely positive for S-100, however, they 
do not show evidence of myoepithelial differentiation. 
Stains for HER-2/neu and androgen are typically negative 
[170, 196, 299].

Differential Diagnosis

The differential diagnosis of LGCC centers around cyst-
adenocarcinoma and the papillary cystic variant of acinic 
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cell carcinoma. Although cystadenocarcinomas often 
have a papillary component they lack the resemblance to 
atypical ductal hyperplasia and ductal carcinoma in situ 
of the breast which is so characteristic of LGCC. In addi-
tion cystadenocarcinomas tend to have a more obvious 
invasive component, while LGCCs are frequently entirely 
in situ carcinomas or only minimally invasive [299, 421, 
430, 602].

The papillary cystic variant of acinic cell carcinoma 
will contain acinar cells with basophilic zymogen gran-
ules which are PAS positive diastase resistant. These are 
not present in LGCC. LGCC may, however, contain in-
tracytoplasmic golden yellow granules of lipofuschin-like 
material.

Low-grade cribriform cystadenocarcinoma is strongly 
and diffusely positive for S-100 and negative for androgen 
receptor and HER-2/neu. This is exactly opposite to the 
staining pattern of salivary duct carcinoma and argues 
against LGCC being a low- grade form of salivary duct 
carcinoma.

Treatment and Prognosis

The treatment is complete surgical resection. Follow-up 
is limited because of the small number of reported cases, 
however, to date none have recurred [170, 196, 421, 
602].

Large Cell Carcinoma

Clinical Features

Large cell carcinoma of the salivary glands is a rare high-
grade neoplasm composed of large undifferentiated cells 
lacking any features of squamous cell carcinoma or ad-
enocarcinoma. In some series it is two to three times less 
common than small cell carcinoma of salivary glands, 
however, in at least one series it was more common than 
small cell carcinoma of salivary glands [33, 280, 421].

These tumors are more common in the major than the 
minor salivary glands and most frequently occur in the 
parotid gland [348, 438]. They are rapidly growing and 
patients often present with involvement of adjacent soft 
tissue and skin. Cervical metastasis is also frequently 
present. Most patients are in their seventh decade when 
diagnosed and there is no sex bias with regard to inci-
dence [53, 299].

Pathologic Features

Grossly the tumors tend to be large, averaging 3 cm at 
the time of surgery. Large cell carcinomas are poorly cir-
cumscribed firm gray-white tumors which may be solid 
and partially cystic. The cut surface frequently has areas 
of hemorrhage and necrosis. Infiltration into the salivary 

Fig. 3.18: Low-grade cribriform cystadenocarcinoma. a Infiltrating tumor with cribriform/micropapillary growth pattern (H&E, 
40×). b Higher magnification to show that the tumor cells are cytologically bland. This is in marked contrast to the pleomorphism 
seen in salivary duct carcinomas (H&E, 200×)
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gland parenchyma and frequently the surrounding soft 
tissues is obvious grossly in most cases.

Microscopically the tumor is composed of sheets, 
nests, and trabeculae of large undifferentiated cells which 
may be strikingly pleomorphic or relatively uniform 
(Fig. 3.19). The individual tumor cells are two to three 
times larger than those of small cell carcinoma and have 
abundant eosinophilic to amphophilic cytoplasm. Some 
cells may have clear cytoplasm due to the presence of gly-
cogen. Mucin, however, is not present. Nuclei are large 
and pleomorphic with prominent single or multiple nu-
cleoli. Some cells may be elongated and spindle shaped. 
A few large cell carcinomas have contained numerous os-
teoclast-like giant cells [59, 170, 253, 281, 302, 340, 426, 
478, 482]. Mitotic figures are abundant and foci of necro-
sis are common as are perineural and angiolymphatic in-
vasion. Some tumors may be positive for neuroendocrine 
markers such as synaptophysin and chromogranin A 
[170, 196, 251].

Differential Diagnosis

Metastatic undifferentiated or poorly differentiated car-
cinomas, large cell and anaplastic lymphomas, and meta-
static melanomas must be considered in the differential 
diagnosis. A thorough history and physical examination 
are critical in excluding the possibility of a metastatic 
poorly differentiated or undifferentiated carcinoma.

Large cell carcinomas have a tendency to grow in a 
dyscohesive cell pattern which can closely mimic large 
cell and anaplastic lymphomas. Unlike large cell carci-
nomas, lymphomas will be negative for cytokeratin and 
positive for lymphoid markers with immunohistochem-
istry techniques.

Immunohistochemistry is also invaluable in separat-
ing amelanotic melanomas from large cell carcinomas. 
The melanomas will be negative for cytokeratin but posi-
tive for markers such as S-100, HMB45, and Melan A.

Treatment and Prognosis

Large cell carcinoma is a highly malignant tumor which 
requires aggressive treatment. This frequently entails rad-
ical surgery combined with radiation and chemotherapy. 
With undifferentiated carcinomas, cell size (large cell car-
cinoma versus small cell carcinoma) does not appear to 
alter the prognosis [170, 251, 427].

Small Cell Carcinoma

Clinical Features

Although most common in the lung, approximately 4% of 
small cell carcinomas arise from a variety of extrapulmo-
nary sites including the head and neck where they have 
been reported in the larynx, pharynx, cervical esopha-
gus, nose and paranasal sinuses, oral cavity, and salivary 
glands [281, 340, 366, 482]. The most common site in the 
head and neck is the larynx.

Small cell carcinoma accounts for less than 2% of sali-
vary gland malignancies and less than 1% of all salivary 
gland neoplasms [170, 196, 482]. Over 80% arise in the 
parotid gland [170, 196, 251, 482]. Less frequently they 
arise in the submandibular gland or the minor salivary 
glands [427]. Approximately 60% occur in men although 
in some series the male to female ratio may be as high 
as 6:1 [251]. Patients are usually over the age of 50 years 
(mean 54 years) although rarely these cancers have been 
reported in children [483]. Most patients complain of a 
rapidly enlarging mass which may or may not be painful. 
Unlike pulmonary small cell carcinoma, there is no asso-
ciation between smoking and small cell carcinoma of the 
salivary gland [108, 432].

Fig. 3.19: Large cell carcinoma. The tumor is composed of sheets 
and nests of large pleomorphic cells. There is no evidence of 
squamous or glandular differentiation (H&E, 200×)
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Pathologic Features

The tumors are gray to gray-white and firm. Infiltrative 
growth is usually obvious grossly.

Microscopically small cell carcinoma forms infiltrative 
sheets, nests, and trabeculae of cells supported by a fibro-
vascular stroma. Focal rosette-like formations, peripheral 
palisading, and ductal differentiation may be present 
[108]. Individual tumor cells are 1.5 to 2 times the diam-
eter of a lymphocyte. They have round to fusiform hy-
perchromatic nuclei, small inconspicuous nucleoli, and 
scant cytoplasm. Nuclear molding and crush artifact are 
common. Mitoses are frequent and foci of tumor necrosis 
are commonly seen.

Some tumors are composed of cells which are slightly 
larger and have more cytoplasm corresponding to the in-
termediate type of small cell carcinoma of the lung. Foci 
of squamous differentiation may occasionally be seen 
[432].

Small cell carcinomas of salivary glands are typically 
positive for the cytokeratin stains AE1/3, CK20, and 
CAM5.2 frequently in a perinuclear dot-like pattern. 
CK7 is positive in addition to CK20 in approximately one 
third of cases [432]. These tumors are also positive for 
neuroendocrine markers, most commonly neuron-spe-
cific enolase, chromogranin, and synaptophysin.

Differential Diagnosis

Most frequently entertained in the differential diagnosis 
are metastatic small cell carcinoma of the lung, metastatic 
Merkel cell carcinoma of the skin, malignant lymphoma, 
and the solid variant of adenoid cystic carcinoma.

Small cell carcinoma of the lung and small cell car-
cinoma of the salivary gland are histologically identical. 
Knowledge of the clinical history and physical examina-
tion along with the results of special stains will usually 
lead to the correct diagnosis. Small cell carcinomas of the 
lung are positive for CK7 and negative for CK20. In addi-
tion the perinuclear dot-like staining pattern is not seen 
[251, 253]. They are also positive for thyroid transcrip-
tion factor while small cell carcinomas of salivary glands 
are usually negative, although in one series of 15 cases of 
small cell carcinoma of salivary glands three were posi-
tive for thyroid transcription factor [432].

Merkel cell carcinoma and small cell carcinoma of sal-
ivary gland origin have an identical immunohistochemi-
cal staining pattern including a characteristic perinuclear 

dot-like pattern with cytokeratin stains. A detailed his-
tory and physical examination is critical in excluding a 
diagnosis of Merkel cell carcinoma.

Malignant lymphomas are negative for cytokeratin 
and neuroendocrine markers and positive for lympho-
cyte markers such as leukocyte common antigen. The ex-
act opposite is true for small cell carcinomas.

Rarely the solid variant of adenoid cystic carcinoma 
may mimic small cell carcinoma on routine hematoxylin 
and eosin stained sections. Unlike small cell carcinoma, 
however, it does not show a perinuclear dot-like stain-
ing pattern with cytokeratin stains and neuroendocrine 
stains are negative.

Treatment and Prognosis

Although not as aggressive as small cell carcinoma of 
the lung or larynx, small cell carcinoma of the salivary 
glands is a high-grade malignancy and is treated aggres-
sively. This frequently involves a combination of surgery, 
radiation, and chemotherapy [216, 513, 549]. Gnepp et 
al. reported 2- and 5-year survival rates of 70% and 46% 
for small cell carcinoma of salivary glands compared to 
16% and 5% for those of the larynx [539]. Another series 
by Nagao et al. reported 2- and 5-year survival rates of 
38% and 13% for small cell carcinoma of salivary glands 
[237, 513].

Primary Squamous Cell Carcinoma

Clinical Features

Primary squamous cell carcinomas of the salivary glands 
(PSSC) are rare, extremely aggressive neoplasms, the ma-
jority of patients presenting with advanced disease [384, 
513]. In Spiro’s review of 2,807 salivary gland tumors, 
PSSC accounted for only 1.9% [23, 513]. Nine percent of 
patients have a history of prior radiation exposure [23, 
131, 237, 355, 389, 513].

In over two thirds of cases the cancer arises in the pa-
rotid gland and most of the remaining cases originate in 
the submandibular gland [513]. Rare cases probably arise 
in minor salivary glands although these may be difficult 
or impossible to distinguish from mucosal squamous cell 
carcinomas with extension into underlying minor sali-
vary glands. PSSC is twice as common in men as women 
[365]. Although it has been reported in all decades of life, 
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it is most common in the seventh decade. It is extremely 
uncommon in individuals below the age of 20 years [435]. 
Signs and symptoms include a painful rapidly enlarging 
mass and facial nerve palsy, although up to 50% may pres-
ent with an asymptomatic mass [42, 237, 355, 389, 513].

Pathologic Features

Primary squamous cell carcinomas are gray-white, firm, 
usually grossly infiltrative, and average 3 cm in diameter. 
The cut surface may show focal areas of necrosis.

Histologically the tumors are usually moderately dif-
ferentiated squamous cell carcinomas. Keratin produc-
tion, often with keratin pearl formation, and intercellular 
bridge formation are easily identified (Fig. 3.20). Less fre-
quently the tumors are high grade. Perineural invasion is 
frequently present. The stroma typically show a desmo-
plastic response.

Differential Diagnosis

Squamous metaplasia, necrotizing sialometaplasia, kera-
tocystoma, high-grade mucoepidermoid carcinoma, and 
metastatic squamous cell carcinoma all enter into the dif-
ferential diagnosis.

Squamous metaplasia may occur in other neoplasms 
in response to inflammation and leakage of cyst contents 
such as may occur for example in Warthin’s tumor. Prior 
fine-needle aspiration of benign tumors may also induce 
squamous metaplasia [216, 237, 355].

Preservation of normal lobular architecture and lack 
of invasion best serve to distinguish necrotizing sialo-
metaplasia from PSSC. These features may, however, be 
difficult to appreciate in a small biopsy.

Keratocystoma is a benign cystic neoplasm in which 
cystic spaces are filled with keratin and lined by regu-
larly oriented bland squamous cells. Although some solid 
squamous islands may be present there is no evidence of 
invasive, destructive growth [23, 216, 237, 355].

Mucoepidermoid carcinomas must, by definition, con-
tain mucous cells. Mucous cells, however, are not numer-
ous in high-grade tumors and indeed may not be recog-
nized in some cases, unless the sections are stained with 
PAS-diastase or mucicarmine stains. While composed 
primarily of squamous (epidermoid cells), high-grade 
mucoepidermoid carcinomas do not show the extensive 
intracellular keratinization, keratin pearl formation, and 
intercellular bridge formation characteristic of PSSC.

Metastatic squamous cell carcinoma to salivary glands 
is more common than PSSC. This is particularly true in 
the parotid with its rich supply of both peri- and intraglan-
dular lymph nodes [359]. The presence of a focus of squa-
mous cell carcinoma in situ would serve to distinguish 
PSSC from metastatic squamous cell carcinoma. Such foci 
are seldom seen however because most PSSCs present at 
an advanced stage with obliteration of any foci of in situ 
disease. The clinical history and physical examination 
may provide valuable information. Squamous cell carci-
noma metastatic to the parotid usually originates from 
skin lesions of the head and neck. The skin of the frontal 
and temporal areas, the periorbital region, the cheek, the 
pinna, the external ear canal, and the pre- and postauricu-
lar areas are favored sites. Tumors at these sites are usually 
clinically obvious long before metastases to the parotid.

Treatment and Prognosis

This is an aggressive tumor and radical resection with 
neck dissection is usually indicated. The facial nerve may 
be spared if not directly infiltrated by tumor. Up to 75% 
of patients have histologically positive cervical lymph 
nodes. There is a significant incidence of local-regional 
recurrence which has led to the use of postoperative radi-
ation therapy in may instances. Distant metastases occur 
in 20–30% of patients. The 5-year survival rate is 25%.

Fig. 3.20: Primary squamous cell carcinoma. Glassy cytoplasm 
and intercellular bridges identify this tumor as a squamous cell 
carcinoma (top half of figure). Residual salivary gland is present 
in the lower half of figure (H&E, 100×)
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  Take Home Messages

→	 Salivary gland pathologic entities have a wide 
morphologic spectrum, and there may be con-
siderable overlap between non-neoplastic, be-
nign, and malignant entities.

→	 Non-neoplastic disease is often a manifestation 
of an underlying systemic disease. Necrotizing 
sialometaplasia is important to consider as it may 
histologically mimic malignancy. Marginal zone 
B-cell lymphoma may be a late complication of 
autoimmune MESA.

→ Benign tumors are varied and named for their 
cell type. They have an appreciable recurrence 
rate if incompletely excised. Pleomorphic ad-
enomas can behave aggressively after multiple 
recurrences without having malignant histologic 
features. Some tumors that are multifocal such as 
canalicular adenomas and Warthin’s tumors, im-
ply a field effect, while membranous type basal 
cell adenoma is multifocal often as a result of 
known mutations. Malignant transformation is 
extremely rare.

→ Malignant tumors are as varied as their benign 
counterparts. Certain tumors are almost always 
low grade (i.e., polymorphous low-grade adeno-
carcinoma, acinic cell carcinoma, epithelial-myo-
epithelial carcinoma), while others are defini-
tionally high grade (i.e., salivary duct carcinoma, 
large cell carcinoma, and small cell carcinoma). 
Malignant mixed tumor should be considered a 
category of disease with several clinicopathologic 
variants rather than a distinct entity. Histologic 
grading systems are most important in adenoid 
cystic carcinoma and mucoepidermoid carcino-
ma, while understanding of pathologic prognos-
ticators in other malignant tumors is still not well 
established.
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  Core Features

• Discussion of common systemic conditions af-
fecting minor salivary glands.

• Armamentarium and technique for biopsy pro-
cedure.

• Complications related to biopsy.

  

Complications to Avoid
Hemorrhage
Recurrence of minor salivary gland lesion
Sensory disturbance







Introduction

Surgery for minor salivary gland pathology requires a 
high degree of individualization due to the wide range 
of presenting symptoms. The size and location of the le-
sion also determines the planned treatment. A number 
of diagnostic tests can be ordered when minor salivary 
gland dysfunction is suspected, but a definitive diagnosis 
of minor salivary gland disease requires histopathologic 
confirmation. We will review the basic development, 
anatomy, and function of minor salivary glands in ad-
dition to discussing the more common systemic condi-
tions and tumors which affect the minor salivary glands. 
Additionally the chapter focuses on the armamentarium 
and technique associated with the biopsy of minor sali-
vary glands.

Development and Anatomy 
of Minor Salivary Glands and Associated 
Structures of the Oral Cavity

The salivary glands are divided into two groups: major 
and minor glands. Three pairs of major salivary glands 
exist (parotid, submandibular, and sublingual). In adults 
a variable number of minor salivary glands ranging in 
the hundreds are located just beneath the epithelium 
throughout the oral cavity and under the mucosal surface 
of the lips. Specifically, minor glands are found labially, 
bucally, lingually, palatally, and glossopalatally.

The developing salivary glands appear as a bud that 
forms terminal bulbs. These bulbs undergo branching 
and ultimately form a lumen. Minor salivary glands be-
gin to develop between six and seven weeks in utero. Mi-
nor glands are well developed in the newborn infant. The 
primary function of minor salivary glands is not to pro-
duce saliva to mix with foods. Rather, the minor salivary 
glands secrete minor amounts of saliva to keep the mu-
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cosal lining of the oral cavity moist. Approximately 10% 
of the total saliva comes from the minor salivary glands. 
The majority of minor salivary glands are mucous, while 
some are purely serous and others are mixed glands. Mi-
nor salivary glands have a structure and histology simi-
lar to major glands, but minor glands are significantly 
smaller and have far less branching than major glands. 
They do not have any distinct capsule. Each minor gland 
consists of several small secretory units and it has its own 
short duct that opens directly into the oral cavity.

The oral cavity is lined by various types of mucosa. The 
mucosa lining the lips varies in structure and function from 
other types of mucosa located in the oral cavity. The sub-
mucosa consists of connective tissue located just beneath 
the mucosa. The submucosa contains the blood vessels and 
nerves. Its presence helps determine the degree of mobility 
of the mucosal layer depending on the length of the con-
nective tissue ridges and pegs. The arterial supply to the 
lips arises from the superior and inferior labial branches of 
the facial artery, while the venous supply occurs through 
the superior and inferior labial veins. The upper lip is in-
nervated by superior labial branches of the infraorbital 
nerve and the lower lip is innervated by the mental branch 
of the inferior alveolar (mandibular) nerve.

Most Common Benign Disorders 
of Minor Salivary Glands

Mucus extravasation cysts are the most common form of 
mucoceles of minor salivary glands. Mucus extravasation 
cysts most frequently occur in the lower lip in a parame-
dian location, but can also occur in the buccal mucosa or 
floor of mouth. They are soft, dome-shaped, fluid-filled 
vesicles that take on a bluish appearance as a result of the 
mucin (Fig. 4.1). Mucus extravasation cysts often result 
from trauma to the lip that causes tearing of a duct with 
extravasation of the mucus into the surrounding con-
nective tissue. They are rarely painful and are usually no 
greater than a centimeter in diameter. These lesions are 
typically seen in children and young adults with a peak 
incidence in the second and third decades. Treatment 
consists of complete excision with any associated under-
lying minor salivary glands.

Mucus retention cysts are far less common but clinically 
indistinguishable from mucus extravasation cysts and are 
treated in an identical fashion. Mucus retention cysts also 
have a blue appearance and the onset of these lesions may 
be uncertain. Other lesions that have a similar color, such 

as a venous varix, hemangioma, lymphangioma, and a 
low-grade mucoepidermoid carcinoma, should be con-
sidered carefully in the differential diagnosis.

Systemic Disorders Affecting 
Minor Salivary Glands

Several systemic conditions have been shown to affect mi-
nor salivary gland structure and function. These disorders 
range from an autoimmune, genetic, or noninfectious in-
flammatory origin to a late complication from bone mar-
row transplantation. The most significant autoimmune 
disorder affecting minor salivary glands is Sjögren’s syn-
drome. Sjögren’s syndrome is characterized by dry eyes 
(keratoconjunctivitis sicca) and dry mouth (xerostomia). 
The condition is a result of immune-mediated destruc-
tion of the lacrimal and salivary glands. When Sjögren’s 
syndrome occurs as an isolated condition, it is referred 
to as primary Sjögren’s syndrome. When it is associated 
with another autoimmune disorder, most often rheuma-
toid arthritis, it is termed secondary Sjögren’s syndrome. 
Sjögren’s syndrome predominantly affects women (9:1) 
over the age of 40 years.

Multiple autoantibody formation is characteristic of 
Sjögren’s syndrome. Approximately 70% of patients with 
primary Sjögren’s syndrome have autoantibodies to two 
nuclear antigens (SS-A and SS-B). Both SS-A and rheu-
matoid factor are detectable in nearly 75% of secondary 
Sjögren’s syndrome patients. Several human lymphocyte-
associated (HLA) antigens are also commonly linked to 
Sjögren’s syndrome. HLA-B8 and HLA-DR3 are found 
in primary Sjögren’s syndrome, while HLA-DR4 is asso-
ciated with secondary Sjögren’s syndrome. Rheumatoid 
factor is often positive even in the absence of any clinical 
manifestations.

The primary histologic feature is progressive periduc-
tal lymphocytic infiltration with scattered plasma cells [1, 
2]. It is believed that B cells destroy the glandular acinar 
cells due to a surface antigenicity. Proliferation of ductal 
epithelium with resultant epimyoepithelial island forma-
tion, another characteristic of Sjögren’s syndrome, occurs 
because the myoepithelium and ductal elements lack the 
antigenicity of the acinar cells. The epimyoepithelial is-
lands commonly occur in major salivary glands but are 
usually absent in the minor glands.

Numerous studies ranging from advanced imaging 
techniques and sialography to serology and ophthalmo-
logic studies (Schirmer’s test) all help to establish a di-
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agnosis of Sjögren’s syndrome. However, confirmation 
of Sjögren’s syndrome requires a histopathologic diagno-
sis. Biopsy of labial salivary glands is not preferred over 
that of parotid glands because the parotid gland is usu-
ally more severely affected than minor salivary glands. 
Nonetheless, biopsy of minor salivary glands in the lips 
is carried out with far greater ease compared to parotid 
biopsy. A minimum of five to seven minor glands should 
be harvested from beneath normal mucosa. One looks for 
a large (greater than 50) number of lymphocytic foci next 
to normal acini. More than five foci of lymphocytes per 
4 mm2 is highly consistent with a diagnosis of Sjögren’s 
syndrome.

Cystic fibrosis is the most common fatal genetic dis-
ease affecting Caucasian children. Cystic fibrosis has an 
incidence of 1 in 2,000 live births and is transmitted as an 
autosomal recessive trait. It affects the secretory process 
of all exocrine glands, which includes the minor salivary 
glands. The primary functional abnormality arises when 
viscous mucous secretions block the respiratory tree and 
pancreatic ducts, causing the most common and sig-
nificant clinical manifestations of recurrent and chronic 
respiratory infections and pancreatic insufficiency. Al-
though the clinical manifestations on the salivary glands 
are far less profound than those for the other exocrine 
glands, salivary gland function and salivary composition 
are altered nonetheless. The structural integrity of the 
minor salivary glands is only minimally altered by this 
disorder [3]. However, its function can be significantly 
compromised, as reported by Mandel [4].

Mandel’s studies noted elevated levels of salivary cal-
cium and proteins, particularly in the submandibular and 

sublingual glands as well as the minor salivary glands [4]. 
These increases in calcium and protein likely form precip-
itates that may explain the turbidity in the fluid excreted 
from the affected glands. Mandel further proposes that 
these complexes create blockage of the normally narrow, 
small minor salivary gland ducts. The resultant decrease 
in salivary excretory rates from the minor glands can be 
significant. Capillary tubes can be used to measure the 
flow from the labial glands as a diagnostic test to deter-
mine cystic fibrosis. The histology of these labial glands 
will reveal dilated acini and ducts that are filled with in-
spissated mucus or plugs.

Granulomatous diseases can affect minor salivary 
glands. One specific granulomatous, inflammatory con-
dition is granulomatous cheilitis. Granulomatous cheilitis 
has a predilection for the minor glands in the lower lip 
and causes them to become thickened. The condition 
is occasionally a manifestation of Melkersson-Rosen-
thal syndrome, which consists of facial paralysis, labial 
edema, particularly of the upper lip, and fissured tongue 
[5, 6]. Granulomatous cheilitis can also be associated 
with leprosy and Crohn’s disease. Another rare granu-
lomatous disorder is cheilitis glandularis. The etiology of 
this condition is unknown, but smoking and prolonged 
sun exposure have been implicated. The lower lip be-
comes edematous and fistulous tracts can occur in the 
most severe forms. The underlying minor glands become 
inflamed and nodular. Histologically bacterial infiltration 
with glandular hyperplasia and ductal dilatation can be 
noted.

Chronic graft-versus-host disease is a late complica-
tion of bone marrow transplantation and a major cause 

Fig. 4.1: Mucus extravasation cyst. Lower lip 
everted and mosquito hemostat used to dissect 
around the cyst
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of morbidity and mortality. Several studies have reported 
decreased salivary flow rates ranging from 55% to 90% in 
patients with this condition [7, 8]. The glandular dysfunc-
tion associated with chronic graft-versus-host disease is 
secondary to chronic sialoadenitis [9, 10]. Alborghetti et 
al [11] report that the xerostomia ensuing chronic graft-
versus-host disease treatment is a result of a persistent 
lymphocytic infiltrate and the subsequent lack of minor 
salivary gland secretory unit recovery.

Common Minor Salivary Gland Tumors

Minor salivary gland tumors are usually slow-growing 
and asymptomatic. The overlying mucosa is typically 
intact unless occlusal trauma has occurred. Most stud-
ies report the majority of minor salivary gland tumors 
as malignant and major salivary gland tumors as benign. 
Two studies have reported a higher incidence of minor 
salivary gland tumors as being malignant [12, 13]. When 
these tumors occur in older patients, they are more often 
malignant than when they present in younger patients 
who are more likely to have benign tumors.

Minor salivary gland tumors are located throughout 
the oral cavity with the hard palate being the most fre-
quently reported site. Malignant labial minor salivary 
gland tumors are more commonly located in the lower 
lip, whereas benign labial minor salivary gland tumors 
are more often found in the upper lip [12, 13]. Although it 
is not the intended purpose of this chapter to discuss sali-
vary gland tumors, one particular tumor, the polymor-
phous low-grade tumor, occurs only in minor salivary 
glands and has been reported with some frequency in the 
lips. Thus it will be briefly reviewed so as to coincide with 
the primary topic of this chapter – biopsy of labial minor 
salivary glands.

Polymorphous Low-Grade Adenocarcinoma

The polymorphous low-grade adenocarcinoma is a slow-
growing tumor that does not occur in any of the major 
salivary glands. It is small, rarely exceeding 4 cm, and 
typically presents as a firm painless swelling in the palate. 
This tumor also has been reported in the buccal mucosa, 
upper lip, and floor of mouth. The polymorphous low-
grade adenocarcinoma has a 3:1 predilection for females, 
with one study even reporting exclusivity to females [14]. 

Because this tumor has been reported to develop in the 
tongue base, adenoid cystic carcinoma must also be con-
sidered in the differential diagnosis. Both tumors can 
display perineural invasion, but the polymorphous low-
grade adenocarcinoma usually does not spread through 
the nerves to other structures or invade bone. Histologi-
cally the polymorphous low-grade adenocarcinoma con-
sists of cytologically uniform cells with rare mitotic fig-
ures. However, the tumor exhibits a significant amount of 
invasion and infiltration at its margins.

Armamentarium and Technique for Biopsy

The following materials and instruments are help-
ful when performing an office biopsy of minor salivary 
glands in the lip: 4×4 gauze pads, no. 15 blade, tissue for-
ceps (Adson’s with teeth), mosquito hemostat, tissue scis-
sors, needle driver, and suture scissor. A local anesthetic 
with epinephrine (1% or 2% lidocaine with 1:100,000 epi-
nephrine) provides improved hemostasis versus a similar 
anesthetic without a vasoconstrictor. A 4×4 gauze pad is 
preferred over mechanical suction for keeping the surgi-
cal field dry to avoid minor salivary glands or specimens 
from being accidentally lost to the suction device. The 
gauze pad is also useful as it allows the clinician to firmly 
hold the everted lip while absorbing any saliva, so as not 
to lose handle of the lip.

The lips are the most readily assessable location in the 
oral cavity to visualize the minor salivary glands. After 
the lower lip has been firmly grasped and everted, the 
mucosa is dried with a gauze sponge. Small drops of sa-
liva may become apparent on the mucosal surface, indi-
cating the location of the minor salivary gland ducts. As 
with any other office-based procedure, biopsy of minor 
salivary glands of the lip requires the surgeon to adhere 
to universal precautions to avoid an occupational expo-
sure with the patient’s blood or saliva. After obtaining 
consent from the patient for the biopsy, a local anesthetic 
with vasoconstrictor is administered in an area of normal 
overlying mucosa. The no. 15 blade is used to make an 
8- to 10-mm incision through the mucosa in the ante-
rior portion of the lip posterior to the vermillion border 
and wet-dry line. A mosquito hemostat is then used to 
bluntly dissect through the submucosal layer while the 
lower lip is tightly and firmly everted. The numerous 
minor salivary glands will become readily visible as they 
begin to extrude through the submucosal layer (Fig. 4.2). 
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The glands can be grasped with tissue forceps and cut at 
their base with tissue scissors then placed in a bottle of 
10% formalin for submission to a pathologist (Figs. 4.3, 

4.4). After obtaining the necessary gland, the incision is 
closed with resorbable suture such as 4-0 chromic in an 
interrupted fashion.

Fig. 4.2: Numerous minor salivary glands visible 
immediately beneath mucosal incision

Fig. 4.3: Minor salivary gland held in tissue forceps 
with scissors used to cut gland at base

Fig. 4.4: Minor salivary glands along with excised 
mucocele
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Complications with Biopsy of Minor 
Salivary Glands of the Lip

The most common complication associated with biopsy 
of labial minor salivary glands is hemorrhage. Most hem-
orrhage can be controlled with direct pressure followed 
by cauterization of bleeding tissue and/or vessel. Injecting 
a local anesthetic with a vasoconstrictor into the bleed-
ing tissue also helps to provide hemostasis. If a mucocele 
or any of its related lesions is incompletely excised or re-
moved without any accessory minor glands deep to the 
lesion, the lesion may recur. Caution should be exercised 
when performing a biopsy of the lower lip in a parame-
dian location. If the incision is carried too deep through 
the mucosa in an area overlying a terminal branch of the 
mental nerve, a resultant sensory deficit is possible.

Summary

Treatment for minor salivary gland disease is highly in-
dividualized and variable. When definitive diagnosis of 
certain systemic conditions that affect minor salivary 
glands is required, histopathologic confirmation can be 
achieved by a biopsy of the lip. This biopsy is readily per-
formed in the office under local anesthesia. Hemorrhage 
is the main complication that occurs with biopsy of labial 
salivary glands. The lower lip is typically chosen for its 
accessibility.

  Take Home Messages

→ Lower lip is easiest location for a biopsy of minor 
salivary glands.

→ Local anesthetic with a vasoconstrictor provides 
better hemostasis for biopsy.

→ Biopsy to confirm Sjögren’s syndrome requires at 
least five to seven minor salivary glands.

→ When excising a mucus extravasation cyst, re-
move several minor salivary glands beneath the 
cyst.
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  Core features

• Understand the anatomy of the autonomic in-
nervation of the parotid gland and facial skin.

• Frey’s syndrome is secondary to the sympathetic 
denervation of sweat glands – the reinnervation 
through the auriculotemporal nerve is a second-
ary event.

• The aberrant regeneration theory explains the 
physiopathology of Frey’s syndrome; other de-
scribed variants do not represent true Frey’s syn-
drome cases.

• A topographic and quantitative testing for Frey’s 
is required prior to its treatment – the ISPH test 
described has the majority of desired features.

• Frey’s syndrome incidence after parotidectomy, 
without prevention techniques, is 40–80% by 
clinical questioning and 80–100% by objective 
testing.

• Intradermic botulinum toxin injection is a well-
tolerated and efficient treatment. The recom-
mended dilution is 50 IU/1 ml, inter-injection 
distance is 1 cm, and injection volume is 0.1 ml.

  

Complications to Avoid
Facial muscle paralysis (rare and reversible com-
plication): inject only intradermally and avoid 
injecting toward the midline
Pain during injection: if bothersome could be 
decreased by the prior application of topical anes-
thetic cream
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Introduction

Frey’s syndrome or gustatory sweating and flushing is 
characterized by sweating and flushing of the facial skin 
during meals [44]. The area involved is on the lateral 
aspect of the face and upper neck, usually around the 
parotid region. There is no direct relation with chewing 
[44]. Once present, the gustatory sweating and flushing 
remain unchanged, i.e., there is no spontaneous resolu-
tion, even after numerous years [76].

Frey’s syndrome is named after Dr. Lucia Frey, a neu-
rologist at the University of Warsaw, who published a 
landmark paper on the “syndrome du nerf auriculotem-
poral” in 1923 [44], despite the fact that similar cases were 
already reported in the nineteenth century [33].

Anatomy and Physiology

During eating, a reflex arc is stimulated leading to in-
creased salivary secretion of minor and major salivary 
glands, including the parotid gland. The origin of the af-
ferent limb is at the level of the gustatory papillae of the 
oral cavity and oropharynx. The afferent neurons termi-
nate in the nucleus solitarius and project to the inferior 
salivary nucleus.

Preganglionic parasympathetic efferent fibers leave the 
inferior salivary nucleus and the brain stem with the glos-
sopharyngeal nerve. After passing through the jugular 
foramen and the superior and inferior glossopharyngeal 
ganglions, the parasympathetic fibers follow the tympanic 
(Jacobson’s) nerve. Jacobse’s nerve enters the temporal 
bone on its inferior aspect and travels in the inferior tym-
panic canaliculus toward the middle ear cavity. A plexus 
is formed on the promontory, but the parasympathetic fi-
bers not supplying the middle ear unite to form the lesser 
superficial petrosal nerve. This nerve exits the temporal 
bone and travels on the floor of the middle cranial fossa. 
The fibers then exit the skull through the foramen ovale 
and reach the otic ganglion where they synapse with post-
ganglionic parasympathetic fibers. These postganglionic 
parasympathetic fibers then join the auriculotemporal 
nerve and reach the parotid gland through its medial as-
pect in the parapharyngeal space. Like all postganglionic 
parasympathetic neurons, the neurotransmitter of these 
fibers is acetylcholine. The muscarinic receptors of the 
parotid gland are of the M3 subtype [21].

The secretion of the parotid gland is controlled pre-
dominantly by the parasympathetic system. In cats, 
stimulation of the parasympathetic fibers produces an 

important increase of salivary output, while sympathetic 
stimulation results only in a discrete increase [111]. In 
human volunteers undergoing stapedectomy for otoscle-
rosis, electric stimulation of the tympanic plexus resulted 
in an increase of parotid salivary output proportional to 
the intensity of the applied current [113].

The sympathetic fibers for the cutaneous vessels and 
sweat glands follow the cervical sympathetic chain and a 
synaptic relay is found in the sympathetic cervical gangli-
ons. The fibers then follow the periarterial plexuses of the 
internal and external carotid arteries and their branches 
before joining and following the branches of the trigemi-
nal nerve supplying the cutaneous sensation of the skin 
[89, 93]. Thus, for the preauricular skin, these sympa-
thetic fibers also travel within the auriculotemporal nerve. 
While the overall organization is described in anatomic 
textbooks, the exact pathway is still debatable [143] and 
it remains unclear at what exact level of the lower face, a 
switch from sympathetic fibers traveling along the inter-
nal carotid artery to sympathetic fibers traveling with the 
external carotid artery takes place [32, 93, 143]. It is also 
possible that at midface there is some overlap, with double 
sympathetic innervation coursing along the trigeminal 
nerve and along the external carotid artery [32, 121].

The result of sympathetic activation is increased secre-
tion from sweat glands [116] and vasoconstriction [93]. 
A vasodilatation role of the parasympathetic facial sys-
tem [17] has been demonstrated [12] and found to follow 
the facial nerve and then the greater superficial petrosal 
branch [82]. Fibers probably synapse in the sphenopala-
tine ganglion before joining the corresponding branches 
of the trigeminal nerve [82], in our case the auriculotem-
poral nerve.

In contradistinction to other postganglionic sympa-
thetic fibers, which are adrenergic, sweat glands have 
acetylcholine as the main neurotransmitter [42, 86]. The 
cholinergic receptors on sweat glands are muscarinic, 
predominantly of the M3 subtype [140] similar to that of 
parasympathetic salivary gland nerves.

Pathogenesis of Frey’s Syndrome

André Thomas [135] and later Ford and Woodhall [41] 
postulated that the severed parasympathetic fibers to the 
parotid gland regenerate along the wrong neurilemmal 
sheaths of the sectioned cutaneous sympathetic fibers, 
the so-called aberrant regeneration theory. Several ex-
perimental and clinical observations support the aberrant 
regeneration theory: (1) auriculotemporal nerve block by 
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local anesthetics induces a local anesthesia and an abolish-
ment of gustatory sweating of similar cutaneous distribu-
tion [41, 48]; (2) stimulation of the tympanic plexus results 
in sweating in the involved skin area [113]; (3) symptoms 
are unaffected by anesthesia of the stellate ganglion, de-
spite the appearance of a temporary Horner syndrome 
[30, 41, 48]; (4) in the involved area, there is an impair-
ment of the normal sympathetic function, such as reduced 
thermoregulatory sweating [29, 41, 48, 58, 89] and absence 
of emotional flushing [29, 41, 58, 89]; (5) a latent period 
(minimum 1–2 months [77]) is present between the ini-
tial injury and the appearance of gustatory flushing and 
sweating [48, 58, 88, 89, 145]; (6) if patients are followed 
sequentially with an appropriate sweat test, the positivity 
of the test increases and the involved area progressively in-
creases in size [77, 88]; (7) the symptoms can be abolished 
by the local injection of anticholinergic substances such as 
atropine [41, 48], as well as botulinum toxin (see below); 
(8) a localized hypersensitivity to cholinergic drugs is de-
scribed with mecholine [145], acetylcholine [41, 48], and 
pilocarpine [48, 145]; and (9) the syndrome appears after 
various lesions or resections of the homolateral cervical 
sympathetic chain [29, 58, 89, 102, 145].

The postulated etiology is an aberrant regeneration 
of the sectioned parasympathetic fibers normally in-
nervating the parotid gland (Fig. 5.1). The traumatized 
fibers lose their parotid targets and regenerate to inner-
vate the vessels and sweat glands of the overlying skin. In 
order for this aberrant regeneration to occur, the sym-
pathetic fibers to these vessels and sweat glands have to 
be damaged, a frequent event in either parotid surgery 
or penetrating parotid trauma. The regular function of 
the parotid parasympathetic fibers is to increase salivary 
secretion during eating. The activation following aber-
rant regeneration produces an activation of the new 
targets during meals, resulting in a local vasodilatation 
(“gustatory flushing”) and localized sweating (“gusta-
tory sweating”). Despite all these convincing arguments, 
the aberrant regeneration remains a hypothesis until the 
demonstration of parasympathetic neurons on reinner-
vated sweat glands.

Etiology

Since Frey, emphasis has been placed on the auriculo-
temporal nerve [113] and the regeneration of the para-
sympathetic fibers it contains [41, 135] to explain gusta-
tory sweating and flushing. Although parotidectomy is 
the most frequent etiology [35], the syndrome has been 

described with other surgical procedures in the parotid 
region such as mandibular surgery [54, 72, 138], drainage 
of parotid or other local abscesses [6, 50, 98, 103, 107, 
144] and neck dissection [56, 84, 99, 133]; with regional 
trauma such as mandibular fractures [47, 52, 85, 148] or 
penetrating wounds [5, 37]; and with surgery or lesions 
of the cervical sympathetic chain [20, 58, 83, 89, 102, 105, 
145] (Table 5.1).

Fig. 5.1: Schematic representation of the aberrant regeneration 
theory. Top Normal situation. Bottom Situation after superficial 
parotidectomy. Symp Sympathetic innervation of sweat glands, 
Psymp parasympathetic innervation of the parotid and facial 
skin, ATN auriculotemporal nerve, ??? sympathetic nerve, the 
exact pathway of which is still unclear (auriculotemporal nerve, 
great auricular nerve, perivascular plexuses)
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The development of gustatory sweating after cervical 
sympathectomy can only be explained if one is to admit 
that the primary event of gustatory sweating is a degen-
eration of the cervical sympathetic neurons. The initial 
event is the loss of postganglionic sympathetic neurons 
and the resulting denervation of the corresponding facial 
sweat glands. Regeneration of parasympathetic fibers, 
within the degenerating sympathetic neurilemmal sheets, 
is a secondary event although it accounts for the observed 
symptoms. If sympathetic degeneration is the primary 
event then Frey’s syndrome could occur in any location 
where close contact between parasympathetic sialogogue 
fibers and sympathetic sudomotor efferents is present. 
This perspective allows the explanation of the location of 
Frey’s syndrome outside the auriculotemporal nerve ter-
ritory [84], the presence of gustatory sweating away from 
the flap elevation area [84], as well as such etiologies as 
cervical sympathectomy, diabetic and possibly other au-
tonomic neuropathy [91].

Often in the preantibiotic literature, gustatory sweat-
ing is described as following “parotitis.” A closer look at 
most of these publications shows that most of the cases 
described had had drainage of a parotid abscess, although 
in these publications various etiologies were proposed. 

The cause of Frey’s syndrome is not the infection but the 
surgical drainage. No recent case of gustatory sweating 
resulting from parotid infection has been reported.

More bizarre etiologies for facial gustatory sweating, 
in single case reports, include herpes simplex of the man-
dibular division of the trigeminal nerve [31], a case of a 
large cerebellopontine angle tumor [123], and “gustatory 
otorrhea” [115]. These cases could also be explained by 
the aberrant regeneration theory, with the locus of cross-
fiber regeneration being at the level of the maxillary di-
vision of the trigeminal nerve [123], at the level of the 
middle ear [115], or in the deep portion of the auricu-
lotemporal nerve instead of the parotid space portion of 
the auriculotemporal nerve [31]. A similar explanation, 
i.e., peripheral parasympathetic sprouting to degenerated 
sympathetic fibers, has been offered for the observed fa-
cial, and often neck and upper chest, gustatory sweating 
seen in patients with severe diabetic neuropathy [13, 15, 
43, 59, 65, 134, 139, 142].

A certain amount of “physiologic” gustatory sweat-
ing and flushing can be induced by certain spicy foods 
such as chilies in normal subjects [86]. A variation of 
the threshold of individual cutaneous regions appears to 
be present, since only certain head and neck areas are 

Table 5.1. Etiology of Frey’s syndrome

Typical Frey’s syndrome etiologies:

1. Trauma in the parotid region
• Parotidectomy
• Other surgical procedures in the parotid region (mandibular surgery, drainage of parotid abscess, neck dissection)
• Penetrating trauma parotid region
• Closed mandibular fractures

2. Trauma to the cervical sympathetic chain

3. Other aberrant regeneration locations
• Cerebellopontine angle
• Middle ear
• Otic ganglion

4. Autonomic neuropathies
• Diabetic neuropathy

Atypical variants of gustatory sweating:

1. Physiologic

2. Pediatric gustatory flushing

3. Gustatory neuralgia
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found to respond in a given individual [86]. In contra-
distinction to Frey’s syndrome, this “physiologic” gusta-
tory sweating and flushing is bilateral and usually sym-
metrical [86], similar to physiologic thermal sweating 
[109]. In fact the cutaneous distribution of this physi-
ologic gustatory sweating was found to be similar to that 
of hyperthermic head and neck sweating and flushing 
[86].

The few cases of gustatory sweating in the pediatric age 
group that have been described [7, 8, 22, 40, 68, 70, 130, 
147] merit careful review because they possibly represent 
the only etiology, not easily explained by the aberrant re-
generation theory. The majority of the cases described are 
normal children with unilateral [7, 8, 22, 40, 70, 130, 147] 
or bilateral gustatory facial flushing [22, 68], without any 
sweating. The absence of facial sweating, a hallmark of 
Frey’s syndrome, in these cases tends to make us consider 
them as variations of normal. Maybe the term “gustatory 
flushing syndrome,” as proposed by Kozma and Gabriel 
[70], might be more appropriate. Another argument 
against accepting these few cases as Frey’s syndrome is 
that, with a follow-up of several years, a gradual resolu-
tion of the symptoms occur [22, 70, 95], in contradistinc-
tion to typical gustatory sweating. A final consideration 
is the possible role of traumatic forceps delivery, pointed 
out by Balfour and Bloom [7] because about half of the 
pediatric “gustatory flushing” cases follow a forceps de-
livery [7, 8, 22, 68, 130].

In addition, a “gustatory otorrhea” in a two patients 
without any previous pathology has been reported [110, 
131].

Recently several cases of facial pain in the territory 
of the auriculotemporal nerve have been described [24, 
124, 127, 136] and the name “gustatory neuralgia” pro-
posed [124]. Other specific characteristics of gustatory 
neuralgia include an electric, burning (neuralgic) pain, 
pain distribution in the territory of the auriculotemporal 
nerve, triggering of the pain by eating, numbness in the 
auriculotemporal territory because of surgery, and lack 
of response to anticonvulsant medication [124]. Gusta-
tory neuralgia should be differentiated from classical 
Frey’s syndrome because of the absence of sweating and 
flushing and because pain is not a symptom in patients 
with Frey’s syndrome [30, 38]. The authors describing 
this “gustatory neuralgia” refer to the 1979 paper of Ha-
nowell et al. [56] as a justification for the presence of pain 
in Frey’s syndrome patients, however Hanowell’s patients 
had composite resections and neck dissections which was 
probably responsible for the observed pain.

Investigation of Gustatory Sweating

Since the most troublesome symptom of Frey’s syndrome 
is sweating, testing for Frey’s syndrome has in general 
been limited to the evaluation of sweating. Only Laage-
Hellmann investigated flushing, and this was done by 
simple direct observation and without any quantifica-
tion [74, 77]. We attempted to study skin color changes, 
without being convincingly able to demonstrate them in 
patients with Frey’s syndrome (Dulguerov, unpublished). 
Temperature skin changes were demonstrated in four pa-
tients in one study [64] and another used lactate content 
in an attempt to quantify the amount of sweat [79].

Testing for gustatory sweating is, therefore, assessing 
the function of eccrine sweat glands. The major function 
of sweat glands in humans is thermoregulation [118]. 
About 2–4 million sweat glands are distributed over the 
entire human body with a density varying from 60 glands/
cm2 on the back to 600 glands/cm2 on the palms and soles 
[117]. The maximal sweat rate is about 2–20 nl/min per 
gland [118]. The face has about 250 glands/cm2 and thus 
the maximal facial sweat rate should be about 0.5–5 µl/
min per cm2 or 5–50 ml/min per m2. Sweat is a hypotonic 
solution that contains mainly sodium chloride, potas-
sium, and bicarbonate, as well as certain inorganic com-
pounds such as lactate, urea, and ammonia [116, 118].

Tests of autonomic thermoregulatory function are com-
plex [90] and the measure of sweat output is just one of the 
aspects assessed. Tests of sweat output function measure 
the production of sweat by a group of sweat glands and 
these tests could be classified as: (1) topographic, where 
a chemical reaction provides a view of the anatomic lo-
cation of sweat secretion; (2) electric, where a change of 
skin impedance by the humidity of sweat is measured; 
and (3) thermodynamic, where the skin humidity is evap-
orated and a “sudometer” measures the thermal mass of 
the air stream [90]. Advantages of the electric and ther-
modynamic tests include the possibility of repeated and 
dynamic measures, while topographic tests give a better 
representation of surface and anatomic distribution.

The ideal test method for gustatory sweating should 
provide topographic information and quantification of 
the amount of sweating. While dynamic measures might 
be interesting in investigational studies, their use in clini-
cal practice is of limited value. Further characteristics 
of the test should include: (1) simplicity (one-step); (2) 
sensitivity; (3) reliability; (4) adequate dynamic range, so 
that different sweating rates could be appreciated; (5) ab-
sence of toxicity and allergenicity of the agents used; (6) 
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easy removal from the skin of the applied agents; and (7) 
low cost [36, 117].

The most frequently used method of sweat secretion 
assessment for gustatory sweating was originally de-
scribed by Victor Minor, a Russian neurologist [96]. The 
original solution described contains 1.5 g iodine, 10 g 
castor oil, and 88.5 g of absolute alcohol and is painted on 
the skin to be tested. Actually, any colored iodine solution 
used for disinfections, such as Betadine, will work [49]. 
After drying, the areas are powdered with starch (regular 
baking corn starch works fine). The water in the sweat 
produces blue coloring by a reduction reaction of the io-
dine-starch mixture. With limited sweat production, the 
apertures of individual sweat glands are marked as small 
blue dots, while with larger amounts of sweat secretion 
the blue dots are larger and eventually become confluent. 
Therefore, the Minor test is seen as a topographic method 
allowing accurate mapping of the involved surface.

Disadvantages of the Minor test include the necessary 
application of several layers of reagents, the difficulty of 
removing the iodine paint, the possible allergy to iodine 
[119], and the difficulty of using the method with heavy 
perspiration, since the sweat tends to drip down, ob-
scuring the assessment of the more dependently located 
skin [36]. While it could be seen as objective, it is not a 
quantitative test and therefore might not be suited for the 
comparison of two treatments [34, 35]. In addition the 
topographic information provided by the Minor test is 
cumbersome to use with the newer treatments involving 
local intradermal injections, because the applied reagents 
should be removed and the skin disinfected prior to in-
jection while maintaining the topographic mapping.

Several modifications of the Minor test have been 
proposed but all of these share the inconveniences of the 
original test [1, 36]. Randall [109], noting that some pa-
pers have starch coatings, modified the method by using 
paper instead of starch, but continued to paint the skin 
with the iodine-based mixture. Dole and Thaysen [26] 
further simplified the process by the use of paper that was 
coated with iodine. Unfortunately this method seems to 
have been forgotten until recently [36].

We recently applied two techniques for the evaluation 
of gustatory sweating [36]. The blotting paper method 
simply uses the difference in weight of a piece of blotting 
paper before and after gustatory stimulation. In the io-
dine-sublimated paper histogram (ISPH) method, regu-
lar office paper is sublimated with iodine and acquires 
the property of changing color when wetted. The paper is 
than digitized and a histogram algorithm applied to mea-

sure the area of color change [36]. A calibration of these 
tests with known and appropriate quantities of saline was 
performed and an excellent correlation found.

These tests (blotting paper and ISPH) satisfy most of 
the requirements of an ideal sweat test: quantitative test, 
simplicity, sensitivity, reliability, adequate dynamic range, 
absence of toxicity and allergenicity, easy removal from 
the skin of the applied agents, and low cost. In addition, 
these two tests give complementary data. While the quan-
titative data obtained with the blotting paper method is 
excellent, the topographic information is suboptimal. The 
topographic data of ISPH technique is excellent, provid-
ing a mirror image of the facial sweating area.

Incidence

The reported incidence of gustatory sweating after paroti-
dectomy is highly variable and “depends on the diligence 
with which it is sought and the time-interval from sur-
gery” [132]. The publications of Laage-Hellmann [74–77] 
in the late 1950s constitute the first serious attempt to 
study this problem. A group of 123 patients who un-
derwent a parotidectomy was evaluated retrospectively 
with a questionnaire and clinical testing. On question-
ing, 62% of the patients complained of problems during 
eating: 22% had both sweating and flushing, 26% had 
sweating only, and 14% had only flushing. When a gusta-
tory stimulus was used, flushing was observed in 92% of 
patients, and 98% of patients exhibited a positive Minor 
test. Laage-Hellmann [74–77] concluded that gustatory 
sweating is an unavoidable sequel of parotidectomy that 
is not overtly symptomatic in all patients. The incidence 
of clinical and objective gustatory sweating following pa-
rotidectomy in publications using an objective evaluation 
technique is summarized in Table 5.2.

The severity of the gustatory sweating was judged mod-
erate by 58% of patients, important by 15%, and embar-
rassing by 27% [74]. Lower percentage of important and 
embarrassing symptoms have been found in other studies 
[88]. The correlation between the severity of sweating and 
intensity of the Minor test was not good [39, 74].

More recently, the clinical severity has been correlated 
to the surface involved [79, 88] and to the extent of pa-
rotid surgery (superficial versus total) [46, 53, 79]. There 
has been an ongoing debate on the role of the thickness of 
the flap raised prior to the actual parotidectomy, as origi-
nally suggested by Singleton and Cassisi [129]. Others 
have not substantiated this point of view [88].
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The delay between parotidectomy and the appearance 
of gustatory sweating was examined by sequential Mi-
nor tests by Laage-Hellman [77]. The minimal delay was 
5 weeks and the median delay for a positive Minor test 
was approximately 8 weeks. The test was positive before 
patients started to complain about gustatory sweating. In 
some patients, the test became positive at 9 months and 
in less then 1% of patients did gustatory sweating appear 
after 1 year. While most other authors [84, 88] have con-
firmed this timeframe, clinical manifestation of gustatory 
sweating have been reported to appear up to 8.5 years af-
ter parotidectomy [60].

Available Treatments

The treatment modalities proposed for gustatory sweat-
ing can be classified in five main groups: (1) external ra-
diotherapy; (2) local or systemic application of anticho-
linergic drugs; (3) section of some portion of the efferent 
neural arc; (4) interposition of a subcutaneous barrier, as 
used for Frey’s syndrome prevention; and (5) injection of 
botulinum toxin in the involved skin. Considering that 

the symptoms are not always very troublesome, it is im-
portant that the treatment itself does not result in more 
serious side effects.

Radiotherapy

Radiotherapy was first attempted by Needles [101]. In 
Laage-Hellman’s studies irradiated patients had a lower 
incidence of gustatory sweating [74], with the involved 
surface often outside the radiotherapy fields. Similar hints 
can be drawn from other publications [4, 23, 88], indicat-
ing that should radiotherapy be indicated, the expected 
incidence and severity of gustatory sweating will be low.

Anticholinergic Medication

The attempts to treat gustatory sweating with systemic 
anticholinergic medications [101] were put to rest by the 
study of Shelley and Horvath who showed that none of 
the substances available could be used in accepted doses 
to reduce the sweating produced by 0.1 cc intradermal 

Table 5.2. Incidence of Frey’s syndrome

Author Year Number 
of patients

Incidence 
of clinical Frey’s 
syndrome (%)

Incidence 
of objective Frey’s 
syndrome (%)

Laage-Hellman [74] 1958 123 62  98

Kornblut et al. [69] 1974  35 43  97

Gordon and Fiddian [53] 1976  50 34 100

Farrell and Kalnins [39]a 1991  21 14  43

Yu and Hamilton [146] 1992  35  6  14

Allison and Rappaport [2] 1993  35 83  87

Linder et al. [88] 1997  26 43  96

Nosan et al. [104] 1991  23 44  70

Dulguerov et al. [35] 1999  24 53  76

Laskawi et al. [84] 1998  81 63 100

Cavalot [16] 2000  86 47  86

Incidence of Frey’s syndrome in the literature using questioning (clinical) and objective testing. No Frey’s syndrome prevention 
techniques were used in these patient cohorts
a Farrell and Kalnins [39] used a modified Minor test with Betadine and four of their patients underwent postoperative radiation 
therapy. Modified from Dulguerov et al. [35]
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injection of pilocarpine [128]. In addition, these authors 
showed that local iontophoresis or application of anticho-
linergic drugs such as scopolamine could be used to re-
duce sweating [128]. Laage-Hellman was the first to apply 
scopolamine (3% cream) for the treatment of gustatory 
sweating [77], with symptom reduction in male and abo-
lition in female patients. The difference was tentatively 
explained by a thinner female skin. Double-blind studies, 
have shown topical glycopyrrolate [60, 61, 94], aluminum 
chloride [11, 63, 122], and diphemanil methylsulfate [80] 
to be superior to placebo. Few patients experienced mi-
nor side effects such as dry mouth. However, the popu-
lation in each of these studies was small, and only one 
publication is available on patients treated with these 
drugs for longer periods [61]. Despite the effectiveness 
of these preparations, patients seem, in the long run [88], 
to abandon the cumbersome daily application requiring 
skin drying with a hairdryer and avoiding shaving for 
12 h [132]. In addition, skin wounds or infection, as well 
as application to the mucosa of the eyes, mouth, and nose 
result in an enhanced absorption and side effects [60].

Interruption of the Efferent Pathway

Section of the auriculotemporal nerve was originally de-
scribed by Leriche for the treatment of traumatic parotid 
fistula [87]. Coldwater [19] and more recently Debets and 
Munting [25] attempted auriculotemporal nerve section, 
with only partial and temporary decrease of the symp-
toms [57]. Also, the access to this deeply located region is 
complex and carries the risk of injuring several important 
structures, including the facial nerve. At the other end of 
the efferent pathway, a division of the intracranial portion 
of the glossopharyngeal nerve was done by Gardner and 
McCubbin [45], with a good result lasting 5 years in one 
patient and a short period of relief in a second one. Be-
cause of the extensive surgery, this therapy has not been 
pursued.

Hemenway [62] in 1960 suggested interrupting the 
efferent neuronal pathway at the level of the middle ear, 
by sectioning the tympanic nerve of Jacobson. The first 
such procedure for gustatory sweating was carried out by 
Golding-Wood, who named it “tympanic neurectomy” 
[51], in three patients with apparently excellent results. 
Other authors’ experience [57, 60, 106, 113] has been less 
enthusiastic: all patients were initially improved, but a 
longer follow-up was associated with recurrence of symp-

toms in most cases. While tympanic neurectomy appears 
to be based on solid physiopathologic grounds, does not 
seem too risky, and can be done under local anesthesia, 
the paucity of recent reports probably attests its lack of 
effectiveness.

Surgical Interposition

Sessions et al. [125] pioneered the use of a barrier be-
tween the facial skin and the parotid bed in the treatment 
of established Frey’s syndrome. They used the surgical 
interposition of a fascia lata graft in four patients with ex-
cellent results. This technique appeared to be effective in 
the small group of patients reported [125, 141]. Probably 
a major deterrent of its use is the risk of facial nerve pa-
ralysis during reoperation, since the nerve lies just under 
the skin after superficial or total parotidectomy. A varia-
tion of this technique with the use of a pedicled temporal 
fascia has been reported [114] in a case without prior fa-
cial nerve dissection.

Botulinum Toxin

The injection of botulinum A toxin in the skin involved by 
gustatory sweating was recently proposed by Drobik and 
Laskawi [28]. Following their case report, the technique 
has been progressively adopted [3, 9, 10, 16, 28, 34, 38, 55, 
73, 78, 81, 84, 100, 108, 137]. Numerous advantages can 
be cited for the use of botulinum toxin in the treatment of 
Frey’s syndrome. The substance is relatively well known 
and has been used for a variety of pathologies in the last 
25 years with few side effects [66]. Its use is rather simple 
in the office setting, and avoids complex procedures in 
the operating room. The only disadvantages are the pain 
associated with the needle sticking and the secondary re-
luctance of some patients to be stuck, especially on the 
face.

Mechanism of Botulinum Toxin Action

Eight serotypes (A, B, Cα, Cβ, D, E, F, and G) of botulinum 
toxins are produced by different strains of the anaerobic 
bacteria Clostridium botulinum of which only four (A, B, 
E, and F) are toxic to humans [71]. Although these sero-
types are structurally (dimers of a large 150-kD and light 
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50-kD chains) and functionally (acetylcholine release in-
hibition) similar, they represent different pharmacologic 
entities because of the differences in membrane receptor 
binding sites and intracellular targets.

The action of botulinum toxins is that of highly specific 
endopeptidases that cleave cytosol proteins involved in 
the fusion of exocytosis vesicles with the cell membrane 
[97], with type A toxin acting on synaptosome-associ-
ated protein (SNAP)-25 [14] and type B toxin acting on 
vesicle-associated membrane protein (VAMP) [120]. This 
action is highly specific for cholinergic synapses because 
the specific membrane proteins required for the internal-
ization of botulinum toxins are found only in the presyn-
aptic endings of cholinergic synapses [18]. By blocking 
the exocytosis mechanism of the presynaptic terminal, 
the release of acetylcholine is inhibited. The synapse re-
mains intact but is non-functional and for neuromuscu-
lar junctions results in muscle paralysis. The recovery of 
function is due to collateral sprouting from the same or 
other axons and the formation of new synapses.

Practical Aspects

Botulinum toxin A has been approved by the Food and 
Drug Administration (FDA) since 1989 and is commer-
cially available as Botox (Allergan, Irvine, CA) and Dys-
port (Speywood Pharmaceuticals, Maidenhead, UK). In 
the USA only Botox is available and FDA approved for 
muscular dystonia, blepharospasm, and glabellar rhytids. 
Type B toxin has more recently become available as Myo-
bloc in the USA and Neurobloc in Europe (Elan Pharma-
ceuticals, San Francisco, CA) and is approved by the FDA 
for cervical muscular dystonia [27].

A Botox vial contains 100 IU of botulinum toxin A, 
0.5 mg of human albumin, and 0.9 mg of NaCl as a ster-
ile powder that can remain in a refrigerator for at least 
24 months. A Dysport vial contains 500 IU of type A 
toxin–hemagglutinin complex, 125 g of albumin solu-
tion, and 2.5 mg of lactose in a sterile powder form. Botox 
is diluted with 2–5 ml of 0.9% saline solution, while 1 ml 
is typically used for Dysport [27]. The solution should 
also remain refrigerated and is said to lose potency after 
a few hours. Lowe demonstrated that 1 IU of Botox was 
approximately equivalent in potency to 4 m.u. of Dysport 
for the treatment of hyperfunctional upper facial expres-
sion lines [92], however more recent data seem to indi-
cate a factor of 3 [112].

The practical considerations for botulinum toxin treat-
ment in Frey’s syndrome include:

Mapping of the facial surface to be treated by a tech-
nique described earlier; we use the ISPH method 
because it gives excellent topographic information 
without dripping and staining [34]. With any tech-
nique the contour of the area to be injected is drawn 
on the patient’s face.
A grid of 1 cm squares is drawn either physically on 
the face or an “imaginary” one is created by the physi-
cian. We prefer the latter approach and use the minute 
bleeding from the needle puncture sites as guides.
If anesthetic is to be used it should be applied at this 
time. Local anesthetic cream (EMLA, Astra, Sweden) 
is what we have used occasionally.
The delimited area is injected at sites 1 cm apart which 
are infiltrated with 0.1 ml (5 IU) of a solution contai-
ning botulinum toxin at a concentration of 5 IU/0.1 ml 
(2 cc per bottle of Botox powder) [34]. The injection 
should be strictly intradermal, rising tiny wheals at 
each injection site. A light massage of the area is used 
for local diffusion.

While a consensus on the exact botulinum toxin injec-
tion modalities for gustatory sweating treatment is lack-
ing, experimental data favor the 10-mm inter-injection 
distance and an injection dose of 0.1 ml (Table 5.3). The 
10-mm inter-injection distance is supported by the data 
of Shaari and Sanders for neuromuscular junctions [126]: 
injections 10 mm away from the motor end plate band 
of rat tibialis anterior muscle are ineffective in inducing 
paralysis. In the same experimental system, increasing 
the dose and volume of botulinum toxin resulted in in-
creased paralysis. A 20-fold increase in dose doubled the 
paralysis; however, little gain was achieved with injection 
doses above 5 IU [126]. As far as volume is concerned, a 
100-fold increase in volume was necessary to double the 
paralysis [126].

Studies on human sweat glands partially support these 
data [71]. Small volumes of concentrated botulinum 
toxin have the advantage of minimizing the diffusion and 
possible side effects. However, if side effects do occur they 
would be more disabling because of the higher concen-
tration [126]. We [34] and others [55] used a concentra-
tion of 50 IU/ml, with the idea that a smaller volume of 
injection will produce less discomfort and be more effica-
cious. This is probably necessary in zones with intense fa-
cial gustatory sweating. Others [10, 78, 81, 84, 100] have 
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obtained good results with a lower dilution (25 IU/ml), 
and this dosage might be advantageous in patients who 
have a large surface of gustatory sweating. Guntinas-
Lichius compared two concentrations of botulinum toxin 
and found that the higher concentration is associated 
with longer recurrence-free intervals [55]. However, a 
total dose per patient should remain limited to less than 
100 IU per session.

Side Effects

We did not experience any facial paralysis side effects of 
the botulinum toxin injection, as reported by others [9, 10, 
81]. It is difficult to understand how a strictly intradermal 
injection can result in paralysis of facial nerve branches, 
because the membrane receptors responsible for the cho-
linergic specificity of botulinum toxins are located only in 
the presynaptic terminals and not in nerve fiber trunks. 
Therefore, the most plausible explanation of this rare and 
partial temporary paresis [9] is an injection deep to the 
dermis and/or diffusion to facial motor end plates.

The pain associated with the needle injection was eval-
uated by our patients to be minimal (2/10 on an analog 

visual pain scale) [34], a result found also in other studies 
[10, 81]. The use of local anesthetic cream (EMLA, Astra, 
Sweden) might be tried in the few patients reluctant to 
undergo this procedure [10].

Since the various botulinum toxins are foreign pro-
teins it is surprising that the incidence of antibodies and 
allergic reaction is low. The development of antibodies 
seems related to the amount of protein load injected and 
the shortness of the interval between injections [27]. The 
incidence was about 5–10% with the original Allergan 
batch (#79-11) but has decreases to less than 1% with cur-
rent Botox preparations [27, 67]. There is no overt hyper-
sensitivity reaction but the blocking antibodies result in 
decreased effectiveness of the botulinum toxin prepara-
tion. These patients could benefit from botulinum toxin B 
or F preparations.

Therapeutic Results

In our and most published series, all patients treated have 
a complete resolution of their clinical symptoms. Lower 
total doses per patient were used by Arad-Cohen and 
Blitzer resulting in the necessity to repeat the injections 

Table 5.3. Botulinum toxin treatment of Frey’s syndrome

Study Year Patients Botox dilution 
(U/ml)

Inter-injection 
distance (cm)

Dose per 
injection

Dose per 
patient (U)

Maximal 
dose used

Bjerkhoel [10] 1997 14 25 1 0.1 ml 38±12  62.5

Naumann [100] 1997 45 20 1.5 0.05–0.1 ml 21±14  72

Laccourreye [81] 1998 12 25 1 0.1 ml 65  88

Laskawi [84] 1998 19 25 2 0.1 ml 31 100

Cavalot [16] 2000 40 25 1 0.1 ml  ? 200

Dulguerov [34] 2000 16 50 1 0.1 ml 41±22  75

Guntinas-Lichius [55]a 2002 20 25 1 0.1 ml 37±9   ?

20 50 1 0.1 ml 62±20   ?

Beerens [9]a 2002 13 20 2 0.1 ml 25  38

Tugnoli [137]a 2002 17 20 1.5 0.1 ml 25–55  55

Eckardt [38] 2003 33  ? 1.5 1 IU 16–80  80

Principal characteristics of botulinum toxin injections used for the treatment of Frey’s syndrome. Only publications with more than 
10 patients were included. Data from Kuttner et al. [73] were not tabulated because several of the selected parameters could not be 
extracted
a The botulinum toxin preparation used was Dysport and the Botox equivalents are approximate, with a presumed equivalence of 
1 IU Botox = 4 m.u. Dysport [92]. Modified from Dulguerov [35]
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several times prior to obtaining a complete response [3]. 
In our study, objective testing demonstrated a decrease of 
the surface involved from 29±22 cm2, before treatment, 
to 0.6±0.4 cm2, after treatment [34].

The duration of the effect of botulinum toxin on gus-
tatory sweating is rather long lasting, with an average 
of 15 months [9, 78, 84]. An actuarial estimate puts the 
clinical gustatory sweating recurrence at 1, 2, and 3 years 
at 27%, 63%, and 92%, respectively [78]. The severity of 
the recurrent Frey’s syndrome was found to be reduced 
when compared to that of the initial episode and retreat-
ment with botulinum toxin was still effective [78]. A clear 
explanation for this longer timeframe relative to neuro-
muscular indications is lacking, but different possibilities 
have been suggested [84], such as an atrophy of the sweat 
glands, poor sprouting of autonomic fibers, and increased 
scarring impeding regenerating axons.

  Take Home Messages

→ Frey’s syndrome is an almost unavoidable com-
plication of parotidectomy, if no preventive tech-
niques are employed.

→ Frey’s syndrome occurs months to years after sur-
gery and is explained by aberrant regeneration of 
parasympathetic sialogogue fibers to cutaneous 
sweat glands.

→ The treatment of Frey’s syndrome with botu-
linum toxin is effective and is, in experienced 
hands, almost free of complications.
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  Core features

• Sialendoscopy can be either a diagnostic or an 
interventional procedure.

• Diagnostic sialendoscopy is an evaluation proce-
dure that aims to replace most of the radiological 
investigations of the salivary ductal system.

• Interventional sialendoscopy, alone or combined 
with external surgery, is an operation for obstruc-
tive salivary ductal pathology.

  

Complications to Avoid
The diameter of Wharton’s duct is 2–3 mm in 
the normal gland, and Stensen’s duct is less than 
2 mm, so endoscopes of smaller diameter than 
these measurements must be used.
Avoid sialendoscopy during an acute inflamma-
tory process because of the increased fragility of 
the ductal system.

Introduction

Salivary gland pathologies are traditionally divided into 
neoplastic and non-neoplastic, the latter being further 
subdivided into inflammatory and non-inflammatory 
[48, 49]. The advent of new endoscopic techniques [31, 
33] allows a complete exploration of the salivary ductal 
system and a precise evaluation of its pathologies. This 
new approach helps to support the division of non-neo-
plastic salivary gland diseases into: (1) parenchymal, 
which require traditional treatments, or (2) ductal, which 
can, in the majority of cases, be handled endoscopically.

Sialendoscopy [31, 35, 42] aims to visualize the lu-
men of the salivary ducts, as well as to diagnose and treat 
ductal diseases. Because of the required equipment, the 
complexity, the duration, and the potential complications 
of the procedure, it appears important to distinguish two 
different procedures: diagnostic sialendoscopy and inter-
ventional sialendoscopy [34]. Diagnostic sialendoscopy 
is an evaluation procedure that aims to replace most of 
the radiological investigations of the ductal system. Inter-
ventional sialendoscopy, alone or combined with external 
surgery (see Chapter 7, Removal of Calculi or Strictures 
in Salivary Ducts that Cannot be Removed by Sialendos-





copy), must be considered as an operation on the obstruc-
tive ductal pathology, avoiding almost totally the removal 
of the salivary gland.

Anatomical Considerations

The papilla of Wharton’s duct is extremely thin and dif-
ficult to catheterize. By entering Wharton’s duct, the bi-
furcation toward the sublingual gland appears immedi-
ately, followed by a relatively long main duct that divides 
within the gland. A sphincter mechanism has been dis-
cussed in the literature, but so far no convincing demon-
stration has been published. The diameter of Wharton’s 
duct is approximately 2–3 mm in the normal gland, and 
it is possible to explore the second, third, and occasion-
ally the fourth generation branches (Figs. 6.1, 6.2). In the 
parotid gland, the papilla has a wider opening, allowing 
easier catheterization. The overall diameter of the duct is 
about 1 mm smaller than the submandibular duct, but its 
endoscopic appearance is similar (see Fig. 6.1).

As the diameter of Stensen’s is often less than 2 mm, it 
is impossible to explore it with a large endoscope without 
producing local trauma to the duct. After having passed 
the masseter muscle angle, the parotid ductal divisions 
occur earlier than those in the submandibular duct. As the 
gland extends into wider and broader territory, it is pos-
sible to explore the second, third, fourth, fifth, and even 
more branches (Fig. 6.2). Both glands can be explored, 
almost to the end of the anatomical limits of the gland, as 
the ductal size does not decrease rapidly (Fig. 6.3).

Sialolithiasis

Sialolithiasis results in a mechanical obstruction of the 
salivary duct, causing repetitive swelling during meals, 
which can remain transitory or can be complicated by 
bacterial infections [7, 28]. Traditionally, recurrent epi-
sodes of infection lead to open surgery and sialolithiasis 
still represents the most frequent indication for excision 
of the submandibular gland [5, 15].

Epidemiology

Sialolithiasis is the main cause of unilateral diffuse pa-
rotid or submandibular gland swellings. Its incidence 
has been poorly studied, but seems to be much higher 
than the classic Rauch data of 1/300,000. In a study based 
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Fig. 6.1: Wharton’s duct. a First few centi-
meters of Wharton’s duct. b Junction of the 
sublingual duct. c Main duct. d First genera-
tion branches. e Second generation branches. 
f Third generation branches

Fig. 6.2: View of both ductal systems. Parotid ducts 
are smaller in diameter, with more branching than 
submandibular ducts



on admission figures in England, Escudier and McGurk 
[10] have estimated this incidence between 1/15,000 and 
1/30,000. Personal data, based on consultations in both 
the private and public sectors, report an incidence be-
tween 1/5,000 and 1/10,000.

According to past autopsy studies [46] sialolithiasis 
is supposed to affect 1% of salivary glands. However, its 
frequency is most probably underestimated due to the 
poor sensitivity of outdated methods of detection and an 
absence of treatment options for intraglandular calculi, 
leading to more conservative approaches.

According to most published data [10, 28], salivary cal-
culi are localized in the submandibular gland in 80–90% 
of cases. However, in our experience, parotid glands are 
affected more frequently (up to 40%), a difference pos-
sibly explained by the sensitivity of the new detection 
methods used [36, 37]. Probably for similar reasons, we 
found a high incidence of multiple calculi, with multiple 
sialolithiasis in 58% (29 out of 50) of parotid [37] and 
29% (31 out of 106) of submandibular [36] glands.

The annual growth rate of established salivary cal-
culi has been estimated to be 1 mm per year [46]. They 
vary in shape, being either round or irregular. The size 
ranges from 2 mm to 2 cm, the average being 3.2 mm 
and 4.9 mm, respectively, for parotid and submandibular 
stones, according to two recent studies [36, 37], a find-
ing that emphasizes the need for fragmentation before 
extraction of these stones.

Pathophysiology

Calculi are composed of organic and inorganic sub-
stances, in varying ratios. The organic substances are gly-
coproteins, mucopolysaccharides, and cellular debris [4]. 
The inorganic substances are mainly calcium carbonates 
and calcium phosphates. Calcium, magnesium, and phos-
phate ions contribute each between 20% and 25%, with 
other minerals (Mn, Fe, Cu) composing the remaining. 
The chemical composition consists mainly of microcrys-
talline apatite, Ca5(PO4)3OH, or whitlockite, Ca3(PO4)2 
[57]. Apatite is the most frequent component present 
throughout the calculus, while whitlockite is mainly 
found in the core [2, 57]. The formation of either form de-
pends on the concentrations of calcium and phosphorus, 
with low concentrations favoring the formation of apatite, 
while whitlockite is formed when the concentrations are 
high [24]. Other crystalline forms include brushite and 
weddellite, which are present in small amounts, mainly 
at the periphery of calculi [57]. These forms might be the 
initial form of calcium deposition, followed by subse-
quent remodeling into apatite [57].

Often, the organic substances predominate in the 
center of the calculus, while the periphery is essentially 
inorganic [4, 57]. The presence of bacteria in calculi has 
been suggested by scanning electron microscopy aspects 
[26], where oval, elongated shapes are identified. A recent 
polymerase chain reaction (PCR) study found bacterial 
DNA, mainly of oral commensals belonging to the Strep-
tococcus species, in all examined calculi [55].

The exact pathogenesis of sialolithiasis remains un-
known, and various hypotheses have been proposed 
[4]. The first is based upon the existence of intracellular 
microcalculi which when excreted in the canal become 
a nidus for further calcification [8, 16]. The second pos-
sible hypothesis is that bacteria present within the oral 
cavity might migrate into the salivary ducts and become 
the nidus for further calcification [32]. Both hypotheses 
suppose an initial organic nidus that progressively grows 
by the deposition of layers of inorganic and organic sub-
stance.

The etiologic agents responsible for sialolithiasis have 
remained elusive. Sheman and McGurk attempted to cor-
relate the geographic distribution of hard water and sali-
vary calculi in the UK [54]. This study indicated that no 
link between hard water and sialolithiasis or sialadenitis 
could be demonstrated, suggesting that high calcium in-
take might not lead to salivary calculi. In rats, experimen-
tal hypercalcemia failed to result in sialoliths [9].

Fig. 6.3: External view of the tip of the endoscope during pa-
rotid sialendoscopy. The endoscope can be advanced to the ana-
tomical limits of the gland
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There is recent interest in the effects of tobacco on sa-
liva. Tobacco smoking has been shown to affect saliva in 
chronic smokers resulting in an increased cytotoxic activ-
ity, a decreased polymorphonuclear phagocytic ability, a 
reduction of salivary amylase, as well as a reduction of 
salivary protecting proteins, such as peroxidase [41]. If 
cigarette smoke impairs the phagocytic and protective 
functions of saliva, the hypothesis of a link between in-
fection and sialolithiasis could be supported. In a recent 
epidemiological study examining the nutrition and other 
behaviors of patients suffering from sialolithiasis, we have 
found tobacco smoking to be the only positive correla-
tion.

Classic Treatment of Sialolithiasis

The classic management of sialolithiasis is antibiotic and 
anti-inflammatory treatment, hoping the calculi will be 
expelled spontaneously through the papilla. In cases of 
submandibular calculi located close to Wharton’s papilla, 
a marsupialization (sialodochoplasty) is performed and 
the calculus removed [44, 50]. Interestingly, although 
sialolithiasis is the most frequent reason for excision of 
the submandibular gland [51], often the calculi are left in 
the Wharton’s duct remnant [15]. In cases of posteriorly 
located submandibular or parotid calculi, a conservative 
approach is adopted whenever possible, probably because 
parotidectomy for infectious conditions is associated with 
a higher incidence of facial nerve complications [12].

It is commonly believed that a gland suffering from si-
alolithiasis is no longer functional [38]. Our recent clini-
cal-pathological study of submandibular glands removed 
for sialolithiasis revealed the following: (1) no correlation 
between the degree of gland alteration and the number 
of infectious episodes; (2) no correlation between the 
degree of gland alteration and the duration of evolution; 
and (3) despite appropriate indications for removal of the 
submandibular gland, close to 50% of the glands removed 
were histopathologically normal or close to normal [38]. 
A conservative approach even in long-standing sialoli-
thiasis therefore appears justified.

External lithotripsy, initially reported by Iro and col-
leagues in the early 1990s [17], was popular in Europe, 
but requires several sessions at intervals of a few weeks. 
Once fragmented, calculi are supposed to pass sponta-
neously, since no stone extraction is described with this 
technique. The remaining debris can be seen as the ideal 
nidus for further calcification and recurrence of sialoli-

thiasis. Success rates up to 75% for the parotid, and up 
to 40% for the submandibular gland are reported [1, 14, 
17, 19, 20, 45, 47]. The success rate seems similar for ex-
ternal and intraductal lithotripsy [3, 14, 21, 25]. While 
sialendoscopy might become an adjuvant procedure to 
external lithotripsy to retrieve the fragments, we see little 
utility in de novo investing in such expensive equipment 
(see below). In addition, these techniques could result in 
significant damage to the gland.

Since the first trials of retrieving stones blindly with 
a basket under radiological control [23, 53], other tech-
niques for sialolithiasis fragmentation have been de-
scribed, such as electrohydraulic [26] and pneumoblastic 
devices [18]. Electrohydraulic devices, initially described 
as promising [26], have been proven to be of low effi-
ciency at low voltages. At higher voltages, although we 
have found that destruction was possible, injuries of the 
duct wall have been described and the technique criti-
cized [20]. Pneumoblastic devices are based on the deliv-
ery of mechanical energy to the stone. While no clinical 
trials using this technique have been published for sali-
vary gland calculi, in vitro studies tend to emphasize the 
risks of wall perforations of the duct [18].

Other Ductal Pathologies

The strictures of ductal systems in both glands can be di-
vided into four types (Fig. 6.4). Type I consists of mem-
branous strictures, thin and localized, usually located in 
second and higher generation branches. Type II consists 
of large (but less than 1 cm) strictures usually affecting 
the main ducts. Type III are diffuse strictures affecting 
the main duct with a normal intraglandular ductal sys-
tem. Type IV are stenotic processes affecting the whole 
ductal system and can be divided into type IVa (dif-
fuse reduction of caliber without other strictures) and 
type IVb (diffuse reduction of caliber associated with ir-
regular strictures).

Indications and Contraindications

The indications for sialendoscopy are all salivary gland 
swellings of unclear origin [34], including swellings as-
sociated with calculi, strictures, inflammation, or tu-
mor, and other processes that may cause obstruction 
of the duct [11, 29, 30]. Adults and children are both 
included.
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Calculi are either grasped with the basket or forceps 
when they float in the lumen, or fragmented with a laser 
beam before retrieving the fragments. Strictures can be 
dilated with balloon catheters under endoscopic vision, 
or with metallic guides. A large calculus or a tight stric-
ture might require extending the anesthesia and the surgi-
cal approach. Therefore, advanced age and poor medical 

condition of each patient and the severity of the disease 
might constitute relative contraindications.

Contraindications widely accepted are acute inflam-
matory processes. Salivary gland infection and inflamma-
tion leads to an increase of fragility of the ductal system, 
and increases the risk of perforation during sialendoscopy 
[29]. There are also technical contraindications, related to 
the equipment used (if a small diameter sialendoscope is 
not available in case of diffuse stenosis) or to the patient’s 
anatomy (accessibility of stones and strictures). These 
factors constitute the main limitations of interventional 
sialendoscopy.

There are no other specific contraindications, mostly 
because diagnostic sialendoscopy is an outpatient proce-
dure, performed under local anesthesia, and minimally in-
vasive. Even elderly or unstable patients, unable to undergo 
a general anesthesia, can benefit from this technique.

The main technical limitations of interventional sialen-
doscopy alone (without combining an external approach) 
at the present time are calculi that are located far posterior 
or a duct with a stricture that renders the progression of 
the endoscope difficult and the dilatation impossible.

The course of the duct puts certain limitations on 
semirigid sialendoscopy, especially if sharp curvatures 
of the duct prevents the scope from being advanced. The 
main previously described limitation being the size of the 
sialendoscope has drastically changed since the develop-
ment of the most recent generation of “all-in one” sialen-
doscopes. The variety in sizes now allows for exploration 
of almost all salivary ducts.

Manipulation of small-sized endoscopes in large chan-
nels is difficult, as well as introduction of an overly large 
endoscope into a stenotic duct. Maneuvering within the 
narrow salivary ducts has to be absolutely atraumatic be-
cause of the risk of ductal perforation and unpredictable 
secondary consequences. Significant trauma to the wall 
of the duct could result in later stenosis.

Equipment

Salivary Probes

Salivary probes are commercially available in 12 sizes. 
The tip design is extremely important to make the use 
of the probes as atraumatic as possible. Classic buttoned 
salivary probes are not suitable for this technique. Sali-
vary probes should not be introduced too far to minimize 
trauma to the duct or perforation (Fig. 6.5a).

Fig. 6.4: Various types of stenotic processes. From top to bottom: 
type I: membranous stricture, type II: large stricture, type III: 
diffuse stenosis of main duct, type IV: diffuse generalized steno-
sis (type IVa without localized strictures, type IVb with multiple 
localized strictures)
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Conic Dilator

The specially designed dilator shown in Fig. 6.5b should 
be used intermittently between the uses of salivary probes 

for gentle dilation of the papilla. As it is a non-invasive 
procedure, there should be minimal trauma to the pa-
pilla, and the systematic use of marsupialization, as pro-
posed by others [43], should be avoided.

Sialendoscopes

The technology of the endoscopes we developed over the 
last 10 years evolved over four generations: free optical 
fiber, flexible endoscopes, and two generations of semi-
rigid endoscopic devices of various diameters (with The 
Karl Storz Company). The third-generation multipur-
pose endoscopes comprised two endoscopes of different 
sizes and various sheaths, allowing for diagnostic and 
interventional sialendoscopy. The last generation of si-
alendoscopes could be called “all-in-one” sialendoscopes 
because they have an integrated irrigation channel that 
may also be used for introducing small-sized operating 
instruments (Fig. 6.6).

Fig. 6.6: All-in-one sialendoscope with basket in working chan-
nel

Fig. 6.5: Instruments. a Salivary probes. 
b Conic dilator. c Hollow rigid bougies. 
d Balloon dilators. e Forceps, 0.8 mm diam-
eter. f Baskets for removal of calculus
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Multipurpose Sialendoscopes

Diagnostic sialendoscopy requires that the miniature en-
doscope be available in two sizes, 0.75 mm for pediatric 
or stenosed ducts and 1 mm in diameter for adult/non-
stenotic ducts. The irrigation channel is formed by the 
tiny gap between the scope and the lumen of the exami-
nation sheath.

Interventional sialendoscopy requires that the exami-
nation sheath be replaced by a special operating sheath 
with an irrigation channel and one integrated working 
channel. Operating sheaths are available in three sizes, 
with inner diameters of 0.65, 0.9, and 1.15 mm. Depend-
ing on their size, they allow the passage of balloon dila-
tors, forceps, and baskets (Fig. 6.7).

All-in-one Sialendoscopes

These endoscopes may be used for both diagnostic and 
interventional procedures eliminating the need for 
changing the instrument. They are available in four dif-
ferent diameters:
1. The 0.89-mm sialendoscope allows for exploration 

of small pediatric ducts, or fibrous/stenotic ducts. 
The device is also used to perform dacryocystorhi-
nostomies. The working/rinsing channel measures 
0.3 mm.

2. The 1.1-mm sialendoscope is suited for both diag-
nostic and interventional procedures, with a working 
channel of 0.4 mm and a separate rinsing channel of 
0.3 mm.

Fig. 6.7: Multipurpose sialendoscope. a With 
forceps in working channel. b With balloon 
catheter in working channel
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3. The 1.3-mm sialendoscope is the “universal” sialen-
doscope, as its outer diameter is sized to allow for di-
agnostic and interventional sialendoscopy of the sub-
mandibular and parotid ducts. Its rinsing channel of 
0.3 mm and its working channel of 0.6 mm allow the 
passage of baskets or laser fibers. However, this size of 
working channel does not permit the passage of bal-
loon dilators or forceps (Fig. 6.6).

4. The 1.6-mm sialendoscope allows the use of forceps. 
Its outer diameter is sized to allow for endoscopic in-
spection and treatment of the parotid and subman-
dibular ducts. Its rinsing channel of 0.3 mm and its 
working channel of 0.8 mm allow the use of baskets, 
laser fibers, and also forceps.

It is important to mention that the lumen of affected 
ducts is often narrowed due to inflammatory conditions, 
making the use of small-diameter sialendoscopes neces-
sary. Therefore, the 1.6-mm sialendoscope may not be 
suitable in all cases. Due to its diameter, its introduction 
into the papilla is also more difficult than smaller endo-
scopes.

Calculus Retrieval Baskets

With time and experience we have been repeatedly im-
proving and modifying the baskets needed for calculus 
retrieval, to allow optimum-sized prototypes to be pro-
duced. The baskets that are currently available come in 
three sizes, with either three, four, or six wires each, and 
diameters ranging from 0.4 to 0.6 mm, and lengths from 
50 to 60 cm (Fig. 6.5f).

Hollow Rigid Bougies

These bougies allow a blind dilatation of gross stenoses 
of the main parotid or submandibular ducts (Fig. 6.5c). 
The guidewire is inserted first under endoscopic control, 
traversing the stenotic process, and the sialendoscope is 
then removed, having marked and noted the distance to 
the stenosis. The metal bougie is then gently inserted, us-
ing increasing diameters.

Forceps

Custom-made forceps measuring 0.8 mm have also been 
designed and may be used to retrieve small salivary 

calculi or for taking biopsies within the salivary ductal 
system (Fig. 6.5e). Care has to be taken when manipulat-
ing these instruments, since they are small, friable, and 
fragile. Thus, very little pressure should be exerted when 
grasping a sialolith to avoid resultant damage to the in-
strument.

Disposable Balloon Dilators

Disposable dilators allow for endoscopic-controlled dila-
tation of localized stenoses, mainly encountered in the 
parotid duct system. High-pressure balloons, as used in 
interventional cardiology to fragment arteriosclerosis, 
could damage and perforate the salivary duct if their in-
flating diameter should extend the dilatation capacity of 
the pathologic duct. Therefore, we prefer low-pressure 
inflatable balloons that are filled with saline under endo-
scopic vision (Fig. 6.5d).

Recommended Equipment 
for Beginners: Basic Set

The 1.3-mm Marchal sialendoscope is the universal scope 
that may be used for diagnosis and treatment in the ma-
jority of cases, in an outpatient setting as well as intraop-
eratively. It has received Food and Drugs Administration 
(FDA) approval.

The basic set consists of a conic dilator, bougies of var-
ious sizes, and the universal 1.3-mm sialendoscope.

Recommended Equipment: Advanced Set

The 0.75-mm sialendoscope in conjunction with various 
sheaths extends the technical options and may be ap-
plied in the entire field of interventional sialendoscopy 
(Fig. 6.6). It allows a customized bending of the scope, ex-
ploration of all sizes of ducts, and use of all interventional 
devices (basket, balloon catheter, laser fiber, forceps) to 
treat salivary pathologies.

Significance of the Tip Design

The small angulation at the end of all models of “all-in-
one” sialendoscopes facilitates targeted catheterization of 
branches (Fig. 6.8), whereas a conventional on-axis tip 
usually poses some difficulties in advancing and entering 
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the branch ahead. A slight bend may also be given to the 
sheaths of “multipurpose sialendoscopes”: after inserting 
the obturator, the tip may be very slightly bent, allowing 
for the optimal curve. The endoscope itself follows the 
curve of the sheath and reverts to its former state after 
completion of the procedure.

Significance of the Beveled Tip

Catheterization of the papilla is a challenging procedure 
with a relatively long learning curve. Once adequate 
dilatation has been achieved by use of bougies of vary-
ing sizes, introduction of the operating sialendoscope is 
considerably facilitated by the beveled tip of the sheath. 
This design feature allows the tip to be used as a dilation 
probe.

Significance of Late Marsupialization

Marsupialization should be completely avoided, particu-
larly at the beginning of the procedure. The irrigation 
fluid has a dilating effect that provides excellent vision of 
all ductal branches. Early marsupialization leads to poor 
visual conditions and makes the technique more difficult 
to master because of the irrigation liquid escaping from 
the ductal system at its opening (Fig. 6.9). Furthermore, 
marsupialization of the ductal papillae, especially in the 
parotid, should either be completely avoided, or kept as 
small as possible to prevent retrograde passage of air and 
oral contents.

Diagnostic Sialendoscopy

Diagnostic sialendoscopy [11, 13, 29–31, 35–37, 39, 40, 
42, 43] is a minimally invasive, outpatient procedure per-
formed under local anesthesia. Even the elderly or un-
stable patients who are unsuitable for a general anesthesia 
can safely undergo this technique. There is no contrain-
dication related to a medication or medical condition. 
The need for a semirigid system has also been proved by 
the impossibility of directing a flexible system without a 
mobile tip, and its fragility and poor image quality [36, 
37]. In a previous study, diagnostic sialendoscopy could 
be achieved in 98% of cases, while others report a success 
rate of 96% [43]. It aims to replace classic radiological in-
vestigations, such as sialography.

Preparation: Operating Room Set-up

Sialendoscopy can be done as an outpatient procedure in 
the clinic with the patient sitting in a chair, sitting par-

Fig. 6.8: Tip of the instrument. The small angulation facilitates 
targeted catheterization of branches (b, c), because an on-axis 
tip (a) usually poses some difficulties in advancing to the next 
branch

Fig. 6.9: Importance of non-marsupialization. Top Sialendo-
scope introduced in dilated papilla: rinsing produces adequate 
dilatation of ductal system. Bottom Sialendoscope introduced 
after marsupialization: rinsing flows back out without dilating 
ductal system
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tially recumbent, or supine (Fig. 6.10). The disadvantage 
of a fully upright sitting position is that it is associated 
with an increased risk of vasovagal syncope. To be read-
ily prepared for sensitive patients or the incidence of dif-
ficulties while the interventional approach is performed, 
an anesthetic unit should be kept available with an ex-
perienced anesthetist on standby throughout the entire 
procedure. A mobile cart with connections for a video 
camera, video monitor, VCR, and printer are on the op-
posite side of the patient, allowing for direct observation 
of the surgical procedure. An assistant (physician, nurse, 
or technician) is located on that side and is responsible 
for performing the perioperative procedures.

Anesthesia

Sialendoscopy generally requires local anesthesia of the 
papilla and the ductal system. A topical anesthetic paste 
or spray (10% or 20%) is applied to either Stensen’s or 
Wharton’s papilla at the beginning of the procedure. After 
introduction of the sialendoscope, anesthesia of the duc-
tal system is induced with an irrigation solution of Xylo-
caine, Lidocaine, or Carbostesin 0.5%. Depending on the 
age and weight of the patient, the total amount infiltrated 
should not exceed 40 cc, because of absorption risks. Di-
agnostic sialendoscopy can usually be performed under 
local anesthesia. Taking into account that interventional 
sialendoscopy is usually performed in the same sitting, 
sedation or even general anesthesia can be applied by the 
anesthesiologist. This largely depends on the level of dif-
ficulty of the individual case.

Step-by-step Technique: Parotid 
and Submandibular Sialendoscopy

1. Local anesthesia of the papilla with an anesthetic paste 
or spray (10% or 20%).

2. Introduction of salivary probes of increasing diameter 
(Fig. 6.11a).

3. Introduction of the dilator (Fig. 6.11b).
4. Placement of dental tampons in the posterior aspect of 

the vestibule and gingivobuccal sulcus. These will later 
be replaced with new dry ones during sialendoscopy.

5. Introduction of the sialendoscope (Fig. 6.11c).
6. Exploration of the ductal system under continuous 

rinsing. The introduction of a guidewire in the work-
ing channel is optional, depending on the experience 

of the surgeon; it facilitates introduction of the scope 
into the duct.

Postoperative Care

Patients are usually given anti-inflammatory medications 
(non-steroidal), to help decrease the swelling after a diag-
nostic procedure. Antibiotics, given at the beginning, are 
no longer dispensed for a simple procedure.

Fig. 6.10: Positioning. a Patient sitting (diagnostic sialendos-
copy). b Patient lying in supine position (interventional sialen-
doscopy)

137Sialendoscopy Chapter 6



Clinical Examples

Mucous Plugs

Floating mucous plugs can be seen alone or in conjunc-
tion with salivary stones or stenotic processes. It has been 
suggested that these “mucous plugs” present in the ductal 
system may represent the nidus for the development of 
calculi (Fig. 6.12).

Sialolithiasis

Salivary calculi can be either solitary or multiple 
(Fig. 6.13), particularly in the parotid gland. As seen be-
fore, their location can be proximal, distal, or intraglan-
dular. They vary in shape, being either round or irregu-
lar (Fig. 6.14). The calculi in the parotid duct are often 
smaller, longer, and smoother than the more calcified 
calculi in the submandibular duct.

Depending on the size of the calculus, they can either 
float in the lumen, become partially fixed due to irregular 
shapes, or even become attached to the wall of the duct. 
In some cases, they are trapped behind a bifurcation.

Ductal Stenosis

Stenotic processes can be of four types, as previously de-
scribed. Examples of the endoscopic appearance of these 
stenoses is shown in Fig. 6.15. Stenosis of the ducts can 
mimic the symptoms of sialolithiasis, being recurrent 
swellings of salivary glands. Stenotic processes are more 
frequent in the parotid gland than in the submandibular 
gland.

Limitations and Complications

Rare limitations include an extremely tortuous duct that 
could hamper endoscope progression and difficulties in 
directing the endoscope at the distal end of the ductal 
system. Complications of diagnostic sialendoscopy are 
immediate, such as perforation of the duct, which can 
cause swellings of the face or neck. There can also be 
late complications due to these perforations, such as si-
aloceles, which might become infected. If the endoscopy 
is not performed minimally invasively, and the floor of 

Fig. 6.11: Sialendoscopy step by step. a Introduction of salivary 
probes after Xylo-adrenalin infiltration. b Introduction of conic 
dilator. c Introduction of sialendoscope
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mouth or Stensen’s papilla is largely dissected as proposed 
by others [11], it might lead to future stenosis.

Despite its apparent simplicity, diagnostic sialendos-
copy is a technically challenging procedure with a long 
learning curve. Operating and ductal manipulation of the 

rigid sialendoscope is delicate, requires extensive experi-
ence, and may be hazardous due to theoretical risks of 
perforation and vascular or neural damage. The sialen-
doscope should only be advanced when distal vision is 
adequate and not obstructed. Perforations of the duct 

Fig. 6.12: Mucous plug. a Mucous plug 
is attached to the calculus which impairs 
intraductal vision. b The mucosal plug is 
mechanically detached by gently tapping 
on the calculus with the laser fiber tip. 
c Extraction of this plug using a wire basket

Fig. 6.13: Multiple calculi. a Endoscopic 
view. b Multiple calculi extracted from the 
parotid duct

Fig. 6.14: Various morphologies of salivary 
calculi. a Disk shaped. b Round. c Irregular

Fig. 6.15: Stenosis. a Membranous thin 
stricture of Stensen’s duct. b Tight stenosis 
of Wharton’s duct. c Diffuse stenosis of 
Stensen’s duct
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associated with ductal manipulation can lead to diffuse 
edema of the floor of the mouth or of the buccal area. 
Meticulous attention has to be given to this anatomical 
area because of rare but possible potential risks of a life-
threatening enlargement of the swelling.

Interventional Sialendoscopy

Although many authors have reported on extraction of 
submandibular calculi, the literature on sialendoscopy 
of Stensen’s duct is limited, since most series report on 
parotid as well as submandibular sialolithiasis [37]. Prob-
ably, the smaller diameter of the Stensen’s duct [58] has 
made its exploration more challenging, and therefore 
previous authors [22] have performed an endoscopy, fol-
lowed by the blind retrieval of the calculus with a Dormia 
basket, corresponding possibly to a “endoscopically-as-
sisted calculus retrieval,” but not to interventional sialen-
doscopy. While we initially used this method, we no lon-
ger recommend this procedure because of the limitations 
of the technique and the potential risks of perforation and 
stenosis.

We have developed and used five different generations 
of endoscopes [36, 37]. Our first real attempts to perform 
extraction of calculi under endoscopic control were done 
with a flexible fiberscope, which we have abandoned, not 
only because of difficult maneuvering and poor visualiza-
tion, but also because of fragility, difficulty in sterilization 
of the instruments, and frequent “stripping” of the inter-
nal coating of the working channel of the endoscope by 
grasping the wire basket. Satisfying results were obtained 
with semirigid endoscopy, which initially consisted of the 
juxtaposition of two tubes. Because of the size of the in-
strument relative to the lumen of the duct, progression 
within the duct was difficult and has resulted in tears of 
the wall of the duct.

The results of interventional sialendoscopy are directly 
related to the size of the calculi and ducts in both sub-
mandibular and parotid glands. Calculi can have either a 
smooth surface or have sharp edges. In our hands, round 
and floating calculi are associated with a very easy re-
trieval, while calculi with sharp edges are often blocked 
in the duct and are more challenging. Size is probably the 
most important factor in predicting the success of classic 
interventional sialendoscopy in parotid calculi: for calculi 
smaller than 3 mm, 97% could be retrieved with the wire 
basket, while for calculi larger than 3 mm, the success of 

this technique was 35% [37] without fragmentation. For 
sharp-edged calculi, fragmentation prior to extraction is 
necessary.

In our opinion, the best system for fragmentation of 
calculi is a laser fiber, as initially described by Gundlach 
et al. [13]. The laser fiber is introduced in the sialendo-
scope, laser-sialolithotripsy is performed under direct 
visual control, and retrieval of fragments is achieved 
with grasping wire baskets. A distinct advantage of our 
technique is the retrieval of calculi and their fragments 
after lithotripsy, contrary to the majority of previously 
described methods.

The holmium:YAG laser at 2,104 nm is well known 
and has proven its efficiency for urolithiasis [27, 56]. Its 
use for salivary calculi is similar, and we have used it for 
many years. However, one has to be attentive to its po-
tential dangers because of its absorption characteristics 
in the surrounding tissues and because of the heat gener-
ated from the fragmentation within the narrow salivary 
ducts. Laser irradiation may inadvertently cause damage 
to duct walls. Therefore, it is mandatory that the laser be 
operated only under clear direct vision, continuous flow 
irrigation, and in close contact with the stone, tangential 
to the duct, while carefully sparing the duct walls. The dye 
laser at 350 nm as initially described [3], has proven its 
efficacy and low morbidity because the high energy de-
livered is not absorbed by the tissues. Unfortunately, the 
actual cost of the device and its specificity may render its 
acquisition difficult.

Operating Room Layout and Anesthesia

The patient is placed supine on the operating table and is 
given either intravenous sedation or general anesthesia. 
In cases of large submandibular calculi, a nasal intuba-
tion is preferred as it might be necessary to go intraorally. 
General anesthesia is often preferred as laser fragmenta-
tion and dilatation of strictures can cause pain.

Step-by-step Technique: 
Parotid and Submandibular 
Interventional Sialendoscopy

The algorithm for approaching salivary calculi is shown 
in Fig. 6.16.
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Clinical Examples

Calculus Removal by Use of a Wire Basket

Following diagnostic sialendoscopy exposing the calcu-
lus, the approach is the same for the submandibular and 
parotid glands, although the diameter of the parotid duct 
is smaller [58].

For small calculi (less than 4 mm in diameter) in sub-
mandibular cases and less than 3 mm for parotid cases, 
extraction is performed with wire baskets of various sizes 
(Fig. 6.17). In cases of larger calculi, others have described 
fragmentation with forceps [11]. In our hands, it only led 
to the destruction of the forceps because of the hardness 
of the calculi.

Calculus Removal by Use of a Wire Basket, 
Preceded by Laser Fragmentation

Laser fragmentation and extraction of debris using a wire 
basket through a minimal incision of Wharton’s papilla is 
followed by a complete clearance of the duct. Calculus re-
moval should only be performed after complete fragmen-
tation of the stone (Fig. 6.18). In attempting to retrieve 
large fragments of calculi, the surgeon runs the risk of 
being faced with a trapped wire basket, a situation that 

Fig. 6.16: Algorithm for diagnostic 
and interventional sialendoscopy

Fig. 6.17: Floating calculus extraction in Wharton’s 
duct. a Opening of the basket behind the calculus. 
b Closure on the calculus. c Mini-marsupialization 
at the end of the procedure
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cannot be resolved by applying firm traction to the in-
strument and must be avoided under any circumstance.

Sialendoscopic Treatment of Stenosis

Although less frequently encountered than sialolithiasis, 
stenosis of the duct results in the same clinical symptoms. 
Endoscopic localization of the stenosis is essential for se-

lecting the suitable dilation system. In cases of thick and 
long stenosis of the main salivary duct, the rigid dilator is 
used, as well as a larger sialendoscope under visual con-
trol.

Initially, the guidewire is introduced through the 
working channel of the endoscope, until it passes through 
the stenosis. Then, the endoscope is withdrawn proxi-
mally and the dilator is introduced. In the case of a thin, 
usually peripheral stenosis, dilatation may be performed 

Fig. 6.18a–i: Laser fragmentation of salivary calculi and basket extraction of fragments
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with a balloon-tipped catheter under endoscopic control 
(Fig. 6.19).

Postoperative Care

Interventional sialendoscopic procedures are usually 
conducted under prophylactic antibiotic medication ad-
ministered 48 h or more prior to the procedure, depend-
ing on the individual case. Frequent self-massaging of the 
gland is recommended. Outpatient clinic follow-up visits 
are performed directly after the intervention. Patients 
with rupture of Wharton’s duct or with deliberately ex-
tended marsupialization of the duct have to be subjected 
to careful clinical monitoring because of the risk of edema 
diffusion and/or infection of the floor of the mouth which 
might develop into a life-threatening emergency.

Limitations and Complications

Limitations and failures are caused by:
1. The traumatic handling of the papilla
2. The diameter of Stensen’s or Wharton’s duct
3. Distorted branching systems, impossible to explore
4. A calculus which is too large
5. A stenosis which is too tight

Having performed more than 900 sialendoscopies, 
both parotid and submandibular, over a 10-year period, 
we have not encountered any facial nerve palsies or 
hemorrhage. Those complications which did occur were 
perforations and blockage of baskets. Perforations and 
blockage of the basket occurred in our experience at the 
beginning of the learning curve. These complications can 
be avoided by not trying to retrieve non-floating stones 

Fig. 6.19: Treatment of stenosis. 
a Endoscopic view of a thin ste-
nosis before dilatation. b View of 
balloon dilatation. c Endoscopic 
view of a thick stenosis before 
dilatation. d Close-up view after 
rigid bougie dilatation
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with the basket, and fragmenting them first with the laser 
or applying the double approach technique. As this tech-
nique has a steep learning curve, it needs a lot of cautious 
care at the beginning.

Training

Founded under the auspices of the International Salivary 
Gland Society in 2002, the European Sialendoscopy Train-
ing Center (ESTC) is located in Geneva, Switzerland.

The aims of the ESTC are:
1. To train clinicians in the indications and procedures 

associated with diagnostic and therapeutic sialendos-
copy,

2. To organize and disseminate experience gained by cli-
nicians in this field, and

3. To conduct international courses and conferences as 
appropriate, to facilitate exchange of knowledge, expe-
riences, and advances gained by leading clinical physi-
cians who focus on diseases and conditions of salivary 
glands.

The first Sialendoscopy Hands-on Training Course 
took place in Geneva, January 2002, after the “First In-

ternational Congress on Salivary Gland Diseases.” Since 
that time, more than 250 participants from more than 30 
countries have received tuition and have gained experi-
ence in the technique of sialendoscopy (Fig. 6.20).

Hands-on Training

In Geneva, a specific training and demonstration model 
for sialendoscopy has been validated. The use of fresh pig 
heads has proven to be ideal, after extensive trials con-
ducted with other animal models and human cadaveric 
specimens. During each course, participants are paired 
and work on one fresh pig head. The lectures held dur-
ing the hands-on course are divided into two sessions, the 
first focusing on diagnostic and the second on interven-
tional sialendoscopy.

Conferences

The international faculty reports on clinical, radiologi-
cal, medical, and surgical approaches to salivary gland 
pathologies. They explain and describe their techniques 
of sialendoscopy in a step-by-step fashion using a vari-

Fig. 6.20: European Sialendoscopy Training 
Center: video conference and live surgery
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ety of videos and interactive presentations that allow for 
open discussion and comments. Recent developments in 
new equipment and designs combined with advances in 
instrumentation technology are presented during such 
conferences. Abstract sessions are an outstanding way to 
disseminate the results of clinical research or to present 
and discuss case histories. Round-table format and in-
formal discussions facilitate reporting on advances and 
prospects of research that address the management of 
salivary gland duct pathologies.

Live Surgery

Owing to the availability of an excellent video-confer-
ence system linking the operating room to the conference 
room, live surgery can be viewed on a large central video 
screen. Participants are encouraged to ask questions and 
discuss with the surgeon during the operation. Through 
this real-time approach not only the steps of the proce-
dure but also the risks and advantages are made tangible 
to the course participants. At the subsequent hands-on 
sessions, surgical tricks and tips are demonstrated, ex-
panded upon, and taught.

Conclusion

Taking into consideration differences in instrumentation 
and video-endoscopic equipment, as well as complexity, 
duration, and potential complications of the procedures, 
a distinction has to be made between diagnostic and in-
terventional sialendoscopy. Diagnostic sialendoscopy is 
a low morbidity minimally invasive technique that is in-
tended to become the investigational procedure of choice 
for salivary duct pathologies. Interventional sialendos-
copy allows for extraction and/or fragmentation in the 
majority of cases of sialolithiasis and can therefore pre-
vent excision of salivary glands.

Over the past decade the role of sialendoscopy has 
been established in the management of major salivary 
gland, parotid and submandibular, disorders and dis-
eases. Previously, these problems were either not treated 
or were treated with reluctance, and in the majority re-
sulted in removal of part or all of the gland with its re-
sultant morbidity and not infrequent persistence of the 
presenting symptoms.

  Take Home Messages

→ Sialendoscopy allows for complete exploration of 
the salivary ductal system and allows for a pre-
cise evaluation of its pathologies.

→ Sialendoscopy allows for the division of non-
neoplastic salivary gland diseases into parenchy-
mal and ductal.

→ Salivary glands suffering from ductal obstructive 
processes including stenoses or sialolithiasis can 
recover or maintain function after sialendoscopic 
treatment.

→ Interventional sialendoscopy allows for signifi-
cant reduction in excision of salivary glands.
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  Core Features

• Patients with large calculi require specialists who 
have special expertise to evaluate and treat their 
symptoms.

• The treatment of each patient must be individu-
alized.

• Combined surgical expertise using intervention-
al sialendoscopy and conventional salivary gland 
surgery may avoid removal of the gland.

  

Complications to Avoid
Careful selection of patients will avoid disappoint-
ment.



Magnified loupes and a neurostimulator will com-
pliment careful dissection and avoid damage to the 
facial nerve.
Check the distal ductal system after the calculus 
is removed to ensure that no calculi have been 
missed!
The insertion of a stent for 3 weeks will aid with 
healing and minimize restenosis.
Ductoplasty, using a vein graft, needs to be sutured 
“watertight” to avoid salivary leak.

Introduction

The management of large salivary gland calculi has al-
ways been a therapeutic challenge: when they cannot be 
accessed easily by a simple marsupialization [18, 19] the 
removal of the gland becomes mandatory. The advent of 
external lithotripsy in the early 1990s [7] gave hope for 
conservative treatment of all calculi, with success rates 
ranging from 40% in the submandibular gland to 75% 
in the parotid gland. Unfortunately, results were poor 
specifically in patients with large calculi [1, 3, 6, 8]. In-
terventional sialendoscopy, first described in the 1990s, 
became popular when technological improvements made 
interventions reproducible for hundreds of patients in the 
years after 2000 [10–14, 16]. Nevertheless, success rates 
of interventional sialendoscopy with intraductal laser 
fragmentation and basket extraction of calculi remained 
attainable in only 80% of patients [10]. The remaining 
20% of patients treated unsuccessfully was not only due 
to large-sized calculi (6 mm and larger) but also many of 
these patients had associated ductal stenosis, mostly in 
the parotid gland [9].

In all cases, when the calculus was considered too 
large to be fragmented, and/or when the stenosis was too 
tight to be dilated, the only solution was to remove the 
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gland, with its associated significant morbidity [1, 3, 8]. 
To avoid excision of these salivary glands, we report two 
recently developed techniques combining sialendoscopy 
and external surgery [9].

Parotid Gland

Technique

Sialendoscopy is performed classically with sialendo-
scopes, which range from 0.89 to 1.6 mm in diameter. 
Once the calculus or stenosis is located endoscopically 
(Fig. 7.1), the sialendoscope is stabilized in position prox-
imal to the lesion, and fixed at the angle of the mouth. 
Alternatively, a flexible light fiber, which is less cumber-
some, may be introduced along the working channel of 
the sialendoscope. Once the light is in position, the si-
alendoscope is retrieved by sliding it along the light fiber 
which is then stabilized at the angle of mouth. The pa-
tient is positioned for a classic external parotid approach, 
with facial nerve monitoring attached (Fig. 7.2). Saline 
and adrenaline 1:200,000 solution is infiltrated into the 
planned incision and lateral to the intraparotid illumi-
nated area (Fig. 7.3).

The surgical approach used may be either classic or 
face-lift type (Fig. 7.4), depending on the age and desires 
of the patient. The length of the incision is calculated on 
whether the surgical access required is to explore the 
anterior or posterior part of Stensen’s duct. The skin is 
elevated as for a classic face-lift approach, and the light 
source is activated in order to localize the calculus or the 
stenotic process. The light source must be intermittently 
disconnected to avoid burning the mucosa of the duct, 
which may lead to subsequent stenosis. AU-SMAS flap 
is prepared and dissected around the illuminated area 
(Fig. 7.5).

When the parotid is exposed, the salivary tissue is dis-
sected very carefully with the help of loupes or an operat-
ing microscope, in order to access Stensen’s duct. Since 
the duct crosses several branches of the facial nerve, one 
must be extremely cautious with the dissection. The use 
of the nerve stimulator may help with the identification 
of the facial nerve and minimize the possibility of local 
trauma and subsequent nerve damage. When the duct is 
prepared (Fig. 7.6), the use of two colored lengths of Si-
lastic tubing will help with stabilizing the duct and also to 
localize the pathologic target (Fig. 7.7). The duct is then 
incised over the calculus or the stenotic segment using 
microsurgical instruments (Fig. 7.7).

Fig. 7.1: Localization of the calculus with the endoscope

Fig. 7.2: Fixation of the endoscope and facial nerve monitoring

Fig. 7.3: Saline-adrenaline infiltration of the area. Light spot 
showing calculus (white arrow)
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Fig. 7.4: Types of incisions

Fig. 7.5: U-SMAS preparation around the light spot

Fig. 7.6: Preparation of Stensen’s duct (white arrow: 
tip of endoscope)
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After the calculus has been removed, the distal part 
of the duct must be examined with the sialendoscope to 
ensure that a second stenosis or another calculus has not 
been overlooked. After endoscopic verification that no 
other pathology is present, the duct is closed using 7-0 or 
8-0 Prolene sutures.

When large calculi are present, they cause pressure 
dilatation of the normal duct. A microsurgical reduction 
of the resultant enlargement of the duct should be per-

formed. In cases of stenosis, the use of a vein graft as a 
ductoplasty patch will possibly reduce the chance that the 
stenosis will persist or recur (Fig. 7.8).

In cases of stenosis, a stent may be introduced either 
from the external approach or via a sialendoscope for-
warded on the guidewire transorally. The stent is attached 
with a non-absorbable suture close to Stensen’s papilla 
(Fig. 7.9). In our experience, the ideal duration of stent-
ing should be 3 weeks.

Fig. 7.7: Incision of the duct over the calculus 
(white arrow)

Fig. 7.8: Vein graft patch sutured onto Stensen’s duct Fig. 7.9: Stent (white arrow) positioned in Stensen’s duct
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After completion of the closure, either primary or 
when a vein graft has been used, it is recommended that 
the repaired duct is irrigated using the sialendoscope to 
ensure that a “watertight” closure of the suture line has 
been achieved to avoid leakage of saliva. The use of fibrin 
glue may also aid in securing a salivary seal (Fig. 7.10). 
The U-SMAS patch is then sutured back with inter-
rupted 4-0 or 5-0 Vicryl sutures. The skin is sutured with 
either intradermal 4-0 or separate 6-0 Prolene sutures 
(Fig. 7.11).

Discussion

Classically when the patients were symptomatic, i.e., re-
current pain and swelling of the gland, the only solution 
for those with large calculi or tight stenoses was a paroti-
dectomy with ligation of Stensen’s duct [2, 4, 15, 18, 19]. 
Our technique described here allows for removal of pa-
rotid calculi of any size, using an external approach with 
preservation of the parotid gland. After performing this 
procedure several times, the average time duration for 
each subsequent procedure should not exceed 90 min. To 
date, 37 cases have been treated as described using this 
combined technique, with a mean follow-up period of 
19 months, and with improvement of symptoms in 92% 
(33/37) of patients [9]. Of the three cases which were 

Fig. 7.11: Skin closure with intradermal Prolene 4-0 
sutures

Fig. 7.10: Fibrin glue applied around Stensen’s duct
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unsuccessful, one had polycystic ductal disease, another 
patient had a mega Stensen’s duct, and the third had a 
mixture of the above pathology; all were subsequently 
treated by the ligation of the duct. In the last case, no vein 
graft had been interposed on a tight stenotic process of 
the initial portion of Stensen’s duct, and it restenosed de-
spite stenting.

Stenotic processes which cannot be handled endo-
scopically—either because they are too tight or because of 
recurrence following previous dilatations—can be treated 
using this approach with the suture of a vein patch over 
the stenosis.

The cosmetic results are excellent, as with this surgical 
approach no glandular tissue is removed and the scar is hid-
den (Fig. 7.12: 1 week postoperatively; Fig. 7.13: 3 months 
postoperatively). The risks of injuring the facial nerve are 
minimal and in our patient group no patient experienced 
weakness or paralysis of any facial nerve branch.

Frey’s syndrome was not reported and no patient re-
quired division of the greater auricular nerve or the res-
titution of the soft tissue over the parotid gland and its 
coverage with the SMAS.

Other authors [17] have described the direct approach 
for removing calculi in the parotid glands, through a di-
rect incision in the jaw. This approach allows a minimal 
scar, which might be visible. As branches of the facial 
nerve cross the duct, there might be a greater risk of 
facial palsy. Also, a short external incision over the jaw 
may lead to a non-closure of the duct, and might lead 
to a salivary fistula. In our experience the complications 
seen at the beginning of the procedure were related to 
less than watertight suturing of the duct, leading to sali-
vary fistula.

Submandibular Gland

Technique

Sialendoscopy is preferentially performed using the 
1.3-mm sialendoscope, until the calculus is reached 
(Fig. 7.14), usually found or located embedded in the in-
traglandular portion of the duct, or rarely a stricture is 
found. The endoscope is fixed to the floor of the mouth, 
or as mentioned above, a flexible light fiber can be intro-
duced along the working channel and stabilized so that 
the surgical access to the floor of the mouth can be made 
without risk of disturbing the light fiber. With the help of 
an assistant, the floor of the mouth can be pushed upward 

by digital pressure from below the patients mandible, 
which aids surgical access (Fig. 7.15).

Infiltration of the anterior and lateral floor of mouth 
area is performed using xylo-adrenalin 1% with adrena-
lin 1:200,000 saline (Fig. 7.16). The size and location of 
the incision is guided by the location of the illuminated 
area, and is usually about 2 cm in length (Fig. 7.17).

Extreme caution while dissecting in the region of the 
floor of the mouth needs to be exercised as the lingual 
nerve can be injured as it crosses Wharton’s duct. After 
the duct has been clearly identified, it must be dissected 
away from the lingual nerve which is isolated and pre-
served. Two colored Silastic bands are positioned around 
the duct and the nerve (Fig. 7.18). Traction on the bands 
around the duct allows the duct to be stretched which 
aids with the dissection.

Finger palpation allows for precise localization of the 
calculus, and for the planning of the ductal incision with 
microsurgical instruments (Fig. 7.19). Once the calculus 
has been removed (Fig. 7.20), it is imperative that the en-

Fig. 7.12: Minimal scar 1 week postoperatively
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Fig. 7.13: Scarring 3 months postoperatively Fig. 7.14: Obstructive submandibular calculus blocked in the 
intraglandular part of Stensen’s duct

Fig. 7.15: Positioning of the assistant during the procedure Fig. 7.16: Xylo-adrenalin infiltration

Fig. 7.17: Incision in floor of mouth (white arrow). Guidewire in 
Wharton’s duct (blue arrow)

Fig. 7.18: Lingual nerve (blue arrow), and Wharton’s duct (white 
arrow) dissection
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doscope allows for completion of the exploration of the 
remaining distal duct to ensure that residual calculi or 
other pathologies have not been overlooked.

A 0.45-mm-diameter guidewire should be inserted 
using the endoscope through the repaired ductotomy 
to lie in a position in the posterior portion of the duct 
(Fig. 7.21). The sialendoscope is removed and the guide-
wire left in position. The stent is introduced over the 
guidewire and positioned to ensure stenting of the duc-
toplasty area (Fig. 7.22). The stent is then sutured with 
a non-resorbable suture close to Wharton’s papilla. The 
stent should be kept in position for about 3 weeks, de-
pending on the tolerance of the patient to the foreign 
body. The stent and suture should be removed as indi-
cated, but the patient needs to be encouraged and sup-
ported during this recovery period.

The surgical area is closed, one layer onto the duct and 
the other layer to the submucosal and mucous membrane 
using 5-0 or 4-0 Vicryl (Fig. 7.23).

Discussion

Historically, large symptomatic submandibular calculi 
lead in most cases to the removal of the gland. When the 
calculus is palpable intraorally, even if intraglandular, an 
intraoral approach is often used [18, 19]. However, our 

data show a relatively high incidence of postoperative ste-
notic scarring of Wharton’s duct, even after stenting.

Minimal posterior incision of the duct reduces the risk 
of further stenosis, and also provides a quicker recovery 
for the patient. The use of the guidewire technique, which 
has also been used in positioning of the scope in the duct 
[5], may be used to position the stent in the distal part of 
the duct.

To date, with optimizing this combined technique in 
29 cases, patients have experienced a symptomatic suc-
cess rate of 69% with a mean follow-up of 22 months.

Conclusion

The combined endoscopic and external approaches repre-
sent a new treatment for large salivary calculi and salivary 
duct strictures of both the parotid and the submandibular 
glands. This operation results in a significant reduction in 
the number of salivary gland excisions.

Interventional sialendoscopy requires the use of an 
intraductal laser to fragment large stones, and this type 
of laser is not readily available in the majority of depart-
ments. In this situation, the surgical technique described 
can also be used in cases of smaller calculi that cannot be 
retrieved using the basket technique through the natural 
salivary duct orifice.

Fig. 7.19: Preparation of lingual nerve (white arrow); open duct 
(yellow arrow) showing calculus (blue arrow)

Fig. 7.20: Retrieval of calculus (blue arrow)

156  Francis Marchal

7



Fig. 7.21: Introduction of guidewire into the distal portion of 
duct

    Take Home Messages

→ The management of large salivary duct calculi 
requires expertise in sialendoscopy and conven-
tional salivary gland surgery, to achieve patient 
satisfaction following removal of the calculus, to 
minimize the postoperative complications, and 
to avoid return of their symptoms.

→ The combined endoscopic-external approach al-
lows precise control of the ductal pathology, re-
trieval of calculi of any size, and microsurgical 
enlargement of ductal stenosis.

→ The microsurgical sutures of the duct are essen-
tial in this approach to avoid salivary stenosis 
and fistula.

→ Watertight closure of the duct is essential in 
avoiding salivary fistula and to facilitate healing.

  

Lastly, it is important to emphasize that these tech-
niques require salivary gland surgical expertise and pro-
cedures such as sialendoscopy should be performed by 
surgeons who are able to convert sialendoscopy into clas-
sic salivary gland surgery and have the ability to be able to 
handle the possible sequelae and complications.

Fig. 7.23: Posterior aspect is sutured (blue arrow), and the stent 
fixed near Wharton’s papilla (white arrow)

Fig. 7.22: Stent is forwarded on guidewire (black arrow). (White 
arrow: lingual nerve, yellow arrow: Wharton’s duct)
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  Core Features

• Minimally invasive biopsy

• Simple but not trivial

• Accurate diagnosis depends mostly on meticu-
lous technique

• Immediate test turnaround time possible

• Cost effective

  

Complications to Avoid
Minor bleeding (intralesional or subcutaneously). 
This complication can be avoided by advising 
patients to avoid blood thinners 5 days prior to 
biopsy; by compression immediately following 
withdrawal of the needle; or by using 27-gauge 
needles.
Infection. This complication can be avoided by 
using an alcohol wipe and a needle finer than 
22 gauge.

Introduction

Fine-needle aspiration (FNA) biopsy is similar to bone 
marrow aspiration. The samples are aspirated, depos-
ited on microscopic slides, and smeared. Hematologists 
interpret aspiration smears of bone marrow and periph-
eral blood, while cytopathologists interpret aspiration 
smears of the remaining body sites. In addition to the Ro-
manowsky stain used by hematologists, cytopathologist 
also use Papanicolaou stain for additional nuclear and 
cytoplasmic details.





Chapter

Contents

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  159

The Needle  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  160

Fine-needle Sampling Without Syringe . . . . . . . . . . . .  160

The Syringe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  161

Syringe Holders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  161

Labeling the Microscopic Slides  . . . . . . . . . . . . . . . . . .  161

The Basic Aspiration Procedure  . . . . . . . . . . . . . . . . . .  161

Locate, Palpate, and Stabilize the Target Lesion  . . .  162

Recovery of the Sample from Needle Hub . . . . . . . .  162

The Fine Art of Smear Preparation . . . . . . . . . . . . . .  162

Preparation of Multiple Smears from a Single 
Aspiration by DAB Technique . . . . . . . . . . . . . . . . . .  163

Gross Examination of the Smears for Specimen 
Adequacy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  163

Air Drying the Smears to Create Large, Flat Cells  . . .  163

CytoRich Red is the Cytology Fixative  
for the Twenty-first Century  . . . . . . . . . . . . . . . . . . . . .  165

Liquid Fixation is for Operators Who Cannot Master 
the Art of Smearing . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  165

Needle-rinse Material Contributes Little to FNA 
Diagnoses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  166

Role of FNA Biopsy to Diagnose Lymphoma  
of the Parotid Gland  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  166

 Fine-needle Aspiration Biopsy
Grace C.H. Yang

8 

8



The Needle

Conventional wisdom says “the larger the needle, the 
more abundant the sample obtained.” However, it does 
not apply to FNA, because blood is the biggest enemy 
of a satisfactory FNA sample. Blood dilutes the cells and 
makes the sample unsatisfactory (100 cells/0.1 ml of 
blood is satisfactory, but 100 cells/1 ml of blood is unsat-
isfactory). Unlike paraffin sections used in histopathol-
ogy, FNA smears require just a few cells to be diagnostic, 
but blood aspirated from needles larger than 22 gauge will 
not only ruin a good sample, but also ruin subsequent 
samples, because now the blood vessels are ruptured 
flooding the surrounding area. Optimally, one uses the 
finest needle possible to obtain a minimally bloody sam-
ple which will be diagnostic. Needles smaller than a criti-
cal cross-sectional luminal area (Table 8.1) can go in and 
out of blood vessels as if nothing happened. The elasticity 
of the blood vessel smooth muscle wall snaps back and 
seals the puncture holes as soon as the needle passes. One 
example is acupuncture which can penetrate the human 
body in various places without causing pain, bleeding, or 
infection. Acupuncture uses a 27-gauge needle, the same 
gauge needle most frequently used for thyroid FNA by 
cytopathologists at the New York University (NYU) Med-
ical Center. The needle is so fine that there is no need to 
press the puncture site to prevent hematoma. In Fig. 8.1 
there is no 22-gauge needle because no 22-gauge needle 
can be found anywhere in the three FNA clinics at the 
NYU Medical Center.

Fine-needle Sampling Without Syringe

Fine-needle sampling without syringe can obtain cells 
and tissue particles into the needle hub and is used most 
frequently by cytopathologists at the NYU Medical Cen-

ter. This technique was first described in 1987 by Zajdela 
et al. of Institute Curie in France [17]. This method gives 
one greatest sensitivity to the changes in the texture of 
tissues through which the needle passes. The mass is sta-
bilized with the left hand. The fine needle is held by the 
right thumb and index finger. After the needle is advanced 
into the nodule, it is moved about in a cone-shaped tis-
sue volume. The needle tip acts like cork borer to cut tiny 
cores of tissue, which pushed each other into the needle 
hub. The needle is moved as fast as the needle of a sewing 
machine. As soon as the sample shows up in the needle 
hub, the sampling stops. A 10-ml syringe filled with air 
is attached and the sample is expelled onto microscope 
slides and smeared. Needle sampling without a syringe is 
best for small lesions. Although this technique yields less 
quantity of sample, the quality of sample is better due to 
minimal dilution with blood. However, the time to obtain 
an adequate sample is longer than aspiration with suction 
from a syringe. In addition, it is difficult to sample mes-
enchymal lesions without suction.

Table 8.1. Diameter of needles used for fine-needle aspiration

Needle gauge Outside diameter (mm) Inside diameter (mm) Cross-sectional 
lumen area (mm2)

22 0.71 0.41 0.13

23 0.64 0.33 0.09

25 0.51 0.25 0.05

27 0.41 0.20 0.03

Fig. 8.1: Needles and syringe used for fine-needle aspiration 
(FNA) biopsy
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The Syringe

Single use, sterile, disposable plastic 10-ml syringes with 
a Luer-Lok tip are used in FNA. Larger syringes do not 
yield larger samples. It is important not to attach the nee-
dle too tightly to the syringe, because it slows the removal 
of the needle and delays smear preparation leading to 
clotting of the sample.

Syringe Holders

Until late 1990s, the pistol-grip syringe holder, developed 
in Sweden, was popular. In recent years, the pencil-grip 
syringe holder [10] (Fig. 8.2) has become popular for cli-
nicians. It is equipped with a release button for automati-
cally drawing back the syringe plunger, and a regulating 
knob for setting a predetermined amount of negative 
pressure for the aspiration. It places the hand much closer 
to the target than the pistol-grip syringe holder, and uses 
hand movement rather than arm movement. After the 
needle is advanced into the nodule, a button is pushed and 
the syringe holder rises automatically to a preset position. 
Similar to needle sampling without a syringe, the needle 
tip is moving back and forth cutting fine cores of tissue 
within the nodule in a cone-shaped imaginary space. The 
succession of fine-needle cores cut by the needle tip will 
push each other into the hub of the needle. The vacuum 
in the syringe facilitates moving of the sample into the 
needle hub. After the sample appears in the needle hub, 
the syringe along with the needle is removed from the 
holder. Surprisingly, the 2- to 3-ml vacuum does not suck 
the sample from the needle hub into the syringe, because 
the needle hole has been sealed by the sample. The syringe 
is then detached from the syringe holder and the needle 
is separated from the syringe. The plunger is raised all the 
way up, the syringe is reattached to the needle containing 
the sample, and the sample is expelled from the needle 
hub onto the microscopic slides and smears made.

Labeling the Microscopic Slides

Prior to the performance of aspiration, one must label the 
microscopic slides. Using #2 lead pencil, the frosted end 
of the slide is labeled with the patient’s last name and the 
number of the nodule. Labeling slides just before aspira-
tion not only eliminates the possibility of confusing pa-
tients, but also avoids depositing the sample on the wrong 

side of the microscopic slide, with the possibility of hav-
ing the specimen wiped off in the cytology laboratory.

The Basic Aspiration Procedure

Fine-needle aspiration biopsy can be adapted to many clini-
cal settings and problems, but the basic procedure remains 
the same [9]. While the number of passes performed on a 
given nodule varies, the actual performance of puncture 
takes less than 10 s per pass in the majority of the cases due 
to the rapid movement of the needle (as rapid as the needle 
movement in a sewing machine). The majority of time is 
spent in locating the lesion, preparing the skin, recover-
ing the sample from the needle hub, and making smears. 
Despite the procedure’s simplicity, individuals new to FNA 
biopsy should practice the basic procedure using a fruit, 
such as an orange, until it goes smoothly, quickly, and be-
comes second nature. The basic aspiration procedure can 
be broken down into the following steps:
1. Wipe the skin with an alcohol pad.
2. Locate, palpate, and stabilize the nodule.
3. Pass the needle through the skin.
4. Advance the needle into the nodule.
5. Apply suction by raising the plunger, if a syringe 

holder is used.
6. Move the needle rapidly back and forth, sampling dif-

ferent areas of the nodule.
7. Remove the needle from the patient.
8. Detach the needle from the syringe.
9. Fill the syringe with air.

Fig. 8.2: Syringe holder for FNA procedure
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10. Reattach the needle with the sample onto the syringe.
11. Touch the needle tip to a microscope slide with bevel 

side down.
12. Express the specimen onto the microscope slide.
13. Make oval smears.

Locate, Palpate, and Stabilize 
the Target Lesion

Two fingers of the left hand outline and immobilize the 
mass. In the case of large nodules, only a portion of 
the nodule is spanned by the fingertips. In the cases of 
smaller nodules, the entire nodule is encompassed by 
the fingertips. This approach allows the operator to im-
mobilize the target for the needle to aim. The fingers are 
arched and extend from the hand, which is poised above 
a point near the palpable nodule. This makes use of the 
sensitive fingertips in localizing the target. In this posi-
tion, the small intrinsic muscles of the hand are relaxed 
and the fine movements of the fingertips ensure accurate 
puncture of small targets. Once the nodule is stabilized, 
the needle is passed through the skin to the lesion. It is 
helpful to think of the needle as an extension of the in-
dex finger of the right hand and the nodule as an exten-
sion of the palpating fingers of the left hand. Aiming at a 
small target is analogous to touching the tip of one index 
finger with the other. After the needle enters the lesion 
and suction is applied, the needle is moved back and forth 
through the mass almost as fast as the needle in the sew-
ing machine. The actual motion causes the needle tip to 
describe a cone, with its base in the mass and its apex at 
the entry point of the skin. Always move the needle in a 
straight line, and change direction at the top of the cone, 
i.e., near the entry point of the skin. The rapid motion of 
the needle cuts loose numerous tiny cores of tissue that 
move up to the hub of the needle. This activity takes only 
a few seconds. The operator needs to have split vision, 
monitoring the transparent needle hub as well as watch-
ing the reaction of the patients. As soon as material ap-
pears in the needle hub, aspiration stops. Depending on 
the nature of the lesion, in some instances, larger volumes 
of cyst fluid or blood may be obtained.

Recovery of the Sample from Needle Hub

Hold the air-filled syringe with the left hand and place 
the needle tip on the glass slide with the bevel side down. 

Then, using the right hand, carefully push the plunger 
to deposit a small droplet on each slide, approximately 
1 cm from the label. After the sample is deposited onto 
the slides and smears made, an effort should be made to 
recover the residual sample adhered to the needle hub by 
the following maneuver. Holding the needle upward with 
the left thumb and index finger, use the right thumb and 
index finger to lift the open end of the needle hub upward 
and let go, allowing the open end of the needle hub to 
bounce back onto the microscopic slide so that the adher-
ing material is dislodged onto the glass slide for another 
smear. One should practice this technique with unused 
needles filled with creamy hand lotion before applying it 
to needles containing potentially infectious patient ma-
terial. The needle can also be gripped with a hemostat, 
to reduce the danger of an accidental needle-stick injury. 
The material in the needle hub could be the purest part of 
the specimen without contamination with blood or fluid. 
Therefore, recovery, smearing, and study of the needle 
hub material is important.

Frequently, a small droplet of the sample may be 
left in the tip of the syringe. It can be recovered in the 
following manner. The plunger is gently raised all the 
way up to fill the syringe with air. The plastic tip of the 
syringe is placed on the glass slide and the plunger is 
rapidly, forcefully, and audibly pushed all the way down. 
This maneuver can be rapidly repeated several times so 
that the droplet at tip of the syringe can be recovered 
and smeared.

The Fine Art of Smear Preparation

Preparation of smears is the most important steps of FNA. 
Unless high-quality smears are created, it does not mat-
ter how good the samples are, they will be challenging to 
interpret, because the criteria used for diagnosis by cyto-
pathologists depends on a properly executed smear. First 
and foremost is to stop aspirating as soon as the sample 
appears in the needle hub and immediately transfer the 
sample to the slide and smear, since specimens may dry 
and a bloody sample may clot.

The smearing technique for FNA is similar to mak-
ing smears for bone marrow aspirates by hematologists, 
but more refined. At the NYU Medical Center, the direct 
smears are made in the Swedish method as taught by the 
late Torsten Löwhagen of Karolinska Institute in Sweden 
[9]. The aspirate was deposited 1 cm from the frosted 
end of the bottom slide. Holding the frosted end with the 
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left thumb and index finger and the rest of the slide sup-
ported by the remaining three fingers, the bottom slide 
remains horizontal and motionless. Another slide is held 
by the right thumb and index finger at a right angle to the 
bottom slide; the top slide is placed on the bottom slide 
at 45° at a distance so that when the top slide is lowered 
to 0° in a hinge-like fashion, the majority, but not all, of 
the droplet will be touched. The untouched area of the 
droplet serves as an anchor, so that the entire droplet will 
not roll with the top slide. The top slide then moves over 
the entire length of the bottom slide toward the preparer 
in a gentle, quick, and steady fashion. In fact, the top slide 
glides over the bottom slide along a parallel space filled 
with air without actually touching the bottom slide. The 
sample is suspended in a liquid meniscus between the top 
and bottom slides, so that the cells will be spread apart 
but not crushed.

Preparation of Multiple Smears 
from a Single Aspiration by DAB Technique

Sometimes, especially from aspiration of carcinoma 
or lymphoma, a single pass yields too much sample for 
one slide and the smear will be too thick for examina-
tion. One needs to split the sample into several slides by 
the DAB technique [11]. These tiny smears will be thin 
enough for microscopic examination. After depositing a 
large drop of the sample on the slide, take another slide 
(the spreader slide) and hold it with right thumb and in-
dex finger parallel to the aspirator. The sample deposited 
on the bottom slide, which is perpendicular to the aspi-
rator, is lightly touched (dabbed) with outer edge of the 
spreader slide at different spots, starting from the far end 
of the spreader slide and moving toward the fingers hold-
ing the spreader slide. The spreader slide with the newly 
dabbed droplets can be transferred to three new slides to 
make three small smears. The last smear is made by flip-
ping over the spreader slide to obtain a new edge, and 
smear the original slide. In this way, four small high-qual-
ity smears can be prepared from one pass.

Although the above descriptions may seem tedious to 
the reader, they can be mastered with practice and can be 
executed within a few seconds. Just as the basic motions 
of the FNA procedure should be mastered before the pa-
tient is approached, so should the handling of aspirated 
material. Smear making can be practiced using droplets 
of creamy hand lotion. The aspiration can be simulated 
by material aspirated from an orange.

Gross Examination of the Smears 
for Specimen Adequacy

Gross examination of the smears is often the ignored step 
for FNA. Even without a microscope, the operator can 
gather important information regarding the adequacy of 
the sample, because the physical features of the aspirates 
correlate to microscopic findings [16]. Is the sample easy 
or difficult to expel to the slide? Is the smear easy to make 
or felt viscous? Typically, the aspirate of pleomorphic 
adenoma is thick and viscous due to chondromyxoid 
stroma and Warthin’s tumor is thin due to lymphocytes 
and rare sheets of oncocytic epithelium. Does the smear 
appear shiny like glazed honey (colloid nodule), thin like 
water (cystic degeneration), thick like dried tooth paste 
(epidermal inclusion cyst), or bloody like peripheral 
blood. Can one observe particles on the smear? If blood 
appears in the syringe as soon as the needle enters the 
nodule, make a smear and empty the blood into a test 
tube containing CytoRich Red and try a different area of 
the nodule. Never submit slides that the operator already 
knows by gross examination are unsatisfactory, because 
cytology laboratories are obligated by regulations to pro-
cess every single slide that is submitted. Frequently, the 
cytology laboratory receives a dozen slides, out of which, 
ten slides appear empty by gross examination. It is the 
operator’s duty to select the satisfactory slides to trans-
port to the cytology laboratory based on gross examina-
tion (Fig. 8.3). If the first pass is unsatisfactory, take ad-
ditional passes until satisfactory, while the patient is still 
available.

Air Drying the Smears to Create 
Large, Flat Cells

In the older methods, wet smears were plunged immedi-
ately into a coplin jar containing 95% ethanol or sprayed 
by spray fixative. Air drying was considered bad for cells. 
In 1988, it was discovered by Chan and Kung [2] that air-
dried cells within a certain time period can be restored to 
transparency by simply soaking in normal saline for 30 s. 
Ultrafast Papanicolaou stain [14] incorporates this air-
drying rehydration by saline technique [13] as the first 
step, because it allows cytopathologists to examine large, 
flat, and transparent cells, maximizing the resolution of 
nuclear and cytoplasmic details and increasing the sen-
sitivity of cancer detection [12]. Figure 8.4 illustrates the 
cytologic details that can be achieved by this method 
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and difficult diagnostic problems that can be solved. It 
is known that approximately 5% of pleomorphic adeno-
mas [3, 4, 7] and some basal cell adenomas [8], share the 
cylindromatous stroma of adenoid cystic carcinoma on 
smears. This pitfall is the reason cytopathologists are re-
luctant to diagnose adenoid cystic carcinoma, and often 
report “Salivary gland neoplasm with cylindromatous 
stroma: adenoid cystic carcinoma versus pleomorphic 
adenoma.” This kind of report makes FNA of salivary 
gland useless to the surgeons, since the former requires 
radical surgical with wide margins, while the latter uses 
a conservative approach [1]. The distinction is possible 
[15] using large, flat, and transparent cells by allowing 
the smears to air dry followed by rehydration in saline, 
a simple and elegant technique. In 30 s the saline enters 
the air-dried cells by osmosis, making nucleated cells 
transparent and red blood cells hemolyzed. The leaked 

hemoglobin particles may cover the cells on the smear; 
therefore, it must be removed by two quick rinses in sa-
line. If left in saline for more than 30 s, the cells will start 
to detach from the glass surface, so precise timing is im-
portant. The cellular details are suboptimal when there 
is a delay in rehydration by saline. That is why one must 
rehydrate the smears in saline before transporting the 
slides in CytoRich Red solution to the cytology labora-
tory. Figure 8.3 illustrates the steps from the preparation 
of smears to transport. The air-dried opaque cells trans-
ported in cardboard slide holders will be stained in the 
cytology laboratory for Romanowsky stain to highlight 
the metachromatic stroma and background substance. 
The large, flat, and transparent cells transported in Pap 
jars will be processed for Papanicolaou stain for addi-
tional nuclear and cytoplasmic details.

Fig. 8.3: Preparation of FNA smears 
for transport
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CytoRich Red is the Cytology Fixative 
for the Twenty-first Century

All of the previous fixatives, such as 95% ethanol, fix 
everything in the sample, including nucleated cells, red 
blood cells, and the background protein. In 1996, an 
innovative fixative, CytoRich Red, was developed by 
Maksem [5, 6]. This solution selectively fixes nucleated 
cells, while paradoxically dissolving red blood cells and 
background protein. One milliliter of CytoRich Red 
can lyse 25 μl of whole blood. It is important to know 
that CytoRich Red will only hemolyze red blood cells 
when they are wet, and not when they are dried. That 
is why the air-dried smears must first be immersed in 
saline before transporting in CytoRich Red, which will 
dissolve residual hemoglobin particles covering the cells 
on the smears, providing a clean background for optimal 
cytologic examination. The rehydrated air-dried cells 

received in the cytology laboratory can be stained with 
the standard Papanicolaou stain, and show flat, large, 
and transparent cells in a clean background for optimal 
analysis of cellular details.

Liquid Fixation is for Operators Who 
Cannot Master the Art of Smearing

The sample obtained by aspiration can be directly ex-
pressed into liquid fixatives, such as CytoRich Red. 
Liquid fixation relieves the aspirators from learning 
to how to make FNA smears, however, the resolution 
of cellular details is markedly decreased. Using an egg 
as an analogy (Fig. 8.5), egg yolk is the nucleus of the 
cell and egg white is the cytoplasm of the cell. The wa-
ter is boiling in the pot, the eggshell is broken, and the 
egg is dropped into the boiling water and immediately 

Fig. 8.4: Distinguishing adenoid cystic carcinoma from pleomorphic adenoma in salivary gland aspirates, processed with the method 
described in Fig. 8.3. a Pleomorphic adenoma with metachromatic cylindromatous stroma covered by tumor cells. Romanowsky 
stain, 100×. b The oval neoplastic cells of pleomorphic adenoma have visible cytoplasm. Ultrafast Papanicolaou stain, 400×. Inset 
Close-up of a tumor cell shows pale nucleus with small round nucleolus and abundant cytoplasm. 1,000×. c Adenoid cystic carcinoma 
with metachromatic cylindromatous stroma. Romanowsky stain, 100×. d The cytoplasm of neoplastic cells of adenoid cystic carcino-
ma measures <1 μm, which is beyond the resolution of the light microscope, thus the neoplastic cells look like naked nuclei. Ultrafast 
Papanicolaou stain, 400×. Inset Close-up of a tumor cell shows no cytoplasm, darker chromatin, and the irregular nucleolus. 1,000×
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cooked into poached egg. Liquid-fixed cells are analo-
gous to “poached egg” with smaller nuclei and smaller 
cytoplasm under the microscope. Air-dried cells are like 
“sunny-side up egg.” The eggshell is cracked and the egg 
is dropped over a flat pan. The egg flattens by gravity 
and is then cooked into sunny-side up egg. Air-drying 
allows the cells to flatten by gravity. The flattened cells 
appear larger under the microscope for higher resolu-
tion of cytoplasmic and nuclear details. In addition, liq-
uid fixation precludes the use of Romanowsky stain, the 
most popular stain for cytopathologists, and the use of 
Ultrafast Papanicolaou stain, the stain that provides the 
highest resolution of nuclear and cytoplasmic details. 
Placing fine-needle aspirates in liquid fixation for cyto-
pathologists is like placing bone marrow aspirates into 
liquid fixative for hematologists. The exquisite cellular 
details shown in Fig. 8.4 for optimal cytomorphologic 
analysis and to distinguish look-alike entities will not be 
possible in liquid fixation.

Needle-rinse Material Contributes 
Little to FNA Diagnoses

Although routine preparation and examination of slides 
from needle-rinse material may be unnecessary and in-
efficient, collecting this material at the bedside requires 
very little additional time or effort. Thus, some operators 
routinely rinse the needle and syringe at the time of FNA 
and then process this rinse-material specimen only in 
rare cases in which additional material is needed.

Role of FNA Biopsy to Diagnose 
Lymphoma of the Parotid Gland

With the advent of sophisticated cellular immunological 
methods, such as flow cytometry, characterization of dif-
ferent cellular subsets within the aspirate population can 
be achieved by staining for surface markers using fluores-
cent antibodies. Collection of a least two needle passes in 
Hanks’ basic salt solution or Roswell Park Memorial In-
stitute (RPMI) medium for immunophenotyping by flow 
cytometry addresses some of the concerns with adequacy 
of FNA biopsy specimens. Immunophenotyping by flow 
cytometry detects cell surface antigens using a variety 
of monoclonal antibodies that indicate differentiation, 
lineage (B or T ells), and whether there is a monoclonal 
production of the light chains or the heavy chains. Im-
munophenotyping also confirms the reactive nature of 
the lymph node because there will be a polyclonal pattern 
of immunoglobulins with production of both light chains 
with a kappa:lambda ratio of 2:1. Gene rearrangement 
studies can be performed when immunophenotyping is 
equivocal, and this has resulted in a substantial increase 
in accuracy for typing lymphomas. These are the genes 
for cell surface antigen receptors, and arrangement of 
these genes is the earliest genetic event in the develop-
ment of lymphomas. The gene rearrangement can be de-
tected using the Southern blot technique or polymerase 
chain reaction. Even if an open biopsy of a lymph node 
has to be performed following a FNA biopsy, reactive, in-
flammatory, and metastatic lesions have been eliminated 
and the diagnostic possibilities are narrowed down.

Fig. 8.5: Cytology preparation is analogous to 
preparation of eggs. Highest resolution of cytologic 
details is possible only with air drying, which 
provides the largest cytoplasm and nucleus for 
cytomorphologic analysis. Cells placed in liquid 
fixation are like poached eggs with smaller nuclei 
and cytoplasm, making it difficult to distinguish 
look-alike entities
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  Take Home Messages

→ BLOOD IS THE ENEMY: use the finest needle 
possible to avoid dilution of tumor cells by a tsu-
nami of blood.

→ LESS IS MORE: a scanty undiluted sample is bet-
ter than an abundant blood diluted sample.

→ THE CLOCK IS TICKING: work fast to avoid 
clotting of the sample before smearing.

→ GROSS INSPECTION of smears for adequacy 
and correlation with final diagnosis.

→ METICULOUSLY FOLLOW DIRECTIONS 
which will ensure success of FNA.

  

Supplies for FNA Biopsy
Alcohol pads:
– Sterile, alcohol prep pad, reorder #:122
– PSS Select, Jacksonville, FL 32216

Needles:
BD PrecisionGlide needles, single use
– Cat# 302136 27 gauge, 1-1/4"
– Cat# 302127 25 gauge, 1-1/2"
– Cat# 302120 23 gauge, 1-1/4"

Syringes:
BD 10-ml plastic disposable syringe with Luer-Lok tip
– Ref 309604
– Becton-Dickinson, Franklin Lakes, NJ 07417
– Becton-Dickinson, http://www.bd.com

Pencil-grip syringe holder:
– Tao aspirator, Tao & Tao Technology, 886 Sands 

Lane, Camano Island, WA 98282; Tel.: +1-360-
3876186, http://www.taoaspirator.com

Pistol-grip syringe holder:
– Cameco Syringe holder, Belpro Medical, 9915 

Place York, Anjou, Quebec, Canada Tel.: +1-888-
2301010, http://www.belpro.ca/com

�

�

�

�

�

Microscopic slides:
– Newcomer Supply, 2505 Parview Road, Middleton, 

WI 53562; Tel.: +1-800-3837799
– Cat# 6215 Microscopic slides with frosted ends, 

3×1×0.1 cm

Saline:
– Baxter Healthcare., One Baxter Parkway, Deerfield, 

IL 60015; Tel.: +1-800-4229837, http://www.baxter.
com/

– Cat# 2F7124 0.9% NaCl, irrigation saline, USP

CytoRich Red preservative:
– TriPath Imaging, 780 Plantation Drive, Burlington, 

NC 27215; Tel.: +1-866-8747284, http://www.tripa-
thimaging.com/

– Cat# CytoRich Red preservative 3600 ml/bottle

Pap jars:
– Evergreen Scientific, 2300 East 49th St., PO Box 

58248, Los Angeles, CA 90058; Tel.: +1-800-
4216261, http://www.evergreensci.com/ch/pfp.htm

– Cat# 240-5420-G8K Pap jars w/ green caps, empty, 
pack of 200

Cardboard slide mailers:
– Richard-Allan Scientific, Kalamazoo, MI 49008; 

Tel.: +1-800-5227270, http://www.rallansci.com/
– Cat#2500 Slide Mailer
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  Core Features

• Infections of the salivary gland most commonly 
affect the major glands.

• Infections may present as an acute, chronic, or 
acute and chronic problem.

• The most common pathogens identified are viral 
and bacterial.

• Children are affected with the same diseases as 
adults.

• Adults most commonly present with total gland 
obstruction associated with sialolithiasis, ductal 
stenosis, or sialectasis.

• Patients with recurrent symptoms should be in-
vestigated electively.

• Total gland swelling is more likely ductal disease, 
as distinct to partial gland swelling which may be 
neoplastic or inflammatory disease.

  

Complications to Avoid
Investigation should be considered in all patients, 
children and adults, who have recurrent symp-
toms, swelling ± pain, to exclude reversible disease 
or a neoplastic process.
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Introduction

Infection of the salivary glands is best defined as an acute 
and/or a chronic condition which presents as swelling, 
with or without pain, with or without systemic involve-
ment, and which affects the major and minor salivary 
glands. The most common pathogens identified are viral 
and bacterial. The most frequent clinical problem is that 
of an adult who presents with a swelling of the parotid or 
submandibular gland, with a diagnosis of obstructive si-
aladenitis associated with sialolithiasis, ductal stenosis, or 
sialectasis. The probable cause for the obstructive sialad-
enitis is associated with a bacterial infection. One of the 
theories proposed for such infectious processes is the ret-
rograde theory of bacterial infection from the oral cavity.

In the general population, mumps is associated with 
acute swelling of the parotid gland. It is a specific viral 
disease, contagious and epidemic, which typically affects 
school-age children. It can also affect adults, mainly the 
elderly. It is associated with fever, malaise, myalgia, and 
headache. Most children who present with an isolated 
acute painful parotid swelling do not have mumps as a 
diagnosis, but similar symptoms can be caused by other 
viruses. These viral infections are not epidemic and are 
non-infectious, but are sporadic and are commonly and 
erroneously labeled as mumps. Frequently, parents and 
General Medical Practitioners consider that when an 
acute parotid gland swelling episode arises it is mumps, 
but one can only be infected with the mumps virus once 
because antibodies are precipitated and this prevents a 
second infection.

Recurrent parotitis of childhood is the most frequent 
non-viral affection of salivary glands in children, and 
these distressing symptoms, swelling, pain, and systemic 
upset, usually resolve around puberty. Its precise origin 
remains unclear, and as a result no specific treatment ex-
ists. Sialendoscopy, when performed, has proven until 
now to be partly effective.

Swelling of the parotid, acute and chronic, present in 
two fashions: swelling of the whole gland (such as mumps) 
or partial swelling of the gland (such as tuberculosis, cat-
scratch disease, benign and/or malignant neoplasms).

In the case of submandibular swelling, the whole 
gland is considered swollen and a swelling of part of the 
gland is difficult to differentiate clinically. Also, differen-
tiating submandibular gland from adjacent lymph nodes 
is sometimes difficult and requires the use of radiological 
imaging. Not infrequently, discrete inflammatory swell-
ings of the parotid or submandibular gland are in fact in-
fections of peri- or intraglandular lymph nodes.

Infectious processes of the minor salivary glands in-
cluding sublingual, generally present as a painless non-
ulcerative swelling similar to that of a neoplasm. The di-
agnosis frequently requires a tissue diagnosis.

In the past, the classic division of salivary gland diseases 
and infections relied on a differential diagnosis. A different 
concept proposed is to classify these diseases according 
to their clinical presentation, considering the frequency 
of the episodes and the combinations of the associated 
symptoms. This understanding necessitates separating 
glands into submandibular and parotid because of their 
different etiologies and frequencies of these disorders.

Infectious salivary swellings have to be differentiated 
into acute and progressive (chronic). Acute is defined 
as a patient who had a previously normal gland, with a 
sudden onset of a diffuse ill-defined swelling of the entire 
gland or a localized swollen area with indiscrete margins 
associated with pain, and more rarely erythema, and pu-
rulent exudate visible at the papilla. Chronic presentation 
is a gradual awareness of a diffuse swelling of the entire 
gland or a discrete well defined mass or swelling, most 
usually not associated with pain, sometimes presenting 
with skin involvement (which might be a sign of a neo-
plasm or tuberculosis).

Algorithms

The algorithms in Figs. 9.1 and 9.2 show the differential 
diagnosis of parotid and submandibular swellings.

Investigations of Infectious 
and Inflammatory Conditions

Most patients who present with an acute swelling irre-
spective of age are considered to have an inflammatory or 
infectious course. Such patients are usually treated em-
pirically by antibiotics, even though many such presen-
tations include viral conditions. Therefore, investigation 
of these patients when the symptoms, most frequently 
pain, resolve is in the non-acute resolved phase. However, 
should purulent exudates be evident at the papilla, then it 
would seem appropriate to take a sample and send it for 
culture and sensitivity.

In the resolved acute clinical presentation, investiga-
tions, if facilities are available, would be in ranked order: 
ultrasound, followed by sialendoscopy. In the acute unre-
solved cases (after approximately 2 weeks of treatment), a 
magnetic resonance (MR) sialogram or plain computed 
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tomographic (CT)-MR image would be appropriate. In 
the chronic situation, a plain CT-MR image, ultrasound 
(US)-guided fine-needle aspiration cytology (FNAC), or 
MR sialogram is mandatory.

Treatment of Infectious 
and Inflammatory Conditions

In the child or infant in an acute situation, the most fre-
quent diagnosis is viral infection. As the child will be toxic 
and pyrexial and suffers pain, antibiotics, analgesics, and 
hydration are recommended. In the recurrent acute situ-
ation occurring at frequent intervals, anti-inflammatory 
with analgesia treatment should be given. The parents 
anticipate a treatment, but its effectiveness in prevent-
ing recurrence is much debated and frequently does not 
shorten or prevent further episodes. In adults, the acute 
situation is most usually associated with a bacterial infec-

tion. They require hydration, antibiotics, anti-inflamma-
tories, and analgesia. In the chronic situation, the patient 
should be treated according to the result of the previous 
investigations, described above, including the results of a 
culture if performed.

Viral Diseases

Mumps

Mumps is the most common viral infection of the sali-
vary glands [1] and presents with unilateral or bilateral 
swelling of the parotid glands. In 85% of cases, it affects 
children under the age of 15 years. Stensen’s papilla may 
be irritated and swollen, but no purulent exudate is visible 
or expressible. Glandular symptoms are often preceded 
by 1–3 days of a prodromal period, where the patients 
complaints might include malaise, discomfort, loss of 

Fig. 9.1: Differential diagnosis of parotid 
swellings

Fig. 9.2: Differential diagnosis of subman-
dibular swellings
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appetite, chills, fever, and sore throat. The swelling usu-
ally lasts from a couple of days to one week, and there is 
no purulent exudate at the papilla on examination [2, 3]. 
Laboratory findings include leukocytopenia, with relative 
lymphocytosis. Serum amylase can be analyzed: it peaks 
in the first week and normalizes by the second or third 
week. Soluble antibodies directed against the nucleopro-
tein core of the virus appear within the final week of the 
infection, and disappear within 8 months [4]. Antibodies 
directed against the outer surface appear several weeks 
after soluble antibodies, and persist for 5 years [5].

Mumps is due to a paramyxovirus, an RNA virus re-
lated to the influenza and parainfluenza viruses. Mumps 
is spread by aerosol droplets from the saliva and nasopha-
ryngeal secretions of an infected individual and spreads 
easily in highly populated urban areas. Incubation lasts 
from 2 to 3 weeks and the patient is infectious from 3 days 
before the onset of salivary swellings to 7 days after [6]. 
The peak incidence is at age 4–6 years, but the incidence 
has dropped in the last decades because of the system-
atic introduction of mumps vaccine. Studies have shown 
that more than 95% of adults have antibodies against 
mumps. Complications include orchitis (25% in young 
males), pancreatitis, sensorineural hearing loss (1/20,000 
in children, being the first cause of acquired sensorineu-
ral hearing loss in children), and meningoencephalitis 
[6]. Mumps might be a cause of abortion during the first 
trimester of pregnancy because of fetal endocardial fibro-
elastosis.

Classic treatment includes antibiotics, sialagogues, 
and rehydration, the treatment depending on the clinical 
course and on the extent of the disease.

Non-mumps

Other viruses may mimic clinical mumps, such as influ-
enza and parainfluenza viruses (type 1 and 3), Coxsackie 
viruses (A and B), echovirus, and lymphocytic chorio-
meningitis virus [4, 7, 8]. Cytomegalovirus and adenovi-
ruses have also been described, mostly in human immu-
nodeficiency virus (HIV) patients. Patients will have the 
same symptoms as described for classic mumps.

Human Immunodeficiency Virus

Parotid HIV manifestations present as an enlargement 
of the gland due to multiple lymphoepithelial cysts [9]. 

These cysts can be assessed by the use of ultrasound and 
fine-needle aspiration, which reveals serous fluid with the 
presence of lymphocytes and macrophages. Their presen-
tation has not been associated with the prognosis of the 
disease [10]. As the parotid gland contains many lymph 
nodes at different levels, they might be enlarged as HIV 
virus mainly affects lymphoid tissue. One should not 
forget the differential diagnosis with solid tumors which 
also have an increased incidence in the parotid of HIV 
patients [9]. Infectious causative agents are Pneumocys-
tis carinii, adenovirus, histoplasma, and cytomegalovirus 
(CMV), which can be found in the saliva [11].

Thirty percent of HIV-infected children have proven 
to have enlargement of their parotid glands [12]

Bacterial Diseases

Clinical Course

The illness is of acute onset, with tender painful swelling 
of the salivary gland. Parotids are affected more frequently 
than submandibular glands. One of the possible reasons 
would be that the bacteriostatic activity of the parotid sa-
liva is inferior to that of submandibular saliva. Palpation 
of the gland is painful and causes purulent discharge at 
the papilla. Massaging the gland and expressing purulent 
exudate and saliva—even though this is painful—relieves 
the pressure pain of the patient by diminishing the pres-
sure in the ductal system.

Localized infections of minor salivary glands includ-
ing sublingual glands can be seen, and have the same 
causative agents. Calculi are also encountered [13].

Management consists of broad-spectrum antibiotics, 
after having performed a culture looking for the precise 
etiology of the infection. Associated anti-inflamma-
tory medication may help to reduce the pain and swell-
ing symptoms of the patient. In cases of severe swelling, 
corticosteroids do diminish the inflammation, and have 
a rapid effect in relieving the symptoms. The geriatric 
population is affected by marantic parotitis, caused by 
dehydration [14].

Small children can also be affected by this disease, in 
the first 2 weeks of life, in the parotid [15] and more rarely 
in the submandibular gland [16, 17], and these episodes 
affect most frequently premature infants who are often 
dehydrated, showing the importance of dehydration as a 
probable pathogenic factor.
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Type of Bacteria

The contamination mode of the parotid gland in cases of 
suppurative parotitis is unknown. The retrograde con-
tamination of the gland by bacteria from the oral cavity, 
and the stasis of salivary flow or a reduced salivary flow 
might be the main causes. Penicillin-resistant coagulase-
positive staphylococcus is commonly encountered, but 
the flora is usually mixed, containing not only Streptococ-
cus pneumoniae and beta-hemolytic streptococcus, but 
also gram-negative germs, such as coli. Anaerobic bacte-
ria also play a role, and studies have shown the presence 
of 30–40% of anaerobic bacteria (bacteroides, peptostrep-
tococcus, fusobacteria) [18–21].

Bacteria that affect infants are the same as those 
that affect adults [7, 22, 23], and Pseudomonas ae-
ruginosa, Neisseria catarrhalis, and methicillin-re-
sistant Staphylococcus aureus (MRSA) have been 
reported [24]. In South-East Asia, Pseudomonas 
pseudomallei has also been reported [4].

Cat-scratch Disease

This disease involves lymph nodes adjacent to salivary 
glands and the salivary glands may be involved by con-
tinuous spread. Patients usually remember being exposed 
to cats, and children or young adults are most often in-
volved. Bartonella henselae, a gram-negative bacteria, is 
the pathogen [25]. Laboratory findings include specific 
polymerase chain reaction (PCR) or serology. Although 
generally prescribed, antibiotics seem not to be effective 
in shortening the course of the disease. The affected lymph 
node disappears spontaneously within a few months.

Actinomycosis

Actinomycosis affects lymph nodes adjacent to salivary 
glands, masquerading as a salivary gland infection. The 
pathogen is Actinomyces israelii [26]. Other patho-
gens include Actinomyces proprionica, A. viscosus, and 
A. odontolyticus. There are three forms of infections. The 
first is acute, associated with suppuration. The second is 
chronic, slowly progressive, with marked induration and 
may be mistakenly diagnosed as a neoplasm. The third 
form is subacute and is represented by a slightly tender 
and tumor-like mass attached to the mandible. The find-
ing of “sulfur grounds” on pathological evaluation are 

pathognomonic of this condition. Treatment of the acute 
phase is surgical, with eventual drainage of the exudates. 
Broad-spectrum antibiotics are administered.

Other Diseases

Recurrent Parotitis in Children

The disease is characterized by recurrent episodes of acute 
or subacute swellings of the parotid glands, unilateral or 
bilateral, associated with fever and pain. Mucopurulent 
saliva can be expressed from the papilla, which is often 
red. Episodes recur every several months, sometimes 
more often, but the child is free of symptoms between the 
episodes. The age of presentation has been described from 
8 months to 16 years [5], but more frequently from 5 to 
7 years [3], and the symptoms usually decrease or cease 
at puberty (92% of symptom-free adults at 22 years, in-
dependent of treatment) [27]. The histological appear-
ance of the salivary gland reveals massive infiltration with 
lymphocytes with lymphoid follicle formation, and cys-
tic ductal formations (sialectasis) [27, 28]. No therapy is 
available for this disease, but antibiotics are usually given. 
Anti-inflammatory medication also reduces the severity of 
the attacks. Among etiological factors considered are con-
genital malformation of the parotid ducts [29, 30], famil-
ial background and impaired rates of secretion [31–35], 
primary or secondary infections, and local manifestations 
of systemic immunological disease [36]. The sialographic 
changes remain until adult life [27]. Recently, sialendos-
copy has proven to be effective in these cases [37–40]. 
The sialendoscopic appearance of the duct shows diffuse 
reduction of the caliber of Stensen’s duct [41], associated 
sometimes with multiple localized stenosis, and some-
times with salivary calculi (personal data). Parotid sur-
gery has been described, as well as ligation of the duct [36, 
42] which in our opinion should be absolutely avoided.

Granulomatous Sialadenitis

They are of different types of granulomatous diseases af-
fecting salivary glands (Table 9.1). Ductal obstruction 
secondary to calculi or more rarely to tumor is the com-
monly identified cause [29]. The parotid gland is involved 
in most of cases. Symptoms include painless firm nodules 
in the parotid area. Histological confirmation of the dis-
ease include typical non caseous granulomas.
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Mycobacteria

Mycobacterium tuberculosis and atypical mycobacterium 
both affect lymph nodes adjacent to salivary glands or in-
traglandular lymph nodes [43–47]. Usually, they are con-
taminated by the local infection affecting the mouth, the 
pharynx, or the lungs [43, 44, 48, 49]. The clinical presen-
tation can be an acute inflammatory lesion or a chronic 
tumor-like lesion.

Diagnosis of Mycobacterium tuberculosis is best made 
by a purified protein derivative (PPD) skin test followed 
by a fine-needle aspiration to avoid unnecessary surgery. 
Treatment relies on medical management using a combi-
nation of antibiotics including isoniazid, rifampicin, and 
pyrazinamide.

In cases of atypical mycobacteria, adults and infants 
can be infected, but it is commonly seen in children 
between 2 and 5 years, and adults suffering from im-
munodeficiency disorders [50]. Mycobacterium avium-
intracellulare and M. scrofulaceum are the organisms 
responsible [51], and the diagnosis is made either by 
culture performed after therapeutic excisional biopsy of 
the lymph node or by a specific PPD test. Its diagnosis is 
often delayed, as the classic PPD test remains negative. 
Treatment is surgical and excision but sometimes curet-
tage may eradicate the localized infection depending on 
its location, but chemotherapy may play a role in subop-
timal surgery.

Sarcoidosis

Sarcoidosis is a systemic disease involving multiple organs. 
Its etiology remains unclear, but several hypotheses have 
been made, including autoantigens and infectious organ-
isms [52]. Salivary glands are usually affected, and specif-
ically the parotid glands. Symptoms include swellings and 
dry mouth. Laboratory findings include amylase and kal-
likrein diminishing during the acute phase of the disease, 
and the finding of angiotensin-converting enzyme (ACE 
test). Diagnosis is confirmed if there is radiological and 
histological evidence of non-caseous epithelial granulo-
mas. Biopsies can be obtained either from minor salivary 
glands with a less good sensitivity than parotid biopsies 
[53, 54]. Corticosteroids are the best therapeutic option.

Heerfordt’s disease, also called uveoparotid fever, as-
sociates parotid enlargement with uveitis and facial palsy. 
It is a rare form of sarcoidosis occurring in young patients 
in their 20s.

Hydatic Disease

This diagnosis is suspected in endemic areas and is ex-
tremely rare. Salivary glands suffer from a cystic condition 
and the diagnosis is usually made postoperatively [55].

  Take Home Messages

→ Mumps is the most common viral cause of pa-
rotid swelling in children, but is a “once in a life-
time” infection.

→ Recurrent parotitis in children should be treated 
symptomatically.

→ Antibiotics should only be given when a specif-
ic bacterial infectious diagnosis is suspected or 
proven.

→ Partial salivary gland swellings, after investiga-
tion, may require excision to prove the likely 
pathogens if infection is the cause, or to exclude 
the possibility of a malignant neoplastic process.

  

Table 9.1. Types of granulomatous sialadenitis

Tuberculosis

Crohn’s disease

Melkersson-Rosenthal syndrome

• Cheilitis granulomatosa Miescher

Granulomatous giant cell sialadenitis

• Submandibular or sublingual

Xanthogranulomatous sialadenitis

Wegener’s granulomatosis

Churg-Strauss granulomatosis

Sialadenitis after sialography

Inflammatory pseudotumors

• Eosinophilic granuloma

• Kimura’s disease

• Angiolymphoid hyperplasia with eosinophilia

• Lymphomatous granulomatosis

• Rosai-Dorfman disease
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  Core Features

• Epidemiology of mucoceles and ranulas.

• Anatomy of the minor salivary, sublingual and 
submandibular glands.

• Pathophysiology of mucocele and ranula forma-
tion.

• Clinical findings of mucoceles and ranula.

• Management of mucoceles and ranula.

• Surgical procedure for mucocele, ranula, and 
plunging ranula.

• Complications of surgical treatment of mucocele 
and ranula.

  

Complications to Avoid
Failure to identify Wharton’s duct, lingual nerve, 
and hypoglossal nerve may result in injury to these 
structures.
Marginal mandibular nerve injury.
Failure to use imaging studies may result in under-
staging of a plunging ranula.
Recurrent ranulas may be scarred and adherent to 
surrounding structures.
Failure to remove the sublingual gland may result 
in recurrence.
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Introduction

Three paired major salivary glands as well as hundreds of 
minor salivary glands drain directly into the mouth pro-
viding moisture and lubrication to the oral cavity. This 
lubrication facilitates speech and swallowing, and keeps 
the mucosa moist. Obstruction of the outflow tract of 
the salivary glands and extravasation of mucus into the 
surrounding tissues may result in a mucocele or a ranula 
which is unique to the sublingual gland. The term “ranula” 
has its derivation traced to the oral anatomy of the frog.

Mucus-filled pseudocysts are non-epithelial-lined col-
lections that are visible in the floor of the mouth and may 
be due to mucoceles, ranulas, or plunging ranulas. Mu-
coceles arise most often secondary to injury of one of the 
minor salivary glands that causes small areas of mucus 
extravasation into the soft tissues (Fig. 10.1). The mucus 
then becomes walled off and forms a pseudocyst. The 
ranula is clinically described as a painless mucus pseudo-
cyst on the floor of the mouth. Simple and complex ranu-
las occur secondary to injury of one the sublingual ducts. 
Simple ranulas have mucus that is walled off above the 
mylohyoid muscle. Complex or plunging ranulas develop 
when mucus extravasation spreads deep to the mylohy-
oid muscle and presents as a mass in the neck.

Anatomy

There are estimated to be approximately 600 to 1,000 
minor salivary glands in the mucosa of the oral cavity. 
They are found along the buccal mucosa, floor of mouth, 
ventral tongue, hard and soft palate, and pharynx. These 
minor salivary glands have their own individual ducts 
through which the saliva passes into the oral cavity.

The sublingual gland measures approximately 3 cm 
in a sagittal plane [1] and is bound medially by the ge-
nioglossus muscle, laterally by the inner cortex of the 
mandible, inferiorly by the mylohyoid muscle, and supe-
riorly by the mucosa of the floor of mouth. There are up 
to 20 minor ducts of Rivini that drain into the floor of 
the mouth. The largest duct, called Bartholin’s duct, can 
empty into Wharton’s duct or it empties into the posterior 
floor of the mouth.

The submandibular gland is located inferior to the 
mandible and is bordered by the lingual and hypoglos-
sal nerves medially which lie on the hyoglossus muscle 
and track under the mylohyoid, laterally by the platysma 
muscle and facial vein, and superiorly by the mandible. 
The drainage path of the submandibular gland is Whar-

ton’s duct which is approximately 5 cm in length, cours-
ing between the hypoglossal and lingual nerves, under 
the mylohyoid and into the anterior floor of the mouth.

Pathophysiology

The origin of a ranula is thought to be due to obliteration 
of a minor duct of the sublingual gland, while the main 
excretory duct remains patent [2]. Unlike the parotid and 
submandibular glands that are stimulated by the para-
sympathetic system to express saliva during deglutition, 
the sublingual glands exhibit a more constant production 
of saliva.

Extravasation of saliva moves throughout the sub-
lingual gland and into the submucosa via hydrostatic 
pressure as the sublingual gland continues to produce 
saliva. The extravasated mucus can then spread around 
or through the mylohyoid muscle into the submental or 
submandibular spaces.

When the ranula spreads to occupy the submental or 
submandibular space and has penetrated deep to the my-
lohyoid muscle, it is referred to as a plunging ranula. Ec-
topic sublingual gland tissue in the neck may also cause a 
plunging ranula.

Injury to Wharton’s duct may also result in the forma-
tion of a ranula, however this is an uncommon mecha-
nism. This would require a very focal area of scarring in 
the duct that affects the sublingual drainage, such as the 
Bartholin’s duct, while allowing the submandibular gland 
to freely drain.

Fig. 10.1: Clinical photograph of mucocele on lower lip
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Epidemiology

Zhao et al. [3], in a review of 580 cases, reported that 
ranulas are most prevalent in the second decade of life 
and are slightly more common in females (male to female 
ratio of 1:1.2), but a distinct male predilection was noted 
for the plunging ranula (male to female ratio of 1:0.74). 
Oral ranulas most commonly involved the left side (left 
to right ratio of 1:0.62), while the plunging and mixed 
ranula commonly involved the right side.

Patients with a plunging ranula tend to report the 
presence of a mass in the neck for greater than 6 months, 
indicating that with time a simple ranula may eventually 
dissect by hydrostatic pressure into the neck and become 
a plunging ranula.

Chidzonga and Rusakaniko [4], in a review of 83 cases 
of ranulas in Zimbabwe, reported a concomitant positive 
serology for human immunodeficiency virus (HIV) in 
88%, with most of the patients in the 0–10 year age group. 
They suggested that sublingual ranulas in Zimbabwe be 
considered another HIV/AIDS-associated lesion, espe-
cially when found in children.

Clinical Diagnosis

The clinical history of a mucocele and ranula may in-
clude a soft, compressible, painless mass that may be 
translucent. These frequently form on the lower lip and 

the floor of the mouth. It may be associated with previ-
ous oral surgery, intraoral injury, or tumor growth. They 
usually enlarge slowly and may be ballotable on biman-
ual palpation of the neck and floor of mouth. Neurologic 
changes such as numbness or weakness of the tongue, 
or numbness of the lip, a hard and indurated surface, or 
loose teeth should alert the practitioner to suspect un-
derlying malignancy.

The usual presentation of a plunging ranula is a soft, 
compressible, mass in the submandibular or submental 
region. These may be initially misdiagnosed as sialadeni-
tis or a salivary tumor. Transillumination of the mass may 
be feasible in the larger ranula. Intraoral examination 
should demonstrate an intraoral component combined 
with the cervical component. Isolated cervical plunging 
ranula can rarely occur and is confirmed postsurgically 
by histologic verification of the pseudocyst [5]. Plunging 
ranula may be quite large and extend to the inferior as-
pect of the neck or the chest wall.

Imaging

Magnetic resonance imaging (MRI) can show herniation 
of the sublingual tissue and cystic material through the 
mylohyoid muscle(s) (Figs. 10.2, 10.3). T1-weighted im-
ages are usually low enhancing while T2-weighted images 
are bright. If the mucocele or ranula is infected, the signal 
findings may vary.

Fig. 10.2: Coronal T2-weighted MRI of plunging ranula Fig. 10.3: Axial T2-weighted MRI of plunging ranula
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The imaging can be augmented during a modified 
Valsalva maneuver to evaluate whether there is a neo-
plasm, fluid, or normal anatomy. A Valsalva maneuver 
may make a plunging ranula more prominent during the 
imaging process. Coronal images are particularly suited 
to demonstrate this [6]. With coronal images, the mylo-
hyoid muscle can be seen which may help to differentiate 
a ranula from a plunging ranula. The use of gadopentetate 
dimeglumine (Gd-DTPA) enhancement improves visu-
alization of the extent of the salivary glands in relation 
to the pseudocyst [7, 8]. The contrast enhancement may 
help enhance the rim of the pseudocyst.

The use of ultrasound of the neck in the evaluation of a 
plunging ranula may also reveal deficiencies in the mylo-
hyoid muscle with herniation of the sublingual gland [1]. 
Ultrasonography can provide good visualization of the 
sublingual space and the relation to the ranula.

With computed tomography (CT), a plunging ranula 
can be readily identified preoperatively as a cystic mass in 
the suprahyoid anterior neck [9] (Fig. 10.4). The ranula 
is usually unilocular, which makes it different than most 
lymphangiomas [10]. The differential diagnosis of a mass 
in this area on CT scan includes a branchial cleft cyst 
which has a more prominent wall, a thyroglossal duct cyst 
which is usually found as a midline structure, a lymph 
node with a necrotic center, or a salivary gland cystic tu-
mor. Coronal images can assist in differentiating a large 
ranula from a plunging ranula, as the plunging ranula will 
extend below the level of the mylohyoid.

Management

Some patients may experience spontaneous resolution or 
rupture of their mucocele or ranula [11]. Many different 
treatment options exist such as sclerotherapy, marsupial-
ization, and excision with or without combined excision of 
the involved salivary tissue. Treatment efficacy usually in-
creases when the ranula or mucocele is most prominent.

Kim et al. [12] reported the use of sclerotherapy in 9 
patients with ranulas. OK-432 sclerotherapy was also ap-
plied in 9 patients with plunging ranula with complete 
resolution [12]. Lee et al. [13] used OK-432 sclerotherapy 
with 13 patients and had 9 patients completely regressed. 
There were no complications encountered. Fukase et al. 
[14] reported a series of 32 patients treated with OK-432 
sclerotherapy, including 21 patients with simple ranula 
and 11 with plunging ranula. Thirty-one patients (97%) 
demonstrated a disappearance or marked improvement. 

The most common side effects were pain at the injection 
site and fever in almost half of the patients. While the first 
4 patients were observed in the hospital for 4–5 days, the 
remaining 28 patients were safely managed on an outpa-
tient basis.

Marsupialization of the mucocele or ranula has also 
been used with varying success and variation in utilized 
methods. A simple intraoral incision over the mucocele 
with subsequent drainage, placement of a silk suture se-
ton, and carbon dioxide laser vaporization of the ranulas 
have all been described [15, 16]. Each of these techniques 
includes a method to allow the pseudocyst to drain and 
communicate into the oral cavity. Yuca et al. [17], in a 
review of 9 pediatric patients with intraoral ranulas less 
than 2 cm, reported that marsupialization was successful 
in 6 of the patients.

Fig. 10.4: Axial view contrast-enhanced CT scan of bilateral 
plunging ranula
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Takagi et al. [18] described a method of fenestration 
with continuous pressure as a simple noninvasive method 
for plunging ranulas in a series of four patients with no 
recurrences. This method includes making an incision 
into the floor of mouth overlying the ranula and suturing 
a Penrose drain into place. Continuous pressure is then 
applied using an external pressure dressing taped to the 
neck for 3 weeks.

Transoral excision of the ranula or mucocele has be-
come common practice in the USA. Great care should 
be taken to prevent rupture of the pseudocyst’s thin wall 
during surgery, as incomplete resection of the cyst wall 
may occur inadvertently once the mucus has dissipated 
[19].

In order to lessen the complication and occurrence of 
rupture, Choi [20] recommended hydrodissection with 
saline and lidocaine with 1:100,000 epinephrine. Hy-
drodissection may allow improved visual distinction be-
tween the mucocele and the surrounding normal mucosa 
and other structures. Compared with other techniques, 
he found that hydrodissection was associated with less 
bleeding, fewer incidents of neural and soft tissue dam-
age, and a lower recurrence rate in a series of 38 patients 
[20].

Baurmash has advocated that removal of the sublin-
gual gland is not always necessary and reported four cases 
to illustrate his approach. All the patients were treated 
successfully with conservative management by removing 
the cyst only and retained normal functioning sublingual 
glands [21].

Recurrence rates are felt to depend upon the complete 
removal of the cyst and the involved sublingual gland [3] 
(Fig. 10.5). Other authors also believe that transoral ex-
cision of the ranula and sublingual gland is the recom-
mended method [7, 22]. Residual cysts in the floor of the 
mouth after excision of the sublingual gland often regress. 
Dissection and identification of the lingual nerve and 
submandibular duct are often necessary to accomplish a 
complete and thorough excision of the sublingual gland 
[11]. In addition, identification and preservation of the 
hypoglossal nerve is required. Transoral endoscopic as-
sisted excision of plunging ranulas is advocated by Guer-
rissi et al. [23].

Some authors feel that excision of the pseudocyst is 
probably unnecessary and places surrounding structures 
at risk of damage, but a biopsy of the pseudocyst wall is 
important to confirm the diagnosis [24–26]. Zhao et al. 
also concur that recurrence rates of ranulas of any type 

Fig. 10.5: Removal of a mucocele with involved 
minor salivary gland tissue
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are excessive unless the involved sublingual gland is re-
moved [3].

Transcervical excision of the ranula (and sometimes 
the submandibular gland) and intraoral excision of the 
sublingual gland is necessary in the complete treatment 
of plunging ranula. It is important to identify the lingual 
and hypoglossal nerves during this procedure and to 
identify the course of the pseudocyst through or deep to 
the mylohyoid muscle.

Special Consideration: Neonatal Ranula

Neonatal ranula may cause oral or oropharyngeal ob-
struction resulting in life-threatening airway compro-
mise upon delivery. Kolker et al. [27] reported a patient 
with a prenatal ultrasound that identified a ranula in the 
developing fetus encompassing the entire oral cavity. 
The cystic mass displaced the tongue anterosuperiorly 
against the palate. Anticipating airway obstruction, an 
ex utero intrapartum treatment (EXIT) team was cre-
ated and at 38 weeks gestation, a caesarian section and 
EXIT procedures were performed leaving the umbilical 
cord attached to the baby for continued placental oxy-
genation. The large sublingual mass was then excised 
intraorally followed by intubation and transection of 
the umbilical cord. The mass was consistent with a con-
genital ranula. There was no recurrence or complication 
noted at 6 months.

An additional report by Onderglu et al. [28] reported 
a similar EXIT procedure at 38 weeks gestation and man-
agement by simple aspiration of the cyst fluid prior to 
ligation of the umbilical cord, again with no recurrence 
at 6 month follow-up. While rare, neonatal ranula can be 
safely managed with the EXIT procedure technique.

Surgical Approach to Mucocele 
and Ranula Excision

Local anesthesia is usually well tolerated by patients with 
a small mucocele of the oral cavity. After informed con-
sent is obtained, 1% lidocaine with epinephrine is used 
to infiltrate the area surrounding the mucocele. It is ad-
vised to first delineate the boundaries of the mucocele 
because hydrodissection from the local infiltration may 
distort the anatomy. An elliptical incision is made around 
the mucocele to include the sublingual salivary gland that 

is the underlying cause of ranula. Hemostasis is achieved 
with an electrocautery device and the wound closed with 
absorbable suture. Frequently there is no tension on the 
wound which allows for a single-layer interrupted clo-
sure.

We feel strongly that the definitive treatment for sim-
ple and plunging ranulas require resection of the involved 
salivary gland in addition to the resection of the pseudo-
cyst. General anesthesia with nasal intubation is required 
for excision of the mucocele because of the difficulty in 
keeping the mouth open and controlling bleeding in an 
awake patient. The floor of the mouth is palpated and 
Wharton’s duct is identified in relation to the ranula. This 
duct is stented to allow identification and prevent injury 
during the resection.

An elliptical excision is performed in the floor of the 
mouth and tapered over the sublingual gland. Dissec-
tion lateral to the sublingual gland and ranula is carefully 
performed. The medial dissection consists of dissecting 
close to the ranula, and between the sublingual gland and 
Wharton’s duct. Great caution with posterior dissection 
is taken while identifying and preserving the lingual and 
hypoglossal nerves, and completing the resection of the 
ranula and sublingual gland.

Upon completion of the dissection and removal of the 
gland, careful hemostasis is achieved. If Wharton’s duct 
is injured, it may be marsupialized to the floor of mouth 
mucosa to allow for drainage. Closure of the wound is 
performed with absorbable sutures in a single layer.

Excision of plunging ranulas may be completed in 
the same manner if ideal retraction and delivery are per-
formed with bimanual palpation. Some patients may re-
quire an incision on the neck for exposure and delivery of 
the ranula. In addition to identifying the submandibular 
duct and lingual nerve during the dissection, care must 
be taken not to rupture the pseudocyst as the ranula is 
followed through or around the mylohyoid muscle.

If transoral visualization is poor, a neck incision is per-
formed three finger breadths below the inferior margin 
of the mandible in a skin crease and the submandibular 
gland is identified and mobilized away from the ranula. 
Completion of the posterior and inferior extent of the 
plunging ranula is performed after careful identification 
of the facial artery and veins to prevent bleeding in the 
operative site. The intraoral incisions are closed, a suction 
drain is placed in the neck after thorough irrigation, and 
the neck is closed in layers. A subcutaneous absorbable 
suture is used for the skin closure.
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Complications/Morbidity

In a clinical review of 571 patients with surgical treat-
ment of ranulas, the most commonly reported compli-
cations were recurrence (5.8%), sensory deficit of tongue 
(4.9%), and injury to Wharton’s duct (1.82%) [29]. Neu-
rologic deficits are more likely to be sensory in nature in-
volving the lingual nerve. These present immediately and 
commonly resolve within 2–7 months. However, weak-
ness of the tongue can occur from injury to the hypo-
glossal nerve, which is also usually transient. Permanent 
injury is best prevented by precise identification of the 
nerve branches and maintenance of a dry surgical field 
with the use of ultrasonic cutting shears or bipolar elec-
trosurgical technology. Injury to Wharton’s duct may not 
always be preventable due to the location of the ranula, 
but may be prevented by routine identification. In addi-
tion, caution should be taken to prevent inadvertent li-
gation of a preserved duct when repairing the mucosal 
defect after resection of the mucocele. If the duct does 
require transection and is irreparable, ipsilateral sub-
mandibular gland excision may be required to prevent 
obstructive complications.

Recurrence is usually delayed, as mucus will slowly 
accumulate, or scarring from previously resected muco-
celes results in formation of a mucocele from other sali-
vary tissue. Haberal et al. reported recurrence of ranulas 
in 6.25% of pediatric patients undergoing marsupializa-
tion [19].

The recurrence rates of ranulas were not related to 
swelling patterns or surgical approaches, but intimately 
related to the methods of surgical procedures. The re-
currence rates for marsupialization, excision of ranula, 
and excision of the sublingual gland or gland combined 
with lesion were 66.67%, 57.69%, and 1.20%, respec-
tively [3].

Plunging ranula can be associated with the additional 
risk of injury to the marginal mandibular nerve, as the 
ranula may infiltrate around the mandibular periosteum 
and submandibular gland capsule. This is especially true 
in cases where the plunging ranula has been previously 
infected. Surgical excision of ranula presents a greater 
technical challenge than would seem on initial evalua-
tion due to their infiltrative nature. Nonetheless, surgical 
treatment of ranula, especially in adults, continues to be 
a successful venture.

  Take Home Messages

→ Ranulas should be excised together with the in-
volved sublingual salivary gland.

→ CT scans or MRI is helpful in defining the extent 
of the ranula.

→ Transoral excision must be carried out with pres-
ervation of the Wharton’s duct, lingual nerve, 
and hypoglossal nerve.

→ Plunging ranula is best treated with a combina-
tion transoral excision of the cyst and sublin-
gual gland and a cervical approach to excise the 
plunging ranula portion.
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Introduction

Saliva is an essential body fluid. It is important in main-
taining oral health, taste acuity, mastication, deglutition 
and digestion, regulation of oral flora, oral cleansing, 
voice acuity, and speech articulation. Saliva is composed 
largely of water but also contains minerals, electrolytes, 
buffers, enzymes, growth factors, cytokines, immuno-
globulins, proteins, and metabolic waste products, with 
the concentrations and compositions of these compo-
nents varying with the individual. Many systemic disor-
ders, medications, and oncologic therapies can affect sali-
vary function, greatly compromising oral health.

There are numerous minor salivary glands in the lining 
of the upper aerodigestive tract and the respiratory sys-
tem. However, most of the saliva is produced by the three 
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pairs of major salivary glands: the parotid, the subman-
dibular, and the sublingual glands. The paired major sali-
vary glands have a basic anatomic structure that features 
acini with a specialized row of myoepithelial cells and a 
ductal system [1–3]. The acinar cells are the secretory end 
pieces and are responsible for the initial transport of fluid 
into the glandular ductal system [4]. The parotid glands 
consist mainly of serous acinar cells, which are highly ra-
diosensitive, and secrete mainly under stimulation (e.g., 
gustatory, mastication). The submandibular glands con-
sist of both mixed mucous and serous cells, whereas the 
sublingual glands consist mainly of mucinous cells, which 
are less radiosensitive. The ductal cells of each gland form 
a branching system that moves saliva into the respective 
glandular duct within the oral cavity [2–4].

The major glands combined produce up to 1.5 l of 
saliva a day [1]. This accounts for up to 90% of salivary 
secretions [5]. The parotid glands contribute between 
52% and 70% of the salivary constituent upon stimula-
tion (i.e., gustatory, masticatory) [2–4, 6]. The majority 
of the salivary flow from the parotid gland, however, is 
only induced during mastication and occurs for less than 
1 h over the course of a day. The submandibular glands 
mainly provide resting saliva. More importantly, most of 
the protective function of the saliva is attributable to the 
effect of the submandibular glands. The submandibular 
glands contribute between 70% to 82% to the balance of 
resting whole saliva [2–4, 6].

The role of saliva in maintaining oral homeostasis is 
underappreciated and has not been fully elucidated. Sa-
liva protects and lubricates the oral cavity and serves as an 
antibacterial, antiviral, and antifungal agent [1, 6]. Saliva 
is also an important facilitator of digestion, particularly 
the early breakdown of food, as well as taste acuity and 

articulation. Clinically, when the salivary glands are func-
tionally deficient (“hypo” function), observable effects 
include difficulty speaking, difficulty chewing, difficulty 
swallowing, and impaired ability to taste. Other results 
of salivary gland hypofunction include an increased inci-
dence of caries and periodontal disease with the presence 
of opportunistic organisms. The increased incidence of 
caries is caused by an increase in caries-forming organ-
isms, which flourish in an acidic environment; therefore, 
even minimally functioning salivary glands can maintain 
an increase in the pH of the saliva and decrease the harm-
ful effects of caries-forming organisms [2–4, 6–10]. Any 
increase in saliva, no matter how small, with concomitant 
increases in the production of salivary constituents may 
benefit patients with xerostomia [1].

The volume of salivary secretion may be decreased by 
a number of disease processes and other factors. Xerosto-
mia is defined as the perception of dry mouth and is es-
timated to affect 22–26% of the general population [7]. It 
reportedly occurs more commonly in the elderly [10] and 
in patients with advanced cancer (29–77%) [7]. Xerosto-
mia may also be associated with immunotherapy [9, 11], 
chemotherapy [6, 7], and radiation treatment involving 
the major salivary glands [12, 13].

Virtually all patients who undergo radiation therapy 
of the head and neck have some degree of xerostomia as a 
result of damage to the salivary glands [13–16]. Xerosto-
mia may also be caused or exacerbated by the concomi-
tant or sequential use of chemotherapy agents and other 
drugs [5]. Xerostomia is associated with oral discomfort 
and pain, increased rates of dental caries and oral infec-
tion, difficulty speaking and swallowing, and, ultimately, 
decreased nutritional intake and weight loss [13, 26] 
(Fig. 11.1). Thus, xerostomia significantly impairs the 

Fig. 11.1: Radiation-induced xerostomia of the oral 
tongue with fissuring of the dorsal anatomy, crena-
tions, and leukoplakia
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quality of life (QOL) and can compromise the continuity 
of cancer treatment.

The remainder of this chapter will be devoted to cur-
rent knowledge of radiation-induced xerostomia and its 
sequelae.

Pathogenesis of Radiation-
induced Xerostomia

A number of disease processes and other factors may de-
crease salivary secretion. Xerostomia has been reported 
in association with rheumatoid conditions, particularly 
Sjögren’s syndrome [1, 17], human immunodeficiency 
virus infection [11], diabetes [12, 18], hypertension [12], 
and hematopoietic cell or bone marrow transplantation 
or graft-versus-host disease [19]. Medications also as-
sociated with xerostomia include many chemotherapy 
agents [20], antihypertensives [21], overactive-bladder 
agents [22], pain medications [21, 23], and psychiatric 
agents (Table 11.1) [21, 24]. Xerostomia has also been re-
ported in association with some types of immunotherapy 
[25]. Radiation therapy, particularly directed at the oral 
mucosa and salivary glands can cause severe xerostomia 
[13, 26].

During therapy for head and neck cancer, the appro-
priate daily and total radiation doses are based on tumor 
size and individual clinical situations. Typically, daily ra-
diation doses are 1.8–2 Gy, with subclinical microscopic 
cancer requiring at least 50 Gy over a 5-week period; 
smaller lesions (T1), 60–66 Gy; intermediate lesions 
(T2), 66–70 Gy; and large tumors (T3 and T4), more than 
70 Gy [13, 14]. Radiation portals often include delivery 
of high doses to the parotid and submandibular glands 
bilaterally [27] and in some cases a large proportion of 
the minor salivary glands [28]. Clinically, xerostomia 
has been reported with as little as two or three doses of 
2 Gy each, although many changes occurring with less 
than 60 Gy may be reversible [29, 30]. However, in some 
patients, doses greater than 30 Gy can cause permanent 
xerostomia [27].

Damage to the salivary glands results in reduced sali-
vary flow, changes in the electrolyte and immunoglobulin 
composition of saliva, reduction of salivary pH, and re-
population of the mouth by cariogenic microflora [13]. 
When the major salivary glands are included in the radia-
tion field, salivary function often decreases by 50–60% in 
the first week, with basal salivary flow reaching a mea-
surable minimum 2–3 weeks after 23 Gy of fractionated 
radiation [13, 27, 30]. The extent of glandular change is 

generally directly related to the dose of radiation to the 
salivary glands, with the most severe and irreversible 
forms of salivary dysfunction resulting from damage to 
or loss of salivary acinar cells [13, 29].

The pathogenesis of radiation-induced xerostomia in-
volves more than damage to the salivary glands, however, 
a lack of lubrication reduces the ability of chemorecep-
tors on the tongue and palate to accept stimuli presented 
with foods or liquids, resulting in failure of the salivary 
response. The minimal volume and thickened mucinous 
saliva that is produced may form a barrier to dietary, ther-
mal, and mechanical stimulation of the taste buds. This, 
in turn, affects the pathway of salivary gland stimulation 
and ultimate secretion. The mucosa of the tongue may 
be atrophied, with decreased surface area for taste buds. 
Significant loss of appetite may occur, along with muco-
sitis. As dietary intake decreases, weight loss alone may 
become a significant factor in the continuity of cancer 
therapy [31]. Methods for assessing radiation-induced 

Table 11.1. Drugs that may cause or exacerbate xerostomia [7, 
13, 23]

Anorexiants

Antiacne agents

Antianxiety agents

Anticholinergic/antispasmodic agents

Anticonvulsants

Antidepressants

Antidiarrheal agents

Antihistamines

Antihypertensive agents

Anti-inflammatory analgesic agents

Antiemetic agents

Antiparkinsonian agents

Antipsychotic agents

Bronchodilators

Chemotherapy agents

Decongestants

Diuretics

Muscle relaxants

Narcotic analgesics

Sedatives
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xerostomia include clinical examination; subjective mea-
sures, such as patient self-report instruments and visual 
analog scales; and objective measures, such as assessment 
of stimulated and unstimulated salivary flow rates [32]. 
Metrics for describing xerostomia have been poor. The 
most recent version of the Common Terminology Crite-
ria for Adverse Events v3.0 (CTCAE v3.0) has been de-
veloped and represents an important improvement as a 
comprehensive, multimodality grading system to include 
both acute and late effects [33, 34].

Quality of Life

Radiation-induced xerostomia can be an acute compli-
cation that improves with time but is often a permanent 
condition that seriously impairs the patient’s well-being. 
Xerostomia predisposes patients to an altered oral micro-
flora with increased virulent bacteria and fungal activity 
[35]. Loss of salivary function usually results in the ap-
pearance of an increased number of caries-forming bac-
teria (mutans Streptococci and Lactobacillus) in the oral 
cavity, with resultant “radiation caries” caused by a loss 
of buffering capacity, lowered salivary pH, elimination of 
mechanical flushing, and decreased production of sali-
vary immunoglobulins (i.e., IgA, IgG, IgM), lysozymes, 
and peroxidases (Fig. 11.2) [6, 29, 35]. Xerostomia may 
result in mucositis; oral pain or discomfort; and difficulty 
with mastication, deglutition, and articulation; and it is 
associated with increased caries, dysgeusia, ageusia, soft 
tissue breakdown, bone loss, and chronic infection [15, 
26]. When not monitored and controlled, xerostomia may 

lead to accumulation of plaque and other debris on teeth 
and periodontal tissues [6]. Cariogenic plaque buildup on 
teeth may lead to tooth decay, gingivitis, and periodonti-
tis. According to Berger and Kilroy [31], elevated plaque 
matrix resulting from xerostomia may pose the greatest 
risk of osteoradionecrosis. Ill-fitting removable prosthe-
ses in patients with xerostomia, causing tissue irritation, 
can compound mucositis and result in fenestration of 
supporting mucosa and post-treatment osteoradionecro-
sis. In addition, recent evidence suggests a potential link 
between oral and dental disease and systemic illnesses, 
such as atherosclerosis, coronary artery disease, and cere-
brovascular ischemia [36].

Saliva plays a significant role in taste acuity, although 
the interaction is not completely understood [37]. It 
is known that a diminished salivary flow can markedly 
affect this interaction [6]. Saliva has modulating effects 
on the basic taste modalities: sour, sweet, salty, and bit-
ter. Saliva strongly influences salty taste threshold levels 
and provides the ionic environment necessary for signal 
transduction by taste cells. The type of taste stimuli can 
also influence salivary flow rate and composition. Sour 
taste induces the highest flow rate and sodium concen-
trations, whereas salt gives rise to high protein and cal-
cium concentrations [37]. Chemoreceptors on the dor-
sal tongue anatomy are markedly affected by xerostomia 
with a diminished acuity, therefore decreasing the effect 
of taste and affecting the patient’s QOL [6, 26, 37].

Patients with cancer of the head and neck must some-
times choose between treatment options that provide 
equivalent cure rates but potentially differing effects on 
QOL. Several recent studies have reported on the preva-

Fig. 11.2: Fifty-year-old male patient with history 
of adenocarcinoma of the parotid gland status 
post-parotidectomy and radiation therapy present-
ing with unilateral caries (1.5 years post-radiation 
therapy)
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lence of xerostomia symptoms and their impact on QOL 
in persons treated for cancer of the head and neck [13].

Hughes et al. [38] investigated the prevalence of long-
term dysphagia after radiation for carcinoma of the na-
sopharynx. These researchers assessed 50 patients, aged 
26–75 years, who had received radiation 12–119 months 
earlier, and showed that 96% of patients had xerostomia 
and 76% had dysphagia. In another study, Logemann 
et al. [26] evaluated perception and performance of the 
swallow function in 36 patients, aged 40–76 years, who 
received radiation of at least 40 Gy to the oral cavity 
or oropharyngeal areas over a 6-week period, with or 
without concurrent chemotherapy. Each patient under-
went pretherapy and post-therapy testing, including a 
questionnaire on the global perception of dry mouth, 
measurement of stimulated saliva production, and vid-
eofluorographic study of oropharyngeal swallow. After 
radiation therapy, significantly more patients reported 
swallowing difficulty, dry mouth, needing water while 
eating, food sticking to the mouth or throat, and change 
in taste. Mean saliva weight decreased from 5.1 g before 
treatment to 1.4 g after treatment (p < .0001) and gener-
ally was lower in patients who reported swallowing dif-
ficulty. The researchers concluded that chemoradiation 
therapy results in xerostomia and a significant increase in 
patient perception of swallowing difficulty.

Harrison et al. [39] treated 36 patients, aged 35–
71 years, with primary radiation for squamous cell carci-
noma of the base of the tongue; all received external beam 
radiation therapy (45–54 Gy) to the primary site and the 
neck, followed by an electron boost (up to 60 Gy) to in-
volved neck nodes and an iridium-192 implant boost to 
the primary site (20–30 Gy). After a median follow-up 
of 5 years, 29 long-term survivors completed four sur-
veys, including validated QOL instruments. From these 
results, the researchers concluded that most of the pa-
tients had excellent functional status and QOL and were 
able to maintain prediagnosis income and employment 
status. However, the results of the Memorial Symptom 
Assessment Scale indicated that xerostomia occurred in 
all patients and was rated as causing moderate to severe 
distress by 89%. Other commonly reported symptoms 
included difficulty swallowing (76%; moderate to severe 
distress in 90% of those affected) and decreased energy 
(48%; moderate to severe distress in 64%). Although 
only 34% of patients reported change in taste, 70% of 
these found this effect to cause moderate to severe dis-
tress.

Epstein et al. [40] used the European Organization 
for Research and Treatment of Cancer (EORTC) Quality 
of Life Questionnaire, with an addendum to assess oral 
symptoms and function, to measure QOL of 65 patients, 
aged 21–79 years, who more than 6 months earlier had 
undergone radiation therapy with or without surgery 
for head and neck and oral cancers. Results showed that 
91.8% of patients reported xerostomia; 75.4%, change in 
taste; 63.1%, dysphagia; 50.8%, altered speech; 48.5%, dif-
ficulty with dentures; 43%, difficulty chewing or eating; 
and 38.5%, increased tooth decay (in dentate patients). 
In addition, pain was common (58.4%), interfering with 
daily activities in 30.8%. The frequency of oral side effects 
was correlated with radiation treatment fields and dose. 
Most patients reported their overall QOL and overall 
physical condition to be less than excellent.

In a similar study, Epstein et al. [13, 40] found that xe-
rostomia, change in taste, dysphagia, speech difficulties, 
and oral pain were commonly reported oral symptoms, 
and that oral QOL did not return to pretreatment levels 
by 6 months after treatment. Development of further 
general, disease-specific, and region-specific QOL studies 
are needed to help guide cancer treatment choices, assess 
QOL and function after treatment, and assess the man-
agement of oral complications after radiation for cancer 
of the head and neck [39, 40].

Treatment

Stringent Oral and Dental Care

To minimize the severity of xerostomia and oral compli-
cations, it is important to begin aggressive oral care prior 
to starting radiation therapy. Appropriate nutritional in-
take, effective oral hygiene, and early detection of oral le-
sions are important pretreatment practices. Evaluation by 
a dental team experienced in oral oncology, ideally weeks 
in advance of therapy, is essential to determine oral health 
status, perform necessary dental and oral interventions, 
and allow for healing from any invasive procedures that 
may be required. Greater attention will be required in 
identifying mucosal lesions, dental caries and endodon-
tic disease, periodontal disease, ill-fitting dentures, orth-
odontic appliances, temporomandibular dysfunction, 
and salivary abnormalities. A stringent program of oral 
hygiene is crucial and should be performed before, dur-
ing, and after therapy (Table 11.2) [6, 13, 15, 41].
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Radiation Therapy Protectants

Agents have been developed to ameliorate or eliminate 
toxicities associated with chemotherapy and radiation 
[42]. Amifostine, an agent studied for its selective protec-
tion of normal tissue from damage induced by radiation 
and chemotherapy, was approved by the US Food and 
Drug Administration (FDA) as a cytoprotective agent 
with cisplatin-based chemotherapy for ovarian cancer 
and, later, for prevention of xerostomia in patients treated 
with radiation for head and neck cancer [43]. This recom-
mendation was based on the results of a phase III multi-
institutional randomized study reported by Brizel et al. 
[44]. The incidence of grade 2 or higher chronic xerosto-
mia was reduced from 57% in the control arm to 34% in 
patients receiving amifostine. There were no differences 
in survival or disease control, suggesting that amifostine 
protected salivary function without protecting the can-
cer. Clinical practice guidelines of the American Society 
of Clinical Oncology, published in 1999, indicate that 
amifostine may be considered for use in patients who un-
dergo fractionated radiation in the head and neck region 
to decrease the incidence of acute and late xerostomia 
[42]. The recommended dose of amifostine is 200 mg/m2 
per day administered as a slow intravenous push over 

3 min, 15–30 min before each fraction of radiation. Pa-
tients require close monitoring for side effects, including 
hypotension and nausea, and some patients may require 
antiemetics [42, 43]. Investigations with a subcutaneous 
administration of amifostine are ongoing, because this 
form of administration may be more practical and lower 
the toxicity of the drug.

Salivary Gland Transfer Techniques

Although the radiation ports used in treating cancer 
of the head and neck generally deliver 60–65 Gy to the 
major salivary glands, the submental region is regularly 
shielded, receiving only scatter radiation of 5% of the 
total dose [13, 16]. Several animal studies [45–47] have 
demonstrated the feasibility of microvascular autotrans-
plantation of submandibular and parotid gland tissue. In 
a recent human study, Seikaly et al. [16] transferred the 
submandibular gland to the submental space in patients 
undergoing surgery and radiation for head and neck 
cancer. The glands survived transfer and continued to 
function after radiation with appropriate shielding. This 
continues to be an area of investigation in multicenter 
settings.

Table 11.2. Management steps for patients with radiation-induced xerostomia [6, 13, 15, 41]

Function Treatment options

Plaque removal Tooth brushing (nontartar controlled)

 Flossing

 Other oral hygiene aids

Remineralization Topical high-concentration prescription fluorides

Children: topical and systemic

Adults: topical

Prevention/treatment of infection Antimicrobials, such as chlorhexidine rinses, povidone-iodine oral rinses,  
tetracycline oral rinses

Temporary relief of dryness Salivary substitutes or rinses containing hydroxyethyl-, hydroxypropyl-,  
or carboxymethylcellulose

Stimulation of remaining salivary gland tissue Sialogogic agents (cholinergic agonists)

FDA-approved: pilocarpine

Investigational: cevimeline, bethanechol chloride, others
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Gene Therapy

Emerging research and medical technology are provid-
ing specificity and sensitivity methods to determine the 
roles of human salivary components. Gene transfer may 
be potentially useful for treating inherited single-gene 
deficiency disorders and malignancies refractory to other 
therapies, as well as restoring function to irradiated sali-
vary glands [48, 49]. There are no published reports ex-
amining a prophylactic gene transfer approach to reduc-
ing or eliminating radiation damage of the salivary glands 
[48]. Translational studies involving plasmid-mediated 
gene transfer for reducing radiation-induced damage 
have been conducted, and results of in vivo animal stud-
ies in lung and esophageal tissue are quite promising [50, 
51]. Research in nonviral gene-mediated therapeutics for 
restoring radiation-induced salivary gland dysfunction 
may prove beneficial [8].

Pharmacologic Options

Current therapies for the pharmacologic management 
of radiation-induced xerostomia include the use of pre-
scription fluoride agents to maintain optimal oral hy-

giene, antimicrobials to prevent dental caries and oral 
infection, saliva substitutes to relieve dryness, and sial-
ogogic agents, i.e., cholinergic agents, to stimulate saliva 
production from remaining intact salivary gland tissues 
(Table 11.3) [13, 15, 40].

Proper oral care before, during, and after radiation 
is essential, with the use of topical 0.4% stannous fluo-
ride or 1.1% sodium fluoride gel once daily to minimize 
dental caries [6]. Oral antimicrobial agents may also be 
beneficial in preventing oral infection. Chlorhexidine 
gluconate, for example, provides broad-spectrum activity 
in vitro against gram-positive, gram-negative, and fungal 
pathogens and binds well to oral surfaces (minimizing 
gastrointestinal absorption). However, the desiccating ef-
fect of the alcohol in some chlorhexidine solutions may 
exacerbate xerostomia; therefore, an aqueous-based solu-
tion may be beneficial [6, 41].

Saliva substitutes containing hydroxyethyl-, hydroxy-
propyl-, or carboxymethylcellulose may be beneficial as 
palliative agents to relieve the discomfort of xerostomia 
by temporarily wetting the oral mucosa [52]. One recent 
study investigated the use of a xanthan gum-based saliva 
substitute [28]. Patient reports showed similar improve-
ment with the xanthan gum-based saliva substitute and 
placebo (of similar composition, without xanthan gum), 

Table 11.3. Xerostomia: pharmacologic options [1]

Product Manufacturer

Saliva substitutes Oral Balance Laclede Research Labs, Gardena, CA

Salivart Gebauer Company, Cleveland, OH

MouthKote Parnell Pharmaceuticals, Larkspur, CA

Saliva Substitute Roxane Laboratories, Columbus, OH

MoistPlus Medical Warehouse, Stormville, NY

MedOral spray BHM Labs, Port Richey, FL

Oasis Glaxo Smith Kline, Philadelphia, PA

Fluoride Gel Kam (0.4% SnF) Colgate Oral Pharmaceuticals, Canton, MA

Prevident Gel (1.1% NaF) Colgate Oral Pharmaceuticals, Canton, MA

NeutraCare (1.1% NaF) Oral-B Laboratories, Belmont, CA

Omni Gel (0.4% SnF) Omni Gel, Gravette, AR

Prevident 5000 plus dentifrice Colgate Oral Pharmaceuticals, Canton, MA

Cholinergic agonists Pilocarpine (Salagen) MGI Pharma, Minnetonka, MN

Cevimeline (Exovac) Daiichi Sankyo, Montvale, NJ
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but with a trend toward increased improvement in speech 
and sensory problems with the xanthan gum agent. The 
researchers concluded that this agent was not of greater 
benefit than other saliva substitutes for patients with ra-
diation-induced xerostomia [28]. Other new saliva sub-
stitutes (moisturizing gels) with enzymatic and protein 
components (e.g., glucose oxidase and lactoperoxidase), 
which present prospective antibacterial effectiveness and 
increased oral moisture, are under study.

For patients with residual salivary gland function, cho-
linergic agonists may produce symptomatic improvement 
[18, 28]. Pilocarpine is currently the only sialogogic agent 
approved by the FDA for radiation-induced xerostomia. 
Pilocarpine functions primarily as a muscarinic-cholin-
ergic agonist with mild β-adrenergic activity. Muscarinic 
agonists in sufficient dosage can increase secretion of exo-
crine glands, such as salivary and sweat glands, as well as 
the tone of smooth muscle in the gastrointestinal and uri-
nary tracts. Studies have shown oral pilocarpine to have 
efficacy in patients with Sjögren’s syndrome, radiation-in-
duced xerostomia, and opioid-induced xerostomia, as well 
as increasing salivary flow and restoring salivary composi-
tion in those with graft-versus-host disease caused by al-
logeneic bone marrow transplantation [5, 25, 29, 53–56]. 
The role of pilocarpine during radiation to decrease xe-
rostomia requires further investigation. Preliminary data 
from a randomized Radiation Therapy Oncology Group 
(RTOG) study suggest some improvement in objective sa-
liva measurements in patients receiving pilocarpine dur-
ing radiation compared with patients receiving placebo. 
However, there were no differences in patients’ perception 
of their xerostomia when patients receiving active drug 
were compared with the placebo control arm [57]. Warde 
et al. [58] from Canada revealed in a smaller phase III 
trial that there was no beneficial effect of pilocarpine on 
radiation-induced xerostomia when administered during 
radiation for patients with cancer of the head and neck.

In October 2002, Hodson et al. [59] updated their 
Cancer Care Ontario Practice Guidelines (CCOPG) for 
the Symptomatic Treatment of Radiation-Induced Xe-
rostomia in Head and Neck Cancer Patients. The group’s 
recommendations were based largely on evidence from 
four randomized, placebo-controlled studies of oral pilo-
carpine [52, 60–62], one comparison trial of pilocarpine 
mouthwash versus artificial saliva [63], and one study of 
long-term efficacy [64]. In a crossover study by Greenspan 
and Daniels [61] including 12 patients who had severe xe-
rostomia 6 months after radiation therapy, nine patients 
showed marked improvement after 3 months of treat-
ment with 15–30 mg of pilocarpine daily, whereas none 

showed meaningful improvement while taking placebo. 
Schuller et al. [62] administered an oral solution contain-
ing 3 mg of pilocarpine or placebo to patients who had 
undergone surgery and postoperative radiation therapy 
an average of 21 months earlier; the pilocarpine solution 
produced no improvement in dry mouth, taste, or swal-
lowing compared with placebo. LeVeque et al. conducted 
a randomized, placebo-controlled dose escalation study, 
and Johnson et al. conducted a three-arm randomized, 
placebo-controlled trial (placebo, pilocarpine 5 mg three 
times a day, and pilocarpine 10 mg three times a day) [52, 
60]. In both studies, significantly more patients treated 
with pilocarpine than those subjects receiving placebo re-
ported improvement in xerostomia. In addition, LeVeque 
et al. found that treatment with pilocarpine led to a sig-
nificant decrease in the use of oral comfort agents such as 
artificial saliva, hard candies, and water [52].

In a randomized crossover study of pilocarpine 
mouthwash versus mucin-based artificial saliva, Davies 
and Singer [63] found a mean change in the xerostomia 
score after 3 months of 22.5% with pilocarpine and 15.2% 
with artificial saliva. For 36 months, Jacobs and van der 
Pas [64] followed patients with radiation-induced xero-
stomia who were treated with pilocarpine, 2.5–10 mg 
twice a day or three times a day (starting dose, 5 mg three 
times a day). They found improvements at the last visit in 
dryness of the mouth and tongue, oral comfort, ability to 
sleep, ease of speaking, and ability to eat. In these stud-
ies, no serious adverse events were associated with pilo-
carpine treatment. The most frequently reported adverse 
event was excessive sweating; others included chills, nau-
sea, dizziness, rhinitis, and asthenia. Largely on the basis 
of these studies, the authors of the CCOPG [59] reached 
the following conclusions: (1) for patients with cancer 
of the head and neck with symptomatic xerostomia af-
ter radiation therapy using conventional fractionation 
schedules, pilocarpine 5 mg three times a day is recom-
mended; (2) patients must have evidence of preexisting 
salivary function; (3) the ideal duration of treatment 
with pilocarpine is undefined, and the decision to extend 
treatment beyond 3 months can be made on the basis 
of clinical judgment only; (4) it is highly reasonable to 
use pilocarpine for patients with symptomatic xerosto-
mia after hyperfractionated or accelerated-fractionation 
radiation [59]; and (5) pilocarpine is contraindicated in 
patients with uncontrolled asthma, acute iritis, or nar-
row-angle glaucoma. It should be used with caution in 
patients with controlled asthma, chronic bronchitis, 
chronic obstructive pulmonary disease, or cardiovascu-
lar disease [65].
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Other cholinergic agents with sialogogic proper-
ties, such as cevimeline hydrochloride, may prove ben-
eficial for cancer patients with xerostomia. Cevimeline 
is a newer muscarinic agonist that has been found to be 
safe and effective in treating xerostomia associated with 
Sjögren’s syndrome and has received FDA approval for 
that use [66, 67]. In addition, cevimeline has shown ef-
ficacy in animal studies by increasing saliva secretions 
after X-ray exposure of the head and neck [68] and is cur-
rently under study for use in patients with cancer of the 
head and neck who have radiation-induced xerostomia. 
A randomized, double-blind, placebo-controlled study 
was conducted with cevimeline in patients with Sjögren’s 
syndrome, and most of the subjects receiving active drug 
had a global improvement in their xerostomia. The effects 
of cevimeline at 15 mg three times a day (45 mg/day) and 
30 mg three times a day (90 mg/day) were compared with 
those of placebo, and statistically significant global im-
provement in the symptoms of dry mouth (p = .0004) 
was seen for the 30 mg three times a day group than the 
placebo group. Salivary flow rates increased at both doses 
of cevimeline compared with placebo [69]. The incidence 
of serious adverse events was low in all treatment groups. 
The most common drug-related adverse events were ex-
cessive sweating, nausea, rhinitis, and diarrhea [70].

In addition to these currently available and emerging 
pharmacotherapies, the use of chewing gums made with 
noncariogenic sweeteners may help stimulate saliva se-
cretion and reduce oral mucosal friction [71]. Humidi-
fication may also be helpful; in a recent study, however, 
hyperthermic supersaturated humidification by way of a 
nasal cannula in patients with radiation-induced xerosto-
mia yielded little or no additional relief compared with a 
standard bedside humidifier [15].

Emerging Parotid Gland-
sparing Techniques

Recent efforts have focused on the use of conformal ra-
diation or other newer radiotherapy techniques to spare 
a portion of the major salivary glands [27]. Intensity-
modulated radiotherapy (IMRT) is a form of conformal 
radiation that allows for sculpting dose distributions that 
conform specifically to a three-dimensional shape of the 
target. The clinical advantages to using IMRT are numer-
ous and include improvement in radiation dose unifor-
mity, creation of concave dose patterns conforming to the 
shape of the tumor, assignment of weightings to targets 
and critical structures, treatment of multiple targets si-

multaneously, and lowering of complication rates. The 
desire for conformal doses and the lack of internal organ 
motion make IMRT attractive for patients with cancer 
of the head and neck [72–74]. Several studies have dem-
onstrated the significant benefit of IMRT over conven-
tional treatment with respect to dosimetric superiority 
compared with more conventional approaches [75–77]. 
Recently, IMRT has been used for treatment of cancers 
of the head and neck and studied for improved tumor 
coverage with resultant increased rates in locoregional 
control and decreased short-term toxicity [76]. Longitu-
dinal data on the therapeutic efficacy of IMRT are lacking 
with regard to long-term tumor outcome and late radia-
tion toxicity [76]. However, a substantial number of stud-
ies have documented the reduction of radiation-induced 
xerostomia following IMRT for squamous cell carcinoma 
of the pharynx and larynx [13, 27, 72–77].

Conventional Parotid Doses and Sparing

Dreizen et al. [78] quantified saliva production in pa-
tients undergoing radiotherapy for cancer of the head 
and neck. In this study, after a dose of 10 Gy, patients had 
already developed a 50% reduction in salivary flow. After 
receiving 50 Gy, patients had less than 10% of their sali-
vary flow remaining, and few patients regained salivary 
function. Emami et al. [79] defined the tolerance dose of 
the saliva glands to radiation, stating the minimum toler-
ance dose of 5/5 (tumor dose causing 5% complication 
rate at 5 years) as 30 Gy, and the tolerance dose 50/5 as 
50 Gy. Leslie and Dische [80] described high rates of xe-
rostomia in patients whose parotid glands were irradiated 
with 40 Gy but negligible rates in patients who received 
less than 14 Gy. Thus, the tolerance doses of the glands lie 
somewhere within this wide range.

Parotid-sparing Techniques

Reducing the radiation dose to the major salivary glands 
is achievable with IMRT [72, 77]. Reddy et al. investigated 
the use of parotid-sparing irradiation techniques in pa-
tients with cancer of the oral cavity. Thirty-one patients 
were treated with two-dimensional techniques sparing at 
least one parotid gland from radiation beams, whereas 83 
patients were treated with bilateral opposed photon beams, 
including both parotid glands. Patients treated with the pa-
rotid-sparing technique were able to maintain nutritional 
intake and baseline body weight during and after radiation 
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therapy. In contrast, those treated with the bilateral tech-
nique had poor nutritional intake and lost more than 10% 
of body weight, which was not regained during the 2 years 
after treatment. When analyzed according to tumor stage, 
primary tumor control rates with the parotid-sparing and 
bilateral techniques were similar (93% and 87%, respec-
tively, for early-stage tumors; 42% and 36%, respectively, 
for advanced-stage tumors); therefore, the authors noted 
that selection of patients who might benefit from this tech-
nique requires consideration of the risk of contralateral 
cervical lymph node metastases [30].

In another study, O’Sullivan et al. used an ipsilateral 
technique to restrict irradiation to the primary tumor 
and neck on the same side in patients with carcinoma of 
the tonsillar region. From 1970 to 1991, these researchers 
treated 228 of 642 patients with carcinoma of the tonsillar 
region (mainly T1 and T2, N0 and N1) with this tech-
nique. After a mean follow-up of 7 years, the 3-year ac-
tuarial local control rate was 77% and the cause-specific 
survival rate was 76%, with failure in the opposite side of 
the neck in eight patients. Difficulties with primary cov-
erage early in the study resulted in higher rates of local 
failure. The researchers concluded that, in appropriately 
selected patients with carcinoma of the tonsil, the risk of 
failure in the opposite side of the neck is minimal with 
ipsilateral therapy, but CT planning is necessary to ensure 
adequate target coverage [81].

While the above suggest that a subset of patients re-
quiring radiation therapy can be treated unilaterally, and 
avoid a high likelihood of developing xerostomia, most 
patients with mucosal cancer of the head and neck still 
require radiation to both sides of the neck. In order to 
diminish xerostomia in patients undergoing bilateral 
radiation therapy, conformal techniques and eventually 
IMRT were tested as methods to decrease the dose to 
the parotid glands [82–84]. Unfortunately, while it was 
recognized that the parotid glands are sensitive to radia-
tion, the precise tolerance dose was unclear. To begin to 
answer the question of whether parotid gland sparing 
was feasible and efficacious, the dose, volume, and func-
tional relationships in parotid salivary glands following 
conformal and multisegmental IMRT of the head and 
neck were studied by Eisbruch et al. [85]. Eighty-eight 
patients with cancer of the head and neck participated in 
the study. Unstimulated and stimulated saliva was mea-
sured from each parotid gland before radiotherapy and 1, 
3, 6, and 12 months afterward. Glands receiving a mean 
dose below or equal to a threshold of less than 25% of the 
pretreatment level (24 Gy for unstimulated and 26 Gy for 
stimulated saliva) revealed preservation of the flow rates 

after radiotherapy. More importantly, and contrary to 
the belief that xerostomia was irreversible, these patients 
continued to improve over time [85]. The glands receiv-
ing doses below the threshold had functional recovery 
over time, whereas glands receiving higher doses did not 
recover [77, 85]. Age, sex, preradiotherapy surgery, che-
motherapy, and specific intercurrent illnesses were not 
found to affect the salivary flow rates. Eisbruch et al. [82, 
85, 86] concluded that a mean dose of less than 26 Gy to 
the parotid gland should be the planning goal for sub-
stantial sparing of gland function.

Besides objective measures of xerostomia (parotid 
flow rates) the University of Michigan team also per-
formed subjective assessments. The group developed and 
validated the xerostomia questionnaire (XQ). This is an 
eight-item instrument in which subjects rate their own 
assessment of dryness with regards to talking, eating, 
sleeping, and the need for water for comfort in differing 
scenarios. Eisbruch et al. [27] then demonstrated that if 
the mean parotid dose was kept below 21 Gy, patients ex-
perienced lower scores (i.e., less subjective xerostomia). 
However, when compared to patients who were treated 
with unilateral techniques, despite improvement in xe-
rostomia, patients treated to the bilateral neck still had 
more complaints of dry mouth. In addition, the oral cav-
ity mean radiation dose was found to be significantly cor-
related with xerostomia scores, indicating that it may be 
beneficial to spare the uninvolved oral cavity to further 
reduce xerostomia [27].

These University of Michigan researchers also studied 
the parotid salivary function up to 12 months after radio-
therapy in 20 patients undergoing bilateral neck parotid-
sparing irradiation to determine if parotid preservation 
improves xerostomia-related QOL [84]. Salivary sam-
pling and a 15-item xerostomia-related QOL scale were 
completed by each patient. The salivary flow from spared 
and treated glands significantly decreased at the comple-
tion of radiotherapy. After radiotherapy, unstimulated 
and stimulated function increased and was not signifi-
cantly different from baseline figures; therefore, these au-
thors concluded that, with the use of parotid-sparing ra-
diotherapy, contralateral glands are preserved 12 months 
after treatment with parallel improvement in xerostomia-
related QOL [84]. This same group of researchers [86, 
87] also tested QOL and xerostomia in patients treated 
with IMRT compared to patients treated with conven-
tional radiotherapy. Twelve months after parotid-sparing 
IMRT, statistical significance was found between patient-
reported xerostomia and four domains of QOL: eating, 
communication, pain, and emotion [87].
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Using mathematical modeling, Chao et al. [88] con-
cluded that the functional outcome of salivary flow using 
inverse-planning IMRT could be modeled as a function 
of dose, and therefore the mean dose to each parotid 
gland is a reasonable indicator for the functional out-
come of each gland. The entire parotid volume was used 
to compute dose-volume histograms in this trial evalu-
ating 41 patients with head and neck cancer. Stimulated 
saliva production at 6 months reduced exponentially for 
each gland independently, at a rate of approximately 4% 
per Gy of mean parotid dose [88].

In another study by the same authors, acute toxicity, 
late toxicity, and tumor control were retrospectively com-
pared in 430 patients with cancer of the oropharynx who 
underwent radiotherapy with a conventional beam ar-
rangement or IMRT [89]. These investigators concluded 
that the dosimetric advantage of IMRT translated into sig-
nificant reduction of late salivary toxicity, with no adverse 
impact on tumor control or disease-free survival [89, 90]. 
After IMRT, only 17–30% of patients had late grade 2 xe-
rostomia. Although the majority had moderate to severe 
dry mouth during therapy, the spared salivary glands 
showed recovery over time. The dosimetric conformity of 
IMRT for normal tissue sparing in patients with oropha-
ryngeal cancer was studied by Chao et al. [91] in assess-
ing the therapeutic outcomes of IMRT as it relates to the 
impact on gross tumor volume (GTV) and nodal gross 
tumor volume (nGTV). A multivariate analysis revealed 
that GTV and nGTV were important independent risk 
factors predictive of therapeutic outcome for definitive 
treatment of oropharyngeal IMRT [91].

In delineating the target volume for radiation in parotid 
gland-sparing techniques, Eisbruch et al. [92] recently 
published results of a longitudinal clinical investigation 
assessing patients treated with parotid-sparing IMRT for 
non-nasopharyngeal squamous cell carcinomas of the 
head and neck; furthermore, patients were examined for 
locoregional failures near the base of the skull and their 
relationships to the target delineation in the upper neck. 
The results reported in this study confirmed that defining 
level II in the contralateral node-negative neck so that the 
targets included the subdigastric nodes, yet not to extend as 
cranial as in conventional radiotherapy, allowed substantial 
sparing of the contralateral parotid glands and, hence, re-
duced salivary dysfunction. Another study evaluating the 
radiotherapy target volume and organs at risk in oropha-
ryngeal carcinoma defined the lowering of the cranial bor-
der of the level II lymph nodes from C1 to C2 in patients 
with bilateral cervical radiotherapy and found reduced 
toxic effects on major salivary gland tissue, as proposed by 

Astreinidou et al. [93]. The lowering of the cranial border 
to C2 with IMRT could be considered on the contralateral 
side if the risk of metastasis on that side is significantly low, 
thus reducing the average mean dose to the contralateral 
parotid gland. Astreinidou et al. [93] calculated that the 
reduction of the normal tissue complication probability for 
xerostomia 1 year after radiotherapy could be up to 68% 
(lowering the cranial border to C2), compared with con-
ventional radiotherapy when treating C1.

Munter et al. [94] evaluated salivary gland function af-
ter IMRT for cancer of the head and neck using quantita-
tive pertechnetate scintigraphy. The mean dose to the pri-
mary planning target volume was 61.5 Gy, and the median 
follow-up was 23 months. This study revealed that it was 
possible to protect the parotid glands and reduce the in-
cidence of xerostomia in patients with cancer of the head 
and neck if mean parotid doses were less than 30 Gy.

Conclusions

Xerostomia has been reported as the most common late 
effect of radiation for cancer of the head and neck [13, 
27]. Despite current preventive and treatment efforts, xe-
rostomia remains a common complication of radiation, 
causing significant impairment of QOL. Several investiga-
tional interventions are promising. First, advanced radia-
tion delivery techniques, such as IMRT, potentially deliver 
a higher dose to the tumor target without increasing the 
dose to normal tissues, such as salivary glands, thereby 
allowing a higher dose per fraction and improved physi-
cal and biologic therapeutic ratios. Emerging data indi-
cate that IMRT and other new parotid-sparing techniques 
hold promise for the treatment of cancer of the head and 
neck, potentially offering reduced severity of xerostomia 
without compromised tumor control for appropriately 
selected patients [76, 95]. Second, early studies have dem-
onstrated the feasibility of the transfer of the submandibu-
lar gland to the submental space in patients undergoing 
radiation, preserving salivary function and preventing 
xerostomia [16]. Third, sialogogic agents that have been 
effective in treating xerostomia associated with other dis-
ease processes, such as Sjögren’s syndrome, hold promise 
of improved relief for patients radiated for cancer of the 
head and neck. Finally, the use of gene therapy and tissue 
engineering to restore salivary gland water pathways—or 
even the creation of an artificial salivary gland—may be 
on the horizon [13, 66]. Together with careful assessment, 
monitoring, and management of radiation-induced xero-
stomia, these emerging treatment strategies may signifi-

195Xerostomia Chapter 11



cantly improve the QOL for future patients undergoing 
radiation for cancer of the head and neck.

  Take Home Messages

→ Saliva is a complex bodily fluid that has multi-
ple properties: protective, digestive, lubrication, 
remineralizing, and facilitating speech, eating, 
and swallowing.

→ Damage to the salivary glands results in reduced 
salivary flow, changes in the electrolyte and im-
munoglobulin composition of saliva, reduction 
of salivary pH, and repopulation of the mouth by 
cariogenic microflora.

→ Xerostomia is defined as the perception of dry 
mouth and is estimated to affect 22–26% of the 
general population.

→ Xerostomia is associated with oral discomfort 
and pain, increased rates of dental caries and oral 
infection, difficulty speaking and swallowing, 
and, ultimately, decreased nutritional intake and 
weight loss.

→ Current therapies for the pharmacologic manage-
ment of radiation-induced xerostomia include 
the use of prescription fluoride agents to main-
tain optimal oral hygiene, antimicrobials to pre-
vent dental caries and oral infection, saliva substi-
tutes to relieve dryness, and sialogogic agents, i.e., 
cholinergic agents, to stimulate saliva production 
from remaining intact salivary gland tissues.

→ Emerging data indicate that IMRT and other new 
parotid-sparing techniques hold promise for the 
treatment of cancer of the head and neck, po-
tentially offering reduced severity of xerostomia 
without compromised tumor control for appro-
priately selected patients.

→ Parotid gland mean dose of less than 26 Gy 
should be the planning goal for substantial spar-
ing of gland function.
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  Core Features

• Sjögren’s syndrome and graft-versus-host-dis-
ease (GVHD) are autoimmune diseases affecting 
the salivary glands, as well as many other organ 
systems.

• The effects of these disorders on the salivary 
glands have a profound impact on oral health 
and functions.

• Dryness of the mouth (xerostomia) is the most 
common symptom associated with salivary gland 
dysfunction.

• Evaluation methods for xerostomia and salivary 
gland function are presented.

• Management of autoimmune salivary gland dis-
orders combines palliative agents, secretagogues, 
and disease-modifying drugs.
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Introduction

In this chapter we will discuss the most prominent auto-
immune salivary gland diseases: Sjögren’s syndrome and 
graft-versus-host disease (GVHD). Both may have pro-
found affects on salivary gland performance and subse-
quently on oral health and function.

Sjögren’s syndrome is an autoimmune exocrinopa-
thy, which affects between 2 and 4 million persons in 
the USA, 90% of whom are women [1]. The most com-
mon manifestations are dysfunction of the salivary and 
lacrimal systems, which typically present as complaints 
of oral and ocular dryness, respectively. Xerostomia is 
the term used to describe the symptom of dryness of the 
mouth. Sjögren’s syndrome, however, is a systemic dis-
order and dryness may affect other mucosal areas (nose, 
throat, trachea, vagina) and the skin, and may also in-
volve many organ systems including the thyroid, lung, 
and kidney.

There are primary and secondary forms of the syn-
drome. Secondary Sjögren’s syndrome occurs in conjunc-
tion with another autoimmune connective tissue disease, 
such as rheumatoid arthritis, systemic lupus erythemato-
sus, systemic sclerosis, or primary biliary cirrhosis, while 
patients with primary Sjögren’s syndrome have no other 
autoimmune disorder. Patients with both primary and 
secondary Sjögren’s syndrome usually have prominent 
serologic signs of autoimmunity, including hypergam-
maglobulinemia, autoantibodies, an elevated sedimenta-
tion rate, decreased white blood cells, monoclonal gam-
mopathies, and hypocomplementemia. Patients have an 
increased risk of developing malignant lymphoma, most 
typically mucosal-associated B-cell lymphomas (MALTo-
mas) involving the salivary glands. It has been estimated 
that patients with primary Sjögren’s syndrome have a 20- 
to 40-fold increased risk of lymphoma [2, 3]. Recently, 
factors have been identified to recognize those patients 
at greatest risk. These include vasculitis, low C4, and sali-
vary gland enlargement at initial presentation [3–5].

Graft-versus-host disease is a recognized complication 
of allogeneic transplantation caused by the interaction of 
immunocompetent donor cells with cells of the immuno-
deficient host [6]. GVHD frequently involves the salivary 
glands, more commonly in chronic GVHD (>100 days 
post-transplant) [7]. The complaints of xerostomia are 
much the same as in Sjögren’s syndrome and the histo-
pathologic pattern in the minor salivary glands of the lip 
is similar as well. Due to the accessibility of tissue from 
this site, biopsy of the labial minor salivary glands is used 
to diagnose and monitor chronic GVHD [8].

We will review the oral and systemic manifestations 
of these conditions, available diagnostic methods will be 
discussed, and current management approaches will be 
presented.

Manifestations of Autoimmune 
Salivary Gland Diseases

Sjögren’s Syndrome

Sjögren’s syndrome is an autoimmune disease character-
ized primarily by decreased lacrimal and salivary gland 
secretions. In addition, patients may also present with a 
variety of other manifestations. For simplicity and orga-
nizational purposes, clinical manifestations of Sjögren’s 
syndrome have been categorized into exocrine (glandu-
lar) and nonexocrine (extraglandular).

Exocrine (Glandular) Involvement

Salivary Glands

Persistent or intermittent enlargement of the salivary 
glands has been reported in 30–50% of Sjögren’s syndrome 
patients at some point during the course of the disease 
[9]. Biopsy of the parotid gland demonstrates a pathog-
nomonic lymphocytic infiltration [10] surrounding the 
ducts, eventually replacing the glandular epithelium. The 
parotid gland frequently harbors what are termed benign 
lymphoepithelial lesions, which can resemble lymphoid 
structures. Biopsy of the minor salivary glands reveals 
focal mononuclear cell sialadenitis [11], described in 
greater detail in the next section. As a consequence of 
these histologic changes, and possibly other immune-
mediated activity, there is diminished salivary flow and 
possibly alteration of the composition of the saliva.

The parotid gland is the salivary gland most frequently 
enlarged, however, the submandibular glands may also be 
affected. Inspection and palpation of the glands usually 
will reveal bilateral, non-tender, firm, and diffuse swelling. 
Although enlarged salivary glands are a fairly typical and 
benign presentation in patients with Sjögren’s syndrome, 
it is prudent for the clinician to carry out a thorough ex-
amination, as patients with Sjögren’s syndrome are known 
to have a significantly increased risk of developing B-cell 
lymphoma [2, 3]. This often involves the salivary glands 
and patients must be questioned in detail about any recent 
changes to the character of the glands. A particularly hard 
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or nodular gland may require further investigation to rule 
out lymphoma and any persistent enlargement of the gland 
should be viewed with alarm and followed carefully.

The most common oral symptom in Sjögren’s syn-
drome is xerostomia, a direct consequence of salivary 
dysfunction [9]. Since the extent of salivary dysfunction 
is variable in Sjögren’s syndrome and patients vary in their 
tolerance of dryness, symptoms of dry mouth are variable 
in this patient population. In addition to complaints of 
dry mouth, dysphagia, adherence of food to the buccal 
or palatal surfaces, problems with dentures, a feeling of 
burning when eating spicy foods, an inability to eat dry 
foods, difficulty speaking for extended periods, and taste 
changes are common subjective complaints [9].

As described in the next section, salivary flow can be 
collected and measured to quantify salivary output. A 
rate of less than 0.1 ml/min of whole unstimulated saliva 
reflects salivary gland hypofunction [12]. Other clues to 
suggest reduced salivary flow are production of thick, 
frothy, mucus-like saliva and absence of saliva pooling 
in the floor of the mouth. Observation of Stensen’s duct 
while pressing the parotid gland will reveal that no saliva 
or a small amount of clear “glue-like” material will ap-
pear. A tongue blade touched to the buccal mucosa may 
adhere, rather than releasing easily as expected with nor-
mally hydrated mucosa. Infrequently, acute bacterial sial-
adenitis may occur due to retrograde tracking of bacteria 
via the salivary duct into the salivary gland due to very 
low outward saliva flow and the absence of normal con-
centrations of antimicrobial proteins present in saliva.

Soft Tissue

In addition to saliva’s antimicrobial and remineralizing 
properties, it also protects the soft tissues with its cleansing 
and lubricating properties. With diminished or no saliva 
production, chapped lips and dry, flaky perioral skin are 
common findings on an extraoral examination. Cracking 
and fissuring of the corners of the mouth, known as per-
lèche or angular cheilitis, are also noted in these patients. 
Intraorally, it is not unusual to find an erythematous, dry, 
atrophic, or cobblestone appearance to the oral mucosa 
(Fig. 12.1). The tongue may appear furrowed, atrophic, 
and devoid of papillae.

Opportunistic fungal infections are common and oc-
cur in about 30–70% of Sjögren’s syndrome patients [13]. 
Chronic erythematous candidiasis is the most frequent 
type of fungal infection observed and may be responsible 
for the burning sensation and intolerance to spicy food. It 

is important to recognize that this form of candidiasis ap-
pears not as the white, curd-like lesions of thrush, but as 
reddened areas of the mucosa. It therefore may be over-
looked and undertreated in this population.

Hard Tissue

Salivary gland dysfunction predisposes patients to devel-
oping dental caries. Soto-Rojas et al. [14] found cervical 
or incisal caries at 83% of patients with Sjögren’s syn-
drome, a very high number for adults. In another study, 
Christensen and coauthors found a higher number of de-
cayed, missing, or filled teeth (DMFT) in both younger 
and older patients with primary Sjögren’s syndrome 
compared with the respective control groups [15]. In this 
study, patients also reported having had more teeth ex-
tracted and more trouble with their teeth compared to 
the control group.

Keratoconjunctivitis Sicca

Keratoconjunctivitis sicca is the term used to describe the 
ocular surface changes found in Sjögren’s syndrome as a 
result of lacrimal gland involvement. These changes are 

Fig. 12.1: Mucosal alterations in Sjögren’s syndrome. Dry, fur-
rowed, cobblestone appearance of the tongue of a patient with 
severe salivary gland dysfunction from Sjögren’s syndrome. 
Note also the extensive restored dental caries
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attributed to a reduction in the aqueous component of 
tears and changes in tear constituents. Patients with dry 
eyes often complain of a gritty, scratchy sensation, espe-
cially during eye blinking [16]. Other symptoms include 
irritation, a dull ache, blurred vision, photophobia, and 
discharge at the inner canthus of the eye, especially on 
awakening. Corneal ulceration is a serious complication 
of severe dry eyes if the problem is not addressed.

Nonexocrine (Extraglandular) Involvement

Cutaneous

Dryness of the skin (xerosis) and pruritis are common 
cutaneous symptoms of Sjögren’s syndrome. Xerosis 
tends to be worse in the winter months, when humidity is 
lower, and manifests as dry scaly skin, affecting the lower 
extremities and axillary creases, in particular. Scratching 
in response to pruritis may result in hyperpigmentation 
of the skin. The pathophysiology behind xerosis is not 
well investigated. Studies have linked xerosis with the 
decrease in sebaceous or sweat gland secretion, however, 
many investigators believe that a specific alteration of the 
function of stratum corneum may also be responsible for 
skin xerosis [17]. Other cutaneous manifestations include 
alopecia, photosensitivity lesions, erythema nodosum, li-
chen planus, vitiligo, cutaneous B-cell lymphoma, granu-
loma annulare, and granulomatous panniculitis. Dryness 
and decreased luster of the hair are also common com-
plaints.

Patients with Sjögren’s syndrome may develop vas-
cular disease. Approximately 13–20% have a reaction 
of the extremities to cold temperature known as Rayn-
aud’s phenomenon [18]. Raynaud’s phenomenon is in 
general innocuous and does not cause any significant 
consequences, although it may be painful. In addition 
to the vasospastic response to cold, Sjögren’s syndrome 
patients may suffer from inflammatory vascular disease, 
which is by the far the most severe cutaneous compli-
cation. The skin manifestations of inflammatory vascu-
litis are varied and are dependent on the extent of blood 
vessel involvement in the skin and the magnitude of the 
host’s inflammatory response. Vasculitis most frequently 
presents with palpable and nonpalpable purpura of the 
lower extremities [19], which can mimic Waldenström’s 
hyperglobulinemic purpura. Urticaria-like lesions, ery-
thema multiforme-like eruptions, and nodular vasculitis 
are also observed.

Respiratory Involvement

A dry and persistent cough is a common symptom in pa-
tients with Sjögren’s syndrome. This is due to the involve-
ment of exocrine glands in the airway, which results in 
decreased mucosal secretions and subsequent dryness of 
the upper airway. This condition has been labeled xero-
trachea as it is the tracheobronchial equivalent of xero-
stomia.

Ito et al. [20] found that nonspecific interstitial pneu-
monia (NSIP) was the most frequent diagnosis in 31 lung 
biopsies and two autopsies obtained from patients with 
Sjögren’s syndrome. Eight patients had bronchiolar dis-
ease and four were diagnosed with malignant lymphoma. 
Patients often will have bibasilar crepitations before they 
complain of cough and dyspnea on exertion. Pulmonary 
hyperinflation and recurrent pulmonary infections have 
also been reported.

Musculoskeletal Involvement

More than half of patients with primary Sjögren’s syn-
drome complain of arthralgia with or without evidence 
of arthritis. The hands and knees are most frequently af-
fected and complaints usually have a symmetric distribu-
tion. Unlike rheumatoid arthritis, the arthropathy is typi-
cally nonerosive and does not result in any deformation. 
Myalgia is also common in both primary and secondary 
Sjögren’s syndrome.

Gastrointestinal Involvement

Dysphagia is a frequent complaint in Sjögren’s syndrome, 
most probably related to the lack of saliva and esophageal 
dryness. However, the presence of esophageal dysmotility 
has also been thought to be a possible contributing cause 
[21]. Other common gastrointestinal complaints include 
nausea, dyspepsia, and epigastric pain. Gastroscopy per-
formed on Sjögren’s syndrome patients who present with 
gastrointestinal symptoms will occasionally reveal an 
atrophic gastric mucosa with a cobblestone appearance. 
A biopsy of the gastric mucosa may also reveal chronic 
atrophic gastritis with or without intestinal metaplasia. 
Testing for Helicobacter pylori should be performed in 
patients who have gastritis, because this organism has 
been shown to be associated with MALT lymphomas in 
Sjögren’s syndrome patients.
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A few case reports have associated celiac disease [21] 
with Sjögren’s syndrome, however, more research is needed 
to verify the relationship between the two conditions.

Peripheral and Central Neuropathies

Peripheral neuropathy is an extensively documented 
complication in primary Sjögren’s syndrome [22]. This 
slowly progressive condition usually has a symmetric dis-
tribution and is characterized by anesthesia and dyses-
thesias of the extremities.

Cranial nerve neuropathies are also known occur-
rences in patients with Sjögren’s syndrome, especially 
in those with a pre-existing peripheral neuropathy. Tri-
geminal neuropathy is the most common cranial nerve 
neuropathy, but other cranial nerves may also be affected, 
e.g., the facial nerve (Bell’s palsy).

The prevalence of central nervous system (CNS) in-
volvement in Sjögren’s syndrome is debatable. Some stud-
ies have suggested that involvement of the CNS occurs in 
as many as 25% of patients with primary Sjögren’s syn-
drome [23], while others feel this is a great overestima-
tion. In spite of this dispute, the serious consequences of 
CNS involvement make early diagnosis and treatment of 
this condition extremely important.

The clinical presentations of CNS disease in Sjögren’s 
syndrome are extremely diverse. CNS involvement can 
range from focal lesions to widespread neurologic disease 
affecting the brain and the spinal cord. Focal lesions result 
in motor or sensory deficits that can manifest as hemipa-
resis, monoparesis, seizures, multiple sclerosis-like symp-
toms, or cerebellar syndromes e.g., tremors, dyskinesia. 
Widespread disease of the brain may present as subacute 
or acute encephalopathy, psychiatric disorders, and de-
mentia. Spinal cord involvement can lead to acute trans-
verse myelopathy, chronic progressive myelopathy, and 
neurogenic bladder. These more severe CNS manifesta-
tions are very uncommon in Sjögren’s syndrome.

Other Organ System Involvement

Cristiansson first noted the presence of liver disease in pa-
tients with Sjögren’s syndrome in 1954 and since then this 
relationship has been proven in many studies. Abnormal 
liver function tests (elevated alkaline phosphatase and se-
rum aminotransferases) and biopsy features of primary 
biliary cirrhosis, portal tract fibrosis, or chronic active 

hepatitis are some of the frequent findings in Sjögren’s 
syndrome patients with hepatic involvement [24].

There is evidence to demonstrate that patients with 
Sjögren’s syndrome have a higher incidence of heart 
disease. In one report [25], one third of patients had in-
creased pericardial echogenicity, which is suggestive of 
a history of pericarditis. However, acute pericarditis is a 
rare complication of Sjögren’s syndrome.

Heart block in neonates of mothers with Sjögren’s syn-
drome has also been reported and may be attributed to 
the presence of anti-SS-A (Ro) autoantibodies in the ma-
ternal circulation [26]. Adult onset heart block can also 
occur in Sjögren’s syndrome patients and has been pos-
tulated to be associated with the production of antibodies 
against cardiac muscle and muscarinic receptors.

The reported prevalence of renal involvement in 
Sjögren’s syndrome is extremely variable, ranging from 
2% to 67%. Interstitial nephritis is the most common type 
of renal pathology and laboratory results include elevation 
in the plasma creatinine concentration and hypokalemia 
[27]. Dysuria, urinary frequency, nocturia, and urgency 
symptoms in Sjögren’s syndrome patients are thought to 
be due to interstitial cystitis if there is no evidence of in-
fection. Renal tubular acidosis has also been reported as a 
manifestation of the syndrome.

Depression and personality disorders have been found 
to be more common in patients with Sjögren’s syndrome. 
The literature suggests that this could be either a direct con-
sequence of CNS pathology, or a reaction to the stress of 
being afflicted with a chronic illness. Patients with Sjögren’s 
syndrome often suffer from significant fatigue [28], and re-
searchers continue to puzzle over the pathogenesis of this 
symptom. This is a debilitating condition because it can 
interfere with daily chores and social activities, thus reduc-
ing the quality of life of many patients. Fatigue has been 
postulated to be a consequence of sleep deprivation as a 
result of frequent awakening at night due to the discomfort 
from xerostomia which necessitates frequent drinking of 
fluids. The resultant polydipsia leads to polyuria and more 
awakening. Chronic inflammation, mediated by cytokines 
such as IL-1 and IL-6, autonomic nervous system dysfunc-
tion, and low blood pressure have also been suggested as 
possible etiologies for the fatigue [29].

Lymphoma

The lymphocytic proliferation observed in Sjögren’s syn-
drome may progress from a polyclonal infiltration to a 
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monoclonal gammopathy to a frank lymphoma. Malig-
nant lymphoproliferative disorders are known to occur at 
a higher frequency in patients with Sjögren’s syndrome. 
Increased frequency of circulating monoclonal immuno-
globulins, increased mixed monoclonal cryoglobulins, 
non-Hodgkin’s lymphoma (NHL) and the MALT (mu-
cosa-associated lymphoid tissue) lymphomas (MALTo-
mas) have been reported to occur at a higher rate.

A meta-analysis published in 2005 by Zintzaras et al. 
[4] concluded that there is a higher risk of developing 
non-Hodgkin’s lymphoma (NHL) in patients with pri-
mary Sjögren’s syndrome compared to other autoim-
mune diseases such as systemic lupus erythematosus 
and rheumatoid arthritis. The risk of NHL (primarily 
B-cell MALTomas) in patients with Sjögren’s syndrome 
is about 20 times higher than that in the general popu-
lation, with a lifetime risk of approximately 4–10% [3]. 
The presence of persistently enlarged or nodular pa-
rotid or submandibular glands, regional or generalized 
lymphadenopathy, pulmonary infiltrates, hepatomegaly, 
vasculitis, or a monoclonal gammopathy may be signs 
of malignancy.

Graft-versus-host Disease

Graft-versus-host disease (GVHD) is a major complica-
tion following bone marrow transplantation (BMT). The 
disease is classified into acute and chronic forms based on 
the time of onset.

Acute Graft-versus-host Disease

Oral Changes

Studies on acute oral GVHD are limited and its prevalence 
is unknown. Woo et al. [6] estimated that about 60–70% 
of patients with grade III–IV acute GVHD would develop 
oral changes consistent with GVHD. These changes may 
present as painful desquamative and ulcerative lesions, 
white papular eruptions, or lichenoid changes which can 
involve the entire oral cavity. Hsiao et al. [30] reported 
that lichenoid changes appeared later in acute GVHD 
compared to mucosal erythema, atrophy, and ulceration, 
which were observed more often in early acute GVHD.

The diagnosis of acute GVHD can be challenging, as 
many of its presentations imitate the effects of chemora-

diotherapy, antibiotic reactions, or complications from 
infections. Acute oral GVHD may be extremely difficult 
to distinguish clinically from herpes simplex virus (HSV) 
infections or chemotherapy-induced mucositis. Worsen-
ing of an existing HSV culture negative mucositis after 
day 21, worsening of xerostomia and pain, and the late 
onset of oral ulcers beyond day 21 are features that may 
help to differentiate between acute GVHD and chemo-
therapy-induced mucositis [6].

Systemic Changes

The primary target organs in acute GVHD are the skin, 
liver, and gastrointestinal tract. The earliest and most 
common presentation of acute GVHD is a pruritic mac-
ulopapular rash. This is first noted on the palms of the 
hands, soles of the feet, ears, shoulders, and nape of the 
neck. The rash can spread to involve the whole body, and 
in severe GVHD may form bullous lesions and toxic epi-
dermal necrolysis-like desquamation. Hepatic GVHD is 
characterized by a rise in serum levels of conjugated bili-
rubin, alkaline phosphatase, and aminotransferase. Gas-
trointestinal involvement in acute GVHD is often severe 
and consists of nausea, vomiting, bloody diarrhea, and 
abdominal cramps. Other organ systems, including the 
kidney and hematopoietic system may also be involved.

Chronic Graft-versus-host Disease

Chronic GVHD occurs between 100 and 400 days post 
BMT. The condition can progress from acute GVHD 
(progressive onset), follow previous resolution of acute 
GVHD (quiescent), or have a de novo late onset without 
prior acute GVHD. Chronic GVHD is graded as either 
limited or extensive depending on the clinical severity 
and target organs affected. Limited disease is character-
ized by localized skin involvement and/or evidence of 
hepatic dysfunction. Extensive disease presents either 
with generalized skin involvement, or with localized skin 
involvement or hepatic dysfunction plus at least one of 
the following:
1. Liver histology showing progressive hepatitis, bridg-

ing necrosis, or cirrhosis.
2. Involvement of the eye.
3. Involvement of minor salivary glands or mucosa of the 

oral cavity.
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4. Involvement of any other target organ.

Chronic GVHD is the single most important factor 
that determines long-term outcome and quality of life of 
a patient following a bone marrow transplant.

Oral Changes of Chronic GVHD

Salivary Glands

Salivary glands are known targets of GVHD and destruc-
tion of these glands results in salivary gland dysfunction 
leading to xerostomia and disruption of oral mucosal in-
tegrity. Due to the resemblance of pathologic changes in 
GVHD animal models to Sjögren’s syndrome, the term 
“Sjögren’s-like syndrome” has been coined to describe 
patients with chronic GVHD who display both salivary 
gland dysfunction and keratoconjunctivitis sicca. His-
tologic examination of the salivary glands in the lip in 
patients with chronic GVHD reveals periductal lympho-
cytic infiltration of both intralobular and major excretory 
ducts with pronounced ductal damage, eventually lead-
ing to acinar damage and fibrosis [31].

Izutsu et al. [32] collected whole saliva samples from 
12 allogeneic BMT recipients with chronic GVHD and 
10 healthy BMT recipients without GVHD. The study 
showed elevated sodium and decreased concentrations of 
IgA in the whole saliva of patients with chronic GVHD 
when compared to those without GVHD. The authors 
suggested that the reduction in IgA may be a contribut-
ing factor to frequent sinobronchial infections reported 
in patients with chronic GVHD.

Soft Tissue

The most common changes in the oral mucosa associated 
with chronic GVHD are erythema, mucosal atrophy, and 
lichenoid reactions [33]. These lesions can involve any 
site in the oral and perioral region (Fig. 12.2).

Lichenoid reactions are the most distinctive oral 
change and have the highest positive predictive value [6, 
34]. Schubert and Sullivan found that 81–100% of pa-
tients with an oral lichenoid reaction had chronic GVHD 
[34]. Lichenoid reactions appear as lacy striations of the 
oral mucosa that are clinically similar to the striations of 
Wickham in oral lichen planus. These lesions can be faint 

and only affect limited patches of oral mucosa or can pres-
ent as thick and confluent areas affecting the entire oral 
cavity.

Erosive lesions are generally associated with more se-
vere oral involvement. These lesions are often accompa-
nied by pain in the oral cavity (which may be the first 
presenting symptom), which significantly impedes eating 
and oral hygiene measures.

Scleroderma-like changes also may be observed in 
chronic oral GVHD, resulting in trismus due to perioral 
fibrosis. Schubert et al. [34] reported that 73% of patients 
with chronic GVHD versus 26% of patients without 
GVHD developed trismus and fibrosis. Fibrosis can also 
affect the tongue, causing decreased mobility, which may 
interfere with speech and mastication.

Hard Tissue

There have been conflicting reports concerning the in-
cidence of dental caries in patients with chronic GVHD 
[35–37]. However, as there is compelling evidence that 
saliva provides the principal defense for teeth against 
dental caries [38], patients with chronic GVHD with de-
creased salivary function are considered to be at risk for 
developing dental caries. It is thus reasonable for the den-
tist to implement a home fluoride regimen and to advise 
patients to maintain excellent oral hygiene and to avoid 
cariogenic foods in their diet.

Fig. 12.2: Tongue lesions in chronic graft-versus-host disease in 
a 25-year-old patient treated with bone marrow transplantation 
7 months earlier
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Systemic Changes of Chronic 
Graft-versus-host Disease

Numerous articles on chronic GVHD have described its 
systemic manifestations as resembling those found in 
autoimmune diseases such as systemic lupus erythema-
tosus, progressive systemic sclerosis, primary biliary cir-
rhosis, and rheumatoid arthritis. Chronic GVHD has also 
been reported to arise or worsen after an infectious insult 
or when there are changes to the patient’s immune status. 
Based upon these observations, chronic GVHD is viewed 
as an autoimmune phenomenon.

The skin, liver, gastrointestinal tract, and lungs are 
the principal target organs in chronic GVHD [33]. The 
two most common skin changes are lichen planus-like 
lesions and cutaneous manifestations of scleroderma. 
Skin involvement may first present with varying degrees 
of erythema, hypo- and hyperpigmentation, plaques, and 
areas of desquamation. If untreated, the skin may become 
indurated and fixed to the underlying fascia, resulting in 
development of joint contractures and debility similar to 
scleroderma.

Liver biopsy in chronic GVHD may reveal lobular 
hepatitis, chronic persistent hepatitis, chronic active hep-
atitis, or a reduction or absence of small bile ducts with 
cholestasis. Liver function tests are abnormal, such as el-
evations in the serum alkaline phosphatase and bilirubin 
levels.

Involvement of the esophagus has been reported in 
patients with chronic GVHD and this can cause dys-
phagia, painful ulcers, and malnutrition. Webs, ring-like 
narrowing, and strictures of the mid and upper esopha-
gus have been observed in radiographic examinations. 
Fibrosis of the gastrointestinal submucosa and sclerosis 
of the intestine have also been associated with chronic 
GVHD. Also, obstructive lung disease has been reported 
to occur in patients with chronic GVHD. A feeling of 
dyspnea and a nonproductive cough are common com-
plaints.

Diagnosis of Autoimmune 
Salivary Gland Disease

Methods for judging salivary gland performance are the 
same regardless of the etiology. Diagnosis utilizes a com-
bination of subjective and objective assessments, includ-
ing an assessment of symptoms such as oral dryness and 
objective measures of salivary function. In the following 

section we will review methods for assessment of salivary 
gland function, with a focus on the diagnosis of Sjögren’s 
syndrome.

Sjögren’s Syndrome

Xerostomia is the most common symptom associated 
with salivary gland dysfunction and the most frequent 
complaint of patients with Sjögren’s syndrome. In addi-
tion to asking if the mouth is dry, one should delve more 
fully into the complaint. Is dryness periodic or constant, 
mild or severe, does it interfere with oral functions such 
as eating and speaking? Fox et al. showed that specific 
questions relating to dryness while eating, difficulty 
swallowing foods, or the need to drink fluids to ease 
swallowing, and the perception of too little saliva in the 
mouth were strongly correlated with objective measures 
of salivary gland performance [39]. In contrast, the com-
plaints of dryness at night or on awakening or keeping 
water at the bedside were not predictive of salivary gland 
dysfunction. Patients with complaints of dryness should 
be questioned in greater detail to help determine if the 
symptom likely is related to objective salivary gland dis-
ease.

Another method of subjective assessment of dry 
mouth is to use a validated scale such as that developed by 
the National Cancer Institute (NCI) as a part of the Com-
mon Terminology Criteria for Adverse Events (CTCAE) 
reporting forms. The scale assesses dry mouth symptoms 
based on dietary alterations (Table 12.1). While relatively 
insensitive, it gives information on the severity of dry 
mouth related to its impact on diet and nutrition. In-
creased sensitivity can be achieved by combining whole 
unstimulated salivary flow measurements (see below) 
with the subjective component of the assessment scale.

It is important to recognize that xerostomia may be 
caused by many conditions other than Sjögren’s syn-
drome. Medications, radiotherapy to the head and neck 
region, and other medical conditions such as cystic fibro-
sis, HIV infection, or poorly controlled diabetes can all 
lead to salivary gland dysfunction and the feeling of dry 
mouth [40, 41].

In addition to being a major factor in oral comfort, 
saliva is critical for proper oral function and to maintain 
oral health. Sialometry is the measurement of saliva pro-
duction in a given individual. Saliva can be measured as 
whole saliva, which is the total fluid contents of the mouth, 
usually obtained by expectoration. Individual gland saliva 
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production can also be measured. A collector is used in 
the Stensen’s duct to isolate the parotid gland secretions, 
while special collectors placed in the Wharton’s duct in 
the floor of mouth isolate the submandibular/sublingual 
saliva. Saliva can be collected in a resting (unstimulated) 
state or following stimulation, which may increase output 
by a factor of 10. Whole saliva is generally collected by 
the drooling or the spitting method. Resting flow requires 
that the subject not eat, drink, smoke, or have any oral 
stimulation for at least 1 h prior to collection. Stimula-
tion is usually by chewing paraffin or application of 2–5% 
citric acid to the tongue [42]. Resting whole salivary flow 
rates below 0.1 ml/min and stimulated rates of less than 
0.7 ml/min are generally accepted as abnormally low. The 
great majority of Sjögren’s syndrome patients demon-
strate decreased salivary output [43] and resting whole 
saliva flow rate is one criterion in the widely used clas-
sification criteria for the disorder (see below).

Many studies have shown that resting flow rates de-
crease with age. However, carefully controlled studies 
of healthy older individuals demonstrate that salivary 
function does not decline as a consequence of aging per 
se. The decline in salivary output found with aging can 
be explained by the effects of medications and medical 
conditions which compromise salivary function and is 
more common in older individuals [44]. Further, the re-
sponse of older subjects to stimulation or sialagogues is 
unchanged [45].

Saliva is a highly complex fluid containing over sixty 
components and it may be analyzed based on its molecu-
lar or biochemical components. In Sjögren’s syndrome, 
studies have examined electrolytes, immunoglobulins, 
cytokines, and autoantibody levels in saliva. Markers 
of inflammation have been routinely isolated, as well. 

Common findings in the saliva of patients with Sjögren’s 
syndrome include increased levels of sodium, immuno-
globulins (particularly IgA), anti-Ro and La autoantibod-
ies, lactoferrin, lysozyme, β2 microglobulin, prostaglan-
din E2, thromboxane B2, IL-6, and hyaluronic acid [46, 
47]. Unfortunately, none of the above markers has proved 
sensitive or specific enough to serve as a diagnostic crite-
rion for Sjögren’s syndrome.

Sialography is another useful diagnostic modality 
for salivary gland disorders. A contrast agent is injected 
into the ductal system of the major glands via the ma-
jor secretory ducts and visualized using conventional 
or computed tomography (CT) radiography (Fig. 12.3). 
Sialograms of salivary glands affected by Sjögren’s syn-
drome show punctate, globular, cavitary, or destructive 
sialectasia, depending on the stage of the disease [48]. 
Sialographic findings may be supportive of the diagnosis, 
but are not highly specific. Other radiographic modali-
ties used for assessment of salivary glands include CT and 

Table 12.1. Common Terminology Criteria for Adverse Events (CTCAE) scale for dry mouth

Grade Symptoms

0 No changes

1 Symptomatic (dry or thick saliva) without significant dietary alterations

2 Symptomatic and significant dietary alteration (e.g., copious water, other lu-
bricants, diet limited to purees and/or soft, moist foods)

3 Symptoms leading to inability to adequately aliment orally; IV flu-
ids, tube feedings, or total parenteral nutrition (TPN) indicated

Source: CTCAE accessed at http://ctep.cancer.gov/forms/ CTCAEv3.pdf

Fig. 12.3: Parotid gland sialogram showing punctuate changes 
in a patient with Sjögren’s syndrome
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magnetic resonance imaging (MRI). While MRI and CT 
are best used for salivary tumors and inflammatory dis-
ease, respectively, neither clearly show the early punctate 
changes seen in sialograms in Sjögren’s syndrome [49]. 
Therefore, in the earliest stages, the involved glands ap-
pear normal on both CT and MRI. When the disease 
progresses, CT shows a honeycomb glandular appearance 
that is considered nondiagnostic for Sjögren’s syndrome, 
as it is seen also in granulomatous diseases [49]. In later 
stages, as acini are lost, MRI may reveal diffuse cysts. It is 
important to note that this pattern, in the presence of cer-
vical adenopathy, is most indicative of HIV/AIDS. In the 
absence of adenopathy, the likely diagnosis is Sjögren’s 
syndrome.

Salivary gland scintigraphy is another objective imag-
ing method to assess salivary gland function. This method 
utilizes the radionuclide technetium pertechnetate 
(Tc99m) which is injected intravenously. Using a gamma 
detector, one can quantify and time the uptake of tracer 
from the blood into the major salivary glands and then 
spontaneous excretion into the oral cavity (Fig. 12.4). This 
activity is considered indicative of resting (basal) salivary 
function. At the conclusion of the study, a strong salivary 
stimulus is given orally to measure stimulated response 
capability. Time-activity curves can be constructed. Scin-
tigraphy is an accurate measure of salivary gland func-
tion, but the changes seen in Sjögren’s syndrome lack 
diagnostic specificity. In early Sjögren’s syndrome, with 
minimal salivary gland dysfunction, there is usually nor-
mal Tc99m uptake, but significantly decreased excretion. 
With increasing dysfunction, one sees significant de-
creases in both uptake and excretion [50].

Biopsy of minor salivary glands has been shown to be 
the best single criterion used to diagnose the salivary com-
ponent of Sjögren’s syndrome [11]. Minor salivary glands 
are usually biopsied through normal-appearing mucosa 
of the lower lip between the midline and commissure. Lo-

cal infiltration with anesthetic containing vasoconstrictor 
is followed by a single incision of 1.5–2 cm horizontally 
to just penetrate epithelium. The minor salivary glands 
are then removed by blunt dissection, while avoiding sen-
sory nerves [51]. Typically, specimens should include five 
or more glands to yield enough tissue for focal scoring.

Characteristic histopathologic changes include loss of 
acinar cells, a relative preservation of ductal structures, 
and the presence of an intense, focal periductal/vascular 
mononuclear cell infiltrate (Fig. 12.5). A focus is defined 
as the localized aggregation of inflammatory cells con-
taining 50 or more lymphocytes, plasma cells, or mac-
rophages. A “focus score” is derived by determining the 
biopsy surface area and the number of foci. A positive 
biopsy for Sjögren’s syndrome requires a focal score of ≥1 
focus per 4 mm2.

Classification criteria for Sjögren’s syndrome were 
developed and validated between 1989 and 1996 by the 
European Study Group on Classification for Sjögren’s 
syndrome. These criteria were reviewed by the Ameri-
can-European Consensus Group (AECG), who sug-
gested some modification, defined clearer classification 
rules for primary versus secondary disease, and provided 
more precise exclusion criteria [52]. The most recent re-
sults were published in 2002. The widespread acceptance 
of these classification criteria in the research community 
has greatly aided standardization of diagnosis and defini-
tion of patients.

There are six criteria: two dealing with symptoms of 
ocular and oral dryness; one measuring lacrimal func-
tion; one quantifying salivary function; the labial minor 
salivary gland biopsy; and the presence of autoantibodies 
against anti-SS-A (Ro) and anti-SS-B (La). Four of these 
six criteria are required for positive case classification. 
Critically, either a positive labial minor salivary gland 
biopsy or the presence of autoantibodies is required to 
establish a definitive case.

Fig. 12.4: A sequence of scintigraphic images 
showing asymmetric uptake of the tracer techne-
tium pertechnetate into the major salivary glands 
(parotid>submandibular; left parotid>right) and 
progressive secretion of tracer into the oral cavity. The 
thyroid gland is visible at the bottom of the images
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Graft-versus-host Disease

As noted earlier, biopsy of the labial minor salivary glands 
is one method commonly used to diagnose and monitor 
chronic GVHD. The medical history and clinical presen-
tation will guide diagnostic evaluation.

Management of Autoimmune 
Salivary Gland Diseases

Management strategies for autoimmune salivary gland 
disease are dependent on the extent of glandular and ex-
traglandular manifestations. As previously discussed, the 
exocrine involvement most often results in symptoms of 
dry mouth and dry eyes. Patients also may experience 
other oral manifestations such as fungal infections, mu-
cosal burning and pain, swelling of the salivary gland, or 
dental caries. The following sections will present an over-
view of management strategies for the various glandular 
and extraglandular manifestations of Sjögren’s syndrome, 
which serve as a prototype for treatment of salivary gland 
dysfunction of any etiology.

Xerostomia Management

Treatment of xerostomia is the same regardless of the 
underlying disease process. Therapeutic modalities for 
xerostomia may be categorized as topical agents, secreta-
gogues, and disease-modifying drugs.

Topical Agents

The primary rationale of topical agents is palliation; to 
provide symptomatic relief of dry mouth. A wide range of 
interventions have been evaluated to include the follow-
ing: many saliva substitutes (“artificial salivas”) [53], mu-
cin-containing lozenges and gum [54, 55], and evening 
primrose oil or the essential omega-6 fatty acid gamma-
linolenic acid (GLA), which is extracted from primrose 
oil [56, 57]. Formal systematic reviews have been con-
ducted and have shown most of these trials were of poor 
quality with only a few of even moderate quality [58, 59]. 
Therefore, due to the high level of bias in the literature re-
garding topical therapies, it is difficult to determine with 
confidence the efficacy of topical agents in the modera-
tion of dryness symptoms.

Fig. 12.5: Labial minor salivary glands 
from a healthy individual (top) and a 
patient with Sjögren’s syndrome (bottom). 
Note the presence of a dense, focal mono-
nuclear cell infiltrate and a loss of acinar 
cells with preservation of ducts in the 
Sjögren’s syndrome specimen (H&E stain 
of formalin-fixed tissue)
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Two studies with moderate levels of bias have been 
published that evaluated topical therapies in Sjögren’s 
syndrome. The first examined the efficacy of Efamol 
(evening primrose oil) in a randomized, double-blind, 
crossover study, and found no significant differences ver-
sus a placebo solution in the moderation of xerostomia 
[56]. Another study examined topical anhydrous crys-
talline maltose lozenges administered three times a day. 
Improvement in salivary output and moderation of dry 
mouth complaints were reported, although the effects 
were modest [60]. Despite the paucity of clinical data to 
demonstrate the efficacy of topical agents, these agents 
must not be overlooked clinically and remain a mainstay 
in the management strategy of the dryness component 
of Sjögren’s syndrome. As significant side effects have 
not been reported with these agents, patients should be 
encouraged to try topical therapies as an initial manage-
ment approach.

Secretagogues

Stimulation of the salivary glands has been attempted by 
physical and pharmacologic means. Electrostimulation of 
the salivary glands has been attempted [61–63], but prac-
tical long-term application is a challenge and the results 
have been modest. Presently, newer approaches are being 
investigated and show promise [64].

Parasympathomimetic medications have shown the 
most success for xerostomia relief. The Food and Drug 
Administration (FDA) has approved two medications for 
the relief of dry mouth in Sjögren’s syndrome: pilocarpine 
(Salagen) and cevimeline (Evoxac) [64–67]. Both medi-
cations are muscarinic agonists, resulting in a transient 
increase in salivary output and statistically significant im-
provement in complaints of oral dryness. Cevimeline has 
a reported increased specificity to M3 muscarinic recep-
tors compared to pilocarpine, which might suggest the po-
tential for fewer side effects. However, clinical trials have 
not confirmed a lower side effect profile with cevimeline. 
Common side effects of both medications include sweat-
ing, flushing, urinary incontinence, and gastrointestinal 
discomfort. Side effects are frequent, but are rarely severe 
or serious. Parasympathomimetics are contraindicated in 
patients with uncontrolled asthma, narrow-angle glau-
coma, and acute iritis and should be used with caution 
in patients with significant cardiovascular disease, Par-
kinson disease, asthma, and chronic obstructive pulmo-

nary disease. Pilocarpine is currently recommended at a 
dosage of 5 mg up to four times daily, while cevimeline is 
commonly prescribed at 30 mg three times daily. These 
medications are widely used and provide significant relief 
of dryness complaints in many patients. Pilocarpine has 
also been approved for treatment of xerostomia related to 
head and neck radiotherapy.

Disease-modifying Agents

A wide range of treatments have been studied that attempt 
to address the underlying disease process in Sjögren’s syn-
drome and therefore improve salivary gland dysfunction. 
Therapeutic strategies have included hormone modera-
tion, general and targeted anti-inflammatory approaches, 
blunting of the B-cell response, and treatment of poten-
tial viral etiologies.

Hormones

Sex hormones are known to influence autoimmune activ-
ity. However, hormonal treatments have shown minimal 
success on the glandular and extraglandular manifesta-
tions of Sjögren’s syndrome. Dehydroepiandrosterone 
(DHEA) demonstrated no benefit compared to placebo 
in a randomized double-blind trial [68]. A small pilot 
study did show some benefit in the relief of xerostomia 
with nandrolone decanoate, although there were no dif-
ferences compared to placebo in any objective dryness 
measures [69]. As these medications are both androgen-
type hormones, adverse effects of acne and hirsutism are 
common and limit patient acceptance in this primarily 
female patient population.

Nonspecific Disease-modifying Agents

Generalized moderation of the inflammatory response 
in Sjögren’s syndrome using anti-rheumatic agents has 
shown minimal success for the management of dryness 
symptoms. Trials of prednisone, azathioprine, and hy-
droxychloroquine have shown minimal benefit for dry 
mouth [70–72]. Although not helpful for the manage-
ment of xerostomia, these medications may be useful for 
treatment of some of the extraglandular manifestations of 
Sjögren’s syndrome, such as vasculitis and fatigue.
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Specific Disease-modifying Agents

More recent studies have attempted to target specific bio-
logic pathways to modify the underlying disease process. 
One study examined the efficacy of very low dose inter-
feron-alpha, 150 or 450 IU once or three times a day in 
primary Sjögren’s syndrome. Although no changes were 
found in the primary endpoint of symptomatic oral dry-
ness and unstimulated whole saliva, a secondary analysis 
showed a significant benefit of 150 IU interferon-alpha 
three times daily over placebo, with increased stimulated 
whole salivary flow rates at 12 weeks [73]. A subsequent 
phase 3 trial at this dose found increased unstimulated 
salivary function compared to placebo at 24 weeks. How-
ever, the co-primary endpoints of stimulated whole saliva 
flow and oral dryness were not significantly improved 
relative to placebo [74].

Another approach has been to modify the inflam-
matory cytokine pathway, specifically targeting tumor 
necrosis factor alpha (TNFα). Anti-TNFα agents, includ-
ing infliximab, entanercept, and thalidomide have shown 
no significant efficacy in randomized controlled trials in 
Sjögren’s syndrome [75–77]. Interestingly, biologic mea-
sures of cell activation were decreased with thalidomide 
use, although clinical outcomes were not clearly impacted 
in this clinical trial which was discontinued due to an un-
acceptably high side effect profile in primary Sjögren’s 
syndrome patients [78].

Recently, there has been interest in modulation of B-
cell activation. As there is well documented B-cell hyper-
reactivity in Sjögren’s syndrome, this approach may have 
an impact on the underlying disease. Rituximab binds 
specifically to the CD20 antigen which is present on 
B cells and involved in activation. In an open-label study, 
improvement in symptoms of dry mouth and salivary 
gland function was demonstrated with a concomitant 
decrease of peripheral B cells. Serum sickness symptoms 
were found in 20% of patients. Although these results 
are promising, a randomized controlled trial is neces-
sary before recommendation of this treatment option for 
Sjögren’s syndrome [79].

Antiviral Agents

The potential of a viral etiology for Sjögren’s syndrome 
has been proposed. A randomized clinical trial was 
conducted with an anti-retroviral medication for the 

treatment of Sjögren’s syndrome. In this trial, primary 
Sjögren’s syndrome patients were randomized to 150 mg 
of lamivudine, a reverse transcriptase inhibitor, given two 
times daily or placebo [80]. No significant clinical im-
provements were noted.

Summary for Management of Dry Mouth

The quality of published studies of management of dry 
mouth approaches varies widely, from poorly docu-
mented case reports to well-controlled randomized tri-
als. This complicates comparison and assessment of the 
results. Based on the current literature and best clinical 
practice, the overall management strategy for oral dry-
ness should include a combination of topical palliative 
agents and secretagogues. Due to the potential for side 
effects from disease-modifying agents, clearer evidence 
of clinical efficacy must be demonstrated before these can 
be recommended. Additional symptomatic approaches 
for dry mouth include use of water throughout the day, 
gustatory and masticatory stimulation of salivary flow, 
and increased humidification.

Management of Dry Eye

Artificial tears remain the cornerstone of treatment of dry 
eye. In general, appropriate referral to an ophthalmolo-
gist is important for appropriate diagnosis and long-term 
management of dry eyes.

Recent clinical trials have demonstrated the benefit 
of Restasis (cyclosporine ophthalmic emulsion, 0.05%) 
[81]. This medication has been approved by the FDA to 
increase tear production in patients whose tear produc-
tion is presumed to be suppressed due to ocular inflam-
mation associated with keratoconjunctivitis sicca. The 
mechanism of action is thought to be related to anti-in-
flammatory and immunomodulatory effects. Restasis is 
prescribed as one drop in each eye two times a day. A 
common side effect is ocular burning, which often de-
creases with long-term use.

Parasympathomimetics have also improved symptoms 
of dry eye in Sjögren’s syndrome patients. Pilocarpine at 
a dose of 5 mg twice daily demonstrated significant im-
provement of subjective ocular dryness compared to 
placebo. No differences in objective measures of lacrimal 
flow (i.e., Schirmer’s I test) were seen [82]. Cevimeline 
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has also been shown to improve dry eye symptoms at a 
dose of 20 mg three times a day [83].

Omega-6 essential fatty acid therapy has also been 
evaluated for the treatment of dry eyes in Sjögren’s syn-
drome. A randomized, controlled trial compared oral 
administration of 112 mg of linoleic acid and 15 mg of 
gamma-linolenic acid to placebo. Significant improve-
ment in symptoms of dry eye and objective measures 
of dryness was found in the active intervention group 
[84].

Similar to management of dry mouth symptoms, the 
overall therapeutic approach to dry eye in Sjögren’s syn-
drome depends on appropriate symptomatic relief with 
a combination of topical agents (i.e., eye drops) and sys-
temic agents. Use of Restasis is a newer therapeutic op-
tion, with additional treatment choices of parasympa-
thomimetics and omega-6 essential fatty acid therapy. 
Successful management of dry eyes is best provided by 
referral to an ophthalmologist or optometrist familiar 
with the treatment of dry eye.

Other Oral Manifestations

Salivary Gland Enlargement

As previously noted, salivary gland swelling is a common 
manifestation of Sjögren’s syndrome. Patients may expe-
rience a wide range of clinical presentations of salivary 
gland swelling, from sporadic exacerbations to chronic 
enlargement of the glands.

Acute exacerbations of rapid onset swelling and pain 
are most often caused by chronically compromised sali-
vary output with a concomitant retrograde bacterial in-

fection. Treatment in this setting includes the following: 
antibiotics; massage of the gland to help remove accumu-
lated debris in the ductal system; and the use of gustatory 
(sugar-free sour candies), masticatory (sugar-free gum), 
or pharmaceutical stimulation (parasympathomimetics) 
of the glands.

Patients with Sjögren’s syndrome who present with 
asymptomatic, chronic swelling of the gland should be 
followed with routine clinical and radiographic re-evalu-
ations. The primary concern with this clinical situation is 
the potential of a lymphoma. A fine-needle aspiration or 
open biopsy may be indicated, depending on the clini-
cal and radiographic appearance. Removal of the gland 
surgically may be an option for patients with an aesthetic 
compromise due to a chronically enlarged gland.

Oral Candidiasis

Saliva contains natural anti-fungal molecules (e.g., 
histatins). With less saliva present in the oral cavity in 
Sjögren’s syndrome, a decrease in the ability to control 
oral fungal populations and prevent fungal infections of-
ten occurs. As previously noted, the clinical appearance 
of fungal infections (most commonly Candida albicans) 
in the oral cavity in Sjögren’s syndrome is variable and 
ranges from pseudomembranous (white plaques that can 
be rubbed off), to erythematous, hyperplastic, and angu-
lar cheilitis (at the corners of the mouth).

Few clinical trials have been completed in Sjögren’s 
syndrome to provide guidance for the therapeutic ef-
ficacy of the different anti-fungal therapies. Many treat-
ment options exist for the treatment of fungal infection, 
as listed in Table 12.2. For patients with very low levels 

Table 12.2. Therapies for oral fungal infections

Dose/application

Topical agents:

• Clotrimazole troches 10 mg 5×/day × 10 days

• Nystatin rinse 100,000 units/ml; 5 ml swish and spit q.i.d.

• Nystatin-triamcinolone acetonide (Mycolog II) ointment Dab on corners of mouth q.i.d.

• Nystatin ointment Thin layer applied inside denture t.i.d.

• Chlorhexidine rinse 10 ml swish and spit b.i.d.

Systemic agents:

• Diflucan (Fluconazole) 200 mg loading dose followed by 100 mg/day for 1 week
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of stimulated salivary flow, liquid suspensions are easier 
to use. Clotrimazole troches are often beneficial, but pa-
tients must be able to dissolve these for clinical efficacy 
and they may increase the caries risk due to high sucrose 
content. Nystatin rinse may be beneficial as an anti-fun-
gal, but also may increase the caries risk. Angular cheilitis 
can be treated with nystatin-triamcinolone ointment or 
a similar anti-fungal ointment four times daily until the 
lesion clears.

Oral Burning

A subjective complaint of oral burning is often related to 
an underlying fungal infection, therefore treatment with 
anti-fungals should be considered. If a fungal infection is 
not present, other etiological factors include oral trauma 
from poor mucosal lubrication and parafunctional oral 
movements (e.g., rubbing tongue or lips against teeth), 
hematinic deficiencies (e.g., vitamin B12 or folic acid), 
and burning mouth syndrome (BMS).

Empirical anti-fungal therapy is often prescribed with 
a complaint of oral burning. Treatment options for poor 
mucosal lubrication with an associated parafunctional 
movement include oral lubricants and/or relief of sharp 
tooth edges. Hematinic deficiencies confirmed by labo-
ratory tests can be managed by appropriate vitamin re-
placement. BMS by definition is a diagnosis of exclusion, 
with treatment options including clonazepam, alpha-li-
poic acid, and cognitive therapy [85].

Dental Caries

A common oral manifestation of salivary gland dysfunc-
tion is an increased rate of dental caries. Appropriate 
routine dental care is vital to provide preventive therapy 
and early diagnosis and treatment. Supplemental fluoride 
therapy is the mainstay of preventive therapy, including 
over the counter (OTC) formulations and prescription 
fluoride formulations.

Management of caries is based on an assessment of 
each patient’s caries risk. For patients with a stable to low 
caries rate, an OTC fluoride rinse (e.g., ACT) may be suf-
ficient. If a patient has a moderate to high caries rate, pre-
scription fluoride gels should be prescribed. Other pre-
ventive options include chlorhexidine rinse or varnish, 
xylitol-containing products (e.g., mints and gum), and 
fluoride varnishes [86].

Extraglandular Manifestations

Appropriate medical specialty referral is vital for the man-
agement of the numerous extraglandular manifestations 
of Sjögren’s syndrome. Detailed information on the man-
agement of these extraglandular manifestations is beyond 
the scope of the present chapter. As previously noted, the 
use of disease-modifying agents may be appropriate for 
the management of some extraglandular manifestations 
of Sjögren’s syndrome.

  Take Home Messages

→ Autoimmune salivary gland disorders may have 
a profound impact on oral health and functions. 
Dryness of the mouth (xerostomia) is the most 
common presentation of these disorders and is 
most often a manifestation of salivary gland dys-
function.

→ Management combines palliation of symptoms, 
prevention of complications, stimulation of exo-
crine function with secretagogues, and therapy 
directed at the underlying autoimmunity with 
disease-modifying drugs.
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  Core Features

• Primary lesions arising from the salivary glands 
in children are rare.

• Salivary gland disorders in the pediatric age 
group can be divided into two general categories: 
(1) salivary gland masses and (2) sialorrhea in 
neurologically disabled children.

• Salivary gland masses in the pediatric age group 
are more likely to consist of vascular anomalies 
and infectious and inflammatory lesions than 
epithelial glandular tumors.

• When oral motor therapy either fails or is not 
feasible for neurologically devastated children 
with sialorrhea, management options include 
pharmacotherapy or surgery designed to either 
redirect the flow of saliva or to decrease saliva 
production.

  

Complications to Avoid
Parotidectomy can inadvertently be performed in 
children for lesions that typically do not require 
the operation, such as hemangioma, non-tubercu-
lous mycobacterial infection, cat-scratch disease, 
and lymphoma. Remember that although solid 
tumors of salivary glandular origin do occur, they 
are rare in the pediatric age group. Imaging, fine-
needle aspiration biopsy, and serology can help 
determine the diagnosis prior to committing to 
parotidectomy.
When functions such as vision or hearing are at 
risk from eyelid or ear canal extension of a parotid 
hemangioma, systemic steroids and laser therapy 
are reasonable and less invasive options than pa-
rotidectomy, which is generally discouraged during 
the proliferative phase for this benign neoplasm 
that is expected to eventually involute on its own.
When pursuing surgical excision or debulking for 
lymphatic malformations, remember that these 
lesions are benign and non-neoplastic; incomplete 
excision is a preferred alternative to inadvertent 
sacrifice of important neurovascular structures 
and the facial nerve.







A first branchial anomaly must be considered in 
the differential diagnosis of an intraparotid cyst 
or recurrent parotid abscess. Failure to appreci-
ate that these cystic lesions may be branchial in 
origin is a common cause of incomplete excision 
and recurrence. Appreciate the intimate relation-
ship the anomalous tract can have with the facial 
nerve and consider a superficial parotidectomy 
approach.
When relocating the submandibular ducts for 
neurologically impaired children with sialorrhea, 
leaving behind the sublingual glands invites a high 
risk of postoperative ranula formation.
For chronic sialorrhea, the submandibular glands 
are more important to address than the parotid 
glands, since the majority of resting saliva produc-
tion comes from the submandibular glands.
Parotidectomy is generally considered too aggres-
sive an approach for sialorrhea, and relocation of 
the parotid duct is associated with a high compli-
cation rate; ligation of the parotid duct is the most 
acceptable surgical option when the parotid glands 
need to be addressed.

Pediatric Salivary Gland Masses

Special Pediatric Considerations

When evaluating a child presenting with a mass within a 
major salivary gland, several distinct features unique to 
the pediatric population should be taken into consider-
ation. Salivary tumors of glandular origin in the pediat-
ric age group are rare, with only approximately 1.7% of 
all epithelial salivary tumors occurring in children [6]. 
In addition, masses arising within the pediatric salivary 
glands are more likely to consist of vascular anomalies 
such as hemangiomas and lymphatic malformations, or 
infectious and inflammatory lymphadenopathy, rather 
than glandular tumors of salivary origin. When true 
glandular epithelial tumors do occur, their extremely 
low incidence has often prevented any one pediatric in-
stitution from being able to report a definitive treatment 
algorithm. Thus, the same protocols used to treat adults 
with salivary glandular tumors, as thoroughly described 
through the rest of this textbook, are often employed for 
children. It is believed that the behavior of major salivary 
gland tumors in children is related to histologic type and 
clinical grade, similar to adults [36].
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Traditional Beliefs Regarding 
the Etiology of Salivary Masses 
in the Pediatric Age Group

Approximately 50% of all parotid masses in the pediatric 
age group represent malignancy, which is a higher rate 
than that found in adults [27, 34]. Similar to adults, the 
most common glandular epithelial parotid tumor is pleo-
morphic adenoma [27, 34]. The most common malig-
nant glandular neoplasm in children is mucoepidermoid 
carcinoma, followed by adenocarcinoma and acinic cell 
carcinoma [27, 34]. When mucoepidermoid carcinoma 
of the parotid gland is encountered in children, the histo-
logic grade is typically low, and long-term outcome with 
appropriate treatment is favorable [38].

Modern Beliefs Regarding 
the Etiology of Parotid Masses 
in the Pediatric Age Group

When all pediatric salivary masses are considered (and 
not just those for which a parotidectomy specimen was 
obtained), recent reports have suggested that benign le-
sions overwhelmingly predominate.

For example, in a case series from the Massachusetts 
Eye and Ear Infirmary of 22 children who presented 
with an unknown, solid parotid mass over an 8-year pe-
riod, only 1 patient had a malignancy (mucoepidermoid 
carcinoma) [5]. Eight patients (36%) had pleomorphic 
adenoma, and 13 patients (59%) had an inflammatory 
process such as cat-scratch disease, non-tuberculous my-
cobacterial infection, or toxoplasmosis.

In a review of all 118 children who had surgical treat-
ment for a parotid mass from 1970 to 1997 at the Mayo 
Clinic in Rochester, Minnesota, 84% had benign lesions, 
whereas only (16%) had malignant tumors [36]. The most 
common benign parotid mass was pleomorphic adenoma 
(48% of benign masses). Other benign lesions included 
hemangiomas, branchial cleft cysts, lymphatic malfor-
mations, and neurofibromas. If vascular lesions were 
excluded, tumors of the parotid gland were malignant in 
35% of patients. Since a greater number of parotid hem-
angiomas were observed (rather than excised) in the later 
years of the study, the number of parotid hemangiomas 
included in the analysis was likely underestimated.

In a recent survey of 324 masses in the salivary gland 
region, from Children’s Memorial Hospital in Chicago, 
87% of all salivary gland masses in children represented 

vascular anomalies (59% of all masses were hemangio-
mas and 27.5% were lymphatic malformations) [3]. Only 
43 patients (13%) had solid masses, and most benign 
solid salivary masses were not of glandular origin, but 
rather included non-salivary tumors and inflammatory 
processes. Only 10 of 324 of all pediatric salivary masses 
(3%) were malignant tumors, with low-grade mucoepi-
dermoid carcinoma being most common, followed by 
rhabdomyosarcoma.

Modern Beliefs Regarding the Etiology 
of Masses in the Submandibular Triangle

Most submandibular triangle masses in the pediatric age 
group represent inflammatory lesions or lesions of vas-
cular origin, and glandular tumors are rare. In a review 
of 67 surgically excised masses in the submandibular 
triangle, from Children’s Hospital of Philadelphia from 
1987 to 2001, only 6 lesions (9%) were of primary sali-
vary origin, including 4 pleomorphic adenomas and 2 
mucoepidermoid carcinomas [19] (see Fig. 13.1). More 
common indications for submandibular triangle surgery 
included chronic submandibular gland inflammation, 
lymphatic malformations, hemangiomas, and a wide va-
riety of infectious, inflammatory, and neoplastic subman-
dibular lymph node disorders occurring adjacent to the 
submandibular gland (such as Hodgkin’s lymphoma and 
post-transplant lymphoproliferative disorder).

General Approach to Salivary Gland 
Masses in the Pediatric Age Group

Since malignant salivary tumors are rare in children, in-
flammatory conditions are common, and clinical exami-
nation often cannot easily distinguish between intra- and 
extrasalivary masses, some authors have advocated an ini-
tial trial of antibiotics for the solitary mass in the vicinity 
of a major salivary gland, followed by other evaluations 
including fine-needle aspiration biopsy and imaging only 
if the mass persists [3, 19]. When true epithelial glandular 
tumors do occur in children, they should be treated ac-
cording to the same principles as outlined for similar tu-
mors in adults, as found throughout this textbook. What 
makes children, especially in the prepubescent years, par-
ticularly unique with regard to solid glandular salivary 
tumors is not the treatment or prognosis, but rather the 
rarity of the disease.
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Hemangiomas of the Parotid Gland

Hemangioma, the most common tumor of the parotid 
gland in childhood, is a true benign epithelial neoplasm 
which typically proliferates during the first year of life and 
then begins to spontaneously involute over the course of 
several years. Now that the favorable natural history of 
hemangiomas of the parotid gland is more widely under-
stood, parotidectomy is generally not performed during 
the proliferative phase of the disease, and in most cases 
observation has become the standard treatment [14].

The diagnosis of a hemangioma of the parotid gland is 
most commonly made by history and physical examina-
tion, with the lesion typically presenting as a soft, spongy, 
non-tender mass that is noticed during the first months 
of life and continues to enlarge for about a year. Nearly 
half of all patients have an associated vascular mark over 
the cheek. Radiographic confirmation with magnetic res-
onance imaging (MRI) is recommended for deep tumors 
with no cutaneous involvement in which the clinical di-
agnosis is less certain (see Fig. 13.2). The female to male 
ratio is approximately 4.5:1, and up to 24% of cases are 
bilateral [14]. Involvement of adjacent structures such as 
the lip, eyelids, and nose occurs with regularity. Approxi-
mately 21% of patients with hemangioma of the parotid 
gland can also have a separate focus of subglottic heman-
gioma, which can lead to progressive biphasic stridor and 
respiratory distress; 7% of children with hemangiomas of 
the parotid gland underwent tracheotomy in one recent 
large series from Children’s Hospital in Boston [14].

During the first year of life, when the lesion is actively 
proliferating, observation is the treatment of choice. 
However, systemic high-dose steroids, given typically 
for a mean of 8–9 months, can be offered in cases of 

skin ulceration, respiratory distress, visual axis impair-
ment from eyelid involvement, congestive heart failure, 
or conductive hearing loss from external auditory canal 
compression. With high-dose steroid therapy, regression 
or stabilization of the tumor occurs in approximately 84% 
of tumors [14].

In cases of hemangioma in the pediatric age group 
where the skin overlying the parotid gland has become 
ulcerated, pulsed dye laser therapy has been advocated 
by some authors, although potential complications such 
as pigmentation changes, severe hemorrhage, and long-
term scarring have to be carefully considered [26, 49]. 
Pediatric ophthalmology consultation should be pursued 
if the periorbital soft tissues are involved. Other ancillary 
treatments such as interferon therapy and selective surgi-
cal debulking can be very carefully considered when vital 
functions are at risk [14].

Although caregivers are counseled that the tumor will 
eventually involute, up to 66% of patients will remain 
with cosmetic issues such as residual fibrofatty tissue and 
redundant or damaged skin, all of which could require 
future surgical procedures that would typically be de-
ferred until the ages of 3–5 years [14]. This topic is dealt 
with in greater detail in Chapter 19, Vascular Lesions of 
Salivary Glands.

Lymphatic Malformations

Lymphatic malformations are non-neoplastic, congenital 
vascular anomalies composed of cystically dilated lym-
phatics. Approximately 47% of lymphatic malformations 
present as a mass in the head and neck [1]. The parotid 
gland may be directly involved in 2–18% of all lymphan-

Fig. 13.1: Pleomorphic adenoma of the 
submandibular gland in a 10-year-old boy. 
a MRI demonstrating solid right subman-
dibular mass. b Submandibular gland 
tumor excision
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giomas of the head and neck [1, 17]. The average age of 
presentation is approximately 3 years [1], with 54% of the 
diagnoses established by the age of 1 year [17]. The diag-
nosis and the extent of the malformation are often con-
firmed with computed tomography (see Fig. 13.3). The 
malformations tend to grow slowly with the child, some-
times acutely enlarging in the setting of an upper respira-
tory infection or minor trauma. Rare cases of spontane-
ous regression have been reported, but in most instances, 
surgical excision has traditionally been the treatment of 
choice [1]. Many cases are asymptomatic and the pri-
mary concern is cosmetic, but larger lymphatic malfor-

mations can lead to compression of the neonatal airway 
and esophagus, and microcystic lesions involving the oral 
cavity, floor of mouth, and submandibular region can also 
lead to respiratory distress and dysphagia. Up to 32% of 
children with lymphatic malformations of the head and 
neck may develop respiratory and digestive tract symp-
toms [1].

Lymphatic malformations are often found to be insinu-
ated between and around many vital structures. Given the 
benign nature of the disease, sacrifice of important neu-
rovascular structures should be avoided during surgery, 
and as such, incomplete excision, or surgical “debulking,” 
is considered reasonable and even advisable, especially 
in cases of microcystic disease or extensive infiltration. 
The overall recurrence rate after surgical excision of lym-
phatic malformations of the head and neck ranges from 
13% to 33% [1], but can be as high as 85% for suprahy-
oid (versus infrahyoid) disease, where the submandibular 
and parotid glands are located [39]. Superficial and total 
parotidectomy have been performed as part of the sur-
gical approach [17], but facial paresis and paralysis have 
been reported after excision of the lymphangioma in the 
region of the parotid gland [37].

To reduce morbidity and to try to decrease recurrence 
rates, recent interest has focused on the sclerosing effect 
of OK-432 (Picibanil) [12]. This agent is a potent immu-
nostimulant made from a lyophilized mixture of a low-
virulence strain of Streptococcus pyogenes incubated with 
benzylpenicillin. In a recent multi-institutional study con-
sisting of 30 pediatric patients with lymphatic malforma-
tions, 29 of which were in the head and neck (including 1 
within the parotid gland), OK-432 sclerotherapy led to ei-
ther a complete or substantial response in 66% of patients; 
the response rate was higher (86%) in cases of macrocystic 
disease [12]. No significant side effects were noted. The re-
sults with OK-432 sclerotherapy are generally considered 

Fig. 13.2: MRI demonstrating a hemangioma of the right pa-
rotid gland in a 6-month-old infant diagnosed radiographically 
and managed successfully with observation

Fig. 13.3: Lymphatic malformation 
involving the submandibular gland in a 
3-year-old girl. a CT scan with intravenous 
(IV) contrast showing a large, cystic lesion 
originating from the left submandibular 
triangle. b Surgical excision
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to be similar to that expected from surgery. Sclerotherapy 
may be preferred in cases of salivary gland involvement so 
as to try to decrease the surgical risk of injury to the facial 
nerve. This topic is dealt with in greater detail in Chap-
ter 19, Vascular Lesions of Salivary Glands.

Ranulas

A ranula typically presents as a unilateral cyst in the floor 
of the mouth, has a bluish hue, and is believed to result 
from an obstructed sublingual gland, or from extravasa-
tion of mucus after sublingual gland trauma [52]. The 
plunging ranula, which extends beyond the posterior 
border of the mylohyoid muscle, presents as a soft, pain-
less, non-mobile swelling in the neck, whereas the mixed 
ranula has both intraoral and cervical swelling. Ranulas 
often present in children, with the peak incidence in the 
second decade of life; they can even be seen in infancy 
[52]. Intraoral ranulas confined to the oral cavity account 
for approximately 67% of cases; plunging ranulas occur 
in 21%, and mixed in 12% [52]. In infants, the diagnosis 
of intraoral ranula can be confused with foregut dupli-
cation cysts of the tongue, and plunging ranulas can be 
easily confused with lymphatic malformations. Com-
puted tomography or magnetic resonance imaging can 
sometimes help clarify the etiology. A high amylase level 
in aspirated fluid can be diagnostic. For intraoral ranulas, 
excision of the ranula along with the associated sublin-
gual gland is most likely to be curative, whereas simple 
marsupialization may yield a recurrence rate as high as 
60% [52]. The plunging ranula is generally approached 
with both cervical and trans-oral incisions, with removal 
of the ranula and the associated sublingual gland, al-
though intraoral removal of the sublingual gland alone 
has also been reported to be effective [52]. This topic is 
dealt with in greater detail in Chapter 10, Management of 
Mucocele and Ranula.

First Branchial Cleft Anomalies

Anomalies of the first branchial cleft are typically in-
timately involved with the pediatric parotid gland, and 
should be considered in the differential diagnosis of sali-
vary gland masses in the pediatric age group.

The branchial apparatus, an embryonic structure that 
begins to develop during the fourth week of gestation, 
consists of four paired mesodermal arches of tissue that 

resemble fish gills and ultimately develop into the struc-
tures of the head and neck [30]. The arches are numbered 
in a craniocaudal direction, separated from each other on 
the external surface by ectoderm-lined grooves or clefts, 
and internally within the pharynx by endoderm (mu-
cosa)-lined pouches. The first branchial cleft, between the 
first and second arches, normally persists in the newborn 
as the external auditory canal. First branchial cleft defects, 
however, can result in so-called duplication anomalies 
of the external auditory canal, and account for approxi-
mately 8–10% of all branchial anomalies [30].

Type I first branchial cleft lesions are considered to be 
duplication anomalies of the membranous external audi-
tory canal that are purely ectodermal in origin, and thus 
free of cartilage [50]. In contrast, type II lesions represent 
duplication anomalies of both the membranous and car-
tilaginous external auditory canal, being both ectodermal 
and mesodermal in origin and grossly containing both 
skin and cartilage [50]. Anatomically, type I lesions tend 
to run parallel to the external auditory canal, whereas 
type II lesions run inferiorly through the substance of 
the parotid gland toward the neck, and are more closely 
involved with the facial nerve, sometimes even splitting 
through the main trunk.

Clinically, first branchial anomalies present as cysts or 
sinus tracts in the periauricular region or in the upper 
neck, anterior to the sternocleidomastoid muscle. The 
internal tract most commonly ends at the bony-cartilagi-
nous junction of the external auditory canal. Cysts can 
become repeatedly infected, so a history of recurrent in-
cision and drainage procedures in the parotid region in 
a child should raise suspicion for the presence of a con-
genital branchial cyst (see Fig. 13.4). Complete surgical 
excision of the anomaly is the treatment of choice, and 
in order to protect the facial nerve, a standard superficial 
parotidectomy approach should be employed with full 
exposure of the main trunk of the facial nerve [30]. This 
topic is dealt with in Chapter 14, Superficial Parotidec-
tomy.

Infectious and Inflammatory Salivary 
Gland Disease in the Pediatric Age Group

Acute, Recurrent, and Chronic Parotitis

Acute parotitis in children is often recurrent in nature, 
characterized by repeated episodes of recurrent unilateral 
or bilateral swelling of the parotid gland with decreased 

226  David L. Mandell

13



saliva production and purulent discharge, with spontane-
ous improvement often noted when puberty is reached 
[11]. The etiology is unknown, but has been postulated to 
occur from retrograde infection through Stensen’s duct 
by microorganisms in the oral cavity, or from canalicular 
system malformations. Computed tomography is often 
indicated to rule out underlying intraparotid lymphad-
enitis, a congenital cystic lesion, or a ductal stone. The 
mean age of affected children is 6 years, with a range of 
2–11 years, and affected children are typically otherwise 
healthy [11]. Saliva samples yield positive bacterial cul-
tures in up to 91% of cases, with the most commonly 
isolated bacteria including Hemophilus influenzae (40%), 
Streptococcus pneumoniae (38%), and Streptococcus viri-
dans (35%), followed by Moraxella catarrhalis (4%) and 
anaerobes (1%) [11]. Antibiotic therapy targeting the 
expected gram-positive and gram-negative aerobic or-
ganisms is a mainstay of treatment, with parotidectomy 
rarely required.

In a review of 376 children diagnosed with parotitis, 
43 (11%) were eventually treated surgically due to re-
current swelling that was not responding to antibiotics 
[36]. Histologic diagnoses included chronic sialadenitis 
(60%), chronic sialadenitis with abscess (21%), inflam-
matory lymphadenopathy (16%), and one case of Castle-
man disease, a histologically benign lymphoproliferative 
disorder. Of 35 patients with chronic sialadenitis, 9 had 

granulomatous lesions suspicious for disorders such as 
non-tuberculous mycobacterial infection [36].

Neonatal Suppurative Parotitis

Another related entity that is distinctly pediatric in na-
ture is neonatal suppurative parotitis, an uncommon 
disease of the newborn characterized by acute swelling 
of the parotid gland and purulent exudate from Stensen’s 
duct, typically occurring during the first month of life 
[42]. The disease is typically unilateral, sometimes with 
erythema of the skin over the cheek. Premature deliv-
ery is considered a major risk factor, probably due to an 
increased risk of dehydration with subsequent reduced 
salivary secretion, and it is presupposed that the infection 
ascends from the oral cavity. The most commonly iso-
lated pathogen is Staphylococcus aureus, found in 55% of 
patients, followed by other gram-positive cocci (Strepto-
coccus viridans, Streptoccocus pyogenes), occasional gram-
negative bacilli (16% of cases), and rarely anaerobes [42]. 
Antibiotic treatment with anti-staphylococcal coverage is 
recommended; in 78% of cases, antibiotic therapy alone 
is sufficient to achieve disease resolution, usually within 
24–48 h [42]. Surgical drainage may be required if clini-
cal improvement does not occur, especially in the pres-
ence of a parotid abscess.

Fig. 13.4: Infected first branchial cleft cyst 
in a 3-year-old boy. a Acutely infected 
cystic mass near tail of parotid. b CT 
scan with IV contrast demonstrating the 
anomalous sinus tract coursing through 
the parotid gland (arrow), beyond the 
actual site of the abscess
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Non-tuberculous (“Atypical”) 
Mycobacterial Disease

In children, non-tuberculous mycobacterial infections 
have a propensity to present as a mass in the region of 
the major salivary glands [31]. Prior to the 1950s, it was 
thought that most mycobacterial infections of the head 
and neck were due to M. tuberculosis (i.e., scrofula), 
and the other members of the mycobacteria family were 
thought to mainly cause disease in animals. Thus, when 
non-tuberculous mycobacteria became isolated as patho-
gens in humans, they were initially called “atypical.” 
However, today over 95% of mycobacterial infections in 
children in the USA are due to these non-tuberculous or-
ganisms, most commonly from the Mycobacterium avium 
complex. Non-tuberculous mycobacteria organisms are 
ubiquitous in the environment, including the soil. The 
propensity for toddlers to put objects in their mouth, 
especially when the gingiva is ruptured from teething, is 
likely to account for the typical age range (1–5 years) and 
location (submandibular) of the lymphadenopathy seen 
with this disease.

Non-tuberculous mycobacterial disease typically pres-
ents in healthy, immunocompetent children as a painless 
mass that slowly increases in size over weeks to months, 
followed by discoloration and thinning of the overlying 
skin, sometimes with spontaneous drainage. In a study 
of 30 children with this disease at Children’s Hospital of 
Pittsburgh, the most common location was in the sub-
mandibular triangle (50%), with another 15% occurring 
in the preauricular region [31]. Due to the inflamed, mat-
ted nature of the lymphadenopathy, along with the lack of 

any pain or fever, it can be difficult, even with computed 
tomography, to distinguish extrasalivary versus intras-
alivary disease, and occasionally these infections can be 
mistaken for invasive neoplasms (see Fig. 13.5). The di-
agnosis can be made from tissue specimens with DNA 
probe testing for M. avium complex, positive acid-fast 
bacilli staining, and presence of caseating granulomas, 
along with a typical clinical picture for the disease com-
bined with negative serology for other chronic infections 
such as cat-scratch disease [31]. In otherwise healthy 
children, observation is a reasonable option, since these 
lesions are thought to eventually resolve spontaneously 
(average of 20 months). If an antibiotic is to be used, 
macrolides are considered to be the most appropriate 
choice, although the clinical effectiveness of antibiotics is 
questionable. Surgical excision when feasible, or incision 
and curettage in cases where the facial nerve is at risk or 
there has been excessive skin breakdown, seems to yield 
the best results in terms of hastening disease resolution 
and avoiding months to years of cosmetic deformity and 
spontaneous discharge [31].

Cat-scratch Disease

Cat-scratch disease represents another example of a slow-
growing, often asymptomatic infection of children that 
can involve peri- and intrasalivary gland lymph nodes 
and can lead to a great deal of confusion regarding di-
agnosis and treatment. The causative organism has been 
identified as Bartonella henselae, an intracellular gram-
negative bacillus for which domestic cats are the natural 

Fig. 13.5: MRI of the neck showing an invasive left 
parotid mass in a 4-year old boy, suspicious for ma-
lignancy (arrow). Tissue specimen revealed atypical 
mycobacterial infection
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reservoir [32]. Transmission of B. henselae among cats is 
thought to occur through fleas, and transmission from 
cats to humans usually occurs by a scratch or bite. The 
disease typically presents as solitary or regional lymph-
adenopathy 1–3 weeks after a cat scratch or bite in an im-
munocompetent host. One or more red-brown papules 
may be visible at the site of inoculation. Cervical and sub-
mandibular lymph nodes are involved in 26% of cases, 
and preauricular lymph nodes are involved in 7% of cases 
[32]. Symptoms are usually minor and children usually 
do not appear to be sick. The overlying skin may appear 
erythematous and warm. The lymphadenopathy usually 
resolves spontaneously within 9 weeks, but sometimes 
can remain up to 12 months, with up to 10% of lesions 
requiring surgical drainage for suppuration [32]. The di-
agnosis is suspected based upon patient history and clini-
cal examination, and can be confirmed most easily with 
serology, in which an indirect fluorescent antibody test 
and an enzyme immunoassay can detect specific serum 
antibodies to B. henselae. The bacteria can also be iden-
tified in tissue specimens with the Warthin-Starry stain 
reaction, and granulomas with multiple microabscesses 
are typical histologic features. Although the bacteria are 
sensitive to many antibiotics in vitro, antibiotics are less 
effective in clinical practice, due to the intracellular na-
ture of the bacteria. If an antibiotic is used, azithromycin 
for 5–10 days is recommended, although most authors 
only recommend an antibiotic for significant morbidity, 
failure to resolve, or systemic complications [32].

Mumps

One of the classic causes of infectious parotitis in children 
is mumps, a single-stranded RNA virus belong to the 
Paramyxoviridae family [16]. The virus is transmitted by 
droplet spread, with an incubation period of 2–3 weeks, 
followed by parotid swelling and tenderness (usually bi-
laterally) in 95% of symptomatic cases. The parotitis is due 
to direct infection of ductal epithelium, and can be associ-
ated with a rise in serum amylase concentrations. During 
periods of mumps epidemics, the diagnosis can be easily 
made based upon clinical features alone. However, in the 
present era of widespread immunization, the disease is 
uncommon, and may have to be confirmed with serologic 
testing for mumps-specific IgM antibodies, nearly always 
detectable by the time of clinical illness. Although at least 
half of all cases of mumps may involve the central ner-
vous system on the basis of cerebrospinal fluid analysis, 

significant neurologic complications such as meningitis 
and encephalitis are fortunately uncommon, as are or-
chitis and pancreatitis. Before widespread immunization, 
mumps happened to be one of the most common causes 
of acquired pediatric sensorineural hearing loss [16]. The 
outcome for mumps is usually favorable, and even in the 
presence of neurologic symptoms the fatality rate is only 
approximately 1%. Treatment is supportive.

Sjögren’s Syndrome

Sjögren’s syndrome is an idiopathic systemic autoim-
mune disease that affects the exocrine glands. Classic 
symptoms in adults include dry eyes (keratoconjunctivi-
tis sicca) and dry mouth (xerostomia) [20]. The disorder 
is most prevalent in women in their fourth and fifth de-
cades, and has been uncommonly reported in childhood. 
The presentation in childhood differs from that in adults, 
in that pediatric cases have a high incidence of recurrent 
parotitis and parotid gland enlargement (59% of cases) 
[20]. In adults with Sjögren’s syndrome, parotitis is so 
rare that it is not even included in the diagnostic criteria 
for the disorder. Children also happen to have a much 
lower incidence of sicca symptoms (44% of cases), while 
in adults, sicca symptoms are a hallmark of the disease 
[20]. Accurate diagnosis in children is difficult, but in 
recalcitrant cases of recurrent pediatric parotitis, the di-
agnosis of Sjögren’s syndrome should be considered. Di-
agnosis can be suggested by assessing for SSA or SSB au-
toantibodies, by obtaining a minor salivary gland biopsy 
to look for the classic histopathologic changes of chronic 
lymphocytic infiltration, and via pediatric rheumatology 
referral [20].

Bulimia Nervosa

Swelling of either the parotid or submandibular glands, 
usually of a bilateral nature, can be found transiently in 
up to 29% of bulimia nervosa patients [35]. Bulimia ner-
vosa, in which patients induce vomiting after an episode 
of binge eating followed by periods of fasting, character-
istically begins during the teenage years in young women 
with a self-image of obesity. The etiology of parotid en-
largement is unclear, but may be related to autonomic 
neuropathy with a resultant build-up of zymogen storage 
within the acinar cells of the gland [29]. Bulimia nervosa 
should be considered in the differential diagnosis of un-
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explained parotid swelling in an otherwise healthy ado-
lescent female patient.

Human Immunodeficiency Virus

Parotid gland hypertrophy is common in children in-
fected with human immunodeficiency virus (HIV), being 
noted in 25% of cases [13]. The parotid gland enlarge-
ment is most likely due to lymphocytic infiltration. Hy-
pertrophy of the parotid gland is much less frequently 
seen in adults with HIV.

Sialorrhea in the Neurologically 
Impaired Child

Drooling in the neurologically impaired child represents 
a major category among the spectrum of salivary gland 
disorders in the pediatric age group, occurring in up to 
50% or more of children with cerebral palsy [45]. Cere-
bral palsy is a non-progressive disorder of neuromuscu-
lar function which occurs in approximately 1 of every 
300 newborns [8]. In this setting, typically the salivary 
glands themselves are free of any intrinsic abnormali-
ties, but rather poor oral motor control and swallowing 
dysfunction lead to an inability to handle what would 
otherwise be considered normal production of saliva. 
Since the underlying neuromuscular deficits are usually 
incurable, much of the therapy offered for this disorder 
focuses on either decreasing or redirecting salivary gland 
secretions.

Sialorrhea is deserving of medical attention in this set-
ting because it increases the workload of caregivers, who 
frequently have to wipe the affected child’s chin (a mean 
of 73 times per day in one study), replace bibs (mean of 
7 times per day), change clothing (often more than once 
a day), and run up to 25 loads of laundry per week [46]. 
Clothes, toys, books, and furniture can be regularly dam-
aged, and facial skin can become excoriated and infected. 
Patient communication strategies also can become more 
limited due to frequent saliva-induced damage of elec-
tronic communication devices, computers, and audio 
equipment [46], as well as due to the reluctance of people 
to want to interact with a drooling child [8].

The submandibular glands account for approximately 
60–70% of daily saliva production, and tend to secrete sa-
liva at a steady rate throughout the day [8, 15]. It is the 
viscid saliva produced by the submandibular glands that 

accounts for the majority of drooling in neurologically 
devastated children. The saliva produced by the parotid 
glands is more serous in texture, and accounts for only 
about 20–25% of resting saliva, increasing its salivary 
output markedly during eating [8, 15]. The sublingual 
glands account for only about 5% of total daily saliva pro-
duction [8].

When evaluating a neurologically impaired child with 
drooling, it has generally been recommended that a mul-
tidisciplinary team approach be taken, with evaluations 
from an otolaryngologist, speech pathologist, dentist, and 
pulmonologist, especially if the child is thought to be suf-
fering from chronic or recurrent pulmonary infectious or 
inflammatory disease from salivary aspiration [8]. The 
initial evaluation should take into account position and 
control of head movement, nature of saliva (viscid or wa-
tery), tongue size and mobility, evaluation of swallowing 
function, and nasal, nasopharyngeal, and oropharyngeal 
obstruction. Correction of gingivitis, adenotonsillar hy-
pertrophy, and other causes of upper airway obstruction 
should be pursued if feasible, and a head-back wheelchair 
may also help [8]. Salivary gland irradiation does reduce 
salivary flow, as evidenced by the xerostomia frequently 
seen in adults receiving radiation therapy for squamous 
cell carcinoma of the head and neck, but this modality 
is no longer recommended for children with sialorrhea 
due to the potential long-term risks of radiation exposure 
[40].

Oral Motor Therapy 
and Biofeedback Techniques

Oral motor training is typically performed by a speech-
language pathologist who works with the patient over 
many sessions, and involves exercises that try to improve 
lip closure, jaw elevation, and tongue mobility [8]. Dur-
ing the initial intensive training period, drooling has 
been shown to dramatically and objectively improve in 
children with cerebral palsy; however, once training is 
stopped, the beneficial effects seems to gradually wear off 
over subsequent months [51]. Oral motor training was 
offered as the primary management option in only 18% of 
children presenting to a major multidisciplinary drooling 
center in Toronto, most likely reflecting the fact that such 
therapy is often either ineffective or difficult to sustain 
[8]. The new technology of VitalStim, in which pharyn-
geal muscles are electrically stimulated to try to improve 
the swallowing mechanism, also holds some promise [7].
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Biofeedback therapy for chronic sialorrhea teaches 
children to swallow more frequently in response to an 
auditory stimulus. This technique, using an alarm linked 
to a timer, makes the act of swallowing a conscious one in 
those patients who are cognizant enough to participate. 
This type of therapy has been shown to lead to a signifi-
cant decrease in drooling rates [25]. Drawbacks to this 
technique include the fact that it is time consuming, labor 
intensive, and requires highly motivated caregivers and 
children of adequate age and intelligence to participate. 
Long-term control of sialorrhea has unfortunately been 
difficult to achieve with this technique [8, 25].

Pharmacotherapy for Sialorrhea

Anticholinergic medication is the most commonly used 
pharmacotherapy for neurologically impaired children 
with chronic drooling. Since secretion of saliva from the 
salivary glands is controlled by the autonomic nervous 
system, anticholinergic agents are able to decrease saliva-
tion by blocking cholinergic muscarinic receptors, thus 
inhibiting salivary gland parasympathetic secretomotor 
innervation. However, the non-selective anticholiner-
gic nature of these medications can lead to a variety of 
unwanted central and peripheral adverse effects, includ-
ing constipation, urinary retention, blurred vision, and 
restlessness. Since most of the children treated would 
require pharmacotherapy for life, compliance difficulties 
frequently arise.

Systemic Pharmacotherapy

Glycopyrrolate is a quaternary ammonium compound 
structurally similar to atropine that is frequently used to 
control drooling in neurologically impaired children. In 
a survey of 41 caregivers of children with cerebral palsy, 
it was found that glycopyrrolate had been used in 37 of 
the patients, with significant improvement in drooling 
reported by 95% of the patients [2]. However, side effects 
such as dry mouth, thick secretions, urinary retention, 
and flushing were reported in 44% of patients, leading to 
discontinuation of the medication in nearly a third of the 
subjects.

In a placebo-controlled, double-blind, crossover dose-
ranging study, 39 children with developmental disabili-
ties and excessive drooling were randomized to receive 
either incrementally increasing doses of glycopyrrolate 

or placebo [33]. All children who completed the study 
demonstrated a significant improvement in drooling with 
glycopyrrolate when compared to placebo, in a dose-de-
pendent fashion. However, adverse effects also occurred 
in a dose-dependent manner in 69% of those taking gly-
copyrrolate, leading 7 children (approximately 20%) to 
withdraw from the study. Side effects included behavioral 
changes such as restlessness and irritability, constipation, 
thick secretions, urinary retention, and facial flushing.

Transdermal scopolamine, another systemic anticho-
linergic medication, is also effective at reducing drool-
ing. This medication, applied as a patch to the skin, al-
lows drug delivery with a stable serum concentration 
over a 72-h period. In a double-blind, placebo-controlled 
crossover trial of 18 developmentally delayed children 
with drooling, the drug lead to a significant reduction 
of drooling from 24 to 72 h after the patch was applied, 
with drowsiness reported as the only side effect [4]. In 
another trial, 10 developmentally delayed children with 
excessive drooling were randomized in a double-blind, 
placebo-controlled trial to assess the efficacy and safety 
of transdermal scopolamine, and over half of the patients 
had a statistically significant reduction in drooling, with 
one third having cessation of drooling while wearing the 
patch [28]. However, like the other anticholinergic medi-
cations that have been tried, a variety of side effects have 
been reported with longer term use [23].

A recent report has noted that administration of 
modafinil, a psychostimulant used to treat conditions 
ranging from attention deficit hyperactivity disorder to 
narcolepsy, incidentally appeared to lead to complete ces-
sation of drooling in two children with cerebral palsy. 
This remarkable result was presumed to be due to im-
provements in the muscular coordination of swallowing, 
and deserves further study [21].

Injectable Salivary Gland 
Pharmacotherapy (Botulinum Toxin A)

In an attempt to pharmacologically inhibit sialorrhea 
while minimizing the widespread side effects associated 
with systemic anticholinergic agents, the injection of 
botulinum toxin A into major salivary glands has begun 
to grow in popularity. Botulinum toxin A, a neurotoxin 
harvested from Clostridium botulinum, exerts its effect 
by inhibiting the release of presynaptic acetylcholine into 
the synaptic cleft [41]. Since the release of saliva from sal-
ivary glands is mediated by acetylcholine released from 
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postganglionic parasympathetic nerve fibers within the 
salivary gland tissue, botulinum toxin A has been consid-
ered as a potential therapeutic option for drooling [41].

The effect of botulinum toxin A in children with se-
vere drooling was first reported in 2002, with a 33% re-
sponse rate noted with submandibular injections, and an 
80% response rate with combined submandibular and 
parotid injections [44]. Studies of children with cerebral 
palsy and sialorrhea have shown that the majority of pa-
tients experience a reduction in drooling after botulinum 
toxin A is injected into the submandibular glands [22], 
or the parotid glands [18, 41], or both [44]. The response 
rate seems to be higher when submandibular glands are 
injected, which would be expected given the greater role 
submandibular secretory activity plays in baseline saliva 
production and drooling [23]. The beneficial effects on 
sialorrhea typically peak between 2 to 8 weeks after injec-
tion, after which they begin to wear off [23, 41]. Approxi-
mately 5–10 (up to 25) total units have been administered 
per gland, with injections usually occurring bilaterally, at 
two distinct sites per gland. In order to decrease the like-
lihood of erroneous needle placement with inadvertent 
paralysis of muscles involved with mastication and swal-
lowing, ultrasound guidance of the needle has been rec-
ommended [18, 22], as has use of an electromyographic 
needle when injecting the parotid gland [41]. In children 
with cerebral palsy, the injections are typically performed 
under general anesthesia [22].

In a controlled clinical trial of children with cerebral 
palsy and severe drooling, botulinum toxin A injections 
into the submandibular glands led to a similar drooling 
response rate (49%) as cutaneous scopolamine applica-
tion (53%), but 71% of patients receiving scopolamine 
experienced moderate to severe side effects, whereas pa-
tients injected with botulinum toxin A injections suffered 
only incidental, minor adverse side effects [23].

Although botulinum toxin A is not yet generally ac-
cepted as the first choice for controlling sialorrhea, it 
seems to have certain advantages over other pharma-
cologic options in children. The primary disadvantage 
appears to be the need for repeated injections, typically 
under general anesthesia.

Surgical Interventions for Sialorrhea

Surgical intervention targeting the major salivary glands 
ideally would be reserved for those neurologically im-
paired children who have failed at least 6 months of oral 

motor therapy, whose intellectual or physical disability is 
too severe for conservative treatment to be effective, and 
who are old enough (generally at least 6 years old) that 
no further maturation of swallowing function would be 
expected [8, 15].

The two general types of operations intended to help 
manage sialorrhea are those that try to decrease saliva 
production, and those that attempt to redirect the flow of 
saliva so that it may be swallowed more readily.

Procedures Designed to Redirect 
the Flow of Saliva

Relocation of the Parotid Duct

One of the earlier attempts to redirect saliva toward the 
oropharynx was described by Wilkie and Brody, who in 
1977 reported their 10-year experience with relocation of 
the parotid duct into the tonsillar fossae, preceded by ton-
sillectomy and performed in conjunction with excision 
of the submandibular gland [48]. Although good control 
of sialorrhea was reported in 90% of patients, there was 
a high rate of complications (35% of cases), including 
wound breakdown, stenosis of the parotid duct, impaired 
oral hygiene with increased dental and gingival infec-
tions, and septic parotitis. This surgical strategy was gen-
erally abandoned by the mid 1980s due its morbidity [8].

Submandibular Duct Relocation

As it became increasingly understood that the subman-
dibular glands were the main problem in sialorrhea, sub-
mandibular duct relocation emerged as one of the surgical 
procedures of choice for sialorrhea. With this procedure, 
an elliptical incision is made around the papilla of each 
submandibular duct, creating a mucosal island. The sub-
mandibular duct is dissected posteriorly, and the released 
papilla is threaded submucosally and sutured to the base 
of the tongue at an exit perforation [15]. Tonsillectomy 
is performed first, if indicated, based on tonsil size or 
chronic infection.

In 1989 and 1995, two major multidisciplinary centers 
for the treatment of drooling reported large series of the 
submandibular duct relocation technique for sialorrhea 
in neurologically disabled children [9, 47]. Drooling was 
reduced significantly in the majority of patients, and the 
high rate of complications seen with parotid duct rerout-
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ing was avoided. However, ranulas requiring intraoral 
sublingual gland excision occurred in 8–13% of patients 
[9, 47].

In 2001, clinicians working at the Drooling Control 
Clinic in Toronto reported that the addition of sublingual 
gland excision to the submandibular duct relocation pro-
cedure minimized the risk of postoperative ranula forma-
tion, while still maintaining the beneficial impact of the 
surgery on drooling [10]. This experience was also repro-
duced at the Saliva Control Clinic at the Royal Children’s 
Hospital in Melbourne, Australia, where submandibu-
lar duct transposition combined with sublingual gland 
excision led to successful control of drooling in 66% of 
patients 5 years postoperatively, with no postoperative 
ranulae noted [15]. However, major complications still 
occurred in 10% of patients, including bleeding, tongue 
swelling with airway obstruction, submandibular abscess, 
lingual nerve injury, and aspiration pneumonia.

Procedures Designed 
to Decrease Salivary Flow

Tympanic Neurectomy

Tympanic neurectomy is a procedure in which the post-
ganglionic parasympathetic nerve fibers providing secre-
tomotor innervation to the parotid and submandibular 
glands are divided as they course through the middle ear. 
Through a standard tympanomeatal flap approach, divi-
sion of the chorda tympani nerve (conveying secretomo-
tor fibers to the submandibular and sublingual glands) 
and the tympanic plexus (containing similar fibers des-
tined for the parotid glands) can be achieved. Since the 
1970s, this procedure has been largely abandoned be-
cause, in addition to causing loss of taste, it has been re-
ported that many patients resume their preoperative level 
of drooling within 6 months of surgery [8].

Bilateral Excision of the Submandibular 
Gland and Ligation of the Parotid Duct

Since 1984, bilateral excision of the submandibular gland, 
combined with ligation of the parotid duct, has been the 
treatment of choice for chronic sialorrhea at Children’s 
Hospital in Cincinnati [43]. In a review of 93 children 
with chronic sialorrhea who underwent this procedure 
from 1988 to 1997, there were only 12 postoperative com-

plications: xerostomia in 7 children, an increase in dental 
caries in 2 children, and one case each of wound hema-
toma, marked transient parotid gland swelling, and par-
otitis. With an average follow-up of 4.2 years, significant 
improvement in drooling was noted in 65% of patients, 
with cessation of drooling noted in 21%. This approach 
has also been the standard surgical approach for many 
years at Children’s Hospital of Pittsburgh.

Bilateral Ligation of the Submandibular 
Duct and Ligation of the Parotid Duct

A recent report describing ligation of the submandibular 
duct also adds to the technique available for the manage-
ment of drooling procedures [24]. The physiologic ratio-
nale behind the success of salivary duct ligation is believed 
to be functional atrophy of the affected gland [24]. Five 
children with cerebral palsy and recurrent pneumonitis 
due to aspirated saliva underwent bilateral submandibu-
lar and parotid duct ligation. Aside from a brief period of 
mild postoperative swelling, there were no adverse effects, 
and caregivers of every patient reported a substantial de-
crease in the amount of drooling, with no ranula forma-
tion and no xerostomia (median follow-up 13 months). 
One of the main beneficial features of this technique is 
the ease and rapidity with which it can be performed, al-
though long-term results are not yet known.

Controversies Regarding Ligation 
of the Parotid Duct

For neurologically impaired children with problematic 
sialorrhea, it has been generally accepted that relocation 
of the parotid duct is fraught with complications, whereas 
parotidectomy is too aggressive an approach. Thus, tran-
soral ligation of the parotid duct has emerged as the sim-
plest and most feasible surgical option to pursue, should 
one choose to address the parotid gland surgically in 
this setting. However, vigorous debate exists regarding 
whether or not this procedure needs to be done at all, and 
as to what effect it may have on dental hygiene, xerosto-
mia, and the thickness of oral secretions.

In one large series of neurologically impaired children 
with sialorrhea, unilateral ligation of the parotid duct 
(performed in conjunction with relocation of the subman-
dibular duct) was blamed for complications such as thick, 
unmanageable saliva (46% of patients), xerostomia with 
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oral crusting (32%), dysphagia (21%), and a high rate of 
dental caries [47]. Once ligation of the parotid duct was 
abandoned in favor of relocation of the submandibular 
duct with excision of the sublingual gland, the majority 
of these problems anecdotally resolved [15].

Aware that most problematic drooling arises from 
the submandibular glands, the Drooling Control Clinic 
in Toronto reserves ligation of the parotid duct only for 
those children in whom there is persistent watery sial-
orrhea after relocation of the submandibular duct with 
ligation of the parotid duct; this “back-up” procedure 
has only needed to be performed in approximately 3% of 
their patients [8].

However, bilateral parotid duct ligation in combina-
tion with bilateral excision of the submandibular gland 
has been the procedure of choice for chronic sialorrhea at 
Children’s Hospital in Cincinnati for decades, with very 
low rates of xerostomia and dental caries [43]. Thus, the 
debate regarding whether or not to perform parotid duct 
ligation for sialorrhea, and under what circumstances, re-
mains unresolved.

Controversies Regarding Excision 
of Submandibular Glands, Relocation 
and Ligation of the Duct

Those in favor of relocation of the submandibular ducts 
have argued that it is not logical to ligate the ducts of 
these major salivary glands, since the problem in children 
with cerebral palsy is usually not one of overproduction 
of saliva, but rather one of inability to direct saliva ad-
equately from the mouth to the throat [15]. By relocating 
the submandibular ducts, physiologic saliva production 
is preserved, while reducing drooling, and reducing com-
plications such as severe xerostomia, thick secretions, and 
dental caries [15].

Conversely, those who advocate surgical techniques 
that reduce saliva production (such as ligation of the sub-
mandibular duct or excision of the gland) argue that the 
increased posterior oropharyngeal salivary flow caused 
by submandibular duct relocation could increase the 
likelihood of contamination of the lower respiratory tract 
in children who, due to their neuromuscular swallowing 
disorders, may be prone to aspiration [43]. Advocates of 
major ductal ligation and gland excision presume that 
enough minor salivary gland saliva production persists 
to prevent xerostomia and dental caries in most patients 
undergoing these procedures [43].

  Take Home Messages

→ Most masses found within the salivary glands in 
the pediatric age group consist of either vascular 
anomalies or infectious intra- or perisalivary ad-
enopathy, with glandular epithelial tumors being 
extremely rare.

→ The rarity of salivary gland neoplasms in the pe-
diatric age group should be taken into account 
during evaluation of the mass in the salivary 
gland, and the other more likely diagnoses in the 
differential must be considered and ruled out.

→ In the absence of a true glandular neoplasm, pa-
rotidectomy and excision of the submandibular 
glands is rarely required for masses in the sali-
vary glands, but many other less aggressive tech-
niques, both surgical and pharmacologic, can be 
considered depending on the diagnosis.

→ Problematic sialorrhea in neurologically im-
paired children can be managed with oral mo-
tor therapy, systemic anticholinergic medication, 
salivary gland injection with botulinum toxin A, 
relocation of the salivary ducts, ligation of the 
salivary duct, or excision of the glands; a mul-
tidisciplinary approach is advisable to help with 
this complex decision-making process.
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  Core Features

• Indications

• Preoperative evaluation

• Surgical technique

• First branchial cleft anomaly excision

• Complications

  

Complications to Avoid
Injury to the facial nerve
Hemorrhage or hematoma
Infection
External otitis
Skin-flap necrosis
Intraoperative tumor rupture

Introduction

Superficial lobe parotidectomy describes removal of all 
or a portion of the parotid gland superficial to the facial 













nerve. The most common indications for this operative 
procedure are a neoplasm of the superficial lobe of the 
parotid gland, metastases to parotid lymph nodes from 
adjacent sites of skin cancer or melanoma, or from cancer 
of the external auditory meatus [1–4]. Another indication 
is access to the deep lobe of the gland or other structures 
deep to the facial nerve. Superficial parotidectomy may 
also be a component of first branchial cleft cyst resec-
tion or the management of chronic parotid sialadenitis 
[5–10]. Rarely, superficial parotidectomy is performed 
for cosmesis in cases of sialosis.

Preoperative Evaluation

A thorough history is obtained prior to consideration 
for surgery. Most patients with parotid neoplasms note a 
progressively enlarging asymptomatic mass. Pain can be 
associated with some neoplasms but is not a reliable indi-
cator of malignancy. Symptoms of sensory loss, trismus, 
and facial weakness are worrisome for local tumor inva-
sion by a malignant neoplasm [11–14]. The past medical 
history should include information regarding any prior 
cutaneous lesions or malignancies. In addition, the pa-
tient should be queried about any prior radiation expo-
sure to the head and neck including dental radiographs. 
Smoking is associated with Warthin’s tumor and, there-
fore, should be investigated [15–18]. This tumor can also 
occur bilaterally, thus any history of a prior parotid tumor 
should be elicited.

All patients should have a complete examination of 
the head and neck. Cranial nerve function should be 
examined and facial nerve function should be evaluated 
carefully. Facial nerve paralysis is usually an indication 
of nerve invasion by a malignant tumor. Facial weakness 
may be subtle and may involve only one branch or the 
entire facial nerve or facial muscle fasciculations may be 
noted. Fixation to the overlying skin, limited mobility of 
the mass, and associated cervical lymphadenopathy are 
other signs suggestive of malignancy.
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Fine-needle aspiration biopsy (FNAB) is an accurate 
and useful investigation for the diagnosis of a parotid 
mass [19–21]. FNAB allows for improved patient selec-
tion for surgery since it can identify conditions such as 
reactive lymph nodes or cysts that might mimic parotid 
neoplasms clinically. The information gained by FNAB is 
useful for patient counseling, surgical timing and plan-
ning, and guiding the direction of preoperative consulta-
tion (see Chapter 8, Fine-needle Aspiration Biopsy).

Imaging studies are helpful to assess malignant neo-
plasms or neoplasms that are large, have diminished mo-
bility, suspected local invasion or deep extension. In gen-
eral, magnetic resonance imaging (MRI) is the preferred 
imaging study for parotid neoplasms (see Chapter 2, Im-
aging of the Salivary Glands).

Technique

Superficial parotidectomy is performed under general 
anesthesia. Long-term paralytic agents are avoided to al-
low for facial nerve monitoring. After the induction of 
general anesthesia, the endotracheal tube is positioned 
in the contralateral oral cavity and secured by tape on 
the contralateral face only. A modified Blair incision is 
planned in a preauricular crease coursing around the ear 
lobule and then into an upper neck crease (Fig. 14.1). 
An alternative incision is a modified face-lift incision. 
Methylene blue can be used to mark points along the 
proposed incision, which facilitates proper wound align-
ment and closure. The ipsilateral face is prepared with an 
antiseptic solution and the surgical field is draped with a 
transparent adhesive sterile drape to allow visualization 
of facial motion (Fig. 14.2). If electrophysiologic facial 
nerve monitoring is to be used intraoperatively, nerve 
electrodes are placed in the ipsilateral facial muscles and 
tested for electrical integrity.

The skin incision is made with a scalpel and carried 
down through the subcutaneous tissues and platysma 
muscle (Fig. 14.3). Care is taken to avoid division of the 
greater auricular nerve. An anterior flap is elevated su-
perficial to the greater auricular nerve and the parotid 
fascia (Fig. 14.4). Elevation of a thick flap is desirable to 
reduce the occurrence of Frey’s syndrome while care-
fully avoiding violation of any neoplasm at the surface 
of the gland. As the flap is elevated toward the anterior 
aspect of the gland, the peripheral branches of the facial 
nerve are carefully avoided. A posterior, inferior flap is 
also elevated to expose the tail of the parotid gland. After 

elevation, the flaps are retracted with silk sutures or self-
retaining hooks.

The tail of the parotid gland is dissected off of the ster-
nocleidomastoid muscle by dissecting deep to the poste-
rior branch of the greater auricular nerve, if preservation 
of this nerve is feasible based on tumor location. Next, 
the posterior belly of the digastric muscle is exposed 
with further elevation of the tail of the parotid gland 
(Fig. 14.5). The posterior belly of the digastric muscle 
serves as a landmark for the facial nerve. During eleva-
tion of the tail of the parotid, the integrity of the posterior 
facial vein also is preserved if possible. The facial nerve 
usually courses superficial to this vessel and division of 
this structure can contribute to increased venous bleed-
ing during dissection of the gland. Occasionally some or 
all of the branches of the facial nerve will be found deep 
to the vein.

The preauricular space is opened by division of the at-
tachments of the parotid gland to the cartilaginous exter-
nal auditory canal with blunt and sharp dissection. This 
plane of dissection exposes the tragal cartilage pointer, 

Fig. 14.1: Modified Blair incision marked
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which serves as another landmark for the facial nerve. A 
wide plane of dissection from the zygoma to the digas-
tric muscle is created to facilitate exposure of the facial 
nerve. Hemostasis is assured with bipolar electrocautery 
as indicated.

The gland is carefully retracted anteriorly. This ex-
poses the operative field for identification of the facial 
nerve. Care must be taken to avoid pressure or traction 
injury of the facial nerve during retraction of the gland. 

The facial nerve is identified using anatomic landmarks, 
which include the posterior belly of the digastric muscle, 
the mastoid tip, the tragal cartilage pointer, and the tym-
panomastoid suture. If the proximal segment of the facial 
nerve is obscured, retrograde dissection of one or more of 
the peripheral facial nerve branches may be necessary to 
identify the main trunk. When necessary, the facial nerve 
can be identified in the mastoid bone by mastoidectomy 
and followed peripherally.

Fig. 14.2: Operative field draped. Electrodes for 
facial nerve monitoring are in position

Fig. 14.3: Incision through skin and subcu-
taneous tissue. The greater auricular nerve 
is preserved
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Once the facial nerve is identified, the parotid gland 
superficial to the facial nerve is divided carefully, preserv-
ing the integrity of the nerve (Fig. 14.6). A McCabe dis-
sector (an angled ratchetless dissecting clamp) is useful 
for dissection of the proximal facial nerve. The dissector 
is passed along the facial nerve, lifted, and then gently 
spread. The gland superficial to the exposed segment of 
the facial nerve is then carefully divided. The exact lo-
cation of the facial nerve should always be determined 
prior to division of the gland tissue. Anatomic distortion 
by a neoplasm or operative manipulation must be consid-
ered. Various instruments are acceptable for the division 

of parotid gland tissue and include a standard scalpel, 
scissors, the Hemostatix scalpel, the harmonic scalpel, 
bipolar scissors, and the Ligasure Precise [22–24]. Any 
bleeding that occurs related to division of the gland is 
carefully controlled. Complete hemostasis is necessary to 
maintain a clear operative field relative to the facial nerve. 
The facial nerve is followed peripherally, the desired por-
tion of the gland is dissected from successive facial nerve 
branches (Figs. 14.7, 14.8), and the specimen removed. In 
cases of previous parotid surgery or recurrent tumor, the 
usual dissection described above is not always possible. 
Retrograde dissection is an option and requires identifi-

Fig. 14.5: Elevation of tail of parotid gland 
from sternocleidomastoid muscle and 
posterior belly of the digastric muscle with 
preservation of the posterior branch of the 
greater auricular nerve

Fig. 14.4: Elevation of anterior flap
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Fig. 14.8: Retrograde dissection of a pe-
ripheral facial nerve branch

Fig. 14.6: Parotid gland divided superficial 
to the main trunk of the facial nerve

Fig. 14.7: Exposure of the buccal branch of 
the facial nerve

241Superficial Parotidectomy Chapter 14



cation of a peripheral branch and dissection of it proxi-
mally until the main trunk is identified.

The facial nerve is preserved except in cases when 
confirmed malignancy is found invading the nerve. In in-
stances of facial nerve invasion by carcinoma, facial nerve 
resection is performed. Proximal and distal margins of 
the resected nerve are examined histologically by frozen 
section to ensure clear surgical margins. If the tumor in-
volves the stylomastoid foramen, mastoidectomy is per-
formed to identify the proximal facial nerve in the fal-
lopian canal to achieve a clear margin. Immediate nerve 
reconstruction by a nerve interposition graft is usually 
indicated if facial nerve resection is performed. This topic 
is addressed in greater detail in Chapters 24, Facial Nerve 
Reconstruction, and 26, Reconstruction after Excision of 
Cancer of the Salivary Glands.

After the superficial portion of the gland is removed, 
the wound is carefully inspected and bleeding sites 
are controlled with bipolar electrocautery or ligatures 
(Figs. 14.9, 14.10). The integrity of the facial nerve is con-
firmed visually and by electrical stimulation of the main 
trunk of the facial nerve and all the peripheral branches. 
If any injured facial nerve branches are identified, they 
are repaired immediately using a microscopic repair 
technique.

A neck dissection is performed for clinically positive 
nodes. For the clinically negative neck, the first echelon 
nodes are inspected. Enlarged or suspicious nodes are ex-
amined and a neck dissection is performed if metastatic 
disease is confirmed by frozen section.

The wound is irrigated, realigned, and closed in layers 
over a closed-suction drain (Fig. 14.11). The drain is usu-
ally removed on the first postoperative day and the skin 
sutures are removed within one week.

Adjuvant radiation therapy is recommended for select 
malignancies including metastatic cutaneous squamous 
cell carcinoma, high-grade and advanced parotid malig-
nancies, and other select malignancies.

First Branchial Cleft Anomaly Excision

First branchial cleft anomalies are uncommon devel-
opmental malformations that are anatomically in close 
proximity to the parotid gland and facial nerve [3–9, 
25–27]. Thus, the management of these anomalies is de-
scribed in this chapter. Anomalies of the first branchial 
cleft are thought to arise from embryologic development 

Fig. 14.9: Specimen removed with facial nerve integrity con-
firmed

Fig. 14.10: Surgical specimen

242  Steven J. Wang and David W. Eisele

14



defects of the first branchial cleft and first branchial arch. 
They are rare, representing fewer than 10% of all bran-
chial cleft anomalies [5].

A brief review of fetal embryologic development of the 
branchial arches is necessary to understand the proper 
management of first branchial cleft anomalies [25]. The 
six paired branchial arches are composed of ectoder-
mal, mesodermal, and endodermal elements. Each arch 
is separated by a closing membrane, dividing the inner 
pharyngeal pouch from the outer branchial cleft, and 
contains muscle, skin, cartilage, and one cranial nerve. 
The facial nerve develops with the first branchial arch. 
The first branchial cleft persists as the external auditory 
canal, while the first pharyngeal pouch gives rise to the 
middle ear, mastoid antrum, and Eustachian tube. The 
parotid gland develops as an outward evagination of the 
gut endothelium and envelops the facial nerve. Thus, first 
branchial cleft anomalies may be intimately associated 
with the parotid gland and facial nerve.

First branchial cleft anomalies were classified by Work 
into two types [27]. Type I first branchial cleft anomalies 
represent a duplication anomaly of the membranous ear 
canal, while type II first branchial cleft anomalies are du-
plication anomalies of the membranous and cartilaginous 
ear canal. Type I first branchial cleft anomalies are often 
located close to the ear and parotid gland, while type II 
anomalies often present as a recurrent abscess in the 

neck. Clinical recognition of first branchial cleft anoma-
lies, however, can be difficult. Suspicion of this diagnosis 
should be entertained in any patient with otorrhea in the 
absence of chronic otitis, with a cutaneous opening ante-
rior to the sternocleidomastoid muscle in the suprahyoid 
neck, or with an isolated parotid cyst that fluctuates in 
size.

Because of frequent infections and misdiagnosis, ap-
propriate treatment of first branchial cleft anomalies is of-
ten delayed. Definitive treatment requires complete sur-
gical excision. The standard surgical approach involves 
wide exposure of the lesion with a parotidectomy with 
identification and protection of the facial nerve. This is 
particularly important in patients who have had recur-
rent infections or previous surgical procedures. Electro-
physiologic monitoring of the facial nerve can be useful 
in these challenging cases [28]. The fistulous tract may 
be superficial to, deep to, or wrapped around the facial 
nerve. It is also crucial to excise any skin and cartilage 
surrounding the fistula near the external auditory canal, 
to ensure complete resection.

Complications

There are both early and late complications of superficial 
parotidectomy (Table 14.1). Facial nerve paresis or paral-

Fig. 14.11: Wound closed in layers over a 
closed suction drain
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ysis can occur as an early complication. Temporary facial 
nerve paralysis involving all or just one of the branches 
of the nerve occurs in 10–30% of superficial parotidecto-
mies [29–33]. Permanent facial nerve paralysis occurs in 
less than 1% of superficial parotidectomies [32, 33]. The 
nerve at most risk for injury during superficial paroti-
dectomy is the marginal mandibular branch of the facial 
nerve [31–33].

Excessive stimulation of the nerve with a battery-pow-
ered nerve stimulator may be responsible for a tempo-
rary facial nerve paresis. Temporary facial nerve paresis 
usually resolves from weeks to months postoperatively. 
Complete nerve transection can occur during surgery. 
Nerve transection requires immediate microsurgical re-
pair.

Hemorrhage or hematoma is an uncommon early 
complication of superficial parotidectomy and is usually 
related to incomplete hemostasis during the procedure. 
Treatment consists of returning the patient to the operat-
ing room and, under general anesthesia, evacuation of the 
hematoma and surgical control of any identified bleeding 
vessels is carried out.

Infection is uncommon after superficial parotidec-
tomy and is avoided by the use of aseptic techniques and 
careful handling of tissues. Perioperative antibiotics are 
not used. The rarity of infection is probably related to 
the rich vascular supply to the parotid region. Treatment 
of infection consists of appropriate antibiotics. Abscess 
formation is rare after superficial parotidectomy and re-
quires surgical drainage and antibiotics.

External otitis can occur postoperatively and can be 
related to intraoperative blood collection in the external 
auditory canal. A petrolatum gauze pack placed in the 
external auditory canal can prevent blood entry during 
the procedure. Treatment of external otitis consists of 
cleaning the auditory canal and instillation of antibiotic 
ear drops.

Skin-flap necrosis is an uncommon complication. 
When it occurs it is usually located in the distal tip of 
the postauricular skin flap. Care must be taken to avoid 
compromise of the vascular supply to this portion of the 
skin flap. Smoking, prior radiation therapy, and diabetes 
mellitus may contribute to this complication due to im-
pairment of the blood supply to the flap. Treatment of flap 
necrosis consists of conservative debridement of necrotic 
tissue and local wound care.

Mild trismus may occur following superficial paroti-
dectomy and may be related to inflammation and fibrosis 

of the masseter muscle. This complication usually resolves 
with range of motion exercises of the jaw.

Salivary fistula or sialocele can occur in approximately 
10% of cases of superficial parotidectomy [34]. This prob-
lem is a result of leakage of saliva from remaining sali-
vary gland tissue that collects beneath the flap or drains 
from the wound. This complication is usually mild and 
self-limited. Treatment of a sialocele consists of repeated 
needle aspirations. A salivary fistula is managed with lo-
cal wound care. A chronic salivary fistula is rare following 
superficial parotidectomy.

Frey’s syndrome or gustatory sweating is a relatively 
common long-term complication of superficial paroti-
dectomy [35]. This complication is thought to be related 
to aberrant regeneration of nerve fibers from the post-
ganglionic secretomotor parasympathetic innervation of 
the parotid gland to the severed postganglionic sympa-
thetic fibers that supply the sweat glands of the skin of the 
face. As a result, sweating with or without dermal flush-
ing occurs during salivary stimulation. If objective test-
ing is performed, Frey’s syndrome occurs in the majority 
of patients undergoing superficial parotidectomy. Only 
about 10% of patients, however, complain of symptom-
atic Frey’s syndrome.

Most patients with Frey’s syndrome do not seek ther-
apy. Medical treatment of symptomatic Frey’s syndrome 
includes topical application of antiperspirant, topical 
anticholinergics (1% glycopyrrolate), or injections of 
botulinum toxin (see Chapter 5, Treatment of Frey’s Syn-
drome).

Table 14.1. Complications of superficial parotidectomy

Early complications Late complications

Facial nerve pare-
sis or paralysis

Frey’s syndrome

Bleeding/hematoma Hypertrophic scar or keloid

Infection Recurrent tumor

Skin flap necrosis Poor cosmesis

Salivary fistula/sialocele Soft tissue deficit

Seroma

External otitis

Trismus
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  Take Home Messages

→ Superficial parotidectomy is typically indicated 
for benign or malignant neoplasms of the parotid 
gland and metastases from adjacent skin cancers 
or external auditory canal tumors.

→ Preoperative evaluation for superficial parotidec-
tomy includes a complete history and thorough 
head and neck examination; fine-needle aspira-
tion biopsy and MRI are often helpful.

→ Knowledge of anatomy and meticulous surgical 
technique are essential.

→ Facial nerve monitoring may facilitate safe, com-
plete removal of parotid lesions, particularly in 
reoperations.

→ First branchial cleft anomalies are often intimate-
ly associated with the facial nerve and parotid 
gland, and their complete excision with facial 
nerve preservation is necessary.

→ Understanding potential complications that may 
be associated with superficial parotidectomy is 
necessary for appropriate postoperative manage-
ment.
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  Core Features

• Total parotidectomy is a spectrum of operations 
based on anatomy and on tumor extent.

• The surgeon applies knowledge of embryology, 
anatomy, tumor pathology and behavior, and tu-
mor extent to individualize the operation to the 
patient.

• The deep parotid gland contains lymphatic nodes 
that must be adequately managed in malignant 
tumors.

• Adequate management of the deep parotid gland 
requires control of the intraglandular external 
carotid artery and its branches.
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Complications to Avoid
The surgeon should not embark on parotidectomy 
without the availability of frozen-section patho-
logic review.
The surgeon should not embark on parotidectomy 
without the capability to perform total parotidec-
tomy, neck dissection, and extended operation.
The surgeon should not be reassured that a parotid 
mass is benign solely on the basis of fine-needle 
aspiration.
The surgeon should be prepared to address facial 
nerve deficits at the time of the initial operation.

“… it follows from the complex relations of the 
parotid gland that its entire removal as a surgical 
procedure is an anatomic impossibility.”

Sir Frederic Treves, 1901

Introduction

The first reference to removing the parotid gland with 
identification and preservation of the facial nerve was 
by Carwardine in 1907 [8]. In 1916, Sistrunk described 
112 cases of parotidectomy with preservation of the fa-
cial nerve [3]. Like many operations performed today, the 
procedure languished in relative obscurity until advances 
in anesthesia and hemostasis and the modifications of tal-
ented practitioners advanced it to the prominent position 
that it holds in the armamentarium of the modern head 
and neck surgeon. Experience gained during the past half 
century of parotid surgery at Mayo Clinic by surgeons 
such as Oliver H. Beahrs, Lawrence W. DeSanto, and 
Kerry D. Olsen, continually performing 75–100 parotid 
operations a year, serves as the foundation for this chap-
ter. The outcomes of the operation have shown a need for 
flexibility and the ability to individualize the approach 
and the procedure to a particular patient and tumor. This 
chapter discusses definitions, indications, preoperative 
evaluation, procedural technique, and postoperative care 
with an emphasis on the need for an experienced surgeon 
to have a flexible approach to parotid conditions. The in-
terested student who studies and rigorously applies these 
techniques will realize the exhilaration that accompanies 
a well-designed and executed parotid operation.

Parotidectomy is one of the most challenging of all 
operations facing the head and neck surgeon. The tu-
mors requiring treatment are usually benign, but if left 









to observation they can lead to disfiguring facial masses 
or malignant degeneration. Meticulous removal of the 
tumor with inclusion of surrounding normal glandular 
tissue is necessary to prevent recurrence. The operation 
requires careful dissection and preservation of the facial 
nerve trunk and its peripheral branches because both the 
surgeon and the patient usually expect a high level of fa-
cial function postoperatively. Tumors of the parotid gland 
are uncommon, but the histologic variety, variability of 
tumor site in relationship to the facial nerve, and com-
plexity of different operative maneuvers to achieve tumor 
eradication require experience and expertise on the part 
of the surgeon. Some tumors may require only simple ex-
cision with partial parotidectomy, whereas other tumors 
may require radical excision with sacrifice of the facial 
nerve, lymph node dissection, or resection of surround-
ing structures. Finally, preoperative evaluation with clini-
cal examination, imaging, and even cytologic examina-
tion often cannot adequately prepare the surgeon for the 
situation in the operating theater. Sound decision-making 
based on adequate experience must be practiced intra-
operatively to achieve a successful outcome. All of these 
facets of parotidectomy make it one of the most interest-
ing and formidable in the job description of an oncologic 
surgeon—casual operators need not apply.

The surgeon must rely on detailed anatomic know-
ledge of the parotid gland and its relationship to sur-
rounding structures, particularly neural and vascular, to 
perform the operation safely. The pertinent relationships 
are presented in the anatomy section of this chapter, but 
the surgeon who wants to minimize operative complica-
tions in this area must master the anatomy through care-
ful study of anatomic texts and the practice of anatomic 
dissection. The varieties of tissue thickness, neural and 
vascular structural heterogeneity, and variability of tu-
mor relationships to surrounding structures are too vast 
to present pictorially. The surgeon will spend a career 
mastering this complexity, and technique improves with 
further performance of the task. Still, several anatomic 
points are worth presenting more than once: (1) the anat-
omy of the facial nerve trunk as it exits the stylomastoid 
foramen and enters the parotid gland is very constant; (2) 
the separation of the parotid gland into a superficial and 
deep portion divided by the facial nerve is a surgical, and 
not an embryologic, distinction, and thus the tumors that 
present in these regions and their relationship to lym-
phatic structures are not different; and (3) roughly 80% of 
the parotid gland (and 80% of the 15–20 intraglandular 
lymph nodes) lies superficial to the facial nerve, and 20% 
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of the gland and its lymphatics lie in the deep portion me-
dial to the nerve.

What constitutes a total parotidectomy? This question 
deserves some attention because of the variability in tech-
niques and philosophies of different surgeons. In general, 
total parotidectomy connotes the removal of both the su-
perficial portion of the gland and the entire deep gland 
beneath the facial nerve. In extreme cases, the operation 
also may entail removal of the peripheral facial nerve and 
even surrounding muscle, bone, and skin. In practice, 
the more extensive version of the operation is rarely in-
dicated. When performed, it is usually in the treatment 
of advanced malignancies. More commonly, the surgeon 
finds the need to perform a subtotal parotidectomy by re-
moving the superficial gland and a portion of the gland 
deep to the facial nerve. The surgeon performing parotid 
surgery must possess the skill and knowledge to perform 
the various forms of total parotidectomy, thereby ad-
equately removing disease while avoiding unnecessary 
morbidity.

When does a surgeon need to contemplate total pa-
rotidectomy? Surgeons who perform parotidectomy also 
need thorough knowledge regarding clinical behavior of 
the various pathologic lesions that can arise in the ma-
jor salivary glands. Benign tumors, such as pleomorphic 
adenomas, oncocytomas, and Warthin’s tumors, usually 
necessitate only subtotal removal of the gland with pres-
ervation of the facial nerve. Benign tumors that arise in 
the deep lobe often require initial elevation or removal 
of the superficial lobe followed by mobilization of the fa-
cial nerve before subtotal removal of the deep portion 
of the gland. Occasionally the surgeon may not be able 
to determine the deep lobe origin of the tumor before 
mobilization of the superficial gland. Operative explora-
tion may show the need for removal of the deep lobe in 
tumors that arise in the midpoint of the parotid adjacent 
to the facial nerve. The inexperienced operator may omit 
the possibility of total gland removal and facial nerve 
mobilization during the preoperative consent process 
for a patient with a seemingly innocuous parotid mass. 
Some multifocal tumors, despite benign behavior, may 
require total parotidectomy to ensure complete removal. 
Parapharyngeal tumors may require superficial and deep 
parotid removal if they are dumbbell-shaped tumors that 
pass through the stylomandibular tunnel, or they may 
require only deep lobe removal if they are confined to 
the parapharyngeal space.

Malignant tumors of the parotid gland often require 
total removal of the gland. The exception is low-grade tu-

mors with a low risk of nodal metastasis. All malignant 
tumors that arise in the deep gland and any tumor with 
confirmed metastasis to the parotid gland require total 
parotidectomy for adequate removal. High-grade tumors 
arising in the superficial gland warrant total parotidec-
tomy to ensure adequate treatment of the parotid lymph 
nodes. Tumors that spread outside the parotid gland or 
involve the facial nerve usually warrant total parotidec-
tomy. Because of the complexity of tumor presentation 
and behavior, the parotid surgeon benefits from consid-
erable familiarity with the behavior of the many types of 
parotid tumors, both benign and malignant. The surgeon 
also needs to understand how histologic grade can influ-
ence tumor behavior and consequently dictate the extent 
of surgery necessary for adequate extirpation. Obviously 
the availability of a competent pathologist who has equally 
detailed familiarity with the evaluation and diagnosis of 
salivary gland conditions is essential for adequate surgi-
cal treatment of parotid tumors. If the surgeon cannot 
work closely and efficiently in the operating room with 
a skilled frozen-section pathologist, then that surgeon 
should question the ability to perform competent surgi-
cal care of the patient with a parotid mass.

Background Information

Embryology

The major salivary glands develop by the ingrowth of oral 
epithelium into the underlying mesenchyme [7]. In the 
case of the parotid gland, the ectoderm grows backward 
across the masseter muscle and is against the developing 
external ear structures. Although the embryologic devel-
opment of the facial nerve was a source of some contro-
versy for more than a century, it is now known that the 
facial nerve migrates anteriorly and becomes surrounded 
by the developing gland. The gland then insinuates into 
the spaces around the mandible, temporal bone, and sur-
rounding muscles. The clinical implication of this embry-
ologic development is that the histologic features of the 
superficial and deep portions of the gland are identical. 
Despite being the first of the major salivary glands to ini-
tiate development, the parotid gland is the last to become 
encapsulated by fascia. The clinical implication of late en-
capsulation is incorporation of a variable but substantial 
number of lymph nodes within the parenchyma of the 
parotid gland, in both the superficial and the deep lobes. 
Fascial structures also interdigitate between the superfi-
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cial and deep lobes of the gland and around the intrag-
landular facial nerve.

Surgical Anatomy

The adult parotid gland occupies a region in front of 
the ear, varying in width from 3.4 to 5.8 cm. It weighs 
between 14 and 28 g [5]. It is irregular and variable in 
shape, and it has been described as having four surfaces: 
superficial, deep, anterior, and posterior [1]. The poste-
rior surface overlaps and is grooved by its contact with 
the sternocleidomastoid muscle, mastoid process, and 
external auditory meatus. This inferior variability in size 
and shape has the clinical implication that any infra-au-
ricular mass should be assumed to have an origin in the 
parotid gland until proved otherwise with imaging or 
surgical exploration. Many inexperienced practitioners 
have inadvertently incised this area with the intent of 
“excisional” biopsy, only to find themselves within the 
parenchyma of the gland dealing with an unexpected pa-
rotid neoplasm.

The deep surface of the gland is molded against the 
medial wall of the musculoskeletal recess formed by the 
mastoid process, external acoustic meatus, head of the 
mandible, and ascending ramus of the mandible. These 
surrounding structures have surgical importance. The 
medial wall of the bony recess is the styloid process and, 
deeper, the transverse process of the atlas. The medial 
bony recess is incomplete, but helping to fill it are the pos-
terior belly of the digastric muscle and the styloid mus-
culature. These muscles, particularly the digastric muscle 
and stylohyoid muscle, indent the deep surface of the 
gland and are easily seen during complete parotidectomy. 
Anteriorly, the ramus of the mandible and the masseter 
muscle contact the deep portion of the parotid. The bulk 
of the pterygoid muscles in the infratemporal fossa is not 
visualized during total parotidectomy, but the insertion 
of the lateral pterygoid at the temporomandibular joint 
is related to the deep portion of the gland that extends 
deep to the posterior border of the mandible. The sty-
lomandibular ligament unites the styloid process to the 
mandibular ramus. Together with the ascending ramus 
of the mandible and the skull base, it forms the stylo-
mandibular tunnel described by Patey and Thackray [11]. 
Tumors from the retromandibular portion of the parotid 
gland may pass through the stylomandibular tunnel and 
thus extend to the prestyloid portion of the parapharyn-
geal space.

Related Fascia

The superficial layer of the deep cervical fascia splits to in-
vest the parotid gland and then fuses superiorly with the 
periosteum of the zygoma. Over the lateral surface of the 
gland, this fascia is often termed the parotid fascia, and 
it serves as an excellent barrier above which a tissue flap 
containing the superficial fascia and subcutaneous fat can 
be raised. The parotid fascia sends numerous septae pass-
ing among the lobules of glandular tissue. Anterior to the 
gland, the fascia continues to invest the masseter muscle. 
The deep fascia of the medial gland is thinner, is continu-
ous with the fascia of the styloid muscles, and continues 
downward to form a portion of the stylomandibular liga-
ment before fusing with the fascia of the digastric muscle 
and periosteum of the angle of the mandible.

Vascular Anatomy

The variability of the venous system in and around the 
parotid gland makes it difficult for the surgeon to under-
stand many clinically useful relationships. Two important 
relationships bear mention: (1) the superficial temporal 
and internal maxillary veins fuse within the gland to form 
the posterior facial vein, which generally splits as it ex-
its the gland into a posterior (retromandibular) branch 
that drains into the external jugular vein and an anterior 
branch that drains into the common facial vein and then 
into the internal jugular vein, and (2) the veins generally 
lie deep to the facial nerve within the gland, the cervical 
branch of the facial nerve usually passing over the poste-
rior facial vein and the marginal nerve passing over the 
anterior facial vein.

The external carotid artery and its terminal branches 
are intimately connected to the parotid gland. Unlike the 
posterior facial vein, which runs superficial to the digas-
tric and stylohyoid muscles, the external carotid artery 
runs deep to these muscles before curving upward and 
entering that portion of the gland molded inward by 
the styloid process. The branches of the external carotid 
artery are commonly divided as anterior, posterior, as-
cending, and terminal, but the branches involved in total 
parotidectomy are best considered in terms of the rela-
tionship of their origin proximal or distal to the digas-
tric muscle. The superior thyroid, lingual, and ascending 
pharyngeal arteries originate proximal to the digastric 
muscle, and generally are not encountered during pa-
rotidectomy.
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The occipital and facial arteries originate at the infe-
rior border of the digastric muscle. The occipital artery 
runs posteriorly under the digastric muscle, grooves the 
mastoid near the insertion of this muscle, and runs away 
from the parotid bed. The facial artery ascends deep to 
the digastric muscle and curves back over the stylohyoid 
muscle before passing between the submandibular gland 
and mandible. The artery crosses over the mandible at the 
anterior border of the masseter muscle.

The remaining distal branches of the carotid artery are 
more intimately related to the parotid gland. The poste-
rior auricular artery originates near the superior border 
of the digastric muscle and runs backward between the 
mastoid process and external auditory meatus. It some-
times is encountered in the dissection of the facial nerve 
trunk, but it does not run in the glandular tissue. The in-
ternal maxillary artery and superficial temporal arteries 
originate from the intraglandular portion of the external 
carotid artery. The internal maxillary artery runs deep to 
the ascending ramus of the mandible to lie deep or su-
perficial to the lateral pterygoid muscle. The superficial 
temporal artery grooves the deep surface of the gland and 
runs upward between the tragus and temporomandibular 
joint. It gives off the transverse facial artery, which runs 
anteriorly over the mandibular ramus toward the masse-
ter muscle.

The internal jugular vein passes deep to the operative 
field during total parotidectomy. It is rarely encountered, 
except in the removal of tumors that extend to the para-
pharyngeal space. The internal jugular vein leaves the 
skull base medial and posterior to the styloid process 
and descends immediately on the anterior surface of the 
transverse process of C1. It runs deep to the digastric and 
styloid muscles.

The internal carotid artery ascends vertically on the 
anteromedial surface of the internal jugular vein. It also 
is rarely encountered during complete parotidectomy, 
being confined to the poststyloid portion of the para-
pharyngeal space. The exception is tortuous turns in the 
superior cervical internal carotid artery, which can some-
times bring the artery far more lateral than the surgeon 
might expect.

Lymphatic Anatomy

The parotid gland contains a rich and intricate system of 
both afferent and efferent lymphatics. The afferent lym-
phatic channels draining into lymph nodes on the super-

ficial surface of the gland serve as the principal collecting 
system for the frontotemporal scalp, upper face, lacrimal 
gland, and external ear. The afferent lymphatic channels 
draining to lymph nodes on the deep surface of the gland 
drain the palate, nasopharynx, auditory canal, and mid-
dle ear.

The efferent channels drain to both the superficial 
and the deep cervical lymphatic systems. The average 
adult parotid gland contains 15–20 intraglandular lymph 
nodes [12]. In the past there has been some controversy 
over the density of deep glandular lymph nodes and the 
necessity of doing total parotidectomy for lymphatic me-
tastasis. However, the current understanding of embryo-
logic formation of the superficial and deep portions from 
a singular gland anlage, coupled with the dense intercon-
nection of lymphatics between the glandular and parag-
landular lymphatics and superficial and deep portions of 
the gland, argue for total parotidectomy in these situa-
tions. The adult deep lobe parotid gland contains lymph 
nodes 75% of the time, and the average number of nodes 
in the deep gland is 2.3 [4].

Neural Anatomy

Although the anatomic variability of the facial nerve 
and detailed descriptions of the percentages of differ-
ent branching patterns have contributed to the body of 
knowledge surrounding parotid surgery, the surgeon 
should be aware of the constancy of the position of the 
main trunk of the facial nerve [1]. The facial nerve ex-
its the stylomandibular foramen, which lies at the base 
of the styloid process at the end of the tympanomastoid 
fissure. After leaving the foramen, the main trunk of 
the facial nerve gives off branches to the postauricular 
muscles and posterior belly of the digastric muscle, and 
then it curves anteriorly. These branches may have to 
be divided during mobilization of the nerve in the per-
formance of total parotidectomy. The facial nerve then 
becomes embedded in parotid tissue and usually runs 
superficial to the posterior facial vein (often in contact 
with it) and lateral to the external carotid artery. Oc-
casionally, some of the branches of the facial nerve run 
deep to the facial vein.

To identify the facial nerve trunk, the surgeon can 
utilize the spatial relationships mentioned, but none 
of these structures is actually visible during mobiliza-
tion of the gland. The structures that are most useful for 
identification of the facial nerve early in parotidectomy 
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are the posterior belly of the digastric muscle, cartilagi-
nous tragal pointer, and mastoid tip. A finger tip placed 
on the lateral surface of the mastoid process will direct 
the surgeon to the proper plane and zone of dissection 
to identify the facial nerve trunk. Every parotid surgeon 
has encountered that moment of uncertainty when dis-
secting through a thick parotid gland before encounter-
ing the facial trunk, but one must remember that in a 
plane along the anterior surface of the mastoid tip no vi-
tal structure exists between the fingertip and the trunk of 
the seventh nerve. It exists as a singular white structure 
that is 2–3 mm in diameter at this location [1]. In the 
case of deep lobe tumors, the main trunk of the facial 
nerve may be more lateral, and it may be encountered 
sooner than expected. In children, the main trunk may 
not be as deep as expected.

The major division of the facial nerve, the pes anse-
rinus, is located within 1.3 cm of the stylomastoid fora-
men [3]. The nerve divides into an upper temporofacial 
division and a lower cervicofacial division. Anastomotic 
branches occur commonly between the upper division 
nerves, rarely between the mandibular branch and other 
branches, and never between the branches of the cervico-
facial division. Considerable controversy exists about the 
relationship of the facial nerve and the surrounding pa-
rotid parenchyma. The controversy has significance from 
two separate clinical aspects, namely, (1) what can be done 
surgically, and (2) what should be done oncologically.

From the standpoint of surgical technique, a definite 
plane of dissection can be developed along the facial 
nerve. This is commonly the technique used in removal 
of tumors of the superficial portion of the parotid gland. 
From an oncologic standpoint, the parotid gland is a 
unilobar, multilobular structure. The intimate continuity 
of ducts and parenchymal connections that traverse the 
plane of the facial nerve makes separation of the gland 
along this plane a surgical, and arbitrary, separation when 
dealing with invasive neoplasms.

The greater auricular nerve crosses over the sterno-
cleidomastoid muscle and divides into multiple branches 
below the external ear. The anterior branch sends sensory 
fibers to the ear lobe as well as the skin and fascia over the 
parotid gland. Posterior branches of the greater auricular 
nerve may be preserved during parotidectomy for benign 
disease.

The auriculotemporal nerve, a branch of the fifth cra-
nial nerve, passes in the superior deep portion of the 
gland as it leaves the infratemporal fossa. It gives sensory 
fibers and postganglionic parasympathetic fibers from 
the otic ganglion to the parotid gland.

Parotid Duct

The parotid duct is formed at the anterior border of the 
gland as smaller tributaries from within the gland con-
verge. An “accessory” lobe of the parotid gland may be 
loosely connected to the main body of the gland or com-
pletely separate from it and lie adjacent to the duct. Vari-
ations in the distribution of the tributaries have limited 
surgical significance.

Definitions and Indications

Superficial Parotidectomy

Superficial parotidectomy entails removal of the lateral 
portion of the parotid gland with preservation of the 
facial nerve. It is the standard operation for masses that 
arise in the portion of the parotid gland lateral to the fa-
cial nerve, particularly when the histopathologic nature 
of the mass has not been confirmed. Superficial paroti-
dectomy is adequate treatment for benign tumors of the 
superficial parotid gland, such as pleomorphic adenoma, 
and for localized, well-encapsulated malignant tumors of 
low histologic grade which arise in the lateral lobe of the 
parotid gland. High recurrence rates following operation 
for pleomorphic adenoma have been attributed to inad-
equate surgical excision, and superficial parotidectomy 
should be the standard operative procedure in the arma-
mentarium of the parotid surgeon [9]. Some surgeons ad-
vocate partial or subtotal parotidectomy for tumors that 
arise in the lateral parotid tail. The surgeon entertaining 
the decision to perform subtotal superficial parotidec-
tomy needs to be confident in both the histologic nature 
of the mass and the encapsulation and localized nature of 
the tumor. If either of these issues is in question, a formal 
superficial parotidectomy should be performed. The goal 
of removal of a benign parotid tumor is complete removal 
with a cuff of normal parotid tissue around the tumor and 
preservation of the facial nerve. No parotid tumor should 
be removed by excisional biopsy without clear visualiza-
tion of the branches of the facial nerve.

Deep Parotidectomy

To understand deep parotidectomy, the components of 
the deep gland need to be conceptualized. From a sur-
gical dissection view, the deep parotid consists of three 
main parts (again, contiguous): (1) the portion of the 
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gland between cranial nerve VII and over the masseter 
muscle, (2) the gland deep to cranial nerve VII between 
the mandible and the mastoid/external auditory canal 
(greatest volume), and (3) the retromandibular gland that 
extends to or into the parapharyngeal space. The surgeon 
may individualize the extent of resection to involve some 
or all of these portions on the basis of the pathologic find-
ings and presentation of the tumor. The major operations 
involving the deep parotid may include superficial paroti-
dectomy combined with partial deep lobe parotidectomy, 
superficial parotidectomy with total deep lobe parotidec-
tomy with or without resection of cranial nerve VII, iso-
lated deep parotidectomy, deep lobe parotidectomy with 
parapharyngeal space extension, and extended total pa-
rotidectomy usually with resection of cranial nerve VII. 
These operations are described separately below, and il-
lustrative cases are used to highlight typical indications.

Superficial Parotidectomy 
with Partial Deep Lobe Resection

This operation is commonly performed for benign tumors 
of the central deep parotid gland, such as pleomorphic 
adenoma involving the gland deep to the facial nerve. The 
surgeon may not always be able to predict the relationship 
of the tumor to the peripheral nerve from preoperative 
examination or imaging, and the decision to resect the 
deep gland may evolve during the operation after dissec-
tion of the superficial gland. This operation also may be 
performed for low-grade malignancies of the superficial 
gland for which the surgeon wants to include a portion 
of the deep gland to ensure an adequate margin of resec-
tion. Rarely, this operation is performed in patients with 
refractory chronic sialadenitis in an effort to remove all 
chronically infected gland and prevent postoperative si-
alocele. The operation also may be used for patients with 
mucosa-associated lymphoid tissue (MALT) lymphoma 
of the parotid gland in the absence of other signs of lym-
phoma. This situation should be expected in patients with 
rheumatoid arthritis or Sjögren’s syndrome who have de-
velopment of nodular enlargement of the parotid gland.

Case Example 1

A 37-year-old dental hygienist was referred from her 
primary physician with a 2-year history of a right-sided 
2.5-cm infra-auricular mass. She came with a computed 
tomogram that showed a 2.5-cm mass within the paren-

chyma of the inferior parotid gland. The mass was non-
tender, and she had no adenopathy, skin changes, or facial 
nerve paresis. She had done extensive research on parotid 
gland conditions, and she was intensely concerned with 
the aesthetic outcome of any surgical intervention. She 
underwent preoperative examination and discussion, and 
intraoperative exploration progressed with exposure of 
the parotid gland, identification of the facial nerve, and 
mobilization of the superficial lobe of the parotid gland. 
As the operation progressed, it became obvious that the 
mass was deep to the facial nerve trunk and cervicoman-
dibular division. The main trunk was draped over the 
main portion of the mass in the deep parotid gland. The 
superficial lobe was removed, the facial nerve trunk and 
peripheral branches were mobilized, and the deep gland 
between the mandible and mastoid and a portion of the 
gland over the masseter were removed in continuity with 
the mass. Frozen-section pathologic findings confirmed 
pleomorphic adenoma arising within the deep gland. The 
parotid defect was reconstructed with an abdominal der-
mal fat graft to mask the perimandibular defect.

Superficial Parotidectomy 
with Total Deep Lobe Resection

Total removal of the superficial and deep parotid gland 
should be performed for malignant neoplasms with 
confirmed or suspected metastasis to the parotid lymph 
nodes, including the following situations: (1) metastasis 
to a superficial parotid node from a primary parotid tu-
mor or an extraparotid malignancy, (2) any parotid malig-
nancy that indicates metastasis by involvement of cervical 
lymph nodes, and (3) any high-grade parotid malignancy 
with a high risk of metastasis. Total parotidectomy also 
is performed for primary parotid malignancies originat-
ing in the deep lobe and for primary malignancies that 
extend outside the parotid gland. The operation also is 
performed for multifocal tumors, such as oncocytomas, 
to ensure complete removal. The operation may involve 
sparing or sacrifice of the facial nerve branches or trunk 
depending on tumor extent to the nerve.

Case Example 2

A 45-year-old man was referred for treatment of a bi-
opsy-proven malignant melanoma 1.3 mm in greatest 
depth centered over the temporal skin in the supra-au-
ricular area. Preoperative positron emission tomography 
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showed a fluorodeoxyglucose-avid 1.2-cm node in the 
superficial parotid gland. The patient underwent wide 
local excision of the temporal melanoma and superfi-
cial and deep parotidectomy with facial nerve preserva-
tion and upper neck dissection. Frozen and permanent 
pathologic findings included 2 of 6 neck nodes in the su-
perficial parotid gland positive for metastatic melanoma, 
1 of 3 nodes in the deep parotid glands positive for mela-
noma, and 1 of 25 neck nodes positive for melanoma. 
The patient was treated with postoperative radiation and 
followed for the possibility of locoregional or distant re-
currence.

Isolated Deep Parotidectomy

Isolated removal of the deep parotid gland is most of-
ten performed for benign tumors of the inferior parotid 
gland deep to the facial nerve. This operation can be used 
for “dumbbell” tumors of the deep parotid gland that en-
ter the parapharyngeal space through the stylomandibu-
lar tunnel. During this operation, the superficial gland is 
mobilized to aid in identification of the facial nerve, but it 
is not removed if not involved with tumor.

Case Example 3

A 37-year-old woman was involved in a motor vehicle 
accident and examined for superficial wounds in the 
emergency department. On physical examination, she 
had fullness of her soft palate and tonsillar asymmetry. 
Magnetic resonance imaging showed a 3.5-cm mass in 
the prestyloid parapharyngeal space with a small cuff of 
tissue contiguous with the deep parotid gland. She had 
no other head or neck abnormalities. She underwent 
surgical exploration with a cervicoparotid approach, 
mobilization of the inferior parotid gland, and identi-
fication of the facial trunk and inferior nerve division. 
Blunt finger dissection was used to mobilize the mass 
from the parapharyngeal space and deliver it into the 
neck, with care taken to avoid rupturing the capsule of 
the mass against the styloid process. The mass was sent 
for pathologic review with a cuff of inferior deep parotid 
tissue. Histopathologic results confirmed the presence 
of encapsulated pleomorphic adenoma. The patient was 
discharged from the hospital after overnight observation 
and was free of evidence of recurrent disease at 4 years 
postoperatively.

Extended Total Parotidectomy

Removal of the superficial and deep parotid gland also 
may be extended to involve adjacent structures such as 
the overlying skin, the underlying mandible, the tempo-
ral bone and external auditory canal, or the deep mus-
culature of the parapharyngeal space. These extensions 
are dictated by tumor growth and behavior. Patients with 
extensive parotid malignancies must be counseled re-
garding the possibility of extended resections and the re-
sulting functional and cosmetic morbidity. The head and 
neck surgeon may need to anticipate the extent of defect 
and incorporate plans for reconstruction into the overall 
surgical design.

Case Example 4

A 63-year-old attorney presented with a mass in the left 
parotid gland, jaw pain, and upper facial weakness of 
4 weeks’ duration. He had a history of removal of a squa-
mous cell carcinoma from the ipsilateral forehead skin 
18 months earlier. On physical examination, a fixed 3.5-
cm mass was present in the superior parotid gland. The 
patient also had trismus and House grade 2/6 ipsilateral 
upper facial nerve dysfunction. Imaging disclosed an en-
hancing mass present in the parotid gland with central 
necrosis and extension to the mandibular ramus, tempo-
ralis muscle, and pterygoid musculature. He underwent 
surgical excision with total parotidectomy, including 
facial nerve sacrifice, partial mandibulectomy, and re-
section of the overlying skin, ear canal, lateral temporal 
bone, and surrounding musculature. Pathologic findings 
included metastatic squamous cell carcinoma to 5 of 12 
intraparotid nodes and 6 of 48 ipsilateral neck nodes. He 
underwent reconstruction with fibular free tissue trans-
fer, cervicofacial rotation flap, and sural nerve interposi-
tion graft to the facial nerve defect. The patient under-
went postoperative radiation therapy. Distant metastasis 
developed 2.5 years after therapy was completed.

Evaluation of the Patient

Evaluation of the patient with a parotid mass should al-
ways start with a history concentrating on tumor presen-
tation. Factors such as slow versus rapid growth, pain, 
facial paresis or paralysis, and overlying skin changes or 
associated lymphadenopathy can be informative in the 
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distinction between benign and malignant lesions. Risk 
factors for malignancy such as prior radiation exposure 
and tobacco abuse should be sought, and inquiry should 
be made into previous diagnostic and therapeutic forays. 
The evaluation should review possible coagulation dis-
orders, medical conditions, medications, dietary supple-
ments, and allergies that could affect general anesthesia. 
The physician should inquire about a history of recur-
rent or chronic infections or inflammation of the parotid 
gland. With ready access to electronic medical informa-
tion, today’s patients are often partially or thoroughly in-
formed as to the pathophysiology and treatment of pa-
rotid masses. Time spent during the history to explore 
patients’ concerns and preconceived notions regarding 
their parotid mass can serve to relieve anxiety and foster 
realistic expectations.

After the history is obtained, a careful examination of 
the head and neck should concentrate on the preauricular 
and malar skin. The external auditory canal and tympanic 
membrane should be examined. Ipsilateral and contralat-
eral facial nerve function should be evaluated with a stan-
dardized grading system. Generally, patients with intact 
facial nerve function can retain their facial nerve, even 
in the setting of malignancy, but patients with impaired 
facial nerve function usually have significant invasion of 
the nerve. During palpation of the gland and mass, the 
key factors to assess are size, consistency, mobility, and 
location. Intraoral examination should investigate the 
palate and lateral pharynx for asymmetry suggesting 
parapharyngeal extension. The neck is then palpated to 
assess for lymphadenopathy.

The role of imaging in parotidectomy is controversial. 
Imaging is not necessary for the evaluation of a patient 
with an easily identifiable mass in the parotid gland with 
benign characteristics on history and physical examina-
tion. Imaging begins to add clinically useful information 
when, after the physical examination, the surgeon is un-
certain about the presence or extent of the lesion. It also 
is useful when the surgeon suspects extension outside 
the parotid gland. Parotid masses extending deep to the 
mandible into the parapharyngeal space should always 
be imaged preoperatively. Magnetic resonance imaging 
with gadolinium usually provides the greatest amount 
of information regarding tumor consistency, extent, and 
relationship to surrounding gland and other structures. 
Computed tomography with contrast may be added or 
substituted to gain information regarding tumor relation-
ship to adjacent bony or vascular structures. The role of 
positron emission tomography is growing in the evalua-

tion of malignant tumors with potential metastasis (see 
Chapter 2, Imaging of the Salivary Glands).

Fine-needle aspiration for the evaluation of parotid 
masses is also controversial. The literature reports vari-
able accuracy when it is used for parotid masses, and the 
experience of the cytopathologist can greatly influence 
the results [13]. Fine-needle aspiration rarely alters the 
decision for the treatment of parotid masses. It may have 
use for evaluation of a patient with a parotid mass who is 
of poor health or reluctant to undergo surgical removal 
of the mass. For a patient with an obvious malignancy, it 
may help characterize the type of malignancy, which may 
be useful for pretreatment counseling (see Chapter 8, 
Fine-needle Aspiration Biopsy).

Preoperative Discussion

After the complete evaluation, the surgeon should thor-
oughly discuss the assessment, treatment plan, and goals 
of operation with the patient. This plan should be indi-
vidualized to the patient and the tumor characteristics. 
The discussion includes an assessment of benign versus 
malignant tumor behavior. Even when the diagnosis is 
based on the findings of fine-needle aspiration, the sur-
geon should prepare the patient for an alteration of the 
diagnosis based on intraoperative findings and frozen-
section analysis. The treatment plan must be designed 
around safe and complete tumor extirpation, avoidance 
of piecemeal removal, appropriate management of cervi-
cal lymphatics, facial nerve preservation if oncologically 
sound, and appropriate rehabilitation measures. All pa-
tients undergoing parotid surgery should be counseled 
regarding placement of the incision and postoperative 
scar, expected cosmetic defect, expected postoperative 
function and time to full recovery, possibility of the need 
for adjunctive radiation therapy for high-grade malignant 
tumors, and postoperative sequelae such as paresthesias 
and gustatory sweating. All patients undergoing paroti-
dectomy should be counseled regarding the possibility 
of postoperative facial paresis or paralysis. This point 
becomes especially salient in patients undergoing total 
parotidectomy, particularly the elderly. Older patients 
have both slower and more incomplete recovery of facial 
function after manipulation of the nerve to the degree 
necessary for complete parotidectomy. If the facial nerve 
is involved with tumor, as evidenced on examination or 
imaging, the patient should be counseled regarding nerve 
sacrifice and rehabilitation.
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Reconstruction of the functional and cosmetic deficits 
resulting from the operation should be discussed with the 
patient, including, as appropriate, the possible need for 
nerve grafting, the donor site incisions, and morbidity. 
Superficial parotidectomy results in mild to moderate fa-
cial contour asymmetry, and total parotidectomy results 
in a significant depression in the preauricular and infra-
mandibular areas. The surgeon can attempt to minimize 
contour irregularity in removal of benign deep parotid 
masses by preservation of the superficial lobe. The patient 
should be counseled regarding the possibility of parotid 
bed reconstruction with autologous material (such as 
dermal fat graft) or artificial material.

Sometimes a patient has previously had partial parotid 
surgery for a tumor that requires total parotidectomy for 
adequate management. Often this situation results when 
the permanent pathologic findings show a malignant 
high-grade lesion and the preoperative or intraoperative 
histopathologic findings indicated a benign or low-grade 
lesion. Our advice in these situations is to complete the 
treatment that would have been recommended and per-
formed if the surgeon had had the correct information at 
the outset. This advice often involves reentering a previ-
ously operated field, carefully identifying and mobilizing 
the facial nerve, removing the remainder of the parotid 
gland, and performing a neck dissection. This can be a 
difficult dissection, and the patient should be counseled 
regarding the possible need for facial nerve monitor-
ing, facial nerve injury, and need for facial reanimation 
and nerve reconstruction procedures. Following sound 
principles of management is still preferable to observa-
tion in the face of uncertainty regarding adequate tumor 
removal.

The necessity for thorough preoperative counseling 
when this operation is to be performed cannot be overes-
timated, and a carefully planned and executed operation 
can still result in a dissatisfied surgeon and patient if the 
patient has not been counseled about appropriate expec-
tations after the operation.

Surgical Technique

Preparation

Before entering the operating theater, the surgeon should 
arrange for a pathologist to provide reliable frozen-sec-
tion review of the tissue. This approach will save many 
patients the cost, time, and morbidity of returning for fur-

ther surgical resection for an undiagnosed malignancy. A 
quality assurance system should be in place to ensure the 
correct patient and site of surgery. Appropriate imaging 
studies should be thoroughly reviewed and visible dur-
ing the operation. The risk of bleeding is low, and typing 
and cross-matching for blood transfusion are not needed 
during the operation. Antibiotics are not routinely ad-
ministered unless there are preoperative signs of infec-
tion. The operation is performed with the patient under 
general endotracheal anesthesia, and the endotracheal 
tube is positioned and taped to the oral commissure and 
cheek opposite to the lesion. The patient is placed in a 45° 
reverse-Trendelenburg position or lounge-chair position 
with the head higher than the heart. The head is turned to 
the opposite side of the lesion, and the neck is extended 
by placement of a rolled sheet under the shoulders. The 
patient is prepared by sterile scrub and draped so that 
the ear, lateral corner of the ipsilateral eye, ipsilateral oral 
commissure, and entire ipsilateral neck are visible in the 
field. If facial nerve monitoring is to be used, the nerve 
monitor is placed in the orbicularis oris and orbicularis 
oculi muscles to ensure upper and lower division moni-
toring. The surgeon stands on the side of the patient ipsi-
lateral to the gland to be dissected, the assistant stands at 
the head and opposite the surgeon, and the scrub techni-
cian stands on the side of the surgeon.

Incisions and Flap Elevation

The incision site is marked with a surgical marker. The 
incision begins in the preauricular crease at the superior 
root of the helix and curves gently below the lobule, and 
then turns anteriorly to run horizontally in a skin crease 
approximately two finger widths below the angle of the 
mandible (Fig. 15.1). This limb of the incision should be 
oriented so that it could be extended into an incision that 
will accommodate dissection of the neck. The incision 
should not extend far posteriorly into the thin skin be-
low the lobule over the mastoid tip. This skin will become 
ischemic in patients who use tobacco or have diabetes, 
and the surgeon will risk development of skin flap loss.

In patients who are particularly concerned with scar 
camouflage, the incision can be placed in the retrotragal 
area to hide the scar better. If the surgeon performs this 
type of incision, the incision line should lie just inside 
the anterior edge of the tragus and the dissection of the 
skin over the tragus should be very thin, in the imme-
diate subcutaneous plane to avoid elevation of the tragal 
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perichondrium. The inferior incision also can be curved 
around the lobule and up onto the posterior conchal car-
tilage and back into the hairline. This incision is similar 
to the incision used in rhytidectomy, and its use can al-
low the surgeon to totally hide the incisional sequelae of 
parotidectomy. Although the exposure offered with this 
incision can allow full mobilization of the parotid gland, 
it is more difficult to incorporate neck dissection into the 
operation with this exposure. For this reason, postauric-
ular incisions should be used only when the surgeon is 
convinced that the patient has benign disease.

The surgeon may crosshatch the incision lines super-
ficially with a no. 10 or 15 blade to assist in precise re-
alignment during closure. The incision is then made from 
superior to inferior through the skin into the subcutane-
ous tissue with the scalpel. Double skin hooks are placed 
into the facial flap, and the flap is raised for 1 cm with the 
blade. The assistant places firm upward retraction on the 
skin flap with the hooks, and back-traction is applied on 
the skin with a sponge by the surgeon or a second assis-
tant. The surgeon should raise the flap immediately over 
the parotid fascia, which is recognizable as a white fibrous 
layer deep to the subcutaneous fat and superficial mus-
culoaponeurotic system layer. Care should be taken not 
to enter a superficial tumor or the substance of the gland 
during flap elevation. Flap elevation continues with Jones 

scissors spread open perpendicularly along the parotid 
fascia; the scissors opens tunnels along the parotid gland 
which are then connected with blunt and sharp dissec-
tion over the parotid fascia (Fig. 15.2). In this way, the 
filamentous cutaneous ligaments that anchor the skin to 
the deep facial structures are divided, and small vessels 
are coagulated with bipolar cauterization. Flap eleva-
tion in this fashion can be carried to the anterior edge 
of the parotid gland. At this point, tissues are no longer 
cut, and the surgeon only bluntly spreads the tissue be-
yond the edge of the parotid gland. Spreading should oc-
cur in the same perpendicular orientation of the scissors 
tips, with the long axis of the scissors oriented parallel to 
the branches of the facial nerve. Dissection should con-
tinue anteriorly over the fascia of the masseter muscle. 
Branches of the facial nerve may be seen coursing toward 
the mid face just deep to this fascia. At the periphery, the 
parotid duct should not be looked for or isolated during 
this portion of the operation. Doing so could put the buc-
cal branches of the facial nerve that accompany this duct 
at risk.

Skin hooks should next be placed on the inferior 
and posterior edges of the skin flap beneath the lobule. 
The anterior edge of the sternocleidomastoid muscle is 
identified, and the greater auricular nerve and external 
jugular vein, located just anterior to the nerve, are identi-

Fig. 15.1: Parotid incision. (From Olsen 
[10]. Used with permission of Mayo 
Foundation for Medical Education and 
Research)
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fied. The greater auricular nerve and its branches are the 
largest component of the upper surgical plexus [10]. The 
nerve divides into mastoid, auricular, and facial branches, 
and the posterior branches can be preserved in some op-
erations. The greater auricular nerve should be followed 
distally beyond its branch point before division. It then 
can be divided at its branches and reflected inferiorly, 
thereby allowing for the potential for nerve grafting from 
the facial nerve trunk to distal branches if the facial nerve 
has to be sacrificed. If possible, the external jugular vein 
should not be divided. After elevation of the skin flaps, 
the skin is secured with elastic hook retraction or self-
retaining retractors to allow for adequate visualization of 
the entire field.

Deeper Dissection

The parotid gland is next separated from the anterior 
sternocleidomastoid muscle by sharp dissection. The 
gland is secured with Kocher clamps along its inferior 
border away from any tumor and retracted superome-
dially to assist in dissection. The gland also is separated 
bluntly from the tragal cartilage by spreading with Jones 
scissors parallel to the plane of the cartilage down to the 
level of the tragal cartilaginous pointer. A small bridge 
of tissue is divided to permit contiguous exposure of the 
entire anterior border of the sternocleidomastoid muscle 
and the tragal pointer. Several veins in this tissue require 

bipolar cauterization. A finger placed to the depth of the 
cartilaginous canal can allow palpation of the bony canal, 
the mastoid tip, and the tympanomastoid suture line.

After the parotid gland has been completely separated 
from the sternocleidomastoid muscle and the tragus, the 
posterior belly of the digastric muscle should be identi-
fied. The search for this muscle should not be too low 
in the surgical field, thereby putting the internal jugu-
lar vein or accessory nerve at unnecessary risk. Another 
common error is to search for the muscle too anterior in 
the field, thereby putting the marginal branch of the fa-
cial nerve at risk. The mastoid tip and the posterior bor-
der of the angle of the mandible serve as landmarks for 
the posterior digastric muscle. Once the muscle belly is 
identified immediately deep to the angle of the mandible, 
the remainder of the parotid gland is freed with blunt 
dissection. The surgeon is advised to trade the Jones scis-
sors for a curved clamp at this point and to use this in-
strument for the remainder of the dissection as a means 
to resist the temptation to cut tissue until the facial nerve 
is clearly identified and mobilized. At this point, this dis-
section should have allowed for generous exposure of the 
entire inferior surface of the parotid gland, the posterior 
belly of the digastric muscle, and the mastoid tip and tra-
gal cartilage. Some of the musculature that makes up the 
bed of the deep parotid gland may also be seen. The sur-
geon may visualize the stylohyoid muscle; the stylopha-
ryngeus and styloglossus muscles are more superior and 
not seen yet. Near the angle of the mandible between the 

Fig. 15.2: Separation of the facial flap from 
the parotid gland. (From Olsen [10]. Used 
with permission of Mayo Foundation for 
Medical Education and Research)

258  Eric J. Moore and Kerry D. Olsen

15



stylohyoid and stylopharyngeus muscles, the external ca-
rotid artery enters the deep portion of the parotid gland. 
Hemostasis should be achieved with bipolar cauteriza-
tion. Only when the field is widely exposed on a broad 
front and meticulous hemostasis has been achieved 
should the surgeon begin to expose the main trunk of 
the facial nerve.

Facial Nerve Mobilization

Kocher clamps are repositioned along the posterior parotid 
gland to provide adequate countertraction (Fig. 15.3). The 
assistant, in addition to providing traction, should also 
watch the patient’s face to report movement as “twitching” 
of the facial musculature, which indicates stimulation of 
the facial nerve. The main trunk of the facial nerve exits 
the stylomastoid foramen immediately posterior to the 
styloid process. The styloid process is rarely felt during 
superficial parotidectomy. The nerve gives off branches to 
the posterior belly of the digastric muscle and postauricu-
lar muscles before it turns anterolaterally and enters the 
parotid gland just anterior to the border where the digas-
tric muscle inserts into the mastoid. Tumors may thin the 
nerve or displace the trunk, but the position where the 
nerve enters the gland is constant.

Placing a finger on the mastoid tip, the surgeon uses 
the position of the cartilaginous tragal pointer and supe-
rior edge of the digastric muscle to identify the position 
of the facial nerve. It may be helpful to identify deeper 
structures such as the styloid process or tympanomas-
toid suture line to aid in nerve identification though 

these structures are not in view during this portion of 
the dissection. A small curved clamp is oriented perpen-
dicular to the anticipated direction of the facial trunk 
to elevate tissues layer by layer. Scissors are never used 
for dissection down to the nerve, and no tissue is cut in 
this area until the nerve is seen. The tissue will separate 
with blunt dissection and traction before the nerve will 
tear, and this technique will prevent the surgeon from 
ever inadvertently cutting the facial nerve. Blunt dis-
section proceeds posterior to anterior until the surgeon 
identifies the nerve as a white cord 2–3 mm wide. The 
nerve is striking once it is identified, and it will not be 
confused with other structures in the vicinity. Further 
mobilization is performed by separating gland from the 
nerve, proceeding anteriorly; often the assistant will no-
tice some twitching of the face during this separation 
(Fig. 15.4). The surgeon should dissect distally along the 
nerve to identify the pes and confirm that the main trunk 
has been identified proximal to any significant branches. 
By increasing upward retraction on the gland, the assis-
tant can reduce any bleeding that may obscure the field. 
The only troublesome vessel in this area is the posterior 
auricular artery.

The posterior auricular artery travels posteriorly along 
the digastric muscle after it arises from the external ca-
rotid artery or, more rarely, the occipital artery. It usually 
lies inferior to the facial nerve trunk, but it may overlie 
it before sending branches to the mastoid and external 
auditory canal. The artery should not be divided until the 
facial nerve is identified. After identification of the trunk 
and during mobilization of the inferior parotid gland, the 
artery is ligated to prevent later hemorrhage.

Fig. 15.3: Identification of the facial nerve. 
(From Olsen [10]. Used with permission of 
Mayo Foundation for Medical Education 
and Research)
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Removal of the Superficial Gland

Traction on the gland should be in an upward direction; 
often the assistant retracts the gland anteriorly to enable 
the assistant to see the procedure, and the surgeon may 
have to redirect the retraction repetitively to ensure effi-
cient direction of pull. The surgeon chooses either a supe-
rior division or an inferior division to work along initially. 
Often it is helpful to work away from the majority of the 
tumor to mobilize as much of the gland as possible before 
working along the less forgiving portion of the gland. The 
gland is separated at its edge, the temporal or marginal 
branches being followed to the periphery. The thickest fas-
cia is encountered posterosuperiorly; this must be divided 
sharply or the surgeon will make tunnels into the gland 
along the nerve, and the procedure will slow to a crawl. 
Posteriorly, the surgeon will encounter branches of the su-
perficial temporal vein, and these veins can be cauterized 
with bipolar cautery or ligated depending on their size.

Inferiorly, the surgeon will encounter the posterior fa-
cial vein, which is crossed by the inferior branches of the 
facial nerve. The marginal branch usually passes directly 
anterior to this vein and the anterior facial vein. The cervi-
cal branch may be superficial or deep or have branches on 
both sides of this vein. The vein should be carefully ligated 
after identification and preservation of these branches. 
Troublesome bleeding during dissection usually can be 
controlled by traction on the Kocher clamps by the as-
sistant and by countertraction applied with a sponge on 
the gland by the surgeon. Obvious bleeding vessels can be 
cauterized with bipolar cautery. Vessels directly adjacent 
to the nerve branches should not be cauterized until the 
superficial lobe is completely mobilized.

After following a nerve branch to its peripheral emer-
gence from the parotid gland, the surgeon returns to a 
proximal position along that nerve and searches for an-
other branch to follow. In this manner the dissection 
progresses from posterior to anterior and either supe-
riorly or inferiorly until the superficial gland has been 
completely separated from the facial nerve and the deep 
parotid gland. At this point, the surgeon should have a 
clear impression of the relationship of the tumor to the 
facial nerve, superficial gland, deep gland, and surround-
ing structures. It may be necessary to dissect along the tu-
mor capsule to separate it from the deep gland and facial 
nerve. Careful retraction and meticulous dissection can 
prevent rupture of the tumor capsule, which is often piv-
otal in the prevention of recurrence. If the facial nerve is 
adherent to the tumor, the surgeon may elect to perform 
a biopsy of the nerve based on what is known about the 
histopathologic nature of the main tumor.

The gland is now left attached to only the parotid duct. 
The surgeon inspects this area to ensure that no buccal 
branches are adherent to the duct. The duct is divided and 
ligated, and the specimen is sent for examination by the 
pathologist. The wound should now be irrigated and the 
field inspected for bleeding vessels, which are ligated. The 
surgeon may need to wait for frozen-section pathologic 
results to make a decision about proceeding with total pa-
rotidectomy or closing. This time can be spent inspecting 
the wound, achieving meticulous hemostasis, and palpat-
ing the deep gland and neck to assess adequate tumor 
removal and lymphadenopathy. This is also an excellent 
time to review anatomic relationships and teach parotid 
anatomy and tumor pathology to assistants and surgeons 
in training.

Fig. 15.4: Dissecting the facial nerve from 
the superficial gland. (From Olsen [10]. 
Used with permission of Mayo Foundation 
for Medical Education and Research)
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Deep Parotidectomy

The essence of deep parotidectomy is vascular control. 
Once the surgeon has made the decision to perform deep 
parotid gland removal, the intraglandular segments of the 
external carotid artery and deep veins are ligated and di-
vided (Fig. 15.5). The superficial temporal artery and vein 
are ligated at the superior periphery of the gland. Often 
the surgeon must ligate several branches in this area, be-
cause the vessels may branch at the periphery of the gland. 
The external carotid artery is isolated superior to the di-

gastric muscle before it enters the inferior surface of the 
gland. The surgeon may need to divide the digastric and 
stylohyoid musculature to gain adequate access. In some 
elderly patients, the artery is tortuous in this area, and 
care should be taken to visualize branches off the artery, 
or to clearly identify the internal carotid artery and differ-
entiate it from the external carotid artery, before ligation 
of the external carotid vessel. The posterior facial vein is 
divided and ligated if this step has not already been per-
formed (Fig. 15.6). The transverse facial artery is divided 
at the superior anterior periphery of the gland. The only 

Fig. 15.5: Mobilization of the deep parotid 
gland and gaining of vascular control. 
(Used with permission of Mayo Founda-
tion for Medical Education and Research)

Fig. 15.6: Division of the carotid artery 
and posterior facial vein. (Used with per-
mission of Mayo Foundation for Medical 
Education and Research)
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significant vascular structures remaining at this point are 
the internal maxillary artery and venous tributaries to the 
pterygoid musculature located at the posterior border of 
the masseter muscle and mandibular ramus. These ves-
sels are managed later in the procedure after mobilization 
of the deep gland for better exposure.

After control of the intraglandular vessels is obtained, 
the facial nerve trunk and branches are mobilized off of 
the underlying tumor. This step is best performed with a 
combination of blunt and sharp dissection with the nerve 
directly in view and gently retracted by the assistant with 
a nerve hook (Fig. 15.7). After complete mobilization of 
the nerve, the gland can be bluntly dissected from the 
deep bed with retraction and separation of the fascial at-
tachments with a small curved clamp. The gland is sepa-
rated from the temporomandibular joint, bony ear canal, 
condyle of the mandible, and styloglossus and stylopha-
ryngeus muscles.

Now the deep venous tributaries that enter the ptery-
goid musculature can be cauterized or ligated and divided. 
The internal maxillary artery and adjacent veins will be 
encountered at the posterior mandibular ramus and need 
to be ligated and divided. The gland is now easily mobi-
lized from superior to inferior and delivered from beneath 
the facial nerve trunk and inferior facial nerve division 
into the neck. The deep portion of the gland adjacent to 
the parapharyngeal space is mobilized with blunt dissec-

tion. If necessary for access, the stylomandibular ligament 
can be mobilized anteriorly to further open the styloman-
dibular tunnel. Portions of the tumor or gland that enter 
this area can be mobilized with finger dissection.

The gland is completely freed from attachment to any 
adjacent structures and sent for frozen-section patho-
logic examination. Small vessels around the deep gland 
adjacent to the mastoid and trunk can be cauterized using 
the bipolar forceps. The wound is irrigated, and meticu-
lous hemostasis is achieved. If necessary, the incision can 
be extended for neck dissection at this time.

At the conclusion of the operation, a suction drain is 
placed in the wound through a separate stab incision in 
the postauricular skin and sewn into place. The wound is 
closed with interrupted absorbable sutures of 4-0 poligle-
caprone 25 in the deep dermis and platysma and 5-0 ab-
sorbable sutures in the subcuticular skin. A conforming 
dressing or antibiotic ointment can be applied, and the 
patient is awakened and extubated.

Total Parotidectomy 
with Facial Nerve Sacrifice

In general, if facial nerve function is normal preopera-
tively, even in patients with malignancy, then the nerve 
can be preserved with careful dissection of the tumor 

Fig. 15.7: Removal of the deep gland by 
mobilization of the facial nerve. (Used with 
permission of Mayo Foundation for Medi-
cal Education and Research)
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off the nerve sheath. If the nerve is paretic or fully para-
lyzed preoperatively, then it is involved with tumor and 
is normally resected during tumor resection. Nerve that 
is clearly invaded by high-grade malignant tumor should 
be resected with the specimen to negative proximal and 
distal margins. This may necessitate sacrificing periph-
eral branches, divisions, or even the main trunk of the 
facial nerve. Intraoperatively, a nerve that is infiltrated 
with tumor will appear swollen and usually darker than 
the normal glistening white appearance of normal facial 
nerve. A biopsy of a questionably involved peripheral 
nerve branch can be performed intraoperatively, but bi-
opsy of the nerve will result in paresis or paralysis. Once 
a decision has been made to resect a nerve that is embed-
ded in or infiltrated by tumor, the surgeon should check 
the proximal and distal nerve margins repetitively until 
they are both cleared, as evidenced on frozen-section 
pathologic examination. This may necessitate following 
the nerve into the mastoid bone by performing mastoid-
ectomy to access the vertical or horizontal section of the 
proximal facial nerve.

After negative proximal and distal facial nerve mar-
gins are obtained, the nerve is reconstructed with pri-
mary neurorraphy or grafting. Mastoidectomy and nerve 
mobilization may be necessary to attain proper length of 
the facial nerve for tension-free anastomosis. Appropri-
ate grafts include the ipsilateral greater auricular nerve if 
it is not involved with tumor or an ipsilateral sural nerve 
graft. The graft should be harvested with meticulous tech-
nique, freshened, and approximated without tension or 
redundancy with minimal use of well-placed 9-0 nylon 
sutures. If the proximal facial nerve is not suitable for 
grafting, peripheral branches can be grafted to the ipsilat-
eral hypoglossal nerve by placement of an interpositional 
jump graft to preserve facial tone.

The surgeon may elect to perform additional proce-
dures after resection of the facial nerve. The upper eyelid 
may be managed by placement of a gold-weight or tempo-
rary lateral tarsorrhaphy, the brow may be elevated with 
direct browlift, and the lower lid may be suspended with 
lateral canthoplasty and lid shortening. These maneuvers 
become more essential in elderly patients with skin laxity 
because of the potential for early problems with ectropion 
and corneal exposure, which develop much more readily 
than in younger patients with tighter skin tone [6]. Man-
agement of the lower face with suspension may be per-
formed primarily or secondarily based on the surgeon’s 
and the patient’s expectations for facial nerve recovery. 
The surgeon should be cautious in performing tempora-
lis transfer after total parotidectomy performed as previ-

ously described, because the deep and superficial tempo-
ralis vasculature has been compromised by division of the 
external carotid contributions.

Resection of Adjacent Structures 
and Reconstruction

The operation may be extended to involve resection of 
adjacent structures that are involved with tumor. It may 
include lateral or subtotal temporal bone resection, par-
tial mandibular resection, resection of the overlying skin, 
resection of portions or all of the auditory canal, and re-
section of surrounding musculature. The surgeon should 
be guided by the extent of gross tumor and the frozen-
section results. The surgeon should not be limited by 
inexperience, less than thorough knowledge of adjacent 
anatomy, or concerns with the potential for reconstruc-
tion. The goal after embarking on this operation for ma-
lignancy is total tumor removal with negative margins. 
The preoperative work-up should have assessed the re-
sectability of the tumor. Patients with extensive parotid 
malignancies should be cared for only in an operating 
theater that possesses technically adept and competent 
teams supplying necessary skills in frozen-section pa-
thology. The team should possess the capability to per-
form full tumor extirpation at the parotid bed, skull base, 
temporal bone, and neck. The team should also be com-
petent with reconstruction use of locoregional flaps and 
microvascular reconstruction. If these capabilities are not 
available in one center at one setting, then the patient de-
serves referral to a more experienced team. At no time 
should the surgeon subject the patient to the fallacy that 
near total tumor removal is adequate treatment and that 
additional adjuvant chemotherapy or radiation will “mop 
up” the remaining positive margins.

After complete removal of the parotid gland, the pa-
tient is left with a significant cosmetic defect. If the op-
eration included resection of the facial nerve or adjacent 
structures, the patient may be left with a significant cos-
metic or functional defect. Reconstruction of these defects 
depends on the patient’s desires, age, additional treatment 
plans, and expected outcomes and on many other fac-
tors. In short, it is highly individualized to the patient. 
The preoperative discussion should have explored these 
options in depth to fully guide the surgeon at the time 
of the operation. We often divide the resection and the 
reconstruction into separate but intimately coordinated 
teams. Among the many benefits of this approach is the 
concept that the resecting surgeon is not influenced sub-
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consciously to minimize the operation because of con-
cerns with the feasibility of reconstructing the defect.

Options for reconstruction include primary closure, 
dermal fat grafting, muscle transposition with locore-
gional flaps of the sternocleidomastoid or pectoralis mus-
cles, and microvascular cutaneous, musculocutaneous, 
and innervated muscular flaps. Again, the reconstruction 
will be guided by the functional and aesthetic goals of the 
surgeon and patient. The details of these reconstructions 
are discussed elsewhere in this book (see Chapter 26, 
Reconstruction after Excision of Cancer of the Salivary 
Glands).

Postoperative Care

Hospitalization and Wound Care

After total parotidectomy with nerve preservation, pa-
tients are admitted to the hospital for overnight obser-
vation. Undetected and expanding hematoma can cause 
airway compromise that can be life-threatening. If a 
dressing has been applied, it is removed the next morn-
ing, the wound is inspected, and the patient can be dis-
charged with instructions in wound care, bathing, and 
activity. Patients are instructed to watch the wound for 
redness, swelling, or drainage that indicates the presence 
of infection, seroma, or hematoma.

Young patients may have minimal to moderate fa-
cial paresis (House grade 2–3) after total parotidectomy. 
Older patients will generally have more significant pa-
resis after the operation, and it will usually take longer 
(3–6 months) to recover fully. Facial paresis may actually 
worsen during the first 2 days after the operation because 
of neurapraxia. During recovery, adequate eye care is es-
sential to prevent exposure-related ophthalmologic com-
plications. Patients are instructed to lubricate the eye with 
an ophthalmic ointment before sleeping, and they should 
be instructed to use moisturizing drops frequently dur-
ing the day. This prophylaxis should be continued until 
full eye closure is achieved. A moisture chamber may be 
helpful for some patients. For patients without adequate 
Bell phenomenon or who lack dexterity or mental fac-
ulty to adequately assess and self-treat dryness of the eye, 
consideration should be given to more aggressive eye care 
such as temporary tarsorrhaphy and regular ophthalmo-
logic examination.

Patients are instructed that they will experience 
numbness of the auricle, particularly around the lobule. 
The numbness will be most noticeable in patients with 

pierced ears. It will improve for up to a year after the op-
eration, but the inferior lobule usually remains anesthetic. 
The depression around the ear improves slightly with 
time, but it will persist in patients with total parotidec-
tomy, and it will be more severe with greater removal of 
surrounding tissue. Patients are instructed to move their 
head and neck after the operation, and they are given in-
structions on shoulder exercises if a neck dissection has 
been performed. Counseling is given on “first-bite” pain 
which consists of pain on initiating chewing. Patients are 
instructed to chew gum for physiotherapy. The pain usu-
ally resolves completely with time.

Long-term Care and Expectations

Frey’s syndrome (gustatory sweating) results when the 
postganglionic parasympathetic nerve fibers of the pa-
rotid gland aberrantly reinnervate the sweat glands in the 
skin. This develops 6–12 months postoperatively, and it 
is present in all patients. Patients may not volunteer its 
presence until questioned, or they may complain of “leak-
ing saliva” from the incision when eating. Management 
may range from reassurance and explanation, which are 
more readily accepted when a patient has been counseled 
preoperatively, to application of clear antiperspirants to 
anticholinergic therapy and botulinum toxin application 
to interpositional grafting. Rarely are aggressive treat-
ments necessary, because the potential complications of 
infection, seroma, and nerve injury rarely are justified by 
the severity of the symptoms (see Chapter 5, Treatment of 
Frey’s Syndrome).

Few patients have sialocele develop after total paroti-
dectomy; the incidence decreases as the majority to all of 
the gland is removed. If it develops, it can be managed 
by needle aspiration and a pressure dressing. Rarely, in-
sertion of a Penrose or suction drain, compression dress-
ing, and a short course of anticholinergic therapy may be 
necessary.

Patients are referred for adjuvant therapy as indicated 
by tumor histology and extent. Indications for radio-
therapy postoperatively include high-grade tumors with 
perineural invasion, nodal extent to multiple nodes, ex-
tracapsular nodal extension, and close margins with a 
high chance of tumor recurrence [14].

Adequate follow-up for patients who undergo paroti-
dectomy for malignancy entails regular 3-month exami-
nations for 2 years followed by 6-month examinations 
for 3 years and thereafter yearly follow-up. This schedule 
can be modified according to the pathologic findings 
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and suspicion of recurrence by the surgeon. Some pa-
rotid tumors, such as mucoepidermoid carcinoma, have 
a very low chance of recurrence after adequate removal, 
whereas others, such as adenoid cystic carcinoma, may 
recur years after wide resection [2]. Regular imaging with 
serial magnetic resonance imaging or positron emission 
tomography can aid in the detection of recurrence when 
meaningful intervention is still possible. Patients may be 
hesitant to come for follow-up because of fear, denial, or 
inappropriate confidence of cure, and the surgeon should 
be thorough and assure the patient of the importance of 
this part of the treatment.

Finally, patients should be reassured that the healing 
after total parotidectomy takes months rather than days. 
Discomfort, cosmetic deficits, and functional deficits gen-
erally improve for up to 2 years postoperatively. Patients 
who have had both proper treatment and preparation for 
the sequelae of total parotidectomy will return regularly 
and have disease-free survival and improvement that will 
satisfy both the patient and the surgeon.
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  Take Home Messages

→ Total parotidectomy is a spectrum of operations 
from straightforward to complex.

→ The surgeon performing total parotidectomy 
should possess detailed knowledge of parotid 
and periparotid anatomy, experience in parotid 
surgery and facial nerve surgery, and thorough 
knowledge of the behavior of benign and malig-
nant parotid tumors.

→ The surgeon individualizes the operation to the 
tumor and the patient.

→ The parotid gland is separated artificially by the 
surgeon into a large portion superficial to the 
facial nerve and a smaller portion deep to the 
nerve.

→ Both portions of the parotid gland can develop 
benign and malignant tumors and contain lymph 
nodes.

→ Cancer with the potential to metastasize to lym-
phatics in the parotid gland should be managed 
by total parotidectomy.

→ Thorough preoperative work-up and discussion 
build rapport and confidence between the sur-
geon and patient.

→ Fine-needle aspiration is rarely necessary or 
completely accurate preoperatively.

→ Frozen-section pathologic examination is essen-
tial for decision making during parotidectomy.

→ If the facial nerve functions normally preopera-
tively, it generally should be preserved.

→ If the facial nerve is dysfunctional preoperatively 
or infiltrated by tumor intraoperatively, it should 
be resected to achieve negative margins.

→ The key to total parotidectomy is adequate con-
trol of the intraglandular external carotid artery 
and deep veins.

→ Total parotidectomy results in a defect that may 
require reconstruction.

  

265Total Parotidectomy Chapter 15



6. Guntinas-Lichius O, Gabriel B, Peter Klussmann J (2006) 
Risk of facial palsy and severe Frey’s syndrome after con-
servative parotidectomy for benign disease: analysis of 610 
operations. Acta Otolaryngol 126:1104–1109

7. Johns ME (1977) The salivary glands: anatomy and embry-
ology. Otolaryngol Clin North Am 10:261–271

8. Kidd HA (1950) Complete excision of the parotid gland 
with preservation of the facial nerve. Br Med J 1:989–991

9. Krolls SO, Boyers RC (1972) Mixed tumors of salivary 
glands: long-term follow-up. Cancer 30:276–281

10. Olsen KD (2004) Superficial parotidectomy. Oper Tech 
Gen Surg 6:102–114

11. Patey DH, Thackray AC (1957) The pathological anatomy 
and treatment of parotid tumours with retropharyngeal ex-
tension (dumb-bell tumours); with a report of 4 personal 
cases. Br J Surg 44:352–358

12. Pisani P, Ramponi A, Pia F (1996) The deep parotid lymph 
nodes: an anatomical and oncological study. J Laryngol 
Otol 110:148–150

13. Zbaren P, Nuyens M, Loosli H, et al. (2004) Diagnostic ac-
curacy of fine-needle aspiration cytology and frozen sec-
tion in primary parotid carcinoma. Cancer 100:1876–1883

14. Zbaren P, Nuyens M, Caversaccio M, et al. (2006) Post-
operative radiation therapy for T1 and T2 primary pa-
rotid carcinoma: is it useful? Otolaryngol Head Neck Surg 
135:140–143

266  Eric J. Moore and Kerry D. Olsen

15



    Core Features

•	 Causes	of	recurrence

•	 Clinical	presentations

•	 Assessment	of	risk	for	recurrence

•	 Options	for	treatment

•	 Management	of	the	facial	nerve

•	 Results	of	treatment	of	the	parotid	gland

•	 Risks	of	Malignant	Transformation

•	 Role	of	radiation	therapy

•	 Recurrent	 submandibular	 gland	 pleomorphic	
adenoma

•	 Recurrent	 minor	 salivary	 gland	 pleomorphic	 	
adenoma

•	 Conclusion

		

Complications	to	Avoid
In	primary	surgery,	attention	to	surgical	tech-
nique,	avoidance	of	tumor	manipulation,	and	
adequate	exposure	will	reduce	the	likelihood	of	
recurrence	of	pleomorphic	adenoma.
When	recurrence	is	suspected,	review	the	histol-
ogy	from	previous	surgery	and	confirm	accurately	
the	persistence	or	recurrence	of	the	pleomorphic	
adenoma.
Revision	surgery	usually	reveals	a	tumor	more	
extensive	than	was	evaluated	both	clinically	and	by	
imaging.
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If	complete	excision	is	unlikely	with	or	without	
preservation	of	neurological	structures	then	refer-
ral	to	a	specialist	center	is	warranted.

Introduction

The	 treatment	 of	 choice	 for	 salivary	 gland	 neoplasms,	
both	benign	and	malignant,	is	surgery	with	preservation	
of	vascular	and	neurological	structures.	This	assumes,	of	
course,	that	the	patient	is	willing	to	undergo	the	proposed	
surgery	and	that	 their	comorbidities	do	not	contraindi-
cate	surgery.	The	aim	of	salivary	gland	tumor	surgery	is	
complete	excision,	with	as	safe	of	a	margin	of	normal	tis-
sue	that	is	feasible	and	oncologically	appropriate.

Recurrent	 tumor	 following	 surgery	or	any	 treatment	
usually	 presents	 as	 a	 recurrent	 swelling	 at	 the	 primary	
site,	with	or	without	local	symptoms:	a	mass	or	multiple	
masses,	 pain,	 ulcer,	 facial	 palsy,	 dyspnea,	 diplopia,	 or	
dysphonia	 depending	 upon	 whether	 the	 primary	 site	 is	
of	major	or	minor	salivary	gland	origin.	Tumors	of	sali-
vary	gland	origin	may	recur	in	sites	distant	from	the	pri-
mary	site,	and	may	present	singly	or	in	combination	with	
such	as	cervical	nodal	involvement	or	distant	metastases	
to	 lung,	 bone,	 and	 brain.	 The	 recurrence	 may	 present	
months	 or	 years	 following	 treatment,	 and	 hence	 5-year	
survival	 figures	 for	 tumors	 of	 salivary	 gland	 origin	 are	
generally	 meaningless	 unless	 data	 include	 patients	 fol-
lowed	up	and	observed	for	more	than	15–20	years	[5,	11].	
Unfortunately	in	the	current	climate	of	nationalized	care	
in	the	UK,	the	cost	and	time	for	this	protracted	follow-up	
has	dissuaded	some	specialists	from	providing	prolonged	
surveillance.

Pleomorphic Adenoma

The	most	 common	benign	 tumor	of	 salivary	gland	ori-
gin	 is	 the	 pleomorphic	 adenoma	 (80%)	 and	 presents	 at	
all	sites	in	the	head	and	neck,	as	salivary	gland	tissue	is	
distributed	widely.	The	most	frequent	site	 is	the	parotid	
gland	 (Fig.	16.1),	 followed	 by	 the	 submandibular	 gland	
and	 the	 minor	 salivary	 glands,	 particularly	 in	 the	 oral	
cavity.	Pleomorphic	adenomas	are	usually	solitary	lesions,	
although	 synchronous	 or	 metachronous	 involvement	
of	two	or	more	major	glands	can	occur	[25]	(Fig.	16.2).	
Pleomorphic	adenomas	may	also	be	found	in	combina-
tion	 with	 other	 salivary	 gland	 tumors,	 most	 commonly	
Warthin’s	tumor	[15,	74].	Pleomorphic	adenoma	may	de-
velop	in	patients	from	a	wide	range	of	ages	but	are	most	


commonly	diagnosed	in	patients	between	the	ages	of	30	
and	50	years;	they	are	uncommon	in	the	first	two	decades	
of	life,	although	they	have	been	reported	[8].

The	usual	clinical	presentation	is	of	a	painless,	slowly	
growing,	 firm	 mass	 when	 diagnosed	 in	 all	 sites	 of	 the	
head	and	neck.	The	tumor	is	usually	surrounded	by	a	fi-
brous	capsule	of	varying	thickness	with	a	clear	demarca-
tion	between	the	tumor	and	the	adjacent	salivary	tissue.	
Morphological	diversity	 is	 the	hallmark	of	pleomorphic	
adenoma,	and	few	other	tumors	of	salivary	gland	origin	
manifest	such	a	wide	spectrum.	All	tumors	demonstrate	
combinations	 of	 gland-like	 epithelium	 and	 mesenchy-
mal-like	tissue,	but	the	proportions	of	each	vary	widely.	
Pleomorphic	 adenomas	 are	 categorized	 into	 four	 types:	
principally	 myxoid;	 myxoid	 and	 cellular	 components	
present	in	equal	proportions;	predominantly	cellular;	and	
extreme	cellular	[74].	Pleomorphic	adenomas	arising	in	
the	 oral	 and	 pharyngeal	 minor	 salivary	 glands	 demon-
strate	the	same	histological	 features	as	those	in	the	ma-
jor	glands.	Pleomorphic	adenomas	arising	in	the	minor	
salivary	 gland	 generally	 present	 as	 well-circumscribed,	
smooth,	firm	masses,	most	commonly	located	on	the	pal-
ate,	upper	lip,	and	buccal	mucosa	[75],	but	also	present	in	
the	 nasal	 cavity,	 oropharynx,	 and	 larynx.	 Because	 most	
pleomorphic	adenomas	arising	in	minor	salivary	glands	
are	removed	when	they	are	less	than	2.0	cm,	surface	bos-
selation	is	uncommon;	it	is	seen	frequently	when	tumors	
are	bigger	 than	3	cm.	A	fibrous	capsule	 is	not	often	ap-
parent,	but	the	tumor	is	clearly	demarcated	from	the	sur-
rounding	tissues.

The	management	of	a	primary	pleomorphic	adenoma	
is	 complete	 surgical	 excision	 with	 preservation	 of	 local	
neurological	structures	wherever	its	location	in	the	head	
and	 neck.	 Accurate	 assessment	 by	 computed	 tomogra-
phy	(CT)	or	magnetic	resonance	imaging	(MRI)	and	the	
judicious	use	of	fine-needle	aspiration	cytology	(FNAC)	
provide	important	information	which	is	used	in	formu-
lating	 a	 plan	 of	 management.	 In	 the	 parotid	 gland	 this	
implies	that	the	surgical	goal	should	be	to	achieve	tumor	
clearance	within	the	confines	imposed	by	the	facial	nerve	
[26].	The	tumor	capsule	and	margins	can	be	violated	by	
any	surgical	procedure,	which	makes	this	form	of	surgery	
of	the	parotid	gland	precise,	and	the	technique	used	is	of	
paramount	 importance	for	successful	 tumor	surgery	[6,	
28].	

It	 has	 been	 reported	 [33]	 that	 the	 use	 of	 cell	 prolif-
eration	 fraction	 measurements	 by	 flow	 cytometry	 as	 a	
biological	parameter	for	the	prediction	of	recurrence	in	
pleomorphic	 adenomas	 should	 be	 considered.	 The	 au-
thors	stated	that	tumors	of	a	larger	size	showed	a	higher	
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percentage	of	cells	in	the	S-phase	fraction	and	probably	a	
greater	tendency	for	recurrence.	The	incidence	of	recur-
rence	following	surgery	varies	depending	on	the	surgical	
technique	used,	the	experience	of	the	surgeons,	the	dura-
tion	of	patient’s	follow-up,	and	clinical	honesty.	Whatever	
the	series	and	its	duration	of	patient	follow-up,	a	recur-
rence	rate	of	less	than	1%	is	considered	acceptable.

Causes of Recurrence

Multicentricity

Pleomorphic	adenomas	are	unifocal	disease	in	the	major	
salivary	glands;	surgeons	and	pathologists	no	longer	sup-
port	this	theory.

The Bare Area

The	tumor	capsule	may	vary	in	thickness	from	very	thin	
(a	 few	cells)	 to	very	 thick;	 this	variation	may	occur	on	
the	 surface	 of	 the	 same	 tumor	 [68,	 76].	 Because	 many	
pleomorphic	adenomas	have	a	nodular	surface,	there	is	
always	the	possibility	of	a	nodule	attached	by	a	narrow	
stalk	 becoming	 separated	 from	 the	 main	 tumor	 mass	
thus	 giving	 rise	 to	 a	 recurrence.	 Pseudopodia	 (micro-
scopic	finger-like	formations	of	 tumor	tissue	which	ex-
tends	beyond	the	main	mass	of	tumor)	are	a	significant	
risk	 factor	 for	 local	 recurrence	 of	 benign	 pleomorphic	
adenomas	 [12,	 29].	 This	 is	 referred	 to	 as	 “capsule	 pen-
etration”	which	occurs	 earlier	 and	 is	more	common	 in	
the	 bosselation	 process	 [37].	 In	 capsular	 perforation,	
the	tumor	cells	perforate	the	capsule	and	lie	adjacent	to	

Fig. 16.1:	Young	nurse	with	large	pleomorphic	adenoma	of	the	
parotid	gland

Fig. 16.2:	 Elderly	 woman	 with	 pleomorphic	 adenoma	 of	 both	
parotid	glands
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the	normal	parotid	tissue.	Subcapsular	splitting	may	be	
no	 more	 than	 a	 dehiscence	 resulting	 from	 periopera-
tive	handling,	and	the	presence	of	blood	within	the	split	
would	support	this	hypothesis.	Another	publication	[46]	
confirmed	that	no	tumor	has	a	smooth	surface,	and	all	
tumors	 have	 a	 “bare	 area.”	 The	 bare	 area	 is	 not	 always	
exposed	to	the	facial	nerve	and	may	occur	at	any	location	
along	the	tumor	surface.	The	surgeon	should	carry	out	a	
wide	local	excision	with	the	tumor	contained	within	as	
much	normal	tissue	as	is	possible.	The	bare	area	or	deep	
surface	of	the	tumor	can	lie	against	the	cartilaginous	ex-
ternal	auditory	meatus,	 styloid	process,	 facial	nerve,	or	
masseter	muscle.

Tumor Rupture

Rupture	 of	 the	 tumor,	 because	 of	 overzealous	 traction,	
instrument	compression,	rough	handling,	or	poor	surgi-
cal	 technique,	with	spillage	 into	 the	surgical	wound	are	
factors	which	have	been	thought	to	predispose	to	recur-
rence.	The	interior	of	a	pleomorphic	adenoma	is	usually	
soft	and	gelatinous,	and	it	is	these	myxoid	and	friable	cel-
lular	 tumors	 that	 are	 at	highest	 risk	 for	 rupture	 [46].	 It	
has	 been	 suggested	 that	 the	 recurrence	 of	 pleomorphic	
adenoma	cannot	be	fully	explained	by	the	characteristics	
of	the	tumor	itself,	but	the	cause	of	recurrence	can	usually	
be	laid	at	the	door	of	the	surgeon,	and	his	or	her	technique	
[27].	Recent	reports	suggest	 that	 there	 is	no	correlation	
between	tumor	capsule	rupture	and	recurrence	in	pleo-
morphic	 adenoma	 [10,	 29,	 53].	 However,	 this	 evidence	
does	not	fully	explain	the	most	frequent	finding	of	mul-
tiple	nodules	(Fig.	16.3a–c)	rather	than	solitary,	isolated	
recurrences.	 These	 observations	 suggest	 that	 rupture	 of	
the	capsule	of	 the	tumor	and	spillage	of	 tumor	cells	are	
still	the	most	likely	factors	contributing	to	recurrence	of	
tumor.	 Long-term	 follow-up,	 even	 annual	 follow-up	 by	
mail,	may	give	a	more	accurate	picture	of	tumor-free	dis-
ease	 survival,	 than	 hoping	 that	 patients	 who	 develop	 a	
recurrence	will	come	back	and	consult	with	their	original	
surgeon.

Extension of Tumor into Other Areas

Extension	 of	 tumor	 into	 other	 areas	 which	 may	 go	 un-
recognized	at	the	time	of	surgery	has	been	cited	[42,	62].	
For	instance,	the	tumor	may	become	wedged	between	the	
mastoid	process	and	the	body	of	the	mandible.

Misdiagnosis

Many	clinicians	still	believe	that	a	small	mass	in	the	pre-
auricular	area	is	more	likely	to	be	a	lymph	node	or	a	se-
baceous	 cyst	 than	 a	 pleomorphic	 adenoma.	 This	 belief	
results	in	an	incisional	biopsy	or	a	local	enucleation,	fol-
lowed	by	the	discovery	days	later	that	the	lesion	was	ac-
tually	a	pleomorphic	adenoma.	The	clinician	often	elects	
to	 follow	a	“watch	and	wait”	policy,	and	 the	recurrence	
becomes	evident	years	later.

Enucleation

Local	 excision	 or	 “enucleation”	 was	 a	 practice	 recom-
mended	 in	 the	 1970s	 and	 1980s	 as	 primary	 treatment	

Fig. 16.3a–c:	a	Patient	with	recurrent	pleomorphic	adenoma	of	
the	 tail	of	 the	parotid	gland.	A	 formal	parotidectomy	was	not	
done	in	this	case.	b–c	see next page
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of	pleomorphic	adenoma	in	the	parotid	gland	followed	
by	 postoperative	 radiotherapy	 [16,	17].	 These	 proce-
dures	fell	out	of	favor	many	years	ago	but	advocates	are	
resurgent	again,	suggesting	that	in	“expert	hands”	using	
extracapsular	dissection	benign	tumors	can	be	removed	
safely	 by	 techniques	 much	 less	 invasive	 than	 a	 formal	
parotidectomy	 [47,	49].	 However,	 a	 recurrence	 rate	 of	
2%	has	been	associated	with	this	procedure.	Other	au-
thors,	 reviewing	 the	 literature,	 continue	 to	 discourage	
minimal	 margin	 surgery	 in	 the	 parotid	 gland	 [58,	 61,	
69,	78].	Unfortunately	the	capsule	surrounding	the	be-
nign	pleomorphic	adenoma	 is	at	best	a	pseudocapsule	
that	allows	for	bits	of	satellite	tumors	to	be	left	behind	at	
enucleation	surgery	or	allows	spillage	during	handling	
or	manipulation	during	 surgery,	possibilities	 that	have	
been	 discussed	 by	 many	 authors	 [2,	 13,	 45].	 If	 the	 tu-

mor	has	been	enucleated	with	obvious	rupture	or	docu-
mented	spillage,	then	the	proper	course	of	treatment	is	a	
formal	parotidectomy	or	excision	of	the	submandibular	
gland.

Implantation of Tumor Cells

Implantation	of	tumor	cells	may	take	place	along	the	tract	
of	a	suction	drain	or	at	the	point	of	egress	from	the	skin	
in	cases	of	tumor	rupture.	Recurrences	tend	to	be	found	
within	 the	surgical	 scar	or	on	either	 side	of	 it,	marking	
the	entry	and	exit	points	of	the	suture	needle	[42].	Soil-
ing	 and	 contamination	 of	 instruments	 and	 gloves	 from	
an	unrecognized	microrupture	may	also	give	rise	 to	re-
currence.

Fig. 16.3b–c:	(continued)	b	With	the	flap	elevated,	
multiple	nodules	of	recurrent	pleomorphic	ad-
enoma	became	apparent.	c	A	total	parotidectomy	
was	carried	out	with	preservation	of	the	facial	nerve
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Preoperative Biopsy

Preoperative	biopsy	or	intraoperative	sampling	of	the	tu-
mor	may	 lead	 to	 soiling	of	 the	 surrounding	 tissues	and	
create	a	potential	 risk	of	recurrence.	A	survey	of	34	 in-
ternationally	recognized	head	and	neck	oncologists	con-
cluded	 that	 the	 routine	use	of	FNAC	does	not	alter	 the	
treatment	of	a	discreet	mass	in	the	parotid	[48].

Poorly Designed Incisions

The	incision	may	be	poorly	designed,	most	often	in	pa-
rotid	surgery,	usually	too	small	 limiting	complete	expo-
sure	of	 the	 tumor	mass,	and	as	a	consequence,	 the	sur-
geon	may	cut	across	the	posterior	border	or	outer	surface	
of	the	tumor	when	the	flap	is	being	raised	[70].

The Clinical Course of Recurrent 
Pleomorphic Adenoma

The	patient	with	a	recurrent	pleomorphic	adenoma	usually	
presents	with	a	mass	and	a	history	of	parotid	or	subman-
dibular	surgery	done	some	years	previously.	In	the	parotid	
gland	there	 is	 frequently	evidence	of	a	 formal	parotidec-
tomy	with	a	large	scar	or	a	smaller	scar	in	the	preauricular	
area	 suggesting	 local	 surgery,	 most	 commonly	 involving	
the	lower	pole	of	parotid.	In	the	submandibular	gland	the	
mass	or	masses	may	be	small	or	extremely	large.	If	a	minor	
salivary	gland	pleomorphic	adenoma	has	been	shelled	out,	
the	patient	will	usually	be	able	to	relate	the	story.

Recurrences	are	best	classified	clinically	as	uninodular	
or	solitary	isolated	lump	or	multinodular	or	with	multi-
ple	nodules	extending	above	and	below	the	scar.	Areas	of	
multiple	nodules	and	islands	of	tumor	are	more	common	
in	parotid	and	submandibular	recurrences	than	they	are	
in	 the	case	of	 intraoral	 tumors	of	minor	salivary	gland	
origin.	 In	 one	 series	 [42],	 the	 authors	 reported	 63.2%	
recurrences	 of	 multinodular	 tumors	 in	 their	 series	 of	
recurrent	parotid	tumors.	Solitary	and	multinodular	re-
currences	account	for	47–67%,	depending	on	the	refer-
ral	pattern	[42,	60].	The	palpable	single	nodule	is	almost	
always	 discovered	 at	 microscopy	 to	 be	 a	 small	 cluster	
of	grapes	(nodules)	lacking	even	the	most	rudimentary	
capsule.

The	 time	 interval	 between	 the	 first	 operation	 and	
presentation	 with	 recurrence	 varies.	 Few	 tumors	 recur	
within	the	first	12	months	and	most	recurrences	present	
between	5	and	7	years	[21,	42].	Assessment	of	recurrent	

disease	must	include	CT	and/or	MRI	and	probably	ultra-
sound.	Tumors	of	minor	salivary	glands	require	fastidi-
ous	assessment	in	a	three-dimensional	manner	by	imag-
ing	before	biopsy.	FNAC	analysis	is	mandatory	to	ensure	
that	the	tumor	presenting	is	still	a	pleomorphic	adenoma,	
as	 errors	 initially	 may	 have	 occurred	 or	 pathological	
changes	 may	 have	 developed	 in	 the	 interval	 between	
original	surgery	and	the	current	presentation.

Assessment of a Recurrent Pleomorphic 
Adenoma of the Parotid Gland

The	pathological	recurrence	will	be	much	bigger	and	
more	extensive	than	clinically	suspected	[69].
Be	aware	that	changes	in	the	histopathology	may	make	
decision	making	more	difficult.
The	revision	surgery	will	be	difficult	and	time	consu-
ming.
The	risk	of	trauma	to	the	facial	nerve	is	high	and	may	
be	difficult	to	identify	even	with	nerve	monitoring.
The	facial	nerve	if	traumatized	may	never	recover	nor-
mal	 function,	 and	 even	 may	 be	 permanently	 paraly-
zed.
The	skin	may	need	to	be	replaced	if	recurrences	invade	
or	are	adherent	to	the	skin.
Should	the	patient	have	had	prior	adjuvant	radiothera-
py	 or	 further	 recurrences,	 further	 surgery	 if	 offered	
will	be	more	difficult	than	anticipated.

Options for the Management 
of Recurrent Pleomorphic Adenoma 
of Major Salivary Gland Origin

The	best	policy	to	prevent	recurrence	of	pleomorphic	ad-
enoma	of	the	salivary	gland	is	excisional	biopsy	of	the	tu-
mor	with	maximal	safe	margin.	Functional	neurological	
preservation	is	the	ultimate	goal	[79].

Treatment	of	the	recurrent	tumor	is	be	determined	by	
the	age	and	physical	health	of	the	patient,	the	number	of	
pervious	operations,	and	the	anatomical	extent	of	the	re-
currence.	The	preoperative	assessment	must	be	thorough,	
with	radiological	 imaging	and	biopsy.	Available	options	
include:

No	treatment:	The	elderly	and	infirmed;	very	small	tu-
mors	to	palpation	only,	or	an	isolated	recurrence	(all	
must	 be	 confirmed	 as	 benign	 on	 FNAC);	 enormous	
tumors	 with	 complex	 anatomical	 involvement	 in	 an	
elderly	patient.
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Local	 excision	 of	 a	 solitary	 recurrence	 including	 the	
overlying	scar	(rarely	feasible).
Parotid	location:	Superficial	parotidectomy	and	facial	
nerve	 dissection—the	 recently	 enucleated	 tumor	 of	
small	size	and	limited	to	the	superficial	lobe	in	which	
there	 has	 been	 no	 attempt	 to	 locate	 the	 facial	 nerve	
[36,	39].
Parotid	location:	Total	parotidectomy	with	facial	ner-
ve	 dissection	 and	 preservation;	 the	 overlying	 scar	 is	
excised	in	continuity	[36].
Parotid	 location:	 Total	 parotidectomy	 with	 resection	
of	the	involved	nerve	and	immediate	nerve	graft	with	
or	without	replacement	of	overlying	skin.
Submandibular	 gland	 location:	 Supraomohyoid	 neck	
dissection	 with	 or	 without	 partial	 mandibulectomy,	
with	or	without	removal	of	cranial	nerve,	and	excision	
of	the	floor	of	the	mouth	may	be	necessary	if	tumor	is	
massive	or	adherent	[4].
Major	 or	 minor	 gland	 location:	 en	 bloc	 resection	 of	
the	involved	tissues	with	reconstruction	by	a	pedicled	
or	 free	 tissue	 transfer	 with	 or	 without	 bone	 replace-
ment	and	prosthesis	[14,	54].
Any	 of	 these	 surgical	 procedures	 followed	 by	 radio-
therapy	[14,	40].
Possible	use	of	radiotherapy	alone	after	FNAC	confir-
mation	of	pleomorphic	adenoma,	with	full	patient	and	
family	consent.

The Facial Nerve

The	 treatment	 of	 recurrent	 pleomorphic	 adenoma	 has	
added	 controversy	 about	 its	 management	 and	 more	 so	
when	 tumor	 and/or	 scar	 are	 confluent	 with	 the	 facial	
nerve.	 Radical	 excision	 with	 sacrifice	 if	 the	 facial	 nerve	
has	been	advocated	but	morbidity	is	naturally	high.	Even	
if	 the	nerve	 is	grafted	a	House-Brackman	grade	III	 is	 as	
good	 a	 result	 as	 one	 gets	 [22,	 23,	 38,	 72].	 A	 number	 of	
authors	 express	 reservations	 about	 forfeiting	 neural	 in-
tegrity	in	the	presence	of	benign	disease	and	recommend	
parotidectomy	with	dissection	and	preservation	of	the	fa-
cial	nerve	[52,	54,	60].	Facial	nerve	paralysis	after	the	first	
operation	for	recurrent	pleomorphic	adenoma	is	reported	
to	be	approximately	15%.	In	practice,	the	risk	to	the	facial	
nerve	depends	on	the	extent	of	previous	surgery,	whether	
the	 facial	nerve	was	paralyzed	previously	but	 recovered,	
and	the	resultant	scarring;	dense	scarring	is	more	likely	to	
predispose	to	nerve	injury.	There	is	a	greater	risk	of	per-
manent	nerve	damage	with	each	ensuing	operation	(30%	
chance	of	permanent	nerve	injury	after	three	operations).
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The	likelihood	of	 a	 temporary	 facial	nerve	weakness	
for	6	months	was	27%	at	the	first	operation,	14%	after	the	
second,	and	rose	to	33%	at	the	third	attempt.	The	likeli-
hood	of	permanent	paralysis	rose	from	27%	after	the	first	
surgery	to	29%	at	the	second	surgery	[21].

A	retrospective	series	of	35	patients	treated	surgically	
for	first	recurrence	of	a	pleomorphic	adenoma	of	the	pa-
rotid	gland	were	seen	over	a	15-year	period,	with	a	mini-
mum	follow-up	of	7	years.	Locoregional	control	was	77%,	
and	malignant	transformation	was	5.7%	[44].

In	a	series	of	126	patients	from	the	Mayo	Clinic	[60],	
rates	of	tumor	recurrence	after	one	operation	were	32.3%,	
7.1%	after	two	operations,	and	1.6%	after	three.	After	all	
procedures,	partial	facial	nerve	paralysis	was	recorded	in	
13.5%	of	patients	and	total	paralysis	was	recorded	in	5.5%	
of	patients.	Facial	nerve	injury	is	more	likely	if	the	tumor	
is	deep,	 is	 in	multiple	 sites,	or	 if	extensive	scar	 tissue	 is	
present.	In	24	patients	who	had	had	multiple	operations,	
the	rate	of	facial	nerve	paralysis	was	53%	(38%	temporary	
and	15%	permanent).

In	another	series	of	42	patients	[38],	all	patients	had	
multinodular,	 non-tender	 recurrent	 nodules	 following	
one	to	four	prior	surgical	procedures,	and	6	patients	had	
been	treated	with	radiotherapy.	In	30	patients	the	facial	
nerve	 was	 preserved.	 Ten	 patients	 had	 House-Brack-
mann	 Facial	 Nerve	 Grading	 grade	I–II,	 14	 patients	 had	
grade	III–IV,	and	6	patients	had	grade	V–VI.	In	the	12	pa-
tients	who	had	the	facial	nerve	sacrificed,	the	facial	nerve	
function	was	grade	III–IV	in	5	and	grade	V–VI	in	7.

The	use	of	loupes	and	the	operating	microscope	have	
greatly	 helped	 with	 minimizing	 permanent	 paralysis	 of	
the	facial	nerve	after	revision	surgery	for	recurrent	pleo-
morphic	 adenoma.	 The	 use	 of	 continuous	 facial	 nerve	
monitoring	has	also	greatly	minimized	trauma	to	the	fa-
cial	nerve	that	has	already	been	operated	upon	[19,	56].	
When	facial	nerve	monitoring	is	used	during	surgery	for	
recurrent	pleomorphic	adenoma	of	the	parotid	gland,	the	
facial	nerve	deficit	can	be	reduced	and	the	recovery	of	the	
facial	nerve	is	faster	[43,	80].

Results of Treating Recurrent Pleomorphic 
Adenoma of the Parotid Gland

Myssiorek	et	al.	 [52]	reported	that	only	67%	of	patients	
with	 recurrent	 tumors	 ultimately	 achieved	 tumor-free	
status	after	surgery.	Although	initial	recurrence	of	pleo-
morphic	adenoma	can	occur	as	long	as	20	years	following	
the	first	surgery,	most	subsequent	recurrences	are	known	
to	develop	within	2–5	years	[16,	21].	In	the	parotid	gland,	
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recurrence	deep	to	the	facial	nerve,	which	would	include	
recurrences	in	the	parapharyngeal	space,	are	less	likely	to	
be	controlled	by	further	surgery	than	recurrences	lateral	
to	the	nerve	[11].	Patients	with	more	than	one	recurrence	
were	 significantly	 younger	 than	 patients	 who	 have	 had	
only	 one	 recurrence	 [36].	 Once	 a	 patient	 has	 a	 second	
recurrence	 the	 tumor	 appears	 to	 become	 more	 aggres-
sive.	Subsequent	recurrences	are	more	likely	and	appear	
more	 quickly	 than	 the	 initial	 recurrence	 [21],	 and	 the	
likelihood	of	histological	malignant	degeneration	is	also	
greater	[16,	38,	60].

Risks of Malignant Transformation

The	risk	of	malignant	transformation	of	recurrent	pleo-
morphic	adenoma	is	said	to	 increase	with	time.	In	the	
literature,	this	incidence	has	varied	from	less	than	10%	
to	as	much	as	40%	[39].	In	a	series,	2:36	(6.9%)	patients	
treated	 for	 multiple	 recurrences	 developed	 malignant	
disease	[32].	In	another	series	2:40	(5%)	patients	in	simi-
lar	circumstance	developed	carcinoma	ex-pleomorphic	
adenoma	 and	 died	 of	 disseminated	 metastases	 to	 the	
lung	 and	 bone	 [38].	 The	 literature	 warns	 that	 patients	
with	recurrent	pleomorphic	adenoma	require	thorough	
investigation	and	biopsy	 to	confirm	 the	 true	nature	of	
the	persistent	clinical	benign	disease	to	exclude	malig-
nant	 change,	 prior	 to	 recommencing	 treatment	 [60].	
Also	 it	 must	 be	 remembered	 that	 patients	 who	 have	
been	 treated	with	 radiotherapy	 for	 recurrent	pleomor-
phic	adenoma	also	continue	to	have	a	risk	of	malignancy	
[3,	64].

Factors	associated	with	a	higher	change	of	malignant	
transformation	in	pleomorphic	adenoma	of	the	parotid	
gland	[60]	(Fig.	16.4a,	b)	were	age	greater	than	40	years	
at	initial	treatment,	male	sex,	nodules	greater	than	2	cm	
in	diameter,	tumors	of	the	deep	lobe	[32],	solitary	nod-
ules,	more	frequent	recurrences	(more	than	4)	[41],	and	
having	 had	 more	 than	 one	 previous	 operation.	 Malig-
nant	tumors	were	reported	in	9	(7.1%)	patients.	An	ap-
praisal	 of	 adenocarcinoma	 ex-pleomorphic	 adenoma	
or	 carcinosarcoma	 confirms	 that	 there	 is	 a	 malignant	
change	 in	 both	 the	 epithelial	 and	 mesenchymal	 ele-
ments	[24,	57].

The	 enigma	 of	 the	 metastasizing	 pleomorphic	 ad-
enoma	needs	to	be	considered.	It	seems	to	be	associated	
with	incomplete	surgery	or	enucleation,	leading	to	mul-
tiple	recurrences	that	appear	to	be	a	prerequisite	for	the	

development	of	distant	metastasis	 [31].	The	evidence	 is	
overwhelming	that	this	is	associated	with	persistent	dis-
ease	at	the	following	sites:	95%	associated	with	the	parotid	
gland,	followed	by	the	submandibular	gland	(4%)	and	the	
minor	salivary	glands	(1%).	This	should	be	considered	a	
low-grade	malignancy	but	has	lethal	potential	and	can	be	
associated	with	a	fatal	outcome	[7].	In	a	virtual	case	se-
ries,	42	patients	 [55]	had	sufficient	data	 to	analyze.	The	
mean	 presentation-to-metastasis	 latency	 was	 16	years.	
Bone	 (45%)	 was	 the	 most	 common	 site	 for	 metastases,	
followed	 by	 the	 head	 and	 neck	 (43%)	 and	 lung	 (36%).	
There	was	significant	morbidity	and	mortality	from	dis-
tant	metastases	with	5-year	disease-specific	and	disease-
free	survival	of	58%	and	50%,	respectively.

The Role of Radiotherapy

The	 role	 of	 radiotherapy	 remains	 controversial	 in	 the	
management	 of	 primary	 or	 recurrent	 pleomorphic	 ad-
enoma	[36,	39,53].	Radiotherapy	should	be	considered	if	
there	has	been	tumor	spillage	or	residual	tumor	following	
reoperation	[30,	32].	Some	surgeons	have	not	treated	with	
radiotherapy	for	first-time	recurrence	[39]	because	of	its	
ineffectiveness	in	preventing	further	recurrences	as	well	
as	concerns	about	subsequent	morbidity	[11,	17].	The	risk	
for	patients	who	have	had	radiotherapy	for	recurrent	or	
incompletely	excised	pleomorphic	adenoma	is	well	docu-
mented	 and	 should	 be	 discussed	 with	 each	 patient	 and	
his	or	her	relatives	before	treatment	is	recommended	for	
a	benign	tumor	[66].

In	another	series	of	patients,	a	decision	was	made	not	
to	 sacrifice	 the	 facial	 nerve	 in	 17/21	 patients	 and	 per-
formed	instead	a	subtotal	excision	of	recurrent	pleomor-
phic	 adenoma	 followed	 by	 postoperative	 radiotherapy.	
Sixteen	of	the	17	patients	(94%)	remained	free	of	clinical	
recurrence,	 with	 an	 average	 follow-up	 of	 5.9	years	 [65].	
The	dose	of	radiotherapy	ranged	from	50	to	67	Gy	(aver-
age	50.5	Gy).	A	report	is	awaited	to	learn	of	the	long-term	
follow-up	of	this	group	of	patients.

There	is	no	study	to	date	that	compares	surgery	alone	
versus	 surgery	with	 radiotherapy	 for	 treatment	of	 these	
recurrent	tumors	[64].	The	recurrence	rate	after	the	first	
operation	 was	 15%	 in	 this	 series.	 Subanalysis	 of	 multi-
nodular	 and	 uninodular	 recurrent	 tumors	 showed	 that	
patients	with	multinodular	disease	are	particularly	at	risk	
when	treated	by	surgery	alone.	The	use	of	postoperative	
radiotherapy	demonstrated	an	advantage	only	in	patients	
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with	multinodular	recurrences	[64].	None	of	the	patients	
who	received	postoperative	radiotherapy	had	local	failure,	
although	 this	 difference	 was	 not	 statistically	 significant	
[11].	It	 is	to	be	recommended	that	certain	patients	who	
have	 undergone	 surgery	 and	 who	 had	 ominous	 clinical	
and	pathological	presentations	should	receive	postopera-
tive	radiotherapy	[11].

In	a	large	series	(187	patients)	from	the	Christie	Hos-
pital,	Manchester,	UK	[3],	all	had	pleomorphic	adenomas	
of	the	parotid	gland	treated	by	surgery	and	postoperative	

radiotherapy	by	one	of	two	techniques.	Until	1976,	needle	
implant	was	used,	to	a	dose	of	60	Gy,	and	after	that	time,	
external	beam	radiotherapy	using	megavoltage	linear	ac-
celerators	using	an	inclined	plane	to	avoid	the	eyes	was	
used.	The	tumor	dose	was	50	Gy	in	15–16	fractions.	This	
treatment	 followed	 surgery	 for	 incomplete	 excision	 or	
tumor	 spillage.	 The	 median	 age	 was	 46	years,	 with	 half	
of	the	patients	(87/187)	having	had	ages	between	40	and	
60	years.	Median	follow-up	for	all	patients	was	14	years.	
A	total	of	115	patients	had	radiotherapy	after	 their	first	

Fig. 16.4:	a	A	65-year-old	patient	with	a	20-year	
history	of	a	7×5	cm	mass	in	the	parotid	gland	with	
a	recent	history	of	rapid	increase	in	size	and	pain.	
Parotidectomy	revealed	carcinoma	ex-pleomorphic	
adenoma.	The	patient	was	treated	with	adjunctive	
postoperative	radiotherapy,	had	local	and	regional	
control,	but	died	of	distant	metastasis	within	two	
years.	b	CT	scan	of	same	patient	with	carcinoma	
ex-pleomorphic	adenoma
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operation,	with	a	 recurrence	 rate	of	0.9%	(1	of	115);	of	
the	115	cases	there	were	two	cases	of	radionecrosis	(one	
major	and	one	minor),	one	case	of	facial	palsy,	one	case	of	
Frey’s	syndrome,	and	one	case	of	salivary	fistula.	Seventy-
two	patients	had	radiotherapy	delayed	until	one	or	more	
recurrences	 had	 been	 surgically	 treated.	 Nine	 of	 these	
patients	(12.5%)	developed	yet	another	recurrence	after	
radiotherapy.	There	were	two	cases	of	radionecrosis	(one	
major),	 four	cases	of	 facial	palsy	(three	were	complete),	
16	cases	of	Frey’s	 syndrome,	and	one	case	of	malignant	
change.

Recurrence	after	radiotherapy	continued	after	20	years	
of	follow-up.	It	is	recommended	that	patients	having	un-
satisfactory	surgery	due	to	spillage	at	surgery	or	residual	
tumor	left	behind	should	have	radiotherapy	immediately,	
rather	than	delaying	treatment	until	local	recurrence	oc-
curs,	because	of	the	increased	morbidity	and	the	higher	
complication	 incidence	 of	 yet	 further	 recurrences.	 A	
similar	 treatment	 plan	 [40]	 has	 been	 recommended	 at	
Princess	 Margaret	 Hospital,	 Toronto	 with	 treatment	 to	
45	Gy	 in	 20	fractions	 over	 4	weeks,	 using	 an	 ipsilateral	
technique	encompassing	the	parotid	bed.	Using	this	ap-
proach,	 the	 authors	 report	 the	 long-term	 control	 of	 tu-
mor	to	be	in	excess	of	90%.

The	 use	 of	 neutron	 radiotherapy	 has	 been	 recom-
mended	 for	 the	 management	 of	 recurrent	 pleomorphic	
adenoma	 of	 the	 parotid	 gland	 [9,	 18].	 The	 indications	
included	gross	residual	disease	and	multirecurrent	mul-
tinodular	 disease.	 The	 actuarial	 15-year	 locoregional	
control	was	76%	for	patients	with	gross	residual	disease	
versus	100%	for	those	with	microscopic	disease	[18].	The	
use	of	neutron	therapy	may	be	considered	an	alternative	
to	further	surgery	when	patients	present	with	more	than	
two	 recurrences,	 with	 a	 functioning	 facial	 nerve,	 and	
with	a	tumor	less	than	5	cm	as	there	is	less	likely	resultant	
damage	to	the	facial	nerve.

The	long-term	risks	of	radiotherapy	as	well	as	neutron	
therapy	in	the	head	and	neck	include	osteosarcoma	of	the	
mandible,	 malignant	 fibrous	 histiocytoma,	 synovial	 fis-
tula	 of	 the	 temporomandibular	 joint,	 and	 osteonecrosis	
of	the	temporal	bone	[59,	71].

Recurrent Pleomorphic Adenoma 
of the Submandibular Gland

It	is	estimated	that	8%	of	all	pleomorphic	adenomas	pre-
senting	in	the	head	and	neck	arise	in	the	submandibular	

gland	and	the	 fact	 that	 the	condition	 is	rare	 is	reflected	
in	the	paucity	of	any	large	series	of	patients	[1,	20,	35,	50,	
63,	77].	Recurrent	tumors,	however,	are	often	multifocal	
and	difficult	to	re-excise	completely,	hence	more	likely	to	
further	relapse	if	followed	up	for	long	enough	[1].	Surgi-
cal	excision,	by	means	of	an	extracapsular	gland	excision,	
is	 the	 mainstay	 primary	 treatment	 to	 be	 recommended	
for	all	clinically	suspected	neoplasms	of	the	submandibu-
lar	gland	[1,	63,	77],	not	only	malignant	lesions	but	also	
in	benign	neoplasms,	and	more	extensive	resections	are	
recommended	for	any	subsequent	recurrent	pleomorphic	
adenoma	of	the	submandibular	gland	[50,	67].	Another	
school	of	thought,	however,	suggests	that	the	initial	pro-
cedure	for	all	submandibular	masses	should	be	a	regional	
dissection	 of	 the	 submandibular	 triangle,	 including	 the	
entire	gland	as	well	 as	 the	 submental,	 facial,	 and	upper	
cervical	 lymph	nodes	[4,	50,	67,	77].	This	ensures	a	de-
finitive	operation	for	benign	lesions,	avoiding	the	risks	of	
tumor	 spillage	 associated	 with	 a	 more	 limited	 excision,	
and	removes	the	primary	echelon	of	lymph	nodes	at	risk	
of	metastasis	if	the	pathology	in	fact	turns	out	to	be	ma-
lignant	[77].

The	propensity	of	pleomorphic	adenoma	to	recur	 is	
well	documented,	and	although	most	recurrences	will	be	
evident	within	5	years,	a	significant	proportion	of	tumors	
will	occur	10	or	more	years	after	treatment	[67].	Patho-
logical	factors	thought	to	contribute	to	tumor	recurrence	
include	 tumor	 multicentricity	 and	 microscopic	 tumor	
capsule	penetration	by	finger-like	formations.	However,	
one	of	the	major	risk	factors	for	recurrence	of	pleomor-
phic	adenoma	is	related	to	the	adequacy	and	technique	
of	surgical	excision.	The	ideal	method	of	excision	 is	 to	
remove	 the	 submandibular	 gland	 with	 the	 tumor	 with	
a	margin	of	normal	tissue,	thereby	reducing	the	risk	of	
recurrence,	as	no	marginal	areas	of	tissue	are	left	behind	
and	no	spilling	of	 tumor	cells	will	have	occurred	 from	
breaches	of	the	tumor	capsule.	Other	surgical	factors	im-
plicated	in	recurrence	include	intraoperative	tumor	rup-
ture,	misdiagnosis,	and	surgical	 implantation	of	 tumor	
cells	 [73].	 The	 evidence	 suggests	 that	 recurrent	 pleo-
morphic	adenoma	of	the	submandibular	gland	requires	
a	 more	 major	 excision	 of	 the	 submandibular	 triangle	
tissue	 than	 previously	 undertaken,	 and	 to	 ensure	 that	
a	wide	area	is	excised	to	encompass	the	multifocal	dis-
ease.	A	selective	neck	dissection	 (supraomohyoid	neck	
dissection)	clearing	levels	Ib,	IIa,	and	III	should	also	be	
undertaken	[51].
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Recurrent Pleomorphic Adenoma 
of the Minor Salivary Glands

The	most	common	site	for	pleomorphic	adenoma	is	 in	
the	oral	cavity,	and	the	majority	are	located	in	the	palate.	
Recurrent	pleomorphic	adenomas	of	the	palate	are	usu-
ally	larger	than	the	initial	tumor	and	are	best	re-biopsied	
and	 imaged	 before	 undertaking	 any	 revision	 surgery.	
The	 imaging	of	 recurrent	 tumor	 is	 similar	 to	 that	 seen	
with	a	malignant	process,	so	a	change	from	the	original	
pleomorphic	 adenoma	 must	 be	 excluded	 before	 pro-
ceeding	 with	 treatment.	 Other	 areas	 in	 the	 oral	 cavity	
where	pleomorphic	adenomas	tend	to	recur	commonly	
are	 the	 buccal	 mucosa	 and	 the	 upper	 lip.	 Wide	 exci-
sion	should	ensure	that	such	recurrences	are	controlled;	
most	of	the	recurrent	pleomorphic	adenomas	arising	in	
the	oral	cavity	are	unifocal	and	are	suitable	 for	 further	
surgery.	Surgeons	should	be	aware	of	 the	possibility	of	
malignant	 change	 in	 recurrent	 intraoral	 pleomorphic	
adenoma	[34].

Conclusion

Recurrent	 pleomorphic	 adenoma	 is	 being	 encountered	
much	 less	 frequently	 now	 because	 the	 correct	 primary	
surgical	procedure	of	complete	excision	of	 the	 tumor	 is	
being	 performed	 initially.	 The	 persisting	 major	 factor	
associated	with	 tumor	recurrence	 is	poor	surgical	 tech-
nique	rather	than	tumor	biology.	Management	of	recur-
rent	pleomorphic	adenoma	is	currently	 further	surgery,	
aiming	 at	 complete	 local	 excision	 with	 preservation	 of	
neurological	 structures,	 with	 consideration	 to	 adding	
adjunctive	 radiotherapy	 postoperatively.	 The	 use	 of	 ra-
diotherapy	currently	should	be	reserved	for	patients	who	
refuse	surgery	if	there	is	likelihood	that	the	facial	nerve	
would	 need	 to	 be	 excised	 and	 the	 resultant	 paralysis	
would	 be	 unacceptable	 in	 an	 adjunctive	 setting	 follow-
ing	 resection	of	a	 carcinoma	ex-pleomorphic	adenoma.	
There	remains,	however	the	persistent	risk	of	malignant	
degeneration	in	patients	who	have	pleomorphic	adenoma	
of	 salivary	gland	origin.	Repeated	 recurrences,	whether	
the	patient	has	had	adjunctive	radiotherapy	or	not,	carry	
a	life-long	risk	of	malignant	degeneration	which	may	re-
sult	in	a	fatal	outcome.

    Take Home Messages

→	 A	recurrence	rate	in	surgery	for	pleomorphic	ad-
enoma	of	>1%	is	considered	acceptable.

→	 Presentation	 is	 by	 a	 painless,	 slow-growing	
mass.

→	 Recurrences	may	present	15–20	years	after	initial	
surgery.

→	 Beware	of	change	in	histopathology—review	the	
original	and	perform	FNAC	prior	to	commenc-
ing	further	treatment.

→	 Recurrences	 are	 most	 commonly	 due	 to	 poor	
surgical	technique.

→	 If	further	surgery	is	offered	then	functional	neu-
rological	preservation	is	the	ultimate	goal.

→	 There	remains	a	risk	of	further	recurrence	even	
after	apparent	successful	revision	surgery.

→	 External	beam	and	neutron	radiotherapy	may	be	
an	alternative	treatment	offered	to	some	selected	
patients.

→	 Frequent	 or	 persistent	 pleomorphic	 adenoma	
recurrences	 may	 proceed	 to	 the	 metastasizing	
pleomorphic	adenoma	with	a	potential	fatal	out-
come.
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    Core Features

•	 To	 provide	 a	 concept	 of	 the	 three-dimensional	
anatomy	of	the	buccal	space.

•	 To	describe	the	clinical	presentation	and	specific	
features	of	buccal	space	tumors.

•	 To	 discuss	 the	 advantages,	 disadvantages,	 and	
rationale	 for	 various	 surgical	 approaches	 to	 the	
tumors	of	the	buccal	space.

	 	

Complications	to	Avoid
Excellent	exposure	of	the	mass	and	buccal	
branches	of	the	facial	nerve	will	help	to	avoid	
damage	to	the	facial	nerve.
Damage	to	Stensen’s	duct	with	resultant	sialocele	
can	be	avoided	by	using	the	external	approach.

Introduction

The	mass	 in	 the	substance	of	 the	cheek,	also	known	as	
the	“buccal	space”	presents	a	diagnostic	and	therapeutic	
challenge.	A	mass	appearing	in	the	buccal	space	usually	
suggests	a	tumor	arising	in	the	buccal	space	or	the	acces-
sory	lobe	of	the	parotid	gland.	These	tumors	are	unusual	
and	present	in	a	unique	fashion.	The	diagnosis	of	these	
lesions	is	often	difficult	to	make.	A	detailed	clinical	ex-
amination	and	imaging	studies	are	helpful	in	defining	the	
location	and	extent	of	these	tumors.	However,	the	defini-
tive	diagnosis	of	a	mass	in	the	buccal	space	is	obtained	by	
excision	of	the	mass	and	histopathological	evaluation.	A	
variety	of	benign	and	malignant	lesions	may	arise	within	
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the	 buccal	 space.	 Some	 more	 commonly	 occurring	 le-
sions	 include	benign	and	malignant	 tumors	of	 salivary	
gland	 origin,	 lymphoma,	 lipomas	 (see	 Fig.	17.1),	 and	
metastasis	from	a	distant	site.	There	are	many	reports	de-
scribing	various	masses	in	the	buccal	space	and	several	
surgical	approaches	have	been	described	in	the	literature	
[10,	18–20,	25,	26,	29,	34,	40].	Table	17.1	lists	lesions	re-
ported	within	the	buccal	space	[1–6,	8,	10,	14–16,	21–23,	
26–28,	32,	33,	35–40].	The	surgical	management	of	these	
tumors	 is	 challenging	 because	 the	 operative	 technique	
must	provide	good	exposure,	prevent	damage	to	the	fa-
cial	nerve	and	Stensen’s	duct,	and	have	a	good	cosmetic	
result.

Anatomy of the Buccal Space

The	head	and	neck	surgeon	must	have	an	understanding	
of	the	three-dimensional	anatomy	of	the	buccal	space,	in	
order	to	provide	safe	surgical	therapy	[10,	34].	Madorsky	
and	Allison	mention	 that	 the	buccal	 space	was	first	de-
scribed	in	1935	by	Coller	and	Yglesias,	and	Kostrubala	in	
1945	further	subdivided	the	masticator	space	into	tempo-
ral,	infratemporal,	retrozygomatic,	and	buccal,	describing	
the	extent	of	these	spaces	[25].	Kostrubala	described	the	
buccal	 space	 as	 being	 a	 fascial	 space	 in	 the	 mid-cheek,	
anterior	to	the	masticator	space	and	anterior	to	and	sepa-
rate	 from	 the	 parotid	 gland	 [18].	 Figure	17.2	 is	 a	 sche-
matic	 illustration	 of	 the	 buccal	 space	 and	 its	 contents.	
The	 anatomical	 boundaries	 of	 the	 buccal	 space	 include	
the	buccinator	muscle	medially	with	its	overlying	fascia,	
extending	superiorly	to	the	zygoma	and	inferiorly	to	the	
mandible	[10].	The	anterolateral	wall	of	the	buccal	space	
is	formed	laterally	by	the	skin	and	superficial	layer	of	the	
deep	cervical	fascia	and	medially	by	the	muscles	of	facial	
expression	[15].	The	anterior	limit	of	the	buccal	space	is	
defined	by	the	orbicularis	oris	muscle	[10].	The	posterior	
wall	of	the	buccal	space	is	formed	by	the	masseter	muscle,	
mandible,	lateral	and	medial	pterygoid	muscles,	and	the	
parotid	gland.	The	buccal	space	frequently	communicates	
posteriorly	 with	 the	 masseteric	 space	 through	 deficien-
cies	 in	 the	 parotidomasseteric	 fascia	 [15].	 There	 are	 no	
true	superior	or	inferior	boundaries	to	the	buccal	space,	
however,	these	are	formed	as	the	superficial	layer	of	the	
deep	cervical	fascia	attaches	to	the	periosteum	of	the	zy-
gomatic	arch	and	mandible,	respectively	[10,	15].

Most	of	the	buccal	space	is	filled	with	adipose	tissue	that	
has	been	termed	the	“buccal	fat	pad”	and	lymph	nodes.	
The	 buccal	 fat	 pad	 has	 also	 been	 described	 as	 “Bichat’s	

fat	pad”	or	the	“suctorial	fat	pad”	and	has	been	studied	in	
great	detail	by	Gaughran	in	1957	[25].	The	buccal	fat	pad	
with	its	extensions	can	serve	as	a	conduit	for	the	spread	
of	 infections	or	 tumors	originating	 in	 the	oral	cavity	or	
parotid	gland	[10,	15].	Other	 important	contents	of	 the	
buccal	space	include	the	parotid	duct	(Stensen’s	duct),	as	
it	passes	anteriorly	from	the	gland	to	pierce	the	buccina-
tor	muscle	opposite	the	second	maxillary	molar.	The	duct	
separates	the	buccal	space	into	two	equal-sized	anterior	
and	posterior	compartments.	Moving	laterally,	the	ante-
rior	facial	vein,	the	facial	artery,	and	the	lymphatic	chan-
nels	are	encountered.	Even	more	laterally,	the	branches	of	
the	facial	nerve	can	be	located	as	they	pierce	the	medial	
surface	of	several	muscles	of	facial	expression	which	form	
the	deep	portion	of	the	lateral	wall,	such	as	the	risorius,	
zygomaticus	 major,	 and	 levator	 labii	 superioris	 along	
with	their	fascia	[10].

Superficial Musculoaponeurotic 
System (SMAS)

The	 SMAS	 was	 first	 described	 by	 Mitz	 and	 Peyronie	 in	
1976	 [29].	The	SMAS	 is	 thought	 to	be	a	fibrous	degen-
eration	of	the	platysma,	or	a	distinct	fibromuscular	layer	

Fig. 17.1:	Lipoma	of	the	buccal	space
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composed	of	platysma	muscle	and	parotid	 fascia,	or	an	
extension	 of	 the	 cervical	 fascia.	 There	 are	 several	 other	
explanations	of	the	origins	of	the	SMAS.	The	SMAS	splits	
the	subcutaneous	layer	in	the	face	into	a	superficial	layer	
that	contains	tenuous	fat	lobes	interspersed	with	fibrous	
septa	that	insert	into	the	dermis	and	a	deeper	layer	which	
extends	 to	 the	 facial	 muscles	 and	 contains	 fat	 which	 is	
more	 abundant	 and	 less	 organized	 due	 to	 the	 absence	
of	fibrous	septation	[7].	The	SMAS	is	lateral	to	the	facial	
nerve	and	the	facial	vessels.	It	is	thicker	over	the	parotid	
gland	and	is	thinner	in	the	mid-cheek	area.	It	reinforces	
the	contour	of	 the	 face,	and	 identification	and	repair	of	
this	layer	is	essential	to	minimize	facial	deformity	follow-
ing	surgery	for	tumors	in	the	buccal	space	[25].

Accessory Lobe of the Parotid Gland

One	of	the	important	differential	diagnoses	of	a	mass	pre-
senting	in	the	mid-cheek	area	is	the	accessory	lobe	of	the	
parotid	gland.	The	accessory	lobe	of	the	parotid	gland	is	
an	 island	of	 salivary	gland	 tissue	 found	anterior	 to	and	
separate	from	the	main	parotid	gland.	Anterior	processes	
or	extension	of	the	main	parotid	gland	are	not	considered	
to	be	accessory	parotid	tissue	[17].	Frommer,	in	cadaver	
studies,	demonstrated	that	the	accessory	lobe	of	the	pa-
rotid	gland	is	found	in	approximately	21%	of	the	popula-
tion	[9].	The	accessory	lobe	is	found	along	the	line	of	the	
Stensen’s	duct	in	the	soft	parts	of	the	cheek	and	is	usually	
separated	from	it	by	an	average	of	6	mm	[24,	31].	As	a	re-
sult	a	mass	arising	in	the	accessory	parotid	tissue	presents	
in	the	central	one	third	of	a	line	drawn	from	the	middle	of	
the	tragus	to	a	point	midway	between	the	ala	of	the	nose	
and	the	vermillion	border	of	 the	upper	 lip,	about	a	fin-
gerbreadth	below	the	zygomatic	arch	[31,	32].	The	acces-
sory	lobe	of	the	parotid	gland	drains	through	one	or	more	

ducts	into	the	nearby	Stensen’s	duct,	and	is	usually	closely	
related	to	the	buccal	space	and	zygomatic	branches	of	the	
facial	nerve	[31].	The	normal	size	of	an	accessory	lobe	of	
the	parotid	gland,	when	present,	is	described	to	be	“pea-
sized”	or	“lima	bean-sized”	varying	from	0.5	to	2.5	cm	in	
diameter,	and	is	spheroidal	in	shape,	firm	in	consistency,	
and	separate	from	the	overlying	skin	[14,	31].

One	 to	 eight	 percent	 of	 all	 parotid	 neoplasms	 arise	
within	the	accessory	 lobe	of	 the	parotid	gland.	The	rate	
of	malignancy	has	been	reported	to	be	from	26%	to	50%	
[24].	The	histology,	variety,	and	distribution	of	neoplasms	
within	the	accessory	lobe	of	the	parotid	gland	are	simi-
lar	to	those	occurring	within	the	main	parotid	gland.	As	
with	 the	 main	 parotid	 gland,	 pleomorphic	 adenoma	 is	
the	most	common	benign	tumor.	Most	malignant	tumors	
of	the	accessory	lobe	of	the	parotid	gland	are	cancers	of	
salivary	gland	origin.	There	are,	however,	a	few	reports	of	
metastases	to	this	site	from	primary	tumors	in	the	head	
and	 neck	 or	 distant	 sites	 [11,	 17].	 We	 recently	 encoun-
tered	a	case	of	metastasis	of	a	renal	cell	carcinoma	to	the	
accessory	lobe	of	the	parotid	gland	(Fig.	17.3).

Preoperative Evaluation

Clinical Presentation 
and Physical Examination

A	mass	within	the	substance	of	 the	cheek	poses	a	diag-
nostic	problem.	It	may	arise	from	any	of	the	several	types	
of	tissues	present	in	the	buccal	space.	A	detailed	history,	
clinical	examination,	and	imaging	studies	may	suggest	a	
specific	 etiology,	 however,	 the	 final	 diagnosis	 of	 buccal	
space	masses	is	often	elusive	and	must	be	confirmed	by	
surgical	 removal	 and	 histopathological	 evaluation	 [10].	
An	 accurate	 history	 and	 physical	 examination	 helps	 to	

Fig. 17.2:	Schematic	illustration	in	oblique	lateral	
view	of	left	buccal	space	and	its	contents	[10].	
[Reprinted	with	permission	from:	Rodgers	GK	and	
Myers	EN	(1988)	Surgical	management	of	the	mass	
in	the	buccal	space.	Laryngoscope	98:749–53]
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localize	 the	 site	 of	 the	 lesion	 as	 originating	 in	 the	 buc-
cal	space.	Buccal	space	masses	present	in	a	unique	fash-
ion.	The	lesions	in	the	buccal	space	are	readily	apparent	
because	they	are	easily	palpated	just	beneath	the	buccal	
mucosa	or	the	skin	of	the	cheek	(see	Fig.	17.4)	[13].	The	
typical	history	encountered	in	patients	with	a	mass	in	the	
buccal	space	is	that	of	a	slowly	growing	painless	mass	in	
the	cheek,	which	disturbs	the	facial	symmetry.	These	le-
sions	are	typically	nontender	and	can	be	best	assessed	by	
a	 bimanual	 examination.	 They	 are	 not	 always	 well	 cir-
cumscribed	 and	 are	 often	 ill-defined	 merging	 with	 the	
adjacent	buccal	fat	pad	[10].	The	mass	may	lie	closer	to	
the	oral	mucosa	and	the	patient	may	be	able	to	feel	the	in-
traoral	mass	with	the	tongue.	When	the	mass	presents	in	
the	oral	cavity,	the	patients	are	often	seen	initially	by	their	
dentist	or	an	oromaxillofacial	surgeon.	Skin	involvement,	
facial	 nerve	 paralysis,	 Stensen’s	 duct	 obstruction,	 and	
pain	 often	 all	 suggest	 indications	 of	 a	 malignant	 tumor	
within	the	buccal	space,	as	benign	tumors	almost	never	
produce	pressure	or	obstructive	symptoms	[10].

Imaging

Imaging	 studies	 can	 provide	 valuable	 information	 that	
can	help	to	limit	the	differential	diagnosis	of	a	mass	in	the	
buccal	space.	Kurabayashi	et	al.	evaluated	the	computed	

tomography	(CT)	features	of	a	buccal	space	mass	in	53	pa-
tients	[20].	CT	images	were	assessed	for	the	number,	loca-
tion,	internal	architecture,	and	margin	of	the	lesions	and	
their	relation	to	 the	surrounding	structures.	Their	series	
included	44	tumors	(33	benign	and	11	malignant)	and	9	
masses	which	were	not	tumors.	The	criteria	used	to	diag-
nose	malignant	tumors	included,	ill-defined	margins,	vio-
lation	of	 fascial	planes,	and	aggressive	bone	destruction.	
CT	was	useful	in	demonstrating	the	presence	and	location	
of	the	masses	in	the	buccal	space,	and	sometimes	aided	in	
the	differential	diagnosis.	However,	 the	study	concluded	
that	CT	had	a	 limited	value	 in	differentiating	malignant	
from	 benign	 lesions.	 Only	 7	 out	 of	 11	 malignant	 tumor	
were	correctly	identified	(sensitivity	64%)	[20].

Kurabayashi	et	al.	also	studied	30	patients	with	benign	
and	malignant	lesions	in	the	buccal	space	using	magnetic	
resonance	imaging	(MRI)	[19].	The	authors	evaluated	the	
MRI	characteristics	of	 lesions	 in	 the	buccal	space.	They	
concluded	that	MRI	was	useful	in	demonstrating	the	ex-
tent	of	lesions	in	the	buccal	space	because	of	its	excellent	
soft	 tissue	 contrast,	 however,	 the	 sensitivity	 of	 predict-
ing	malignancy	was	very	poor	(29%).	This	was	especially	
true	for	malignant	tumors	of	minor	salivary	gland	origin,	
which	 were	 typically	 seen	 as	 well-defined	 masses	 with-
out	infiltration	into	surrounding	structures	on	MRI	[19].	
Table	17.2	lists	the	CT	and	MRI	characteristics	of	tumors	
encountered	commonly	in	the	buccal	space	[15,	19,	20].

Fig. 17.3:	a	T2-weighted	axial	MRI	through	the	parotid	gland	demonstrates	a	round	10-mm	mass	(arrows)	overlying	the	masseter	
muscle	(m).	The	mass	has	signal	intensity	slightly	higher	than	the	adjacent	gland,	but	not	high	enough	to	be	definitive	for	pleomor-
phic	adenoma.	This	proved	to	be	renal	cell	carcinoma	metastatic	to	the	accessory	lobe.	b	Sagittal	postcontrast	spoiled-gradient	MRI	
of	the	abdomen	with	T1	weighting	shows	two	distinct	masses	in	the	left	kidney.	The	superior	mass	(s)	has	cystic	and	solid	compo-
nents.	The	inferior	mass	(i)	is	predominantly	cystic	and	has	extensive	septations
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Positron	emission	tomography	(PET)	as	well	as	PET-
CT	can	also	be	useful	in	defining	the	location	of	the	le-
sions	and	in	forming	the	differential	diagnosis.	PET-CT	
scanning	can	also	add	valuable	information	that	may	alter	
management.	Gomes	et	al.	reported	a	case	of	high-grade	
mucoepidermoid	carcinoma	of	the	accessory	lobe	of	the	
parotid	 gland	 in	 which	 the	 CT	 and	 MRI	 did	 not	 show	
any	abnormality	other	than	the	primary	lesion.	However,	
an	18F-fluorodeoxyglucose	(FDG)	PET-CT	scan	showed	
multiple	distant	metastases.	In	view	of	this	finding,	cura-
tive	 treatment	was	deferred	and	 the	patient	was	offered	
palliation	only	[12].

Fine-needle Aspiration Biopsy (FNAB)

Fine-needle	 aspiration	 biopsy	 provides	 a	 valuable	 tool	
in	the	evaluation	of	a	mid-cheek	mass	[24].	Johnson	and	
Spiro	[14]	studied	23	patients	having	a	mass	in	the	mid-
cheek	arising	 from	the	accessory	parotid	gland.	Aspira-
tion	biopsy	was	done	in	8	patients,	yielding	the	diagnosis	
in	7.	They	concluded	that	FNAB	can	be	useful	in	selected	
cases	of	buccal	space	masses,	however	the	authors	did	not	
routinely	employ	the	use	of	FNAB	in	such	cases.	FNAB	
does	 have	 certain	 disadvantages,	 such	 as	 possible	 facial	
nerve	 damage,	 introduction	 of	 infection,	 hemorrhage,	
tumor	 spillage,	 and	 possible	 scarring	 of	 tissue	 planes	

around	 the	 facial	nerve,	which	 increases	 the	chances	of	
facial	nerve	paresis	during	surgical	excision.	These	com-
plications	can	be	minimized	by	using	image	guidance	for	
this	procedure.	However,	since	FNAB	does	not	alter	the	
management	of	these	lesions,	we	do	not	advocate	routine	
FNAB	 as	 a	 routine	 diagnostic	 tool	 in	 the	 evaluation	 of	
buccal	space	masses.

Surgical Approaches 
to the Buccal Space Masses

Several	surgical	approaches	to	the	buccal	space	have	been	
described	(Fig.	17.5,	Table	17.3)	[10].

Internal or Intraoral Approach

The	approach	used	most	commonly	is	a	direct	intraoral,	
transmucosal	 incision	 with	 dissection	 and	 removal	 of	
the	 mass.	 This	 approach	 is	 appealing	 because	 the	 bulg-
ing	of	 the	tumor	 into	the	 intraoral	area	appears	 to	 lend	
itself	to	easy	excision	and	of	course	eliminates	a	skin	inci-
sion	with	its	 inevitable	scar.	The	transoral	approach	has	
several	advantages,	such	as	it	limiting	the	area	of	dissec-
tion	and	hence	the	potential	area	of	tumor	implantation.	
It	is	quicker	owing	to	lesser	dissections.	A	transmucosal	

Fig. 17.4:	a	External	view	of	a	right	buccal	space	mass.	b	Internal	view.	Note	the	intra-
oral	bulge	produced	by	the	mass.	[Reprinted	with	permission	from:	Rodgers	GK	and	
Myers	EN	(1988)	Surgical	management	of	the	mass	in	the	buccal	space.	Laryngoscope	
98:749–53]
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Table 17.2.	Characteristic	radiographic	features	of	buccal	space	lesions

Tumor type CT findings MRI findings

Accessory	parotid	tissue •	 Identified	better	by	CT

•	 	Location:	separate	from	main	
parotid	gland,	lateral	to	the	mas-
seter	along	its	anterior	margin

Hemangiomas •	 Adjacent	to	buccinator •	 Homogenous	internal	architecture

•	 Phleboliths	are	characteristic •	 	Higher	signal	intensity	on	
T2-weighted	images

•	 	Enhancement	with	con-
trast	is	a	typical	feature

Vascular	malformations:

•	 Venous	malformations •	 Presence	of	phleboliths •	 	Discrete	areas	of	high	signal	inten-
sity	representing	venous	lakes

•	 Arteriovenous	malformations •	 Serpiginous	flow	voids

•	 Lymphatic	malformations •	 Smooth,	irregular •	 Cystic	and	septated	le-
sions	with	fluid-fluid	levels

•	 Adjacent	to	the	buccinator	muscle

Infection	and	inflammatory	lesions •	 Inflammatory	changes	in	the	fat	planes •	 Edema	within	surrounding	fat

•	 	Abscess	appears	as	a	single	or	
multiloculated	low-density	area	
with	peripheral	rim	enhancement

•	 Rim	enhancement

Tumors	of	minor	salivary	gland	origina:

•	 Benign:	pleomorphic	adenomab •	 Smooth	margins •	 Rounded	appearance

•	 	Low	signal	intensity	on	
T1-weighted	images

•	 	High	signal	intensity	on	
T2-weighted	images

•	 	Malignant:	adenoid	
cystic	carcinomac

•	 	Invasion	of	surrounding	tis-
sue	suggests	malignant	tumor

•	 	Tumors	with	high	signal	intensity	on	
T2-weighted	images—better	prognosis

•	 	Tumors	with	low/intermedi-
ate	intensity	on	T2-weighted	
images—poor	prognosis

•	 	Invasion	of	surrounding	tis-
sues—poor	prognosis

Rhabdomyosarcoma •	 Appear	as	muscle	density	masses •	 	Signal	intensity	is	greater	that	
muscle	on	T2-weighted	images

•	 Show	soft	tissue	and	bone	infiltration •	 Bone	destruction	is	characteristic

a	CT/MRI	have	limited	value	in	differentiating	malignant	versus	benign	tumors—small	malignant	salivary	gland	tumors	may	have	
a	sharp	margin	mimicking	a	benign	tumor

b	Pleomorphic	adenoma	is	the	most	common	benign	salivary	gland	tumor
c	Adenoid	cystic	carcinomas	form	25%	of	malignant	minor	salivary	gland	tumors
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incision	 eliminates	 the	 complications	 associated	 with	
raising	skin	flaps,	such	as	flap	necrosis.	The	intraoral	ap-
proach,	however,	does	not	provide	adequate	exposure	to	
the	branches	of	the	facial	nerve,	which	is	at	greater	risk	
while	 using	 this	 approach,	 especially	 since	 branches	 of	
the	facial	nerve	are	always	closely	associated	with	or	actu-
ally	incorporated	into	the	capsule	on	the	lateral	aspect	of	
the	tumor,	which	cannot	be	visualized	well	 through	the	
intraoral	 approach.	Stensen’s	duct	 is	 also	closely	associ-
ated	with	these	tumors,	which	increases	the	risk	of	injury	
to	the	duct	and	sialocele.	Transoral	excision	may	only	be	
suitable	for	an	oral	submucosal	lesion	located	medial	to	
the	buccinator	muscle	[10,	25].

External Approaches

The	 transcutaneous	 direct	 external	 approach	 has	 simi-
lar	 advantages	 to	 the	 transoral	 approach.	 However,	 the	
transcutaneous	 incision	 leaves	 a	 highly	 visible	 scar	 and	
the	limited	exposure	makes	it	difficult	to	use	local	tissue	
to	fill	any	resultant	depressed	areas	[25].

The	 preauricular	 approach	 provides	 access	 to	 super-
ficial	 tumors	 that	 are	 located	 posteriorly	 in	 the	 buccal	
space	while	the	submandibular	approach	provides	access	
to	 the	 lower	buccal	 space.	The	paranasal	approach	with	
its	 extensions	 provides	 excellent	 exposure	 but	 does	 not	
permit	 identification	 and	 dissection	 of	 the	 facial	 nerve.	
The	preauricular-suborbital	approach	leaves	a	visible	scar	
along	the	upper	limb	of	the	incision	[25].

Essentially	most	other	external	approaches	described	
in	the	literature	are	suboptimal	as	they	also	provide	lim-
ited	exposure	for	tumor	removal	or	do	not	allow	identifi-
cation	and	dissection	of	the	facial	nerve.

We	have	designed	the	extended	parotid-submandibu-
lar	incision	specifically	for	use	in	the	removal	of	tumors	
of	the	buccal	space	because	it	provides	excellent	exposure	
and	minimizes	the	risk	of	complications,	such	as	injury	to	
Stensen’s	duct	or	the	facial	nerve	during	excision	of	these	
tumors	[10,	34].	We	have	found	that	this	technique	also	
provides	an	excellent	cosmetic	result.	Patients	are	coun-
seled	that	the	buccal	branch	of	the	facial	nerve	will	be	dis-

Table 17.2.	(continued)	Characteristic	radiographic	features	of	buccal	space	lesions

Tumor type CT findings MRI findings

Neurofibroma •	 	Low	intensity	signal	on	T1-
weighted	images,	high	inten-
sity	on	T2-weighted	images

•	 	Single	neurofibroma:	target	
sign—peripheral	hyperinten-
sity	with	central	hypointensity

Lipoma •	 Internal	architecture	shows	fat	density •	 	T1/T2-weighted	signal	in-
tensity	in	high/high

Metastatic	lymph	node •	 	Well-circumscribed	mass	with	rim	en-
hancement	and	central	low	attenuation

•	 	High	signal	intensity	on	
T2-weighted	images

a	CT/MRI	have	limited	value	in	differentiating	malignant	versus	benign	tumors—small	malignant	salivary	gland	tumors	may	have	
a	sharp	margin	mimicking	a	benign	tumor

b	Pleomorphic	adenoma	is	the	most	common	benign	salivary	gland	tumor
c	Adenoid	cystic	carcinomas	form	25%	of	malignant	minor	salivary	gland	tumors

Table 17.3.	Surgical	approaches	to	the	buccal	space

Internal/intraoral approach 
External approaches:

•	 Direct	approach

•	 Paranasal	approach

•	 Preauricular	approach

•	 Submandibular	approach

•	 Preauricular-suborbital	approach

•	 Extended	parotid-submandibular	approach

•	 Rhytidectomy	approach
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sected	and	elevated	off	the	tumor	and	is	therefore	vulner-
able	to	intraoperative	injury	and	postoperative	weakness	
from	dissection	and	 stretching	of	 the	nerve.	The	use	of	
intraoperative	 facial	nerve	stimulators	 facilitates	 the	ac-
curate	identification	of	the	facial	nerve	and	its	branches.	
The	 rhytidectomy	 approach	 also	 has	 advantages	 similar	
to	the	parotid-submandibular	approach.	The	latter	leaves	
a	scar	in	the	neck,	which	normally	can	be	masked	in	the	

horizontal	skin	folds.	In	our	experience,	this	has	proved	
to	be	a	very	effective	technique	providing	excellent	mask-
ing	of	the	cervical	limb	of	the	incision.	Though	the	rhyt-
idectomy	incision	avoids	the	neck	scar	it	does	not	allow	
access	for	cervical	lymphadenectomy	if	required	[25].	We	
recommend	 the	 extended	 parotid-submandibular	 ap-
proach	and	the	rhytidectomy	approach	for	management	
of	the	buccal	space	tumors.	These	two	procedures	and	as-
sociated	complications	are	described	here.

Extended Parotid-Submandibular Incision

The	incision	is	a	modification	of	the	standard	parotidec-
tomy	 incision	 (Fig.	17.6).	 Extension	 of	 the	 preauricular	
incision	somewhat	superiorly	and	extension	of	the	cervi-
cal	incision	into	a	skin	crease	in	the	submandibular	space	
allows	 for	 wide	 undermining	 of	 the	 flap,	 which	 is	 nec-
essary	 in	order	 to	gain	exposure	anterior	 to	 the	parotid	
gland	to	expose	the	tumor.	It	is	not	necessary	to	carry	out	
a	formal	parotidectomy	or	to	identify	the	facial	nerve	at	
the	 stylomastoid	 foramen	 because	 the	 tumor	 is	 located	
anterior	to	the	anterior	border	of	the	parotid	gland	there-
fore	only	the	buccal	branches	of	the	nerve	are	anatomi-
cally	associated	with	these	tumors.

The	skin	flap	is	elevated	anterior	to	the	anterior	bor-
der	 of	 the	 parotid	 gland	 where	 the	 mass	 begins	 to	 be	
encountered.	 Further	 evaluation	 of	 the	 flap	 provides	
exposure	of	the	entire	mass.	The	location	of	the	buccal	

Fig. 17.5:	Approaches	to	the	buccal	space.	
a	Paranasal.	b	Paranasal	with	suborbital	exten-
sion.	c	Submandibular.	d	Preauricular.	e	Subor-
bital-preauricular.	f	Direct	cutaneous.	[Reprinted	
with	permission	from:	Rodgers	GK	and	Myers	EN	
(1988)	Surgical	management	of	the	mass	in	the	
buccal	space.	Laryngoscope	98:749–53]

Fig. 17.6:	Extended	parotid-submandibular	incision.	[Reprinted	
with	permission	from:	Rodgers	GK	and	Myers	EN	(1988)	Surgi-
cal	management	of	the	mass	in	the	buccal	space.	Laryngoscope	
98:749–53]
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branches	of	the	facial	nerve	is	easily	 identified,	usually	
during	blunt	dissection	of	the	mass,	and	confirmed	with	
a	 facial	 nerve	 stimulator	 (Fig.	17.7a–d).	 Stensen’s	 duct	
may	also	be	 identified	during	 this	phase	of	 the	dissec-
tion.	Dissection	of	the	branches	of	the	nerves	somewhat	
anterior	and	posterior	 to	 the	mass	 itself	will	allow	un-
dermining	and	mobilizing	the	nerve.	A	small	nerve	re-
tractor	is	then	used	to	retract	the	branches	of	the	nerve	
away	 from	 the	 mass.	 The	 nerves	 once	 dissected	 may	
be	 marked	 with	 arterial	 loops.	 The	 mass	 itself	 may	 be	

made	 more	 prominent	 and	 easier	 to	 dissect	 by	 insert-
ing	a	sponge	into	the	oral	cavity	adjacent	to	the	buccal	
mucosa.	The	mass	is	then	removed	by	sharp	and	blunt	
dissection.	After	removal	of	the	mass,	the	nerves	are	re-
turned	to	their	normal	anatomical	position.	Removal	of	
the	tumor	leaves	a	noticeable	defect	in	the	facial	contour,	
which	 is	 eliminated	 by	 approximating	 the	 superficial	
musculoaponeurotic	system	(SMAS).

Hemostasis	 is	obtained,	 the	wound	 is	 irrigated,	and	a	
Hemovac	drain	is	inserted	under	the	skin	flap	and	brought	

Fig. 17.7:	a	Left	cheek	mass	(frontal	view).	b	Left	cheek	mass	(lateral	view).	c	Surgical	exposure	of	a	buccal	space	tumor	demonstrat-
ing	the	facial	nerve	branches	adherent	to	the	lateral	aspect	of	the	mass	(black arrow).	d	Postoperative	picture	showing	the	closure	of	
the	standard	extended	parotid-submandibular	incision
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out	 through	 the	 skin	 1	cm	 posterior	 to	 the	 incision.	 The	
skin	flap	is	closed	with	subcutaneous	chromic	sutures	and	
then	continuous	closure	with	6-0	fast	absorbing	catgut	su-
ture.	Steri-Strips	and	a	pressure	dressing	are	applied.	The	
patient	is	allowed	to	recover	from	anesthesia.	Within	24	h	
the	drainage	has	usually	stopped,	the	pressure	dressing	and	
the	drain	are	removed,	and	the	patient	is	discharged.	The	
Steri-Strips	and	sutures	are	removed	within	5–7	days.	

Rhytidectomy Approach

Mitz	and	Peyronie,	in	1976,	described	the	rhytidectomy	
approach	and	how	this	technique	allows	for	reconstruc-
tion	 of	 the	 contour	 defect	 associated	 with	 tumor	 extir-
pation	 using	 the	 SMAS	 interposition	 [29].	 The	 incision	
employed	in	these	cases	is	the	one	used	for	cosmetic	rhyt-
idectomy	 (Fig.	17.8).	 The	 incision	 begins	 at	 the	 temple	
and	continues	in	a	preauricular	crease,	and	then	is	post-
tragal.	The	incision	is	carried	inferior	to	the	ear	lobe	and	
up	 to	 the	 level	 of	 the	 posterior	 auricularis	 muscle	 and	
posteriorly	into	the	hairline.	The	skin	is	undermined	an-
terior	to	the	tumor,	mobilized,	and	retracted	away	from	
the	tumor.	The	tumor	is	then	excised	as	described	above.	
After	removal	of	the	tumor,	the	SMAS	is	closed	directly	
to	give	sufficient	support	to	the	cheek	to	avoid	deformity.	
Rotation	of	a	flap	of	SMAS	has	been	recommended	 for	
defects	 that	 are	 too	 large	 for	direct	 closure	or	 advance-
ment	 closure.	 This	 technique	 distributes	 the	 volume	
defect	over	a	wider	area	and	makes	 the	depression	of	a	
gradual	transition,	and	therefore	less	noticeable	[25].

Complications

Complications	of	the	extended	parotid-submandibular	ap-
proach	are	similar	to	those	associated	with	rhytidectomy	
and	are	listed	in	Table	17.4	[34].	The	most	common	peri-
operative	complication	is	hematoma	occurring	with	a	fre-
quency	of	1–15%.	This	was	also	the	only	complication	that	
we	had	in	our	series	of	buccal	space	tumors.	The	incidence	
of	large	hematomas	requiring	surgical	intervention	ranges	
from	1.9%	to	3.6%.	Other	important	complications	include	
injury	to	the	facial	nerve	and	to	the	parotid	gland	or	the	
parotid	duct	which	may	result	in	facial	asymmetry	and	pa-
rotid	pseudocysts	(sialocele)	or	parotid	fistulas	[30].	Care	
must	be	taken	in	undermining	the	superior	aspect	of	the	
flap	because	the	zygomatic	branch	of	the	upper	division	of	
the	 facial	nerve	 is	superficial	 in	 this	area	and	the	branch	
could	be	injured	with	resultant	facial	nerve	paralysis.

Complications	 can	 be	 minimized	 by	 excellent	 expo-
sure,	meticulous	dissection,	and	identification	of	impor-
tant	structures,	which	is	exactly	why	we	use	the	parotid-
submandibular	approach,	which	is	a	systematic	surgical	
approach	for	the	management	tumors	in	the	buccal	space.	
The	 experience	 of	 caring	 for	 a	 patient	 who	 had	 a	 mass	
previously	 removed	 through	 an	 incision	 in	 the	 buccal	
mucosa,	sustaining	injury	to	the	facial	nerve	and	devel-
oping	a	sialocele	 in	the	buccal	space	due	to	 inadvertent	
injury	to	Stensen’s	duct,	was	the	 incentive	to	design	the	
extended	parotid-submandibular	incision.

Conclusions

Tumors	arising	in	the	buccal	space	are	rare	tumors	that	
present	 in	 a	 unique	 fashion.	 Clinical	 examination	 and	

Fig. 17.8:	Standard	rhytidectomy	incision	(blue line)	and	hair-
line	 (dotted line).	 [Reprinted	 with	 permission	 from:	 Lin	 DT,	
Coppit	GL,	Burkey	BB,	and	Netterville	JL	(2004)	Tumors	of	the	
accessory	lobe	of	the	parotid	gland:	a	10-year	experience.	Laryn-
goscope	114:1652-5]

Table 17.4.	 Complications	 associated	 with	 extended	 parotid-
submandibular	approach/rhytidectomy	approach

Hematoma

Nerve	injury:	facial	nerve,	greater	auricular	nerve

Necrosis	of	skin	flap

Hair	loss

Infection

Parotid	injury:	salivary	fistula,	sialocele

Contour	deformity

Pigmentary	changes	in	the	skin

Keloid/scar	formation
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radiological	correlation	provide	valuable	information	re-
garding	 the	 location	and	extent	of	 these	 tumors.	FNAB	
may	 provide	 additional	 information	 in	 certain	 cases.	
However,	 the	 only	 way	 to	 characterize	 these	 tumors	 is	
by	excision	and	pathological	evaluation.	Surgery	is	both	
diagnostic	 as	 well	 as	 therapeutic	 in	 this	 situation.	 The	
parotid-submandibular	 is	 a	 systematic,	 versatile,	 and	
cosmetically	acceptable	approach	that	provides	excellent	
exposure	to	the	buccal	space	and	allows	identification	of	
the	facial	nerve	branches.

    Take Home Messages

→	 Surgical	 management	 and	 treatment	 planning	
through	a	rigorous	evaluation	including	imaging	
studies	and	FNAB.	In	patients	suspected	to	have	
a	 malignant	 tumor,	 PET-CT	 may	 provide	 valu-
able	 information	 that	 could	 alter	 the	 treatment	
plan.

→	 Educating	 the	 patient	 regarding	 postoperative	
appearance	 and	 possible	 complications	 is	 criti-
cal.	 Evaluate	 the	 patient’s	 needs	 as	 to	 cosmetic	
appearance.	The	modified	parotid	incision	leaves	
a	visible	scar	so	for	the	female	patient	a	rhytid-
ectomy	approach	should	be	considered,	whereas	
the	incision	in	the	male	patient	is	usually	hidden	
in	the	beard	line	hair	and	is	acceptable.

→	 Undermine	in	the	plane	between	the	subcutane-
ous	tissue	and	the	SMAS.

→	 Begin	 to	 look	 for	 the	 branches	 of	 the	 buccal	
branch	 of	 the	 facial	 nerve	 once	 the	 soft	 tissues	
have	been	undermined	to	the	anterior	border	of	
the	parotid	gland.

→	 Identify	the	branches	of	the	facial	nerve	using	the	
nerve	stimulator	and	dissect	them	off	the	tumor.

→	 Retract	the	branches	of	the	nerve	away	from	the	
tumor	in	order	to	excise	it	without	nerve	injury.

→	 Closing	 the	 SMAS	 either	 primarily	 or	 with	 a	
flap	will	prevent	an	unsightly	depression	 in	 the	
cheek.
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    Core Features

•	 To	 provide	 a	 concept	 of	 the	 three-dimensional	
anatomy	of	the	prestyloid	parapharyngeal	space	
(PPS).

•	 To	 present	 the	 various	 options	 for	 preoperative	
evaluation	of	PPS	masses.

•	 To	 discuss	 the	 surgical	 approaches	 to	 the	 pre-
styloid	PPS	and	their	applications.

	 	

Complications	to	Avoid
Injury	to	the	facial	nerve	can	be	minimized	by	
accurate	preoperative	planning	using	CT	scanning	
and	by	meticulous	dissection	of	the	main	trunk	
and	its	branches.
Gustatory	sweating	(Frey’s	syndrome)	can	be	
avoided	by	preserving	the	superficial	lobe	of	the	
parotid	gland	and	returning	it	to	its	anatomi-
cal	position	after	excision	of	a	deep	lobe	parotid	
tumor.

Introduction

The	management	of	the	patient	with	a	tumor	of	the	PPS	
is	 a	 challenging	 task.	 The	 PPS	 is	 a	 complex	 anatomical	
region	due	to	its	three-dimensional	shape,	deep	location,	
and	its	intricate	surroundings	[10].	The	PPS	is	a	difficult	
region	to	examine,	and	thus	presents	a	number	of	techni-
cal	challenges	for	diagnosis	and	surgical	management	of	
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these	tumors.	In	fact	surgery	of	the	PPS	is	a	relatively	re-
cent	activity	in	our	field,	as	the	PPS	with	its	components	
has	only	been	characterized	since	the	introduction	of	the	
computed	tomography	(CT)	scan	[20].

Anatomy

The	PPS	has	been	described	as	being	an	inverted	triangle	
with	its	base	at	the	base	of	the	skull	and	apex	at	the	hyoid	
bone	(see	Fig.	18.1).	The	lateral	wall	of	the	PPS	is	the	pter-
ygoid	muscles	and	the	ascending	ramus	of	the	mandible	
[13].	The	medial	boundary	is	the	pharyngobasilar	fascia	
and	 the	 superior	 constrictor	 muscle	 [8].	 The	 posterior	
limit	of	the	PPS	consists	of	the	cervical	spine	and	the	ad-
jacent	deep	muscles	of	the	neck.	The	anterior	boundary	is	
formed	by	the	medial	pterygoid	muscle	[7,	10].	The	apex	
of	the	PPS	is	the	submandibular	triangle	to	the	level	of	the	
hyoid	bone.	Two	sides	of	the	PPS	are	bone,	i.e.,	the	skull	
base	 superiorly	 and	 the	 mandible	 laterally.	 As	 a	 result,	
the	tumors	of	the	prestyloid	PPS	spread	along	the	path	of	
least	resistance,	which	is	the	anterior,	medial,	and	inferior	
direction.	These	tumors	displace	the	pharyngeal	wall	and	
the	tonsil	and	often	present	as	a	submucosal	mass	in	the	
pharynx.

The	prestyloid	PPS	is	a	potential	space	within	the	PPS.	
The	fascia	of	the	tensor	veli	palatini	extends	from	the	sty-
loid	process	 to	 the	 skull	base	dividing	 the	PPS	 into	 the	
prestyloid	and	poststyloid	compartments	[13]	(Fig.	18.2).	
The	 prestyloid	 PPS	 contains	 the	 pterygoid	 muscles,	 the	
retromandibular	portion	of	the	deep	lobe	of	the	parotid	
gland,	 the	 internal	 maxillary	 artery,	 the	 lingual	 nerve,	
and	 the	 inferior	 dental	 nerves.	 It	 also	 contains	 adipose	
tissue,	minor	nerves,	vessels,	and	lymphatics	[7].	Though	
the	fascia	itself	cannot	be	visualized	on	imaging,	CT	and/
or	 magnetic	 resonance	 imaging	 (MRI)	 can	 accurately	
classify	 tumors	of	 the	PPS	as	being	 in	 the	prestyloid	or	
poststyloid	compartment	[8].	This	information	is	vital	in	
identifying	the	tissue	of	origin	of	the	tumors	within	the	
PPS	and	 in	developing	a	differential	diagnosis	and	plan	
for	further	management.

Tumors	may	develop	from	the	various	types	of	tissue	
present	 within	 this	 anatomical	 space.	 The	 origin	 of	 tu-
mors	in	the	PPS,	whether	prestyloid	or	poststyloid,	is	im-
portant	 in	 their	differential	diagnosis	and	management.	
The	 clinical	 correlation	 of	 imaging	 studies	 and	 surgical	
findings	has	provided	information	which	allows	the	clini-
cian	to	predict	the	tumor	type	from	the	imaging	studies	
with	a	high	degree	of	accuracy.	The	key	anatomical	land-
marks	 for	 this	 differentiation	 are	 the	 prestyloid	 fat,	 the	

medial	pterygoid	muscle,	the	carotid	artery,	the	posterior	
edge	of	 the	mandible,	 and	 the	 styloid	process.	Of	 these	
the	carotid	artery	and	the	styloid	process	are	the	most	im-
portant	landmarks	for	the	clinician.

Tumors	 of	 the	 prestyloid	 PPS	 are	 usually	 of	 salivary	
gland	 origin,	 usually	 arising	 from	 the	 deep	 lobe	 of	 the	
parotid	 gland.	 Most	 of	 these	 tumors	 are	 pleomorphic	
adenomas	which	arise	from	the	deep	lobe	of	the	parotid	
gland	(see	Fig.	18.3a,	b)	but	can	also	arise	less	frequently,	
de	novo	in	the	prestyloid	PPS.	An	enhanced	CT	scan	or	
MRI	will	clearly	demonstrate	extension	of	deep	lobe	tu-
mors	of	 the	parotid	gland	 through	 the	 stylomandibular	
tunnel,	 extending	medially	and	displacing	 the	parapha-
ryngeal	structures	(see	Fig.	18.4a,	b).	The	demonstration	
of	a	fat	plane	between	the	deep	lobe	of	the	parotid	gland	
and	the	tumor	is	indicative	of	tumor	originating	de	novo	
in	the	PPS,	most	commonly	from	the	extraparotid	minor	
salivary	glands.	The	lack	of	visualization	of	this	plane	in-
dicates	 a	 tumor	 originating	 in	 the	 deep	 parotid	 lobe	 or	
invading	 it	 [9].	 High	 resolution	 images	 of	 the	 MRI	 are	
superior	 to	 the	 CT	 scan	 to	 make	 such	 a	 differentiation	
[10].

A	wide	variety	of	benign	and	malignant	tumors	can	
occur	 in	 the	 PPS	 (see	 Table	18.1).	 About	 80%	 of	 PPS	
masses	are	benign,	while	20%	are	malignant	[5].	The	pri-
mary	radiological	differential	diagnosis	for	a	tumor	orig-
inating	in	the	prestyloid	PPS	is	a	deep	lobe	parotid	tumor	
and	or	a	neurilemoma	 (arising	 from	 the	 lingual	nerve,	
inferior	alveolar	nerve,	or	auriculotemporal	nerve).	Al-
though	a	mass	in	the	prestyloid	PPS	is	more	likely	to	be	
of	salivary	gland	origin,	it	is	extremely	difficult	to	differ-
entiate	it	radiologically	from	a	neurilemoma	and	hence	
the	possibility	of	a	neurilemoma	must	be	taken	into	con-
sideration	 in	 the	 differential	 diagnosis.	 Cancers	 arising	
in	other	sites	such	as	thyroid	[6],	nasopharynx	[24],	and	
maxilla	[22],	with	metastasis	to	the	prestyloid	PPS	have	
been	described.	Raut	et	al.	reported	a	case	of	metastatic	
carcinoma	of	the	breast	which	presented	as	a	deep	lobe	
parotid	tumor	in	the	PPS	15	years	after	the	primary	pre-
sentation	[17].

Clinical Presentation

Tumors	of	the	PPS	may	be	present	for	several	years	prior	
to	 clinical	 presentation.	 They	 often	 have	 to	 grow	 to	 at	
least	2.5–3.0	cm	before	they	are	detected	[20].	Carrau	et	
al.	found	that	20%	of	masses	were	also	found	incidentally	
[3].	Such	incidental	findings	are	not	surprising	with	the	
routine	use	of	imaging	for	diagnostic	purposes	today.	The	
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Fig. 18.1:	Parapharyngeal	space:	an	inverted	tri-
angle	with	base	at	skull	base	and	apex	at	the	hyoid	
bone.	[Reprinted	with	permission	from:	Carrau	RL,	
Myers	EN,	and	Johnson	JT	(1990)	Management	of	
tumors	arising	in	the	parapharyngeal	space.	Laryn-
goscope	100:583–9]

Fig. 18.2:	Parapharyngeal	space:	anatomical	bound-
aries.	[Reprinted	with	permission	from:	Johnson	
JT	(1997)	Parapharyngeal	space.	In:	Myers	EN	(ed)	
Operative	Otolaryngology:	Head	and	Neck	Surgery.	
Saunders,	Philadelphia]

Fig. 18.3:	a	T1-weighted	MRI	
image	of	a	pleomorphic	ad-
enoma	involving	the	prestyloid	
PPS.	b	T2-weighted	MRI	image	
of	a	pleomorphic	adenoma	
originating	the	prestyloid	PPS
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most	commonly	encountered	presentation	of	a	neoplasm	
involving	the	prestyloid	PPS	is	an	asymptomatic	submu-
cosal	mass	in	the	lateral	wall	of	the	oropharynx	with	or	
without	a	mass	in	the	parotid	gland	or	the	neck	(see	Ta-
ble	18.2)	(Fig.	18.5).	Expansion	of	these	tumors	may	in-
terfere	with	the	proper	fit	of	an	upper	denture	and	on	oc-
casion	may	become	symptomatic	based	on	the	large	size,	
producing	 interference	 with	 breathing	 and	 swallowing.	
In	a	retrospective	study	of	166	PPS	tumors,	about	25%	of	
patients	did	not	report	any	symptoms	at	the	time	of	diag-
nosis	[5].	The	presence	of	a	mass	in	the	parotid	gland	is	
often	associated	with	the	mass	in	the	oral	cavity.	The	pres-
ence	of	pain	or	neuropathy	should	direct	the	clinician	to	
suspect	a	primary	or	metastatic	cancer.	In	addition	to	the	
clinical	 signs	 and	 symptoms,	 a	 detailed	 examination	 of	
the	head	and	neck,	which	would	include	an	examination	
of	the	cranial	nerves,	and	bimanual	palpation	allows	the	
clinician	to	formulate	a	clinical	impression	of	the	extent	
of	the	tumor.

Preoperative Evaluation

Patients	being	evaluated	for	a	tumor	in	the	prestyloid	PPS	
should	undergo	a	thorough	history	and	physical	exami-

nation.	Tumors	of	the	head	and	neck,	and	poststyloid	PPS	
masses	such	as	paragangliomas	should	be	ruled	out.	Cer-
tain	aspects	of	the	physical	examination,	such	as	indirect	
laryngoscopy	or	fiberoptic	laryngoscopy,	should	be	per-
formed	to	evaluate	the	motion	of	the	vocal	cords.

Imaging

The	 distinction	 between	 tumors	 of	 the	 prestyloid	 and	
poststyloid	space	may	be	made	radiologically	based	on	a	
clear	understanding	of	anatomy	in	this	region.	Som	et	al.	
[20],	developed	a	CT	protocol	to	provide	a	preoperative	
diagnosis	 accurately	 in	88%	of	PPS	 tumors.	There	were	
ten	large	tumors	in	their	study	of	104	cases	which	could	
not	be	diagnosed	initially	but	the	CT	scan	helped	to	limit	
the	differential	diagnosis	in	the	ten	cases.	In	our	depart-
ment,	 CT	 scan	 with	 contrast	 has	 been	 used	 almost	 ex-
clusively	with	the	exception	of	certain	patients	in	whom	
there	is	a	suspicion	of	intracranial	extension	who	benefit	
from	 MRI	 studies.	 The	 prestyloid	 PPS	 has	 a	 significant	
fat	content	which	is	easily	displaced	and	deformed,	and	
it	has	high	 signal	 intensity	on	T1-weighted	 images	 (see	
Fig.	18.6)	[10].	The	posterior	displacement	of	the	carotid	
artery	and	internal	jugular	vein	on	MRI	is	suggestive	of	a	

Fig. 18.4:	a	Styloid	process	and	its	relationship	to	the	mandible	forming	the	
stylomandibular	 tunnel	with	 the	stylomandibular	 ligament	as	 the	 inferior	
boundary.	[Reprinted	with	permission	from:	Johnson	JT	(1997)	Prestyloid	
parapharyngeal	space.	In:	Myers	EN	(ed)	Operative	Otolaryngology:	Head	
and	Neck	Surgery.	Saunders,	Philadelphia]	b	Deep	lobe	tumors	of	the	parot-
id	gland	passing	through	the	stylomandibular	tunnel,	often	presenting	as	an	
oropharyngeal	mass	[Reprinted	with	permission	from:	Johnson	JT	(1997)	
Prestyloid	parapharyngeal	space.	In:	Myers	EN	(ed)	Operative	Otolaryngol-
ogy:	Head	and	Neck	Surgery.	Saunders,	Philadelphia]
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Table 18.1.	Tumors	of	the	PPS	removed	at	the	Department	of	
Otolaryngology,	University	of	Pittsburgh

Histology Number of 
tumors

Paraganglioma 69

Pleomorphic	adenoma 32

Squamous	cell	carcinoma 10

Neurilemoma 7

Salivary	duct	carcinoma 3

Sarcoma 3

Schwannoma 3

Adenocarcinoma 2

Adenoid	cystic	carcinoma 2

Carcinoma	ex	pleomorphic	adenoma 2

Lipoma 2

Lymphangioma 2

Lymphoma 2

Meningioma 2

Hemangioma 1

Hemangiopericytoma 1

Leiomyosarcoma 1

Liposarcoma 1

Lymphoepithelial	carcinoma 1

Mucoepidermoid	carcinoma 1

Myoepithelioma 1

Neurofibroma 1

Oncocytic	papillary	cystadenoma 1

Thyroid	carcinoma 1

Warthin’s	tumor 1

Fig. 18.5:	Prestyloid	PPS	tumor	presenting	as	an	intraoral	mass.	
[Reprinted	with	permission	from:	Johnson	JT	(1997)	Prestyloid	
parapharyngeal	space.	 In:	Myers	EN	(ed)	Operative	Otolaryn-
gology:	Head	and	Neck	Surgery.	Saunders,	Philadelphia]

Fig. 18.6:	 Axial	 unenhanced	 T1-weighted	 image	 through	 the	
PPS	demonstrates	a	3-cm	parapharyngeal	mass	separated	from	
the	deep	lobe	of	the	parotid	by	an	intact	fat	plane	(arrowheads).	
This	mass,	which	displaces	 the	 fat	plane	medially,	was	excised	
and	shown	to	be	a	pleomorphic	adenoma
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prestyloid	PPS	tumor.	Dynamic	MRI	and	magnetic	reso-
nance	angiography	(MRA)	are	additional	 tools	 that	can	
provide	 supportive	 evidence	 for	 vascular	 tumors	 origi-
nating	in	the	region.

The	 distinction	 between	 prestyloid	 and	 poststyloid	
space	tumors	is	the	most	important	aspect	of	radiological	
evaluation.	 Clinical	 correlation	 along	 with	 imaging	 can	
help	to	clearly	define	what	type	of	tumor	the	patient	has	
and	 provides	 us	 with	 a	 very	 clear	 plan	 of	 management	
based	on	location	and	histology.	In	most	cases,	this	clini-
coradiological	correlation	can	serve	as	a	substitute	for	a	
biopsy.

Recently	other	types	of	imaging	studies	have	emerged.	
In	a	recent	study,	a	three-dimensional	(3D)	digital	recon-
struction	 of	 the	 prestyloid	 PPS	 was	 performed	 with	 the	
help	of	two-dimensional	MRI	data	and	thin	cadaveric	sec-
tions	of	 the	PPS.	The	digitalized	3D	model	could	clearly	
demonstrate	the	spatial	relationship	of	various	structures	
in	the	PPS.	In	the	prestyloid	PPS,	besides	the	pharyngeal	
vein,	 the	 ascending	 pharyngeal	 artery	 with	 its	 branches	
and	 the	 submandibular	 nerve	 could	 be	 clearly	 demon-
strated.	Such	3D	reconstructed	images	of	the	MRI	would	
provide	important	data	for	radiological	diagnosis,	surgical	
planning,	 and	 radiotherapy.	 Positron	 emission	 tomogra-
phy	(PET)	and	PET	with	CT	may	also	help	to	diagnose	and	
monitor	tumors	of	the	PPS.	The	PET	scan	has	been	shown	
to	have	the	ability	to	reflect	tumor	growth	in	pleomorphic	
adenomas,	which	are	the	most	common	tumors	found	in	
the	prestyloid	PPS	[12].	In	the	same	way	as	F-DOPA-PET	
with	CT	does	seem	to	improve	the	diagnostic	accuracy	of	
paragangliomas	in	the	PPS	[1,	2],	an	image	fusion	of	the	
PET	and	CT	may	help	to	improve	diagnostic	accuracy	and	
anatomical	definition	of	the	prestyloid	PPS	lesions.

Tumors	of	the	deep	lobe	of	the	parotid	gland	can	be	
differentiated	from	those	arising	de	novo	in	the	prestyloid	
PPS	by	the	presence	of	a	fat	plane	between	the	deep	lobe	
of	the	parotid	gland	and	the	tumor.	This	is	a	very	impor-
tant	point	in	planning	the	surgical	approach	for	these	tu-
mors,	since	the	tumors	independent	of	the	parotid	gland	
may	 be	 removed	 through	 a	 cervical	 approach	 whereas	
tumors	arising	in	the	deep	lobe	of	the	parotid	gland	with	
extension	 into	 the	 PPS	 must	 be	 approached	 through	 a	
parotid-submandibular	 approach	 with	 dissection	 of	 the	
facial	nerve	off	the	deep	lobe	in	order	to	avoid	injury	to	
the	facial	nerve.

Fine-needle Aspiration Biopsy (FNAB)

Fine-needle	aspiration	biopsy	may	contribute	 to	preop-
erative	histopathological	evaluation	of	prestyloid	PPS	tu-
mors.	Palpable	 tumors	 can	be	easily	 aspirated;	however	
more	deeply	seated	tumors	may	need	accurate	fine-needle	
aspiration	with	ultrasound	or	CT	guidance	[13].	The	cur-
rent	literature	on	histopathology	of	prestyloid	PPS	tumors	
is	based	on	the	study	of	surgical	specimens,	with	much	
less	emphasis	on	FNAB	or	incisional	biopsies.	This	may	
have	been	due	to	the	fact	that	regardless	of	preoperative	
histological	findings,	most	 tumors	will	require	excision.	
Secondly,	there	is	a	theoretical	possibility	of	hemorrhage,	
infection,	and	tumor	seeding	with	FNAB	creating	a	bias	
against	performing	FNAB	for	diagnostic	purposes.	More	
recent	reports	have	shown	these	beliefs	to	be	unfounded	
[14].	Wilson	et	al.	reported	no	instances	of	tumor	seeding	
after	diagnostic	aspiration	[23].	With	respect	 to	hemor-
rhage,	 the	 aspiration	 of	 a	 carotid	 body	 tumor,	 which	 is	

Table 18.2.	Clinical	presentation	of	prestyloid	PPS	tumors

Symptoms Signs

Asymptomatic → Normal	examination	(incidentaloma)

Lump	in	the	neck → Mass	in	the	neck/parotid	region

Difficulty	swallowing	or	breathing → Intraoral	mass

Asymmetry	of	the	face → Facial	paresis	or	palsy

Hearing	loss	or	otalgia → Serous	otitis	media

Others

Pain Trismus

Globus	sensation
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not	a	tumor	found	in	the	prestyloid	PPS,	seems	to	be	the	
only	contraindication	to	FNAB.	A	recent	review	of	PPS	
tumors	has	shown	that	FNAB	for	PPS	tumors	has	an	ac-
curacy,	sensitivity,	and	specificity	of	94%,	86%,	and	100%,	
respectively	[14].

Fine-needle	aspiration	biopsy	may	be	especially	help-
ful	in	patients	suspected	of	harboring	malignant	tumors.	
Clinical	findings	such	as	pain,	nerve	involvement,	rapid	
growth,	and	fixation,	with	radiological	evidence	of	bone	
involvement	are	suggestive	of	a	malignant	tumor.	In	these	
cases,	 an	 FNAB	 may	 be	 helpful	 to	 confirm	 the	 clinical	
suspicion	and	provide	valuable	information	for	treatment	
planning	 and	 counseling	 the	 patient	 and	 family	 preop-
eratively.	 It	does	seem	reasonable	 to	assume	that	FNAB	
of	prestyloid	PPS	 tumors	can	be	done	 safely	under	 im-
age	guidance,	if	necessary,	to	help	in	treatment	planning.	
However,	 traditionally	 we	 have	 not	 advocated	 FNAB	
prior	to	surgical	resection	since	in	most	cases	it	does	alter	
the	plan	of	management.

Surgical Approaches to Tumors 
of the Prestyloid Parapharyngeal Space

There	 are	 a	 variety	 of	 surgical	 approaches	 which	 may	
be	used	 for	 the	management	of	 tumors	of	 the	PPS	 (see	
Table	18.3).	The	traditional	approaches	to	the	prestyloid	
PPS	 are	 the	 transcervical	 or	 transcervical-transparotid	
approaches,	 either	 of	 which	 may	 be	 augmented	 with	 a	
mandibulotomy	 [5,	 21].	 Other	 than	 PPS	 extensions	 of	
deep	 lobe	 parotid	 tumors,	 most	 PPS	 masses	 can	 be	 ex-
cised	by	the	transcervical	technique	alone.

Transoral/Transoral-Transcervical Approach

Transoral	 excision	 has	 been	 advocated	 for	 neoplasms	
arising	in	the	prestyloid	PPS	especially	when	the	tumors	
are	limited	to	the	prestyloid	PPS	and	cannot	be	felt	in	the	
neck	 or	 parotid	 gland.	 A	 pure	 transoral	 approach	 pro-
vides	several	advantages.	It	is	the	most	direct	approach	to	
the	tumors	of	the	prestyloid	PPS,	which	may	bulge	into	
the	 oropharynx	 or	 lateral	 pharyngeal	 wall.	 Exposure	 of	
the	 tumor	 requires	 less	 surgery,	 and	 careful	 dissection	
will	 prevent	 damage	 to	 important	 adjacent	 structures,	
including	the	facial	nerve	[7].	Disadvantages	of	this	ap-
proach	include	incomplete	exposure	and	lack	of	proximal	
control	of	the	internal	carotid	artery.	Transoral	excision	
alone	has	also	been	criticized	for	an	associated	increased	

risk	of	bleeding,	tumor	spillage,	and	increased	rate	of	re-
currence	[5].	In	our	opinion,	 lack	of	adequate	exposure	
deprives	 the	 surgeon	 of	 the	 opportunity	 to	 identify	 the	
closely	related	neurovascular	structures	or	Stensen’s	duct,	
which	can	increase	the	risk	of	injury	to	these	structures.	
Transoral	 excision	 may	 also	 compromise	 the	 wound	
through	contamination	by	oral	secretions	or	seed	the	tu-
mor	into	the	mucosa	of	the	palate.

For	these	reasons	we	do	not	advocate	transoral/	trans-
mucosal	biopsies	or	partial	removal.	In	addition	to	con-
taminating	 the	mucosa,	 scarring	 increases	 the	difficulty	
of	 subsequent	removal.	 In	cases	where	prior	biopsy	has	
been	done,	a	combined	transoral-transcervical	approach	
would	 ensure	 complete	 and	 safe	 resection.	 In	 case	 of	 a	
recurrence,	the	scar	from	the	previous	transoral	surgery	
should	be	removed	at	the	time	of	the	transcervical	revi-
sion	surgery.

Transcervical/Submandibular Approach

The	prestyloid	PPS	is	ideally	approached	using	the	tran-
scervical	 submandibular	 technique	 (see	 Fig.	18.7).	 The	
skin	incision	is	made	in	the	major	transverse	skin	crease	
in	the	neck.	A	facelift	 incision	may	also	be	used.	This	 is	
carried	 down	 through	 the	 subcutaneous	 tissue	 and	 pla-
tysma	muscle.	The	mandibular	branch	of	the	facial	nerve	
must	be	identified	and	preserved.	Identification	of	the	an-
terior	border	of	the	sternocleidomastoid	muscle	facilitates	
identification	of	the	posterior	belly	of	the	digastric	mus-
cle.	The	submandibular	gland	is	then	dissected	free	of	the	
surrounding	tissues.	The	facial	artery	is	identified	deep	to	
the	posterior	belly	of	the	digastric	muscle	and	is	clamped,	
transected,	and	doubly	ligated	with	silk	suture.	The	sub-
mandibular	gland	is	then	mobilized	anteriorly	where	it	is	
pedicled	on	the	submaxillary	ganglion	and	Warthin’s	duct	

Table 18.3.	Surgical	approaches	used	in	surgery	of	the	prestyloid	
PPS

Surgical approaches

•	 Transoral

•	 Transoral-transcervical

•	 Transcervical

•	 Transcervical-transparotid

•	 Mandibulotomy
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(see	Fig.	18.8).	It	is	not	necessary	to	remove	the	subman-
dibular	gland	as	has	been	reported	by	Malone	et	al.	[11],	
but	it	is	important	to	retract	it	anteriorly	since	this	expo-
sure	 provides	 direct	 access	 to	 the	 apex	 of	 the	 prestyloid	
PPS.	 Once	 the	 gland	 has	 been	 mobilized	 the	 tumor	 is	
identified	 and	 using	 sharp	 and	 blunt	 dissection	 the	 tu-
mor	is	separated	from	surrounding	tissues	(see	Fig.	18.9).	
There	are	some	specific	maneuvers	that	can	increase	expo-
sure	at	this	stage	of	dissection.	A	stylomandibular	release	
and	anterior	dislocation	of	the	mandible	can	increase	ex-
posure	by	50%.	Subsequently,	the	styloid	process,	styloid	
musculature,	 and	 posterior	 belly	 of	 the	 digastric	 muscle	
can	be	removed	for	additional	exposure	[5,	16].

Tumors	in	the	prestyloid	PPS	are	usually	pleomorphic	
adenoma	which	does	not	invade	the	surrounding	soft	tis-
sue.	However,	 to	prevent	recurrence	every	effort	should	
be	made	to	preserve	the	capsule	of	the	tumor.	A	suction	
drain	is	placed	in	the	depths	of	the	wound	and	brought	
out	just	posterior	to	the	skin	incision	in	order	to	collapse	
the	 dead	 space.	 The	 wound	 is	 then	 meticulously	 closed	
and	a	dressing	applied.

Transcervical-Transparotid Approach

The	majority	of	tumors	of	the	prestyloid	PPS	require	for-
mal	identification	and	preservation	of	the	main	trunk	of	
the	facial	nerve.	We	advocate	the	parotid-submandibular	
approach	for	prestyloid	PPS	tumors	which	arise	from	the	
deep	lobe	of	the	parotid	gland.	Other	authors	have	also	
recommended	 the	 transcervical-transparotid	 approach	
for	all	deep	 lobe	parotid	 tumors	 [15,	19].	The	potential	
injury	 to	 the	 facial	 nerve	 from	 tumors	 that	 either	 arise	
from	 the	 deep	 lobe	 of	 the	 parotid	 or	 are	 adherent	 to	 it	
are	the	most	important	reasons	for	this	approach	which	
allows	adequate	exposure	and	early	identification	of	the	
facial	nerve.

An	 extended	 parotid-submandibular	 incision	 in-
cludes	a	modified	Blair	incision	in	the	preauricular	skin	
crease,	 carried	 around	 the	 earlobe	 and	 then	 extended	
into	 the	 neck	 in	 a	 prominent	 horizontal	 skin	 crease	 to	
the	 level	 of	 the	 submandibular	 gland	 (Fig.	18.10).	 The	
submandibular	 gland	 is	 then	 mobilized	 by	 ligating	 the	
facial	artery	and	displacing	the	gland	anteriorly.	The	skin	

Fig. 18.7:	Transcervical	approach.	 [Reprinted	with	permission	
from:	 Johnson	 JT	 (1997)	 Prestyloid	 parapharyngeal	 space.	 In:	
Myers	EN	(ed)	Operative	Otolaryngology:	Head	and	Neck	Sur-
gery.	Saunders,	Philadelphia]

Fig. 18.8:	Mobilization	and	anterior	retraction	of	the	subman-
dibular	gland	to	gain	access	to	the	parapharyngeal	space.	[Re-
printed	 with	 permission	 from:	 Johnson	 JT	 (1997)	 Prestyloid	
parapharyngeal	space.	 In:	Myers	EN	(ed)	Operative	Otolaryn-
gology:	Head	and	Neck	Surgery.	Saunders,	Philadelphia]
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flaps	are	raised	as	in	a	parotidectomy,	and	the	main	trunk	
of	the	facial	nerve	is	identified	by	using	the	landmarks	of	
the	anterior	border	of	the	sternocleidomastoid,	the	mas-
toid	tip,	and	the	cartilaginous	external	auditory	meatus.	
The	main	trunk	of	the	facial	nerve	is	identified	and	the	
divisions	of	the	facial	nerve	are	exposed	(Fig.	18.11).	In	

doing	this,	the	superficial	lobe	is	dissected	from	the	fa-
cial	nerve,	pedicled	anteriorly	and	preserved.	Tumors	of	
the	deep	lobe	of	the	parotid	gland	which	involve	the	pre-
styloid	PPS	will	most	often	lie	just	beneath	the	branches	
of	the	facial	nerve.	The	branches	of	the	facial	nerve	are	
dissected	free	of	the	capsule	of	the	tumor	and	the	nerve	

Fig. 18.9:	a	A	prestyloid	PPS	tumor	presenting	as	an	intraoral	submucosal	mass.	[Reprinted	with	permission	from:	Myers	EN,	John-
son	JT,	Curtin	HD	(2003)	Tumors	of	the	parapharyngeal	space.	In:	Myers	EN,	Suen	JY,	Myers	JN,	Hanna	EH	(eds)	Cancer	of	the	
Head	and	Neck,	4th	edn.	Saunders,	Philadelphia]	b	A	coronal	CT	scan	showing	the	mass	occupying	the	prestyloid	PPS	displacing	
the	lateral	oropharyngeal	wall	medially.	[Reprinted	with	permission	from:	Myers	EN,	Johnson	JT,	Curtin	HD	(2003)	Tumors	of	the	
parapharyngeal	space.	In:	Myers	EN,	Suen	JY,	Myers	JN,	Hanna	EH	(eds)	Cancer	of	the	Head	and	Neck,	4th	edn.	Saunders,	Phila-
delphia]	c	The	mass	(asterisk)	is	exposed	through	a	transcervical	incision	displacing	the	submandibular	gland	anteriorly	(SMG).	
d	Specimen	of	the	prestyloid	PPS	tumor	showing	the	smooth	surface	of	the	mass	which	facilitates	mobilization	by	blunt	dissection
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is	 mobilized.	 The	 deep	 lobe	 tumor	 is	 then	 delivered	
through	 this	 exposure	 in	 a	 three-dimensional	 manner	
with	a	combination	of	blunt	and	sharp	dissection.	Blunt	
finger	dissection	is	often	sufficient	for	extraparotid	sali-
vary	gland	tumors	of	the	prestyloid	PPS.	The	maneuvers	
used	to	increase	exposure	for	the	transcervical	approach	
such	as	a	stylomandibular	tenotomy	and	anterior	retrac-
tion	 of	 the	 mandible	 can	 also	 be	 employed	 to	 increase	
exposure	 if	 needed.	 At	 the	 end	 of	 the	 procedure,	 after	
hemostasis	is	obtained	and	the	wound	irrigated,	the	su-
perficial	lobe	of	the	parotid	gland	is	replaced	in	its	ana-
tomical	position	 in	order	 to	ensure	 that	 the	contour	of	
the	face	is	preserved.	The	wound	is	then	closed	in	layers	
over	a	suction	drain.

Mandibulotomy Approach

The	mandibulotomy	approach	is	usually	reserved	for	tu-
mors	of	the	poststyloid	PPS.	Such	a	midline	or	anterior	
mandibulotomy	may	be	helpful	to	increase	exposure	for	
lesions	in	the	superior	PPS,	tumors	larger	than	8	cm,	tu-

mors	encasing	the	internal	carotid	artery,	and	malignant	
tumors	invading	the	skull	base	or	vertebral	bodies.	This	
approach	has	limited	utility	for	the	management	of	pre-
styloid	PPS	tumors.	In	our	opinion,	most	prestyloid	PPS	
tumors	can	be	managed	satisfactorily	with	a	transcervi-
cal	approach	and	its	modifications	with	the	exception	of	
deep	lobe	parotid	tumors,	which	can	be	safely	approached	
via	a	transcervical-transparotid	approach.	An	interesting	
new	approach	described	by	Teng	et	al.	 [21]	described	a	
subcutaneous	 mandibulotomy	 which	 the	 authors	 feel	
affords	excellent	access	 to	 the	PPS	without	 the	 lip-split,	
chin-split,	and	floor	of	mouth	incisions	which	are	a	part	
of	 the	usual	midline	mandibulotomy.	They	propose	 the	
approach	for	tumors	which	are	inaccessible	through	the	
transcervical	approach	yet	do	not	require	a	full	midline	
mandibulotomy	for	a	safe	and	complete	removal.

Complications

Complications	 of	 the	 surgery	 could	 be	 either	 sequelae	
expected	 from	 the	 operation	 (e.g.,	 if	 a	 cranial	 nerve	 is	

Fig. 18.10:	Incision	for	the	transcervical-transparotid	approach.	
[Reprinted	with	permission	from:	Johnson	JT	(1997)	Prestyloid	
parapharyngeal	space.	 In:	Myers	EN	(ed)	Operative	Otolaryn-
gology:	Head	and	Neck	Surgery.	Saunders,	Philadelphia]

Fig. 18.11:	Identification	and	dissection	of	the	facial	nerve	dis-
playing	the	pes	anserinus.	[Reprinted	with	permission	from:	My-
ers	EN,	Johnson	JT,	Curtin	HD	(2003)	Tumors	of	the	parapha-
ryngeal	space.	In:	Myers	EN,	Suen	JY,	Myers	JN,	Hanna	EH	(eds)	
Cancer	of	the	Head	and	Neck,	4th	edn.	Saunders,	Philadelphia]
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resected	 for	 oncological	 reasons)	 or	 unexpected	 com-
plications	such	as	 facial	nerve	damage	and	the	first	bite	
syndrome	which	are	the	most	frequent	complications	of	
surgery	for	prestyloid	PPS	tumors	[5]	(Table	18.4).

Damage to the Facial Nerve

The	 most	 common	 complication	 of	 dissection	 of	 the	
prestyloid	PPS	relates	to	the	facial	nerve.	If	the	tumor	is	
separated	from	the	deep	lobe	of	the	parotid	by	a	distinct	
fat	plane,	removal	of	tumor	completely	without	injury	to	
the	nerve	can	be	expected.	If,	however,	the	tumor	is	a	PPS	
extension	of	a	deep	lobe	parotid	tumor,	then	it	is	possi-
ble	that	injury	to	the	facial	nerve,	either	from	inaccurate	
dissection	or	traction	on	the	nerve,	may	occur.	Traction	
injuries	 to	 the	 facial	 nerve	 can	 be	 expected	 to	 recover	
within	3	months	[5].

Proper	 eye	 care	 is	 essential	 for	 patients	 with	 facial	
nerve	 injury.	 In	 the	 immediate	 postoperative	 period	 a	
moisture	chamber	is	used.	Patients	who	are	expected	to	
have	 a	 prolonged	 recovery	 from	 facial	 paralysis	 benefit	
from	insertion	of	a	gold	weight	into	the	upper	eyelid.	In	
cases	where	excision	of	the	facial	nerve	is	necessary,	op-
tions	for	rehabilitation	of	facial	function	include	an	im-
mediate	reconstruction	with	an	interposition	nerve	graft	
(greater	auricular	nerve)	or	a	temporalis	muscle	sling	to	
reanimate	the	oral	commissure	[9]	(refer	to	Chapter	24,	
Facial	 Nerve	 Reconstruction,	 and	 Chapter	26,	 Recon-
struction	after	Excision	of	Cancer	of	the	Salivary	Glands,	
for	 further	details	on	 facial	nerve	 rehabilitation	and	re-
construction).

First Bite Syndrome

The	“first	bite	syndrome”	may	occur	in	patients	with	dis-
section	 of	 prestyloid	 PPS	 tumors.	 It	 is	 characterized	 by	
a	 pain	 in	 the	 parotid	 region	 immediately	 after	 the	 first	
bite	of	each	meal,	which	lasts	for	a	few	seconds,	improves	
with	each	bite,	and	is	at	its	worst	with	the	first	meal	of	the	
day.	Symptoms	are	usually	mild	but	can	be	severe	enough	
to	hinder	a	patient’s	quality	of	life	and	ability	to	eat.	This	
syndrome	 is	 commonly	 seen	when	parotid	 tissue	 is	 left	
behind	after	deep	lobe	parotid	surgery	via	the	transcervi-
cal-transparotid	approach,	accompanied	by	an	interrup-
tion	of	sympathetic	supply	to	the	parotid	either	due	to	a	
injury	to	the	cervical	sympathetic	chain	or	due	to	a	selec-
tive	sympathetic	denervation	accompanying	an	external	
carotid	 artery	 ligation.	 This	 concept	 of	 a	 parotid	 “sym-
pathectomy”	has	been	proposed	by	Chiu	et	al.	[4].	In	the	
authors’	experience,	current	 treatment	options	have	not	
been	 effective.	 Medical	 treatment	 is	 symptomatic	 with	
nonsteroidal	anti-inflammatory	medications	or	carbam-
azepine.	If	medical	treatment	fails,	tympanic	neurectomy	
may	provide	relief	in	some	patients	[4].

Conclusion

The	management	of	prestyloid	PPS	masses	is	surgical.	A	
detailed	preoperative	evaluation	will	help	define	the	loca-
tion,	 type,	and	the	extent	of	 the	 tumor.	 In	most	cases	a	
complete	resection	of	the	tumor	is	possible	via	the	trans-
cervical	 approach.	 For	 tumor	 originating	 in	 the	 deep	
parotid	 lobe,	 facial	 nerve	 identification	 and	 dissection	
should	be	performed	to	prevent	inadvertent	injury	to	the	
facial	nerve.

Table 18.4.	Complications	of	PPS	surgery

Complication Causative factor

Facial	nerve	weakness Traction	injury	to	the	facial	nerve

First	bite	syndrome Parotid	“sympathectomy”

Trismus/temporomandibular	joint	pain Dislocation	of	the	temporomandibu-
lar	joint	during	mandibular	swing

Tongue	weakness Hypoglossal	nerve	injury

Hematoma Inadequate	hemostasis,	slippage	of	liga-
ture	especially	from	the	facial	artery

Seroma
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    Take Home Messages

→	 Tumors	in	the	prestyloid	PPS	are	usually	of	sali-
vary	gland	origin.

→	 Modern	imaging	techniques	permit	the	surgeon	
to	 formulate	 a	 plan	 of	 management	 without	 a	
preoperative	biopsy.

→	 Image-guided	fine-needle	aspiration	can	be	con-
sidered	for	tumor	limited	to	the	prestyloid	PPS,	
particularly	if	malignancy	is	suspected.

→	 A	 transcervical	approach	with	 its	modifications	
will	 provide	 adequate	 exposure	 for	 a	 complete	
resection	in	most	cases	if	the	mass	is	not	a	PPS	
extension	of	a	tumor	of	the	deep	lobe	of	the	pa-
rotid	gland.

→	 Excision	of	a	tumor	in	the	deep	lobe	of	the	parot-
id	gland	with	extension	to	the	PPS	requires	that	
the	branches	of	the	facial	nerve	be	identified	and	
mobilized	off	the	tumor.

→	 Transoral	incisional	biopsy	of	a	tumor	of	the	PPS	
may	result	in	contamination	of	the	mucosa	and	
make	eventual	transcervical	resection	more	dif-
ficult.
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    Core Features

•	 Vascular	 lesions	 can	 involve	 major	 and	 minor	
salivary	glands.

•	 An	 understanding	 of	 the	 correct	 diagnosis	 of	 a	
vascular	 lesion	 is	 key	 to	 its	 adequate	 manage-
ment.

•	 All	vascular	lesions	are	not	hemangiomas	and	all	
do	not	spontaneously	regress.

	 	

Complications	to	Avoid
Misdiagnosis	of	vascular	lesions.
Misunderstanding	of	the	natural	history	of	
hemangiomas,	venous	malformations	lymphatic	
malformations,	and	arteriovenous	malformations.

Introduction

The	 most	 common	 vascular	 anomalies	 of	 the	 salivary	
glands	 are	 congenital.	 They	 do	 not	 arise	 from	 salivary	
gland	 tissue	 but	 may	 involve	 it	 intimately.	 When	 these	
vascular	 anomalies	 are	 treated	 surgically,	 the	 involved	
salivary	 glands	 frequently	 must	 be	 removed.	 In	 the	 pa-
rotid	gland,	the	facial	nerve	is	at	risk	and	should	be	pre-
served	when	possible.

The	parotid	is	the	salivary	gland	most	commonly	in-
volved.	 Hemangiomas	 and	 vascular	 malformations	 are	
common	 in	 the	 face	 and	 frequently	 involve	 the	 parotid	
gland.	The	submandibular	gland	can	be	involved	by	vas-
cular	 malformations,	 as	 can	 the	 minor	 salivary	 glands.	
In	the	latter,	a	lymphatic	malformation	may	be	confused	
with	a	ranula	in	the	floor	of	mouth.

The	 goals	 of	 treatment	 for	 vascular	 lesions	 depend	
upon	 the	 type	 and	 extent	 of	 the	 lesion.	 Hemangiomas	
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eventually	 regress	 during	 childhood	 whereas	 vascular	
malformations	 continue	 to	 grow	 or	 expand	 throughout	
life	unless	they	are	treated	and	controlled.	Arteriovenous	
malformations	 are	 destructive	 and	 life	 threatening	 and	
must	 be	 surgically	 resected;	 however,	 the	 goal	 of	 treat-
ment	for	venous	and	lymphatic	malformations	may	be	to	
control	the	disease	rather	than	to	cure	it.

It	 is	 crucial	 to	 understand	 the	 classification	 of	 these	
lesions	 for	 proper	 diagnosis	 and	 to	 formulate	 a	 plan	 of	
management.

Classification

One	 of	 the	 greatest	 advances	 in	 the	 understanding	 and	
treatment	 of	 congenital	 vascular	 lesions,	 regardless	 of	
their	location,	is	their	correct	classification.	Classification	
allows	for	an	orderly	understanding	of	various	groups	of	
vascular	 lesions	 which	 leads	 to	 a	 correct	 diagnosis	 and	
therefore	 appropriate	 management.	 A	 major	 reason	 for	
problematic	management	of	these	lesions	in	the	past	has	
been	a	lack	of	understanding	of	the	nature	of	these	lesions	
by	most	primary	care	providers	to	whom	these	patients	
initially	 present.	 Many	 patients	 have	 had	 an	 incorrect	
diagnosis,	uninformed	medical	opinions,	and	even	inap-
propriate	treatments	because	of	a	lack	of	understanding	of	
these	lesions	in	general,	and	their	classification	in	partic-
ular.	The	key	to	understanding	vascular	lesions	is:	know-
ledge	of	their	natural	history,	understanding	of	the	vessel	
of	origin/etiology,	and	which	therapy	is	most	appropriate	
for	a	given	type	of	lesion.	The	therapeutic	approach	can	
differ	significantly	depending	on	the	diagnosis.

The	understanding	of	vascular	lesions	was	revolution-
ized	 by	 the	 biologic	 classification	 proposed	 in	 1982	 by	
Mulliken	and	Glowacki	[1]	(Table	19.1).	The	basic	para-
digm	is	that	congenital	vascular	lesions	can	be	subdivided	
into	two	groups,	malformations	and	hemangiomas.	Vas-
cular	 malformations	 are	 present	 at	 birth,	 but	 some	 can	
be	 difficult	 to	 recognize	 initially	 due	 to	 their	 small	 size	
or	 hidden	 location.	 Malformations	 have	 a	 natural	 his-
tory	which	distinguishes	them	from	hemangiomas	and	is	
often	an	initial	point	of	misinformation	provided	to	pa-
tients	and	their	families.	Vascular	malformations	are	not	
proliferative,	they	grow	with	their	host	and	they	never	in-
volute	spontaneously.	It	is	important	that	parents	should	
not	be	told	that	these	lesions	will	disappear.

Hemangiomas	 are	 considered	 by	 many	 practitioners	
to	be	the	classic	pediatric	vascular	lesion.	As	a	result,	they	
are	overdiagnosed,	and	this	misinformation	results	in	in-

appropriate	 or	 delayed	 management.	 Hemangiomas	 are	
not	usually	present	at	birth	but	may	have	a	pink,	purple,	
or	hypopigmented	area	which	predicts	its	position.	They	
usually	become	clinically	apparent	in	the	early	postnatal	
period	and	they	proliferate	(grow	faster	than	their	host)	
in	the	first	year	of	life.	The	pathologic	hallmark	of	these	
lesions	 is	 increased	 endothelial	 growth.	 These	 lesions	
share	many	cellular	markers	with	placental	tissue	and	are	
now	thought	to	represent	a	placental	metastasis	from	the	
mother	to	child	[2].	These	lesions	spontaneously	begin	to	
regress	between	1	and	2	years	of	age.	Involution	may	re-
quire	6–12	years.	Those	that	regress	more	quickly	tend	to	
leave	less	fibrofatty	tissue	than	those	that	persist	longer.

Waner	and	Suen	have	further	refined	the	classification	
system	of	Mulliken	and	Glowacki	by	further	subcatego-
rizing	 vascular	 malformations	 based	 on	 their	 vessel	 of	
origin	(Table	19.1)	[3].

Diagnosis

Proper	 classification	 of	 vascular	 lesions	 is	 the	 first	 goal	
in	the	management	of	these	patients.	A	diagnosis	is	gen-
erated	through	thorough	history	taking,	physical	exami-
nation,	 imaging	 studies,	 and	 postoperative	 pathology	
results.	Imaging	is	the	principal	modality	for	characteriza-
tion	of	extent	of	the	lesion.	Imaging,	although	frequently	
characteristic	 of	 certain	 lesions,	 cannot	 always	 provide	
a	definitive	diagnosis.	For	example,	cases	of	venous	and	

Table 19.1.	 Classification	 of	 vascular	 lesions	 (modified	 from	
Mulliken	[1])

Hemangiomas

Vascular	malformations

Venous

Capillary	(port-wine	stains)

Lymphatic	(cystic	hygromas,	lymphangiomas)

Arteriovenous

Mixed

	 	 Venous-lymphatic

	 	 Venous	venular

Source:	Waner	M,	Suen	JY	(eds)	(1999)	Hemangiomas	and	Vas-
cular	Malformations	of	the	Head	and	Neck.	New	York:	Wiley-
Liss,	Tables	1.1,	1.3–1.5

310  Lisa Buckmiller et al.

19



lymphatic	 lesions	 may	 not	 be	 distinguished	 from	 each	
other	 by	 magnetic	 resonance	 imaging	 (MRI).	 Imaging	
is,	therefore,	not	a	substitute	for	an	understanding	of	the	
presentation	and	natural	history	of	these	lesions.

The	 principal	 imaging	 modality	 that	 delineates	 vas-
cular	 lesions	and	helps	 the	surgeon	arrive	at	 the	proper	
diagnosis	is	MRI.	MRI	provides	the	greatest	contrast	be-
tween	vascular	lesions	and	surrounding	soft	tissue.	MRI	
can	delineate	lesions	that	extend	beyond	the	capabilities	
of	ultrasound.	Imaging	can	also	be	used	as	part	of	treat-
ment	 in	 cases	 of	 primary	 sclerotherapy	 or	 as	 part	 of	 a	
surgical	 plan	 which	 might	 include	 preoperative	 sclero-
therapy	 or	 embolization.	 Arteriography	 is	 typically	 re-
served	 for	 diagnosis	 and	 embolization	 of	 arteriovenous	
malformations.

Hemangiomas

Hemangiomas	are	congenital	vascular	tumors	comprised	
of	 proliferative	 capillary	 tissues	 that	 are	 related	 to	 pla-
centa.	This	astonishing	observation	was	realized	within	
the	last	decade,	when	it	was	discovered	that	hemangio-
mas	share	tissue	markers	with	placenta	[2].	Specifically,	
the	tissue	marker	GLUT1	is	now	used	routinely	to	dis-
tinguish	hemangiomas	 from	all	other	 types	of	vascular	
anomalies.	 Hemangiomas	 frequently	 occur	 in	 the	 pa-
rotid	 gland,	 where	 they	 present	 a	 particular	 treatment	
challenge.	These	lesions	are	usually	not	clearly	apparent	
at	birth	but	may	present	with	an	overlying	pinkish	stain	
or	hypopigmented	area.	They	undergo	a	rapid	prolifera-
tive	phase	and	can	greatly	increase	in	volume,	much	to	
the	 distress	 of	 both	 parents	 and	 physician	 (Fig.	19.1).	
Hemangiomas	will	continue	to	proliferate	over	the	next	

10–14	months	 and	 then	 undergo	 a	 variable	 involution	
phase,	in	which	the	lesion	will	soften,	frequently	shrink,	
and	 be	 replaced	 by	 fibrofatty	 tissue.	 Diagnosis	 of	 deep	
lesions	can	be	aided	by	MRI	which	is	the	diagnostic	mo-
dality	 of	 choice,	 but	 if	 there	 is	 superficial	 involvement	
MRI	 is	 usually	 not	 necessary	 [4].	 In	 the	 past,	 medical	
professionals	have	advised	that	no	treatment	is	indicated	
for	these	lesions	since	they	“all	go	away.”	However,	hem-
angiomas	can	leave	a	very	disfiguring	residual	in	a	large	
percentage	 of	 patients,	 and	 may	 take	 years	 to	 involute.	
This	frequently	requires	some	type	of	intervention	to	al-
low	a	more	normal	appearance.	In	many	cases,	the	resid-
ual	fibrofatty	tissue,	overlying	stretched	and	scarred	skin,	
and	a	continued	mass	deformity	needs	to	be	addressed.	
Other	indications	for	surgical	intervention	include	com-
plications	 such	as	 loss	of	vision,	ulceration	of	 the	 skin,	
and	cartilage	destruction.

Various	modalities	for	the	treatment	of	hemangiomas	
exist	and	specific	treatment	regimens	need	to	be	individ-
ualized	for	each	patient.

Observation

Observation	remains	an	option	in	the	treatment	of	hem-
angiomas,	however,	this	should	be	reserved	only	for	small	
lesions	 that	 are	unlikely	 to	 leave	unsightly	 residua	 such	
as	 bulky	 fibrofatty	 tissue	 and	 skin	 redundancy.	 Since	
it	 is	 difficult	 to	 predict	 the	 extent	 of	 growth	 of	 a	 given	
hemangioma	 or	 the	 likelihood	 of	 complete	 involution,	
intervention	to	potentially	avoid	the	need	for	future	ex-
tensive	surgery	is	advised.	In	many	cases,	the	growth	of	
the	hemangioma	or	its	appearance	can	be	controlled	by	
other	means.

Fig. 19.1a–c:	Progressive	proliferation	of	parotid	(beard	distribution)	hemangiomas
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Medical Management

Steroid	therapy	has	long	been	the	mainstay	of	treatment	
of	 hemangiomas.	 However	 caution	 must	 be	 used	 with	
systemic	 steroid	 use	 in	 children	 in	 order	 to	 minimize	
long-term	 side	 effects,	 such	 as	 growth	 disturbance	 and	
hormonal	 imbalances.	Oral	 steroids	such	as	prednisone	
in	 high	 doses,	 2–6	mg/kg	 per	 day,	 have	 been	 shown	 to	
slow,	and	in	many	cases	reverse	the	growth	of	hemangio-
mas	[5–7].	This	is	usually	short-lived	since,	in	our	experi-
ence,	most	patients	who	have	been	on	long-term	use	of	
oral	 steroids	have	problems	with	rebound	growth	upon	
cessation	of	the	steroids,	which	then	leads	to	an	observa-
tion	period	hopeful	for	involution.

Intralesional	 injection	 of	 steroid	 is	 gaining	 favor	 for	
some	patients.	The	objective	is	 to	deliver	high-dose	ste-
roids	 to	 the	areas	 involved	with	 the	hemangioma	while	
minimizing	 potential	 systemic	 side	 effects.	 A	 combina-
tion	of	long-	and	short-acting	steroids	is	usually	chosen.	
We	 prefer	 triamcinolone	 40	mg/cc	 and	 betamethasone	
6	mg/cc	 in	 a	 1:1	 ratio.	 Usually	 softening	 of	 the	 heman-
gioma	as	well	as	cessation	of	growth	and	actual	shrinkage	
of	the	lesion	can	be	seen	in	48–72	h.	It	is	common	for	the	
hemangioma	to	begin	proliferating	again	in	the	following	
weeks	to	months	and	injections	are	repeated	at	8-	to	12-
week	intervals	(Fig.	19.2).	Steroid	injection	has	proven	to	
be	a	useful	modality	to	control	growth	during	the	prolif-
erative	phase;	however	it	does	not	eliminate	the	need	for	
further	intervention	in	every	case	[8,	9].

Other	 medical	 interventions	 for	 hemangiomas	 war-
rant	 mentioning,	 including	 vincristine	 and	 interferon.	
Vincristine	is	useful	in	several	situations.	We	use	vincris-
tine	 as	 a	 first-line	 treatment	 in	 patients	 who	 have	 high	
output	cardiac	failure,	in	extensive	but	surgically	inacces-
sible	lesions	such	as	hemangiomas	of	the	liver,	or	in	cases	

where	the	hemangioma	is	otherwise	life-	or	organ-threat-
ening	such	as	in	ocular	hemangiomas	where	the	patient	
is	at	risk	for	blindness.	The	drawbacks	to	such	treatment	
are	the	need	for	catheter	placement	and	close	monitoring	
of	immune	and	electrolyte	status	while	the	patient	is	re-
ceiving	chemotherapy.	Vincristine	has	proven	very	effec-
tive	in	these	cases,	however	several	courses	of	treatment	
are	 usually	 necessary.	 Interferon	 is	 only	 recommended	
in	life-threatening	cases	that	have	failed	other	treatment	
modalities,	due	to	the	substantial	risk	of	irreversible	spas-
tic	diplegia	when	given	to	young	patients.

Laser Therapy

Hemangiomas	 involving	 the	 superficial	 tissues	 can	 be	
treated	with	pulsed	dye	laser.	Lasers	can	be	useful	to	speed	
the	lightening	of	the	skin	during	involution	or	in	treating	
overlying	skin	ulceration	caused	by	the	rapid	growth	of	
the	hemangioma.	The	exact	mechanism	 for	 skin	break-
down	is	unclear	but	 is	 theorized	to	be	due	to	a	 form	of	
vascular	 steal	 phenomenon	 (Fig.	19.2).	 Flash	 pump	 dye	
laser,	585–595	nm,	is	very	useful	in	treating	ulcerations,	
greatly	lessening	healing	time.	Wound	care	is	very	impor-
tant	and	 includes	application	of	Silvadine	cream,	which	
also	prevents	localized	infection.

Surgery

Decisions	 on	 timing	 of	 surgery	 for	 hemangiomas	 re-
mains	 controversial,	 however	 it	 is	 imperative	 to	 treat	
these	 children	 early	 enough	 to	 allow	 them	 to	 have	 as	
normal	an	appearance	as	possible	when	entering	school	
[8,	10–12].	After	about	1	year	of	age,	hemangiomas	be-

Fig. 19.2:	Patient	with	large	parotid	hemangiomas	before	(a,	b)	and	after	three	steroid	injections	(c)
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gin	a	variable	involution	rate,	with	some	lesions	disap-
pearing	 in	 several	 months	 and	 others	 remaining	 large	
with	very	little	change.	Parents	should	be	advised	of	this	
variability	and	it	is	usually	recommended	that	removal	
of	 hemangiomas	 involving	 the	 parotid	 be	 delayed	 to	
assess	 for	 adequate	 involution.	 If	 the	 hemangioma	 re-
mains	large	at	the	age	of	approximately	3–4	years,	then	
surgical	 removal	 is	 indicated	 to	provide	 the	child	with	
facial	symmetry.	Surgery	can	be	difficult	and	frequently	
involves	 substantial	 blood	 loss	 and	 a	 risk	 to	 the	 facial	
nerve.	 The	 nerve	 frequently	 is	 surrounded	 by	 heman-
gioma	and	dissection	can	be	difficult.	Waiting	for	initial	
involution	can	improve	ease	of	dissection	due	to	fewer	
vessels	 and	 more	 fibrofatty	 tissue,	 although	 this	 is	 not	
true	 in	all	cases.	The	goal	of	 surgery	 is	not	necessarily	
to	remove	all	of	the	hemangioma	but	to	create	symme-
try	 and	 eliminate	 bulk.	 Since	 hemangiomas	 will	 never	
reproliferate,	the	remaining	hemangioma	acts	as	a	fibro-
fatty	filler	and	causes	no	future	problems.	Usually	a	su-
perficial	parotidectomy	is	sufficient	to	accomplish	these	
goals,	and	further	dissection	of	the	nerve	is	unnecessary.	
Time	should	be	given	to	allow	for	recovery	of	any	nerve	
apraxia	prior	to	entry	to	school.

Frequently,	 enough	of	 the	hemangioma	will	 involute	
to	obviate	the	need	for	extensive	surgery	with	nerve	dis-
section.	In	many	cases,	redundant	scarred	skin	can	be	re-
sected	without	formal	identification	of	the	facial	nerve	as	
long	as	superficial	planes	are	respected.

Other Hemangiomas

Although	 rare,	 two	 other	 types	 of	 hemangiomas	 need	
to	 be	 mentioned.	 These	 are	 termed	 congenital	 heman-
giomas	in	the	literature	but	this	term	can	be	misleading	
since	all	hemangiomas	are	technically	congenital.	These	
two	 other	 types	 of	 hemangiomas	 that	 differ	 from	 the	
more	common	infantile	hemangioma,	is	the	rapidly	in-

voluting	congenital	hemangioma	(RICH),	and	the	other	
is	 the	 non-involuting	 congenital	 hemangioma	 (NICH).	
These	are	lesions	which	are	fully	formed	at	birth	and	do	
not	undergo	a	rapid	growth	phase	during	the	first	year	
of	life	like	infantile	hemangiomas.	They	also	differ	from	
the	more	common	hemangiomas	in	that	they	are	GLUT1	
negative,	and	 this	can	aid	 in	 their	diagnosis	 [12].	They	
can	be	classified	as	either	rapidly	involuting	or	non-invo-
luting	depending	on	their	history.	The	rapidly	involuting	
hemangiomas	will	frequently	be	quite	large	at	birth	but	
the	mass	completely	disappears	within	 several	months.	
Usually,	residual	scarring	of	the	skin	with	atrophy	of	the	
subcutaneous	tissues	 is	all	 that	remains	(Fig.	19.3).	The	
non-involuting	congenital	hemangioma	will	undergo	lit-
tle	change	and	may	require	removal	at	some	time	to	im-
prove	appearance.	These	two	lesions	appear	very	similar	
at	birth	and	only	time	will	tell	if	the	lesion	will	undergo	
involution.

Kasabach-Merritt Syndrome

Traditionally,	it	was	thought	that	Kasabach-Merritt	syn-
drome	was	caused	by	hemangiomas,	however,	it	has	been	
shown	that	the	lesion	is	actually	kaposiform	hemangioen-
dothelioma	(KHE).	Kasabach-Merritt	is	defined	by	plate-
let	trapping,	ecchymosis,	high	output	cardiac	failure,	and	
can	be	associated	with	a	high	mortality	rate.	KHE	lesions	
tend	 to	be	very	firm,	have	 less	distinct	borders	and	ap-
pear	purplish	in	color.	These	lesions	can	occur	anywhere,	
including	the	salivary	glands.	KHE	can	be	diagnosed	on	
the	basis	of	history,	it	is	usually	present	at	birth	with	rapid	
growth	thereafter,	or	by	laboratory	studies,	a	fall	in	plate-
let	count	or	a	biopsy.	Treatment	consists	of	high-dose	ste-
roids,	vincristine,	and	possibly	surgical	excision	once	the	
lesion	 and	 the	 patient	 are	 stable	 and	 depending	 on	 the	
location	of	the	lesion.	These	lesions	can	involve	multiple	
and/or	diffuse	sites.

Fig. 19.3:	Congenital	hemangioma	at	birth	
(a)	and	at	6	months	of	age	(b)

313Vascular Lesions of Salivary Glands Chapter 19



Vascular Malformations

One	 of	 the	 greatest	 advances	 in	 the	 understanding	 and	
treatment	of	congenital	vascular	 lesions,	wherever	 their	
location,	is	their	correct	classification.	The	key	to	under-
standing	 vascular	 lesions	 is:	 knowledge	 of	 their	 natural	
history,	 understanding	 of	 the	 vessel	 of	 origin/etiology,	
and	which	 therapy	 is	most	appropriate	 for	a	given	 type	
of	lesion.

Venular Malformations

Venular	malformations	are	commonly	termed	port-wine	
stains	 (PWS)	 or	 classified	 as	 capillary	 malformations.	
Venular	malformations	have,	as	their	name	implies,	low	
flow,	 postcapillary	 vessels	 of	 origin	 (Table	19.1).	 This	
group	is	distinct,	however,	from	simply	lesions	of	dilated	
veins	(venous	malformations,	see	below).	Venular	lesions	
arise	 from	 the	 small	 venules	 just	 distal	 to	 the	 capillary	
beds,	 usually	 highly	 regulated	 resistance	 vessels	 which	
manage	 capillary	 perfusion.	 Although	 these	 lesions	 can	
involve	facial	skin	which	overlies	major	salivary	glands,	
these	lesions	do	not	extend	into	these	glands	(Fig.	19.4).	
Minor	salivary	glands	are	involved	when	venular	lesions	
are	 located	 on	 mucosa.	 Treatment	 for	 these	 lesions	 in-
cludes	laser	photocoagulation	with	non-contact	YAG	or	
pulse	dye	(PDL)	lasers	[13–20].	Redundant	tissue	result-
ing	from	these	 lesions	may	be	excised	for	cosmetic	and	
functional	reasons.

Venous Malformations

Venous	malformations	are	lesions	of	grouped	ectatic	veins.	
They	are	considered	to	be	low	flow	lesions.	They	are	pres-
ent	at	birth,	although	not	always	immediately	recognized,	
and	progress	by	increasing	ectasia	with	age.	Veins	within	
these	 lesions	 may	 reach	 a	 10-fold	 greater	 diameter	 than	
their	normal	size.	Phleboliths,	palpable	calcified	thrombi,	
are	pathognomonic	of	this	lesion,	if	present.	Clinical	pre-
sentation	is	variable	due	to	size,	location	(internal	versus	
external),	and	vertical	location	within	the	layers	of	the	soft	
tissue.	 The	 deeper	 the	 lesion,	 the	 less	 overlying	 purple/
blue	discoloration	would	be	expected.	Some	lesions	are	so	
deep	 that	 they	 have	 no	 overlying	 color	 changes	 and	 are	
diagnosed	 by	 their	 mass	 effect,	 ability	 to	 compress	 with	
refilling,	and	their	imaging	characteristics	(Fig.	19.5).

Venous	 lesions	 grow	 over	 the	 life	 of	 the	 patient,	 but	
the	velocity	of	growth	can	be	variable.	Predictable	peri-
ods	of	rapid	expansion	include:	puberty,	use	of	oral	con-
traceptives,	pregnancy,	or	trauma.	They	can	present	as	an	
isolated	 lesion	 or	 as	 multiple	 foci	 of	 apparently	 discon-
tinuous	lesions,	or	diffuse	areas	of	involvement.	It	is	not	
uncommon	when	a	patient	presents	with	a	single	venous	
lesions	for	others	to	be	discovered	during	physical	exami-
nation,	 flexible	 laryngoscopy,	 or	 upon	 review	 of	 imag-
ing	 studies.	 MRI	 scans	 can	 identify	 and	 delineate	 areas	
involved	by	venous	lesions	and	these	scans	are	necessary	
for	 treatment	 planning	 should	 intervention	 be	 elected	
(Fig.	19.6).	Sites	of	predilection	of	venous	lesions	within	
the	head	and	neck	include:	buccal	mucosa,	tongue,	oral	

Fig. 19.4:	Infant	with	port-wine	stain	over	right	face	including	
parotid/preauricular	area

Fig. 19.5:	Identical	twins	with	child	in	foreground	with	a	large	
right-sided	 facial	 venous	 malformation	 involving	 the	 parotid	
gland
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commissure,	buccal	space,	parotid,	and	the	soft	tissue	of	
the	neck.	Venous	malformations	frequently	involve	mus-
cle	groups.	Major	and	minor	salivary	gland	infiltration	is	
commonly	seen.

Treatment	of	venous	malformations	of	 the	head	and	
neck	 may	 be	 accomplished	 by	 multiple	 modalities.	 The	
decision	to	treat	these	lesions	is	based	on	their	location,	
symptoms,	and	presence	of	functional	 impairment,	aes-
thetic	 considerations,	 and	 the	 interest	 of	 the	 patients.	
Conservative	treatment	may	be	all	that	is	required	for	le-
sions	 that	 result	 in	 no	 functional	 impairment.	 This	 can	
be	done	by	having	the	patient	sleep	with	the	head	of	the	
bed	elevated	and	minimizing	excessive	strenuous	activity.	
Surface	disfiguration	and	discoloration	by	smaller	lesions	
may	 be	 managed	 by	 non-contact	 YAG	 laser	 treatments	
[21].	These	treatments	are	limited	to	superficial	oblitera-
tion	of	veins.	Often	this	technique	is	applied	to	areas	of	
mucosal	 involvement	such	as	 to	 the	oral	cavity,	 tongue,	
pharynx,	or	larynx.	When	lesions	are	treated	endoscopi-
cally,	one	should	start	with	the	deepest	(most	distal	to	the	
point	of	endoscope	 insertion)	 lesion	first.	This	prevents	
contact	with	the	treated	mucosa	by	retractors	or	the	 la-
ryngoscope	which	may	result	in	hemorrhage.	YAG	laser	
treatment	 shrinks	 the	 venous	 malformation	 away	 from	
overlying	mucosa.	The	mucosa	heals	well	with	minimal	
scaring	 because	 of	 a	 lack	 of	 melanin.	 Interstitial	 place-
ment	of	laser	fibers	can	allow	for	internal	laser	treatment	
of	venous	malformations	[22].

Sclerotherapy	 is	 an	 option	 to	 control	 the	 expansion	
of	venous	malformations	[23].	This	is	particularly	useful	
in	areas	where	surgical	access	is	difficult	or	risky,	such	as	
diffuse	involvement	of	the	tongue	or	face.	Sclerotherapy	
treatments	using	ethanol	throughout	the	lesion	can	pro-
mote	 thrombosis	 and	 shrinkage	 of	 the	 lesion.	 Multiple	
treatments	are	usually	required,	however,	and	it	is	impor-
tant	that	the	patient	and	family	are	aware	of	this.	It	is	also	
useful	preoperatively,	to	lessen	intraoperative	blood	loss	
and	facilitate	dissection.	Alcohol	sclerotherapy	should	be	
performed	by	experienced	interventional	radiologists	be-
cause	complications	and	even	death	may	occur.

Lesions	that	are	localized	and	symptomatic	can	be	re-
sected.	This	is	not	a	procedure	for	the	inexperienced	sur-
geon	but	 is	 feasible	when	certain	surgical	principles	are	
applied.	 Alternatively,	 image-directed	 sclerotherapy	 can	
be	used	to	manage	these	lesions.

Lymphatic Malformations

Lymphatic	 malformations	 are	 slow	 flow	 malformations	
consisting	 of	 ectatic	 lymph	 channels	 and	 can	 be	 classi-
fied	 as	 focal	 or	 diffuse	 depending	 on	 the	 extent	 of	 the	
lesion	 as	 well	 as	 microcystic	 versus	 macrocystic	 which	
can	be	determined	on	MRI.	Microcystic	lesions	contain	
cystic	spaces	that	are	less	than	2	cm	in	diameter	and	pres-
ent	a	much	greater	challenge	to	treat	and	cure	than	their	
macrocystic	(cysts	>2	cm)	counterparts	(Fig.	19.7).	Many	
malformations	are	actually	a	combination	of	micro-	and	
macrocystic,	with	pure	composition	of	one	or	the	other	
being	rare.	Lymphatic	malformations	are	frequently	quite	
large	 at	 birth	 and	 may	 result	 in	 airway	 problems.	 They	
can	often	be	diagnosed	on	prenatal	ultrasound.	Multiple	
terms	have	been	used	in	the	past	to	label	these	lesions	in-
cluding	cystic	hygroma	and	lymphangioma.	To	eliminate	
confusion	in	diagnosis,	these	terms	should	be	avoided.

Lymphatic	 malformations	 tend	 to	 be	 quite	 extensive	
with	the	parotid	and	submandibular	areas	frequently	be-
ing	involved.	They	are	commonly	bilateral	in	these	exten-
sive	cervicofacial	lymphatic	malformations	and	present	a	
great	challenge	in	management	for	both	physician	as	well	
as	caregivers.	The	initial	primary	concern	is	the	patient’s	
airway.	Infants	with	extensive	disease	usually	will	undergo	
tracheotomy	to	help	maintain	the	airway	from	compres-
sion	by	the	mass	as	well	as	from	expected	periods	of	swell-
ing	that	are	typical	in	areas	involved	with	malformation.

The	 natural	 history	 of	 these	 lesions	 is	 they	 usually	
present	 at	 birth	 and	 they	 tend	 to	 grow	 slowly	 through-

Fig. 19.6:	 Patient	 with	 venous	 malformation	 of	 submaxillary-
parotid	 area	 which	 was	 consolidated	 with	 a	 phlebolith	 in	 the	
center.	 It	 was	 totally	 resectable.	 Arrow	 points	 to	 consolidated	
lesion
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out	 the	 patient’s	 lifetime.	 The	 lesions	 never	 involute	 or	
proliferate,	 but	 grow	 by	 slow	 expansion	 of	 the	 ectatic	
vessels	 and	 they	 are	 exacerbated	 by	 infection,	 trauma	
and	hormonal	changes.	Spontaneous	regression	has	been	
reported	 in	 the	 literature,	 but	 this	 is	 rare,	 and	 in	 many	
instances	these	reports	lack	long-term	follow-up.	Parents	

or	patients	may	report	increased	swelling	with	infection,	
due	to	the	increased	immune	system	activity	and	lymph	
flow	during	these	times;	the	tissue	surrounding	the	mal-
formation	may	also	become	intermittently	infected	itself.	
It	is	important	to	treat	infections	which	cause	flare-up	of	
the	 malformation	 with	 antibiotics	 and	 steroids	 to	 help	
control	the	expansion	of	the	lesion	and	prevent	irrevers-
ible	growth.	Hormonal	control	of	these	lesions	has	long	
been	suspected,	since	puberty,	pregnancy,	and	use	of	oral	
contraceptives	can	all	greatly	exacerbate	these	lesions.

Treatment	of	lymphatic	malformations	of	the	parotid	
will	usually	 involve	treating	a	more	extensive	cervicofa-
cial	 malformation	 as	 well	 (Fig.	19.8).	 Intervention	 be-
comes	necessary	to	preserve	functions	such	as	swallow-
ing	 and	 speaking	 (i.e.,	 tongue),	 as	 well	 as	 to	 correct	 or	
limit	deformity	(i.e.,	enlarged	parotid/submaxillary	area).	
Conservative	management	is	one	method	of	slowing	the	
progress	of	extensive	lesions	and	can	be	helpful	in	man-
aging	swelling	after	procedures.	These	 include	elevation	
of	the	head	of	the	bed	to	limit	expansion	pressure	on	the	
walls	of	the	malformation,	and	intermittent	steroid	and/
or	antibiotic	treatments	are	also	used	for	flare-up	swell-
ing.	 It	 is	 important	 that	when	a	pulse	of	high-dose	 ste-
roids	is	prescribed	that	proton	pump	inhibitors	or	a	H2	
blocker	be	prescribed	as	well.

Two	 main	 methods	 of	 treatment	 for	 lymphatic	 mal-
formations	of	the	salivary	gland	are	surgery	and	sclero-
therapy.	Many	factors	go	into	the	decision	to	use	one	of	
the	two	of	these	methods	or	a	combination	of	both.	Focal	

Fig. 19.7:	MRI	lymphatic	malformation	demonstrating	both	mi-
cro-	(vertical arrow)	and	macrocysts	(horizontal arrow)	as	well	
as	fluid/fluid	levels

Fig. 19.8:	Patient	with	extensive	cervicofacial	lymphatic	malformation	and	macroglossia	(a),	with	MRI	(b, c)	showing	micro	(1)	and	
macrocystic	(2)	areas
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lesions,	which	are	frequently	macrocystic,	are	the	easiest	
to	treat	with	cure	rates	for	both	surgery	as	well	as	sclero-
therapy	being	very	high	(Fig.	19.9).	This	is	 likely	due	to	
the	 ease	 of	 removing	 the	 entire	 lesion	 surgically	 due	 to	
the	less	diffuse	nature	of	the	malformation,	and	similarly,	
interventional	 radiologists	 are	 able	 to	 access	 the	 entire	
abnormal	area	to	adequately	inject	all	macrocystic	sacs	of	
the	malformation	which	allows	inflammation	to	promote	
scarring	and	decrease	the	potential	for	re-expansion.

Sclerotherapy	is	useful	in	treating	macrocystic	lesions	
only;	however	this	may	include	the	macrocystic	areas	of	
a	mixed	lesion	and	can	be	especially	useful	to	treat	areas	
that	are	less	surgically	accessible.	Sclerotherapy	is	not	use-
ful	in	treating	microcystic	malformations.	Sclerotherapy	
may	need	to	be	repeated	but	in	these	smaller	focal	lesions,	
cure	is	possible.

There	 are	 many	 sclerosing	 agents	 used	 today,	 and	
a	 complete	 discussion	 of	 these	 is	 beyond	 the	 scope	 of	
this	chapter,	however,	OK432	as	a	sclerosant,	has	shown	

promising	 results	 in	 clinical	 trials	here	 in	 the	USA	and	
is	 being	 considered	 for	 Food	 and	 Drug	 Administration	
(FDA)	 approval.	 Other	 agents	 include	 alcohol,	 doxycy-
cline,	and	bleomycin,	all	of	which	carry	their	own	risks.	
In	the	area	of	the	parotid	gland,	with	the	considerations	
of	the	facial	nerve,	if	the	malformation	is	predominantly	
macrocystic,	a	series	of	sclerotherapy	injections	may	ad-
equately	shrink	and	control	 the	 lesion,	 thus	eliminating	
or	postponing	the	need	for	extensive	surgery	with	exten-
sive	 facial	 nerve	 dissection.	 Whenever	 malformation	 is	
left	 in	 the	 tissues,	 as	 with	 sclerotherapy	 treatments	 and	
frequently	with	surgery	especially	on	diffuse	microcystic	
malformations,	there	is	always	a	chance	of	re-growth	of	
the	lesion.	Exacerbating	factors	such	as	infection	or	preg-
nancy	should	be	discussed	extensively	with	the	patients	
so	they	have	a	realistic	idea	of	what	their	treatment	may	
involve.

Surgery	 has	 become	 the	 mainstay	 of	 treatment	 for	
lymphatic	malformations	of	the	salivary	glands	when	the	
lesions	are	focal	but	have	failed	to	be	controlled	by	sclero-
therapy	or	when	the	lesions	are	diffuse	and	have	micro-
cystic	components	(Fig.	19.10).	This	surgery	can	be	very	
time	consuming	and	a	good	surgical	plan	is	imperative.	
In	removal	of	the	parotid	components	of	the	malforma-
tion,	it	is	better	to	remove	as	much	of	the	malformation	
as	possible	without	putting	vital	structures	at	undue	risk.	
The	more	malformation	left	behind,	the	quicker	its	recur-
rence.	Therefore,	total	parotidectomy	as	well	as	removal	
of	 non-vital	 structures	 should	 be	 done	 carefully,	 thus	
leaving	 a	 soft	 tissue	 defect	 that	 can	 frequently	 be	 filled	
in	 with	 autologous	 fat	 graft	 from	 the	 abdomen	 or	 ca-
daveric	dermis.	Surgery	can	be	very	difficult	due	 to	 the	
web-like	appearance	of	the	malformation	which	usually	
envelopes	all	vital	structures	requiring	tedious	dissection.	

Fig. 19.9:	 Intraoperative	 view	 of	 large	 macrocystic	 lymphatic	
malformation

Fig. 19.10:	Patient	with	large	cervicofacial/thoracic	lymphatic	malformation,	before	surgery	(a),	preoperative	MRI	(b),	intraopera-
tive	view	after	debulking	(c),	and	postoperative	(d)
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When	operating	on	a	previously	operated	patient	or	one	
who	 has	 had	 many	 infections/sclerotherapy,	 formation	
of	 extremely	 dense	 scar	 tissue	 is	 the	 norm	 and	 should	
be	 anticipated	 during	 surgical	 planning.	 With	 patience,	
the	scar-encased	nerves/structures	can	be	freed	and	the	
majority	 of	 the	 malformation	 removed	 (Fig.	19.10).	 In	
extensive	 lesions,	 involving	 all	 cervicofacial	 compart-
ments,	patients/parents	need	 to	be	counseled	about	 the	
near	impossibility	of	complete	cure.	In	many	patients,	it	
is	impossible	to	remove	all	of	the	diseased	tissue	without	
causing	unacceptable	cosmetic	and	functional	deformity	
and,	therefore,	small	areas	of	malformation	may	be	left.	
When	 this	 occurs,	 we	 frequently	 employ	 intraoperative	
sclerotherapy	 with	 doxycyclinesoaked	 Gelfoam	 to	 help	
scar	these	areas	down	so	that	this	will	be	less	of	a	problem	
later.

Postoperative	 care	 is	 important	 including	 placement	
of	 large-bore	 drains,	 IV	 steroids,	 and	 elevation	 of	 the	
head	of	the	bed.	Early	removal	of	drains	should	be	par-
ticularly	discouraged	due	to	the	leaky	nature	of	remain-
ing	lymphatic	channels	which	can	take	several	weeks	to	
slow	down.	Early	drain	removal	will	result	in	fluid	accu-

mulation	 which	 will	 either	 need	 to	 be	 treated	 by	 drain	
replacement	or	doxycycline	injections	to	seal	the	skin	flap	
into	place.

Although	 lymphatic	 malformations	 can	 present	
a	unique	challenge	to	the	surgeon,	the	care	of	these	pa-
tients	is	important	and	gratifying.	A	significant	improve-
ment	in	the	quality	of	life	of	these	patients	can	be	made,	
as	seen	in	this	patient	who	could	not	sit	up	on	her	own	
prior	 to	 surgery	 due	 to	 the	 bulk	 of	 her	 malformation.	
After	 surgery,	 she	 was	 able	 to	 sit	 upright	 (Fig.	19.10).	
Another	patient	who	presented	with	a	large	parotid	lym-
phatic	malformation	as	a	young	adult	benefited	from	its	
removal	prior	to	her	marriage	and	childbearing	[24,	25]	
(Fig.	19.11).

Arteriovenous Fistula

Arteriovenous	(AV)	fistulas	should	not	be	confused	with	
AV	malformations.	Fistulas	are	acquired	and	usually	are	
the	result	of	trauma.	An	AV	fistula	can	occur	in	or	around	
the	parotid	gland	and	involve	the	superficial	temporal	ar-

Fig. 19.11:	This	figure	demonstrates	the	exposed	right	parotid	
gland	completely	replaced	by	 lymphatic	malformation	(a),	 the	
facial	nerve	after	total	parotidectomy	(b),	and	the	excised	speci-
men	(c)
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tery	and	vein.	There	is	usually	a	history	of	trauma	with	a	
pulsatile	fullness	around	the	parotid	gland	a	few	months	
after	the	injury.	Treatment	is	surgical	resection	to	remove	
the	fistulous	tracts	and	a	partial	or	superficial	parotidec-
tomy	to	gain	access.	With	good	interventional	radiology	
availability,	embolization	can	be	an	alternative	treatment.

Arteriovenous Malformations

Arteriovenous	malformations	(AVM)	frequently	involve	
the	 major	 and	 minor	 salivary	 glands.	 They	 are	 usually	
present	at	birth	but	may	not	be	obvious	until	several	years	
later.	Most	manifest	themselves	before	the	age	of	20	years	
old.	 AVM	 are	 affected	 by	 hormonal	 changes	 and	 com-
monly	enlarge	 significantly	at	 the	beginning	of	puberty	
and	especially	with	pregnancy.	As	they	expand,	they	are	
invasive	and	destructive	to	all	involved	tissue.	Bleeding	is	
a	common	problem.	Hypertrophy	of	involved	and	adja-
cent	tissue	will	occur	so	that	bone	and	soft	tissue	enlarge-
ment	is	seen.	The	AVM	will	infiltrate	the	major	and	mi-
nor	salivary	glands	so	that	they	are	intimately	involved.

Diagnosis	is	based	on	the	history	of	a	progressive	vas-
cular	 lesion	 in	 the	 face,	 tongue,	 or	 neck.	 It	 is	 common	
to	 see	 a	 vascular	 blush	 on	 the	 skin	 or	 mucosal	 surface	
similar	to	a	port-wine	stain.	The	patient	may	report	a	no-
ticeable	pulsation	or	bleeding	from	the	mucosa	(usually	
gingival)	or	where	skin	is	involved.	The	involved	tissues	
are	hypertrophied	and	vascularity	is	usually	obvious.	Oc-
casionally	there	is	atrophy	of	the	skin	indicating	a	“steal”	
syndrome.

Imaging	 is	 important	 to	 assess	 the	 extent	 of	 disease	
and	for	diagnosis.	MRI,	magnetic	resonance	angiography	
(MRA),	or	arteriogram	are	the	best	imaging	studies.	On	
MRI	the	involved	areas	will	reveal	a	hyperintense	lesion	
with	many	flow	voids	scattered	throughout	(Fig.	19.12).	
MRA	will	demonstrate	a	very	vascular	lesion.

An	arteriogram	will	demonstrate	a	rapid	filling	lesion	
with	extravasation	of	dye	in	the	lesion	(nidus)	and	rapid	
filling	 veins	 draining	 it	 (Fig.	19.13).	 The	 nidus	 is	 where	
the	AV	shunting	occurs	and	is	the	abnormal	area.	The	im-
aging	studies	help	to	diagnose	the	AVM	and	identify	the	
feeder	vessels	but	do	not	usually	delineate	 the	extent	of	
the	disease.	Catheterization	is	also	necessary	for	emboli-
zation	when	indicated.

The	 treatment	 of	 AVM	 involving	 the	 salivary	 glands	
is	usually	embolization	and/or	surgical	resection.	Embo-
lization	can	be	via	arteriogram	or	direct	puncture	tech-
nique.	Embolization	is	usually	a	temporary	treatment	and	

if	 major	 feeder	 vessels	 are	 embolized,	 new	 or	 collateral	
flow	develops	quickly	and	can	make	 it	more	difficult	 to	
treat.	Using	alcohol	injections	may	be	potentially	curable	
but	requires	multiple	injections	and	carries	possible	dev-
astating	complications,	such	as	death	in	a	small	percent	
of	cases	(<1%).

Surgery	can	be	performed	but	 the	entire	AVM	must	
be	 removed.	 There	 are	 many	 feeder	 arteries	 and	 drain-
ing	veins	which	may	not	be	part	of	the	nidus	and	do	not	
necessarily	have	to	be	resected.	When	the	parotid	gland	
is	involved	or	the	face	where	peripheral	branches	of	the	

Fig. 19.12:	A	typical	MRI	of	an	arteriovenous	malformation	of	
the	left	face

Fig. 19.13:	An	angiogram	demonstrating	the	nidus	(arrow)	of	an	
arteriovenous	malformation
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facial	 nerve	 are	 involved,	 the	 nerve	 must	 be	 identified	
and	dissected	out	early	and	preserved.	This	is	what	makes	
surgical	resection	so	difficult.	If	the	muscles	of	facial	ex-
pression	are	involved	they	usually	must	also	be	removed,	
rendering	the	facial	nerve	non-functional	(Fig.	19.14).

When	 the	 submandibular	 or	 sublingual	 glands	 are	
involved,	 they	 can	 be	 removed	 but	 the	 adjacent	 major	
nerves	must	be	identified	and	preserved	if	possible.	Mi-
nor	salivary	glands	can	be	involved	with	mucosa	and	can	
usually	be	resected	with	the	involved	mucosa.	Laser	treat-
ment	of	 the	 skin	or	mucosa	 is	 rarely	effective	 for	AVM	
involving	those	areas.

Radical	ablative	procedures	are	commonly	necessary	
with	large	AVM	of	the	face.	The	facial	nerve	or	the	recipi-
ent	 facial	 muscles	 may	 be	 removed	 necessitating	 major	

reconstructive	 procedures,	 such	 as	 nerve	 grafts	 or	 mi-
crovascular	 free	 flaps	 [26]	 (Figs.	19.14,	 19.15).	 Wound	
breakdown	is	common	after	resection	of	large	AVM	and	
occurs	in	the	first	few	days	postoperative	resulting	in	fur-
ther	surgery.	This	occurs	in	spite	of	the	remaining	well-
vascularized	tissue.

Summary

Hemangiomas	and	vascular	malformations	frequently	in-
volve	the	major	and	minor	salivary	glands.	Hemangiomas	
can	be	treated	with	several	modalities.	During	involution,	
surgery	may	be	indicated	and	is	relatively	safe.	Vascular	
malformations	 will	 continue	 to	 grow	 by	 expansion	 and	

Fig. 19.14:	A	massive	and	previ-
ously	treated	left	facial	AVM	is	
resected	(a,	b)	and	reconstructed	
with	local	facial	flaps	and	a	
rectus	abdominis	free	tissue	
transfer	(c)
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recruitment	of	adjacent	tissues	and	usually	require	inter-
vention.	Many	venous	and	lymphatic	malformations	are	
not	curable	and	the	goal	should	be	to	control	symptoms	
with	sclerotherapy,	lasers	and/or	surgery.

Arteriovenous	malformations	are	very	destructive	and	
can	be	life	threatening.	They	must	be	treated	as	early	as	
possible	and	complete	removal	or	control	should	be	the	
goal.	Sclerotherapy	and	embolization	may	be	useful	but	
are	rarely	curative.	Complete	surgical	resection	is	neces-
sary	and	may	require	extensive	ablation	and	reconstruc-
tion.

Salivary	 glands	 involved	 by	 these	 vascular	 lesions	 is	
uncommon	but	presents	a	major	dilemma.	Understand-
ing	the	classification	and	natural	history	is	crucial	to	their	
management.

    Take Home Messages

→	 Congenital	 vascular	 lesions	 are	 classified	 as	 ei-
ther	hemangiomas	or	vascular	malformations.

→	 Proper	 diagnosis	 of	 vascular	 lesions	 is	 crucial	
to	 prescribe	 the	 most	 appropriate	 treatment,	
whether	medical	or	surgical.

→	 Vascular	malformations	do	not	regress	and	will	
require	surgical	resection	to	treat	functional	and	
cosmetic	impairments.

→	 Venous	 and	 lymphatic	 malformations	 can	 be	
controlled	 with	 sclerotherapy,	 laser	 photother-
apy,	and/or	 surgery;	 the	goal	may	be	control	of	
symptoms	produced	by	the	lesions	when	they	are	
extensive.

→	 Arteriovenous	 malformations	 are	 progressive,	
life-threatening,	 and	 need	 aggressive	 treatment;	
treatment	 should	 include	 complete	 surgical	 re-
section	 but	 may	 also	 include	 sclerotherapy	 and	
embolization.
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Complications	to	Avoid
Failure	to	consider	a	diagnosis	of	tumor	of	salivary	
gland	origin	in	every	painless,	non-ulcerative	
submucosal	swelling	in	the	clinical	head	and	neck	
area	may	lead	to	misdiagnosis	and	mismanage-
ment	of	the	patient.
Perform	an	incisional	biopsy/punch	biopsy	prior	
to	imaging	or	commencing	treatment.
Thorough	imaging	studies	provide	valuable	infor-
mation	in	planning	management	of	these	tumors	
whether	benign	or	malignant.
Failure	to	achieve	clear	surgical	margins	predis-
poses	to	local	recurrence.
Consider	postoperative	radiotherapy	within	
6	weeks,	after	definitive	surgery,	to	minimize	the	
risk	of	persistence/recurrence	when	a	malignant	
disease	demonstrates	histopathological	features	
associated	with	a	poor	prognosis.

Introduction

An	 estimation	 of	 the	 incidence	 of	 salivary	 gland	 neo-
plasms	 in	 the	 population,	 is	 that	 for	 every	 100	 tumors	
of	the	parotid	gland,	there	are	likely	to	be	10	of	the	sub-
mandibular	gland,	one	of	the	sublingual	gland,	and	10	of	
the	minor	salivary	glands.	The	probability	of	a	malignant	
diagnosis	is	less	than	25%	in	patients	with	a	tumor	of	the	
parotid	 gland,	 about	 50%	 in	 those	 with	 a	 tumor	 of	 the	
submandibular	 gland,	 more	 than	 80%	 in	 those	 patients	
with	a	tumor	of	minor	salivary	gland	origin,	and	virtually	
100%	in	those	few	with	a	tumor	of	the	sublingual	gland	
[59].	The	current	incidence	of	a	benign	tumor	of	salivary	
gland	 origin	 is	 difficult	 to	 be	 certain	 about,	 as	 this	 dis-
ease	is	not	registered,	but	is	estimated	to	be	60–80/million	
population	per	year.	For	malignant	salivary	tumors	in	the	
USA,	it	is	10/1	million	population	per	year	and	in	the	UK	
is	0.6/1	million	population	per	year	[8].

Tumors	 of	 the	 minor	 salivary	 glands	 account	 for	
10–15%	of	all	salivary	gland	neoplasms	[68].	Because	of	
the	 limited	 volume	 clinician	 experience	 regarding	 the	
natural	 history,	 prognostic	 factors,	 and	 recommending	
the	 best	 treatment	 modality	 is	 scarce,	 making	 prospec-
tive	 evaluation	 of	 these	 disease	 aspects	 almost	 impos-
sible	 [26,	 33,	 53,	 62].	 Data	 still	 arise	 from	 case	 reports	
and	retrospective	analysis,	which	report	treatment	results	
and	 prognostic	 factors	 for	 overall	 survival,	 disease-spe-
cific	survival	(DSS),	or	tumor	recurrence	[31,	38,	47,	60,	
61].	 It	has	been	proposed	by	 the	author	 that	 the	appar-











ent	rarity	of	salivary	gland	tumors	in	these	sites	reflects	
either	errors	of	histological	diagnosis,	or	classification	of	
these	tumors	by	site	(oral	cavity	or	larynx)	rather	than	by	
salivary	gland	tumors	[8].	Another	factor	which	has	been	
reported	 is	 the	 difficulty	 associated	 with	 salivary	 gland	
neoplasms	 and	 more	 so	 with	 minor	 salivary	 gland	 ma-
lignancy	with	a	re-classification	rate	of	up	to	29%,	which	
has	resulted	from	the	introduction	of	a	new	histological	
classification	system	[67,	68].

Anatomy

Minor	 salivary	glands,	 estimated	 to	number	450–1,000,	
are	widely	distributed	in	the	head	and	neck	area	[19].	The	
majority	(70–90%)	are	located	in	the	oral	cavity	and	oro-
pharynx,	including	the	lateral	margins	of	the	tongue,	the	
lips	and	the	buccal	mucosa,	palate,	glossopharyngeal	area,	
and	the	retromolar	trigone.	The	remainder	are	located	in	
the	nose,	paranasal	sinuses,	pharynx,	and	the	larynx.	The	
minor	 salivary	 glands	 have	 been	 classified	 according	 to	
their	anatomical	location.	These	salivary	glands,	as	com-
pared	 with	 the	 major	 salivary	 glands,	 are	 more	 numer-
ous	and	have	a	reduced	volume	and	size	of	tissue,	an	ab-
breviated	ductal	system,	and	a	paucity	of	capsular	tissue.	
Overall,	 they	 contribute	 about	 8–10%	 of	 the	 volume	 of	
unstimulated	and	stimulated	whole	saliva.

Presentation

The	signs	and	symptoms	of	tumors	associated	with	minor	
salivary	 glands	 vary	 relative	 to	 their	 diverse	 anatomical	
sites.	The	majority	of	patients	are	aged	60	years	or	older.	
Many	of	the	larger	series	had	reported	a	gender	distribu-
tion	of	66%	women,	and	may	be	explained	by	referral	bias	
[68].	 The	 most	 frequent	 site	 of	 origin	 is	 the	 oral	 cavity	
and	oropharynx,	and	within	the	oral	cavity	most	tumors	
develop	in	the	region	of	the	hard	palate	because	this	is	the	
area	with	the	highest	density	of	glands.	The	majority	of	
patients	 present	 with	 a	 painless	 non-ulcerative,	 submu-
cosal	swelling.	The	mucosal	layer	is	adherent	to	the	mass	
and	a	small	ulcer	may	be	present.	Other	sites	within	the	
head	and	neck	have	a	tendency	to	present	clinically	with	
obstructive	symptoms	of	the	nose,	ear	by	Eustachian	tube	
obstruction,	and	 larynx	and	pharynx	by	hoarseness,	al-
tered	voice,	or	dyspnea.	 It	has	been	reported	 that	up	 to	
26%	of	patients	present	with	local	pain	[12,	68].	Pain	or	
numbness	warrants	investigation	by	magnetic	resonance	
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imaging	(MRI)	to	rule	out	nerve	invasion	[69].	More	than	
15%	of	patients	at	presentation	will	have	cervical	lymph	
node	metastases	[38,	47].

Diagnostic Strategy

Physical	 examination	 and	 awareness	 that	 a	 clinically	
“benign”	submucosal	swelling	any	place	in	the	head	and	
neck	 may	 be	 a	 tumor	 of	 salivary	 gland	 origin	 and	 that	
statistically	the	pathology	of	that	tumor	is	more	likely	to	
be	malignant	rather	than	benign,	is	the	most	important	
clinical	information	that	will	improve	accurate	diagnosis,	
and	allow	for	a	rational	plan	of	management.	Currently,	
imaging	using	computed	tomography	(CT)	and/or	MRI	
may	help	with	the	delineation	of	the	tumor,	the	accurate	
staging	of	the	disease,	and	for	the	correct	planning	of	a	
surgical	approach.	The	use	of	fine-needle	aspiration	cy-
tology	(FNAC)	in	tumors	of	minor	salivary	gland	origin	
may	be	helpful	 in	correctly	classifying	the	tumor	as	be-
nign	or	malignant,	however	the	use	of	incisional	biopsy	
or	punch	biopsy	may	reveal	a	better	and	more	represen-
tative	 specimen,	 thus	 revealing	 the	 correct	 histological	
type.	Complete	excision	should	be	avoided	as	it	is	likely	
that	the	margins	will	be	close	or	positive,	and	that	orien-
tation	of	these	incomplete	margins	will	not	be	possible	at	
the	time	of	pathological	analysis,	and	will	result	in	anger	
by	the	patient	and	increased	frustration	for	the	clinicians	
in	the	subsequent	planning	of	surgical	salvage.

Staging

There	 is	 no	 TNM	 staging	 system	 for	 cancer	 of	 the	 mi-
nor	salivary	gland	origin.	It	is	agreed,	however,	that	these	
tumors,	when	diagnosed	as	malignant	should	be	staged	
as	per	the	TNM	system	for	each	site	as	in	squamous	cell	
carcinoma	of	the	head	and	neck	[61,	68].

Histology

Tumors	 of	 salivary	 gland	 origin	 of	 all	 types	 have	 been	
reported	 in	 the	 majority	 of	 minor	 salivary	 gland	 sites.	
These	 include	both	the	common	benign	and	the	malig-
nant	types.	The	proportions	of	benign	to	malignant	vary	
greatly	and	range	from	20–50%	benign	to	50–80%	malig-
nant.	The	series	with	the	higher	percentage	of	malignant	
disease	may	be	a	result	from	“harvesting	effect,”	with	the	

majority	of	clinicians	treating	benign	diseases	and	refer-
ring	 malignant	 cases	 to	 the	 larger	 academic	 institutes	
[28,	59].	Tumors	of	minor	salivary	gland	origin	are	more	
common	 in	 women	 with	 a	 ratio	 ranging	 from	 1.2:1	 to	
1.9:1.	Some	series	suggest	that	there	is	a	higher	incidence	
of	 tumors	of	minor	salivary	gland	origin	 in	blacks	than	
whites	in	the	South	African	population	[27],	as	well	as	in	
Ugandans	[13].

Benign	tumors	of	minor	salivary	gland	origin	are	most	
frequently	pleomorphic	adenoma	and	have	been	located	
in	areas	as	diverse	as	tongue	[66],	posterior	tongue	[22],	
nasal	cavity	and	septum	[65]	(Fig.	20.1a,	b),	larynx	[55],	
and	trachea	[5].	The	most	common	site	for	pleomorphic	
adenoma	 is	 the	 hard	 palate,	 followed	 by	 the	 upper	 lip.	
Some	of	these	pleomorphic	adenomas	can	become	mas-
sive	with	malignant	degeneration	before	presentation	[7]	
and	young	children	may	also	present	with	pleomorphic	
adenoma	[46],	the	majority	of	which	are	located	in	the	re-
gion	of	the	hard	palate.	Canalicular	adenoma	has	a	predi-
lection	for	the	upper	lip	[23].	Other	benign	neoplasms	of	
salivary	gland	origin	that	have	been	reported	in	the	oral	
cavity	include	basal	cell	adenoma	[38].

The	most	frequently	encountered	malignant	tumors	of	
minor	salivary	gland	origin	are	adenoid	cystic	carcinoma	
(32–69%)	 and	 mucoepidermoid	 carcinoma	 (15–35%),	
with	 acinic	 cell	 carcinoma,	 polymorphous	 adenocar-
cinoma,	 myoepithelial	 carcinoma,	 and	 carcinoma	 ex-
pleomorphic	 adenoma	 seen	 less	 frequently	 [31].	 There	
remains	an	area	of	controversy	concerning	the	grading	of	
salivary	gland	malignancy,	more	so	with	minor	salivary	
glands	 because	 of	 inter-observer	 error,	 and	 a	 policy	 of	
treating	all	grades	of	minor	salivary	gland	malignant	dis-
ease	 similarly	 with	 postoperative	 radiotherapy	 [61,	 68],	
except	for	low-grade	polymorphous	adenocarcinoma.

Specific Histopathology

Polymorphous	 low-grade	 adenocarcinoma	 (PLGA)	
(Fig.	20.2)	needs	to	be	differentiated	from	other	types	of	
adenocarcinoma	 because	 of	 differing	 biological	 behav-
iors.	PLGA	generally	has	a	better	prognosis	 than	other	
types	of	adenocarcinoma	[6,	11,	14].	Histologically,	 the	
cells	 are	described	as	 cuboid	or	 columnar	with	oval	or	
elongated	basophilic	nuclei,	and	the	cytoplasm	is	scanty.	
The	 cytoplasm	 may	 appear	 eosinophilic	 or	 basophilic,	
and	mitotic	figures	are	infrequent.	Because	of	its	variable	
microscopic	 appearance,	 PLGA	 may	 be	 mistaken	 for	
monomorphic	or	pleomorphic	adenoma,	or	occasionally	
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adenoid	 cystic	 carcinoma	 due	 to	 the	 presence	 of	 peri-
neural	invasion.	There	has	been	reported	a	case	of	PLGA	
presenting	 as	 a	 cervical	 lymph	 node	 metastasis	 from	 a	
primary	located	in	the	soft	palate	[49].	In	another	review,	
the	authors	emphasize	the	occasional	malignant	nature	
of	 pleomorphic	 adenoma—whether	 these	 carcinomas	
should	now	be	correctly	diagnosis	as	PLGA	has	not	been	
settled	[66].

Adenoid	cystic	carcinoma	(ACC)	is	the	most	common	
malignancy	of	minor	 salivary	gland	origin	 (60%).	ACC	
of	 the	 minor	 salivary	 glands	 occurs	 most	 frequently	 in	
the	oral	cavity	(palate)	followed	by	the	paranasal	sinuses	
(14–17%).	The	tumor	is	often	very	advanced	at	the	time	
of	diagnosis,	and	complete	excision	is	limited	by	the	large	
size	(with	perineural	extension	involving	the	skull	base)	
and	the	proximity	of	the	tumor	to	important	neural	and	
vascular	structures.	The	clinical	behavior	of	ACC	is	a	par-
adox.	First,	the	tumor	grows	slowly,	but	its	clinical	course	

Fig. 20.2:	Polymorphous	low-grade	adenocarcinoma	of	the	hard	
palate
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Fig. 20.1:	a	Patient	with	left	lateral	rhinotomy	for	pleomorphic	
adenoma	 of	 the	 septum.	 b	 Pleomorphic	 adenoma	 of	 septum	
completely	excised



is	relentless	and	progressive.	Second,	operative	interven-
tions	are	usually	 feasible,	but	multiple	 local	recurrences	
are	 the	rule.	Third,	metastatic	spread	to	regional	 lymph	
nodes	is	uncommon,	but	distant	spread	to	the	lungs	and	
bones	 is	 frequent.	 And	 fourth,	 5-year	 survival	 rates	 are	
optimistically	high,	but	10-	and	20-year	survival	rates	are	
dismally	low	[71].

A	 unique	 feature	 of	 ACC	 is	 the	 propensity	 for	 peri-
neural	 invasion,	 even	 in	 early-stage	 tumors	 (Fig.	20.3).	
These	 tumors	 can	 be	 graded	 according	 to	 Szanto	 et	 al.	
[64]	 as	 cribriform	 or	 tubular	 (grade	I),	 less	 than	 30%	
solid	 (grade	II),	 or	 greater	 than	 30%	 solid	 (grade	III).	
In	patients	treated	similarly	by	whatever	modalities,	the	
cribriform	 and	 tubular	 variants	 of	 ACC	 demonstrated	
no	difference	in	the	rate	of	distant	metastases	and	overall	
survival.	The	cribriform	variant	demonstrated	a	 signifi-
cantly	worse	prognosis	in	terms	of	local	recurrence	rates.	

The	patients	who	had	a	solid	histological	pattern	of	ACC	
appear	to	have	an	overall	worse	prognosis	in	terms	of	dis-
tant	metastases	and	long-term	survival	[42].	ACC	of	the	
minor	salivary	glands	should	be	treated	by	radical	 local	
excision	and	postoperative	radiotherapy	[9].	Patients	who	
receive	postoperative	radiation	therapy	have	an	improved	
outcome	 with	 radical	 surgery	 compared	 with	 biopsy	
alone	 [51].	The	role	of	neutron	 therapy	 in	 the	manage-
ment	 of	 advanced	 or	 recurrent	 ACC	 shows	 promising	
results	 but	 is	 not	 commonly	 available	 [16,	 17,	 25,	 52].	
Chemotherapy	currently	is	seeking	a	role	in	the	manage-
ment	of	advanced	and	metastatic	cancer	of	salivary	gland	
origin.	There	is	a	need	for	biomarkers	that	will	allow	for	
better	identification	of	the	risk	of	distant	dissemination	to	
make	this	approach	cost	effective	[59].

Mucoepidermoid	 carcinoma	 (MEC)	 is	 the	 most	 fre-
quent	malignant	tumor	arising	from	intraoral	minor	sali-

Fig. 20.3:	a	Patient	with	adenoid	cystic	carcinoma	of	the	palate	
after	biopsy.	b	Adenoid	cystic	carcinoma	of	cribriform	pattern	
(low	power).	c	Adenoid	cystic	 carcinoma	with	perineural	 and	
intraneural	(arrow)	invasion	(high	power)
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vary	glands,	representing	about	36–59%	of	all	malignant	
intraoral	salivary	gland	tumors	[40]	(Fig.	20.4).	The	prog-
nosis	of	MEC	 is	mainly	 influenced	by	 the	clinical	 stage	
and	histological	grade	[3].	Patients	who	have	tumors	of	
low-grade	malignancy	and	with	early	 clinical	 stage	dis-
ease	at	presentation	have	a	better	prognosis	than	patients	
with	high-grade	tumors	or	with	advanced	clinical	stage.	
Investigation	of	a	series	of	27	patients	collected	over	a	pe-
riod	of	40	years	were	analyzed	for	clinicopathological	and	
immunohistological	features	[40],	and	the	results	showed	
a	reduced	survival	was	associated	with:	male	gender,	re-
gional	metastases,	high-grade	of	malignancy,	strong	ex-
pression	of	proliferating	cell	nuclear	factor	(PCNA),	and	
weak	expression	of	c-erbB-2	gene	(a	gene	with	an	impor-
tant	 role	 in	 the	 development,	 differentiation,	 and	 mito-
genic	signaling	in	normal	cells).

Prognostic Factors

Tumor	stage,	histology,	and	grade	of	malignancy	are	the	
most	 important	 predictors	 for	 survival	 [60].	 These	 are	
independent	variables	and	all	are	able	to	influence	treat-
ment	outcome,	although	stage	seems	to	be	more	impor-
tant	 than	 grading	 [2,	 47].	 In	 adenoid	 cystic	 carcinoma	
the	prognostic	factors	associated	with	poor	prognosis	are	
perineural	invasion,	positive	margins	and	solid	histologi-
cal	features	[20,	30].

Treatment

The	 standard	 treatment	 of	 resectable	 tumors	 of	 minor	
salivary	 gland	 origin—benign	 and	 malignant—is	 surgi-

Fig. 20.4:	a	Mucoepidermoid	carcinoma	of	hard	palate	 in	op-
era	singer.	b	Transoral	inferior	maxillectomy	with	clear	surgical	
margin.	c	Palatal	obturator.	d	Palatal	obturator	in	place.	Patient	
returned	to	singing!
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cal	 excision.	 Currently,	 the	 indications	 for	 treatment	 of	
the	neck	is	 to	do	a	neck	dissection	only	when	there	are	
demonstrable	metastases	present	(clinical	or	imaging),	or	
when	the	neck	is	being	surgically	entered	as	an	approach	
to	the	primary	tumor.	Postoperative	radiotherapy	is	rec-
ommended	 in	 selected	 patients,	 most	 commonly	 those	
patients	with	adenoid	cystic	carcinoma	[29,	35].	Primary	
radiotherapy	is	indicated	for	patients	who	refuse	surgery	
or	who	have	an	inoperable/unresectable	tumor	[37].	The	
role	of	neutron	radiotherapy	is	indicated,	when	available,	
for	unresectable	or	inoperable	locoregional	cancer	[18].

The	 role	 of	 chemotherapy	 remains	 controversial	 and	
should	 be	 selected	 for	 individual	 patients,	 such	 as	 in	 a	
palliative	situation	for	relief	of	symptoms	when	the	can-
cer	 is	 unresectable	 or	 recurrent	 after	 treatment,	 for	 pa-
tients	not	amenable	to	radiotherapy,	and	for	patients	with	
distant	metastatic	cancer.

Results of Treatment

In	 a	 review	 of	 55	 patients	 treated	 in	 Amsterdam	 [68]	
over	a	22-year	period	to	1995	and	followed	up	till	1998,	
the	majority	(76%)	had	malignant	tumors	located	in	the	
oral	cavity	including	hard	palate	(7%),	base	of	the	tongue	
(11%),	as	well	as	soft	palate	(7%),	nasopharynx	(4%),	and	
maxillary	sinus	(2%).	The	most	common	cancer	encoun-
tered	was	adenoid	cystic	carcinoma	(22/55),	followed	by	
mucoepidermoid,	 adenocarcinoma	 and	 others	 in	 9/55,	
respectively,	 acinic	 cell	 3/55,	 and	 malignant	 mixed	 and	
undifferentiated	one	each.	The	overall	5-	and	10-year	sur-
vival	rates	were	66%	[standard	error	(SE):	7%]	and	57%	
(SE:	7%),	respectively.	The	5-	and	10-year	disease-specific	
survival	rates	were	76%	(SE:	6%)	and	74%	(SE:	6%),	 re-
spectively.	 All	 patients	 had	 their	 treatment	 individual-
ized:	 19	 underwent	 surgical	 excision	 alone,	 20	 patients	
received	 a	 combination	 of	 surgery	 and	 radiotherapy	
without	 chemotherapy,	 1	 patient	 received	 intra-arterial	
chemotherapy	 (5FU)	 prior	 to	 surgery,	 not	 followed	 by	
radiotherapy.	In	2	patients,	the	combination	surgery-ra-
diotherapy	was	preceded	by	intra-arterial	chemotherapy	
(5FU)	 in	 the	context	of	a	clinical	 trial.	One	patient	was	
judged	 inoperable	 by	 another	 institution	 and	 received	
radiotherapy	there,	but	subsequently	was	operated	upon	
and	irradiated	with	neutrons.	Palliative	treatment	for	in-
operable	patients	(n	=	8)	consisted	of	isolated	radiother-
apy	(n	=	2),	isolated	chemotherapy	(n	=	1),	and	a	combi-
nation	of	chemoradiotherapy	(n	=	5).	Four	patients	were	
not	treated.	The	reasons	were	advanced	age	and	extended	

disease	(n	=	3)	and	a	coexistent	extended	esophageal	car-
cinoma	(n	=	1).

The	 percentage	 of	 patients	 remaining	 free	 of	 tumor	
recurrence	for	5	years	from	the	day	of	therapy	was	63%	
(SE:	7%),	 and	 the	percentage	of	patients	 remaining	 free	
of	tumor	recurrence	for	10	years	was	60%	(SE:	7%).	There	
was	total	tumor	control	after	the	first	treatment	in	34	pa-
tients	(62%).	Eventually	locoregional	control	was	achieved	
in	42	of	55	patients	(76%).	Distant	metastases	occurred	in	
8	initially	M0	patients	(14.5%)	treated	originally	with	cu-
rative	intent	after	a	median	period	of	19	months.	Distant	
metastases	were	first	observed	in	the	lungs	(n =	4),	in	the	
skeleton	(n =	3),	and	in	multiple	sites	(n =	1).	Univariate	
analysis	was	associated	with	5-year	survival	stage	I	–	84%,	
stage	II	–	73%,	stage	III	–	60%,	and	stage	IV	–	29%	pa-
tients	(trend	log	rank	test:	P	=	0.0006).	In	summary,	there	
is	a	 significant	difference	 in	 survival	 rates	according	 to:	
advanced	stage	disease,	N	stage	at	presentation,	bone	me-
tastasis,	tumor	histology,	sex,	and	whether	clear	surgical	
margins	have	been	achieved	at	surgery.

Tumors by Specific Site

Tumors Located in the Oral Cavity

The	 majority	 of	 patients	 seen	 have	 an	 age	 range	 of	 45–
60	years	for	benign	salivary	tumors	and	a	median	age	of	
40–55	years	for	malignant	salivary	tumors	[39,	69].	About	
10%	present	in	children	in	their	early	teens	[28].

The	most	common	complaint	was	a	painless	swelling	
in	 the	 mouth	 (60%),	 with	 symptoms	 having	 been	 pres-
ent	for	more	than	12	months.	The	most	common	sites	for	
tumors	of	minor	salivary	gland	origin	are	the	palate,	buc-
cal	mucosa,	and	upper	lip,	which	accounts	for	more	than	
75%	of	cases.	The	palate	is	the	most	common	site	for	all	
tumors	 of	 minor	 salivary	 gland	 origin	 (55%)	 and	 more	
than	(60%)	of	 these	are	malignant	[28].	The	most	com-
mon	sites	for	malignant	tumors	of	minor	salivary	gland	
origin	are	the	palate,	buccal	mucosa,	maxilla,	and	retro-
molar	trigone.

The	majority	(80%)	of	the	cancers	histopathologically	
are	mucoepidermoid	carcinoma	or	adenoid	cystic	carci-
noma,	with	other	lesions	less	common:	adenocarcinoma,	
polymorphous	low-grade	adenocarcinoma,	salivary	duct	
carcinoma,	and	acinic	cell	carcinoma.	Patients	with	mu-
coepidermoid	 carcinoma	 generally	 present	 at	 an	 early	
stage	 compared	 to	 patients	 with	 adenoid	 cystic	 carci-
noma,	which	is	in	an	advanced	stage	when	diagnosed.
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Less	than	10%	of	patients	present	with	palpable	cervi-
cal	lymph	adenopathy	and	these	patients	should	undergo	
treatment.	 Controversy	 persists	 concerning	 the	 role	 of	
elective	 neck	 dissections,	 and	 currently	 the	 indication	
for	elective	neck	dissection	in	many	centers	is	clinical	or	
radiological	 presence	 of	 significant	 or	 positive	 cervical	
adenopathy.

The	 treatment	 of	 all	 benign	 tumors	 is	 wide	 surgical	
excision,	which	may	require	an	obturator	or	tissue	recon-
struction	 depending	 on	 the	 location	 of	 the	 primary	 tu-
mor.	A	wide	local	excision	and	composite	repair	with	or	
without	neck	dissections	is	required	for	cancer	of	minor	
salivary	gland	origin.

Tumors Located in the Palate

In	 one	 large	 series	 of	 149	 patients	 seen	 over	 a	 46-year	
period	at	the	MD	Anderson	Cancer	Center	in	Houston,	
Texas,	USA,	malignant	tumors	were	found	in	116	patients	
(78%)	and	benign	 lesions	 in	33	patients	 (22%)	 [4].	The	
most	common	benign	tumor	was	pleomorphic	adenoma	
30	(20%),	while	the	most	frequent	malignant	tumor	was	
adenoid	 cystic	 carcinoma	 43	 (29%),	 followed	 by	 termi-
nal	duct	adenocarcinoma	28	(19%),	mucoepidermoid	24	
(16%),	adenocarcinoma	6	(4%),	myoepithelioma	6	(4%),	
and	others.	Of	the	malignant	tumors,	60	(52%)	occurred	
on	the	hard	palate	alone,	with	the	remaining	arising	from	
the	soft	palate	or	junction	between	hard	and	soft	palate.

Local	invasion	as	assessed	radiologically	or	at	the	time	
of	 surgery	 included	 bone	 invasion,	 36	 (31%)	 malignant	
and	2	(6%)	benign	tumors,	followed	by	sinonasal	cavity	
invasion,	36	(31%)	by	malignant	and	4	(11%)	by	benign	
disease.	Also	invaded	by	the	malignant	tumors	were	the	
pterygoid	muscles	5%,	nasopharynx	3%,	and	intracranial	
extension	3%.	Histopathologically	there	was	evidence	of	
perineural	invasion	in	41	(35%)	of	the	malignant	tumors.	
Of	 the	 116	 patients	 with	 malignancy,	 112	 (97%)	 were	
staged	N0,	and	4	 (3%)	had	clinical	 evidence	of	cervical	
lymph	node	metastasis.

The	treatment	of	the	benign	tumors	was	surgical	exci-
sion,	but	one	patient	had	positive	margins	and	received	
adjunctive	 postoperative	 radiotherapy;	 none	 recurred.	
Patients	 with	 malignant	 cancer	 had	 decreased	 survival	
(P	<	0.05)	 and	 on	 multivariate	 analysis	 showed	 high-
grade	tumors,	tumor	size	greater	than	or	equal	to	3.0	cm,	
and	 margin	 status	 (both	 positive	 margins	 and	 positive	
initial	but	final	negative	margins).	In	this	series	there	was	
no	significant	difference	between	the	patients	treated	with	
surgery	alone	and	those	treated	with	surgery	plus	postop-

erative	 radiotherapy.	 Histological	 types	 found	 to	 be	 as-
sociated	with	primary	tumor	recurrence	include:	adenoid	
cystic	 carcinoma	 (30%),	 mucoepidermoid	 carcinoma	
(8%),	and	terminal	duct	carcinoma	(4%).	The	2-,	5-,	and	
10-year	 disease-specific	 survival	 rates	 for	 patients	 with	
malignant	cancer	were	96%,	87%,	and	80%,	respectively.	
Overall	survival	rates	at	2,	5,	and	10	years	were	93%,	79%,	
and	67%,	respectively.	This	overall	good	survival	reflects	
the	tendency	that	cancers	with	less	aggressive	nature	oc-
cur	in	the	palate,	or	it	may	indicate	an	earlier-stage	pre-
sentation	and	easier	treatment	course.

One	of	the	findings	that	should	be	highlighted	by	this	
series	is	the	importance	of	complete	excision	of	the	cancer	
with	an	adequate	margin	of	normal	tissue	on	the	initial	at-
tempt,	because	subsequent	attempts	at	complete	excision	
are	 far	 more	 difficult	 to	 achieve	 technically	 (Fig.	20.5).	
The	other	lesson	is	that	patients	who	have	a	cancer	with	
high-grade	histology	and	perineural	invasion	had	a	sta-
tistically	significant	improvement	in	locoregional	control	
with	postoperative	radiotherapy,	although	no	statistically	
significant	improvement	in	survival	was	seen,	though	ad-
mittedly	the	power	of	analysis	was	small.

Fig. 20.5:	Patient	with	inadequately	excised	malignant	mixed	tu-
mor	of	hard	palate	with	metastases	to	neck	and	frontal	bone
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Tumors Located in the Oropharynx

There	are	few	series	reporting	on	tumors	of	salivary	gland	
origin	 of	 the	 oropharynx,	 especially	 the	 base	 of	 tongue	
[15,	32,	42]	(Fig.	20.6).	The	majority	are	malignant	with	

symptoms	of	tongue	swelling,	throat	pain,	and	the	pres-
ence	of	a	mass	in	the	neck	being	the	most	common	pre-
sentation.	 The	 mean	 age	 is	 mid	 50	years,	 with	 average	
duration	of	symptoms	more	than	9	months	before	diag-
nosis.	The	most	frequent	malignant	tumor	is	adenoid	cys-

Fig. 20.6:	a	Patient	with	adenocarcinoma	of	the	base	of	the	tongue.	b	Labiomandibuloglossotomy	and	excision	of	the	base	of	the	
tongue.	c	Tongue	and	mandible	have	been	reapproximated.	d	Normal	appearance	of	tongue	postoperatively.	e	Patient	completely	
healed	with	good	cosmetic	and	functional	result
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tic	carcinoma	and	mucoepidermoid	carcinoma,	followed	
by	adenocarcinoma.

Treatment	as	for	all	salivary	gland	tumors	is	surgery,	
but	suitability	for	such	treatment	is	dependent	upon	the	
size	of	 the	 tumor,	 site,	presence	of	cervical	 lymph	node	
metastases,	 patients’	 comorbidities,	 and	 patient	 prefer-
ence.	Should	the	patients	be	treated	surgically	then	it	 is	
recommended	 that	 all	 but	 the	 smallest	 totally	 excised	
cancer	be	treated	by	adjunctive	radiotherapy.	In	another	
series	[45]	of	14	patients,	all	of	whom	had	adenoid	cystic	
carcinoma,	 the	 authors	 conclude	 that	 this	 tumor	 is	 dif-
ficult	to	eradicate	by	surgical	excision	alone.	The	authors	
further	emphasized	the	need	for	wide	local	excision	with	
adequate	 surgical	 margins	 since	 local	 recurrence	 corre-
lated	with	positive	margins.

Tumors Located in the Nose 
and Paranasal Sinuses

Adenoid	 cystic	 carcinoma	 is	 the	 most	 frequent	 cancer	
of	minor	salivary	gland	origin	found	in	the	nasal	cavity	
and	paranasal	sinuses.	These	tumors	usually	present	with	
the	common	symptoms	of	nasal	obstruction,	rhinorrhea,	
pain,	 and	 epistaxis.	 Identifying	 the	 single	 site	 of	 origin	
can	be	difficult,	as	these	tumors	are	frequently	very	large,	
and	the	radiological	findings	are	those	of	any	malignancy,	
especially	bone	destruction	and	the	presence	of	a	soft	tis-

sue	mass	[24,	34,	44,	54].	It	has	been	considered	that	ad-
enoid	cystic	carcinoma	of	the	nasal	cavity	and	paranasal	
sinuses	has	a	worse	prognosis	 than	in	any	other	area	of	
the	head	and	neck	[24,	51]	(Fig.	20.7).	There	is	a	propen-
sity	 for	 frequent	 local	 recurrences	 and	 early	 perineural	
spread	and	hematogenous	spread,	with	as	many	as	50%	
presenting	with	distant	metastases.	The	incidence	of	re-
currence	is	lower	in	those	patients	receiving	more	radical	
primary	 surgery,	 with	 or	 without	 postoperative	 radio-
therapy	 [51,	 58],	 but	 the	 choice	 between	 conservation	
and	radical	management	may	not	alter	prognosis.	Indeed	
some	authors	suggested	that	“it	is	doubtful	is	any	patients	
are	cured	of	this	disease”	[24].	However,	recent	advance-
ments	 in	surgery	[48,	50,	63]	and	radiotherapy	[36,	57]	
have	allowed	many	patients	who	would	have	previously	
been	deemed	inoperable	to	undergo	local	radical	surgery	
with	postoperative	radiotherapy,	or	gamma	knife	for	per-
sistence	or	recurrence,	with	an	anticipated	better	quality	
of	life	than	achieved	previously	(Fig.	20.8).

Tumors Located in the Nasopharynx

In	 a	 review	 article	 of	 cancer	 of	 salivary	 gland	 origin	 of	
the	 nasopharynx	 [56],	 the	 authors	 comment	 that	 less	
than	 100	 cases	 have	 been	 reported.	 The	 most	 common	
histological	 types	were	adenoid	cystic	 carcinoma	(94%)	
and	mucoepidermoid	carcinoma	(6%).	Cancer	of	the	na-

Fig. 20.7:	a	Young	woman	with	bilateral	proptosis.	b	CT	scan	of	same	patient	demonstrating	primary	tumor	in	sphenoid	sinus	with	
bilateral	invasion	of	orbits.	Biopsy	revealed	adenoid	cystic	carcinoma.	Patient	was	treated	with	radiation	therapy	which	resulted	in	
a	long	remission
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sopharynx	typically	presents	at	an	advanced	stage,	often	
with	 invasion	 of	 the	 skull	 base,	 intracranial	 extension,	
and	involvement	of	cranial	nerves.	It	is	only	recently	with	
advances	in	surgical	techniques	that	it	is	possible	to	treat	
cancer	in	this	anatomical	site,	in	a	manner	similar	to	can-
cer	of	salivary	gland	origin	in	other	sites,	by	primary	sur-
gery	with	or	without	radiotherapy.

The	patients	seen	tend	to	be	younger,	compared	to	pa-
tients	with	other	types	of	cancers	of	the	head	and	neck,	

with	a	median	age	of	46	years.	As	 this	 is	a	“silent	area”	
for	tumors,	there	is	a	significant	delay,	with	a	mean	lag	
time	 of	 20	months	 from	 the	 onset	 of	 symptoms	 to	 di-
agnosis.	 The	 majority	 of	 patients	 present	 with	 sinona-
sal	symptoms:	nasal	obstruction,	headaches/facial	pain,	
recurrent	“sinusitis,”	epistaxis	and	posterior	rhinorrhea,	
cranial	nerve	neuropathy	including	isolated	involvement	
of	branches	of	the	trigeminal	nerve,	oculomotor	nerve,	
abducens	 nerve	 and	 optic	 nerve,	 or	 otological	 findings	

Fig. 20.8:	a	Young	woman	presenting	with	diplopia,	
proptosis,	and	telecanthus.	b	CT	scan	revealing	
large	tumor	which	on	biopsy	was	adenoid	cystic	
carcinoma.	c	Craniofacial	resection	with	preserva-
tion	of	both	orbits	followed	by	radiation	therapy
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including	aural	fullness,	hearing	loss,	otorrhea,	tinnitus,	
and	vertigo.

The	 surgical	 approach	 used	 in	 this	 report	 was	 the	
lateral	 infratemporal	 middle	 fossa	 approach,	 but	 other	
approaches	have	been	used	 including	subfrontal,	 lateral	
rhinotomy,	 transoral	 palatal,	 and	 transoral	 maxillary.	
This	 type	of	 surgery	may	 involve	 transposing	or	 resect-
ing	the	carotid	artery,	excision	and	grafting	of	dura,	and	
dissection	of	cancer	from	the	cavernous	sinus.	Repair	of	
the	defect	can	involve	repair	of	the	dura	using	temporalis	
fascia	or	pericranial	patches,	and	lateral	skull	defects	were	
repaired	by	using	a	vascularized	flap	such	as	a	temporalis	
flap,	a	free	rectus	abdominis	muscle	graft,	a	free	gastro-
omental	graft,	or	a	latissimus	dorsi	muscle	flap.	Adjuvant	
radiotherapy	 either	 neutrons	 or	 photons	 is	 preferred	
postoperatively	if	it	has	not	been	used	previously.	In	this	
series,	 disease-specific	 survival	 was	 67%	 at	 5	years	 and	
48%	at	10	years	for	the	overall	group,	with	a	worse	sur-
vival	in	high-grade	tumors	of	31%	at	5	years	versus	78%	
for	low-grade	tumors	[56].

An	 alternative	 treatment	 described	 is	 using	 external	
beam	photon	radiation	to	treat	adenoid	cystic	carcinoma	
of	the	nasopharynx	[70,	72],	and	reported	5-	and	10-year	
survival	rates	of	78%	and	49.5%,	respectively,	with	a	lo-
cal	control	rate	of	45.5%	at	5	years.	The	authors	reported	
a	low	rate	of	early	complications	but	there	was	a	risk	of	
treatment-related	complications	in	long-term	survivors.

Tumors Located in the Larynx

In	the	larynx,	minor	salivary	gland	tumors	are	rare	and	
are	 reported	 to	 comprise	 less	 than	 1%	 of	 all	 tumors	 of	
the	larynx.	These	tumors	arise	from	submucosal	glands,	
which	are	located	most	prevalently	in	the	subglottis,	but	
are	 also	 located	 in	 the	 supraglottis	 mostly	 found	 in	 the	
aryepiglottic	 folds,	 and	 the	 distal	 inferior	 aspect	 of	 the	
epiglottis	[1,	41].	These	tumors	also	have	been	reported	
in	the	floor	of	the	ventricle	and	the	undersurface	of	the	
anterior	commissure	[21].

Both	benign	and	malignant	tumors	have	been	reported	
in	the	literature.	The	most	common	benign	tumor	is	the	
pleomorphic	adenoma;	approximately	30	cases	have	been	
reported.	These	tumors	are	most	frequently	located	in	the	
supraglottis,	the	base	of	the	epiglottis,	and	the	posterior	
commissure	[55].

The	 most	 frequent	 malignant	 tumor	 reported	 is	 the	
adenoid	cystic	carcinoma	and	is	most	frequently	located	
in	the	subglottis	[21].	More	than	80	cases	of	mucoepider-

moid	carcinoma	have	been	reported	 in	 the	 larynx	[10].	
The	majority	of	cancers	arising	from	salivary	gland	ori-
gin	 are	 advanced	 when	 diagnosed	 (stage	III/IV)	 which	
reflects	the	submucosal	growth	and	large	size	at	the	time	
of	presentation.	Other	histological	 types	of	 tumors	may	
present	 with	 minimal	 symptoms	 of	 hoarseness,	 globus	
sensation,	or	dyspnea	due	to	the	size	of	the	tumor.

Surgical	 excision	 is	 the	 preferred	 treatment.	 For	 be-
nign	 tumors,	 such	 as	 pleomorphic	 adenoma,	 the	 treat-
ment	will	depend	on	the	size	and	location	of	the	tumor.	
Conservation	surgery,	such	as	a	pharyngotomy,	laryngo-
fissure,	 or	 transoral	 laser	 surgery,	 has	 been	 reported	 to	
be	 successfully	used.	Recurrence	depends	upon	 the	ad-
equacy	of	local	excision,	and	most	patients	who	recur	will	
do	so	within	18	months.	Long-term	follow-up	is	recom-
mended,	 as	 risk	 of	 recurrence	 may	 remain	 life	 long	 for	
such	patients	[43].

When	 the	 tumor	has	been	proven	malignant	 the	 in-
dication	 for	 partial	 laryngeal	 surgery	 may	 be	 indicated	
on	very	few	and	very	selected	cases,	since	if	the	margins	
are	positive	then	the	retention	of	a	functioning	organ	will	
not	be	achieved	or	worse	yet,	recurrence	may	result	in	the	
patient’s	death.	The	use	of	adjuvant	postoperative	radio-
therapy	should	be	considered	in	all	patients	and	certainly	
must	be	considered	in	the	presence	of	unfavorable	prog-
nostic	factors—cartilage	invasion,	perineural,	perivascu-
lar	involvement	[21].

Patients	 may	 also	 present	 with	 cervical	 lymph	 node	
metastases,	 including	adenoid	cystic	 carcinoma,	and	all	
patients	 should	 be	 clinically	 and	 radiologically	 staged,	
and	the	presence	of	nodal	enlargement	should	always	be	
treated	 at	 the	 time	 of	 surgery.	 Patients	 who	 fail	 partial	
surgery	should	be	offered	a	total	laryngectomy	when	ap-
propriate.	Sadly	patients	may	develop	distant	metastases,	
most	commonly	in	the	lungs,	which	can	occur	more	than	
10	years	after	initial	diagnosis.

Conclusion

Tumors	 of	 minor	 salivary	 gland	 origin	 are	 uncommon,	
and	medical	practitioners	over	a	lifetime	are	unlikely	to	
gain	expertise	in	the	management	of	this	uncommon	dis-
ease,	except	perhaps	those	tumors	located	in	the	oral	cav-
ity.	The	more	away	from	the	lips	one	moves	in	the	head	
and	neck	region	the	more	likely	is	that	the	tumor	being	
treated	is	malignant.	Pleomorphic	adenoma	remains	the	
most	common	benign	neoplasm	and	treatment	is	with	lo-
cal	 excision	 with	 a	 safe	 margin.	 Malignant	 tumors	 may	
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present	in	a	benign	manner,	with	symptoms	of	a	mass	le-
sion,	obstruction	of	a	functioning	organ,	or	pain.	Biopsy	
is	mandatory	when	a	patient	presents	 and	 is	diagnosed	
with	a	non-ulcerated	swelling,	so	that	the	true	nature	of	
the	 neoplasm	 can	 be	 appreciated	 prior	 to	 investigation	
and	 recommending	 management.	 Surgery	 is	 the	 treat-
ment	of	choice,	 followed	by	radiotherapy	when	adverse	
pathology	parameters	are	present.	Local	symptom	relief	
can	be	anticipated	in	the	short	term,	but	long-term	cure	
must	 be	 guarded.	 The	 most	 common	 malignant	 tumor	
encountered	is	the	adenoid	cystic	carcinoma,	which	has	
a	good	short-term	outcome,	with	evidence	of	distant	me-
tastases	 resulting	 in	 death	 should	 the	 patient	 live	 more	
than	 10–15	years.	 Other	 histopathological	 types	 of	 ma-
lignant	tumors	are	all	potentially	curable	by	surgery	with	
or	 without	 postoperative	 radiotherapy,	 with	 anticipated	
long-term	tumor-free	survival.

    Take Home Messages

→	 Tumors	 of	 minor	 salivary	 gland	 origin	 are	 un-
common	and	have	been	reported	in	all	anatomi-
cal	sites	of	the	head	and	neck.

→	 Tumors	of	minor	salivary	gland	origin	are	more	
likely	 to	 be	 histologically	 malignant	 than	 be-
nign.

→	 Clinical	 presentation	 is	 most	 commonly	 a	 “be-
nign,”	non-ulcerative,	submucosal	swelling.

→	 Incisional	or	punch	biopsy	should	be	performed	
prior	 to	 planning	 radiological	 imaging	 and/or	
definitive	treatment.

→	 Complete	surgical	excision	is	the	preferred	treat-
ment.

→	 Should	 the	 tumor	 be	 malignant	 and	 have	 poor	
prognostic	 histopathological	 parameters,	 then	
elective	 postoperative	 radiotherapy	 should	 be	
recommended.

→	 Patients	with	inoperable	tumors	or	patients	who	
refuse	surgical	excision	should	be	offered	radio-
therapy,	external	beam	or	neutron	radiotherapy.
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Complications	to	Avoid
Marginal	mandibular	nerve	injury
Lingual	nerve	injury
Hypoglossal	nerve	injury

Introduction

Tumors	of	the	submandibular	gland	are	the	second	most	
frequent	major	salivary	gland	neoplasms	after	tumors	in	
the	parotid	gland.	Approximately	3–6%	of	all	tumors	of	
the	head	and	neck	region	occur	in	the	major	and	minor	
salivary	glands.	Sixty-five	percent	of	the	tumors	arise	in	
the	parotid	gland,	8%	 in	 the	 submandibular	gland,	 and	
27%	in	the	minor	salivary	glands.	In	contrast	to	parotid	
tumors,	approximately	half	of	the	tumors	of	the	subman-
dibular	gland	are	malignant.	Primary	tumors	of	the	sub-
lingual	gland	are	very	rare,	except	for	ranulas,	which	are	
benign	 cystic	 lesions.	 The	 submandibular	 triangle	 con-
tains	several	important	neurovascular	structures,	in	addi-
tion	to	the	submandibular	gland:	the	marginal	mandibu-
lar	 branch	 of	 the	 VIIth	 cranial	 nerve,	 the	 lingual	 nerve	
(which	is	a	branch	of	the	third	division	of	the	Vth	cranial	
nerve),	 the	XIIth	cranial	nerve,	and	 the	 facial	artery,	as	
well	as	lymph	nodes	that	can	harbor	regional	metastases	
from	oral	and	oropharyngeal	primary	cancers.







Surgical Anatomy and Practical Tips

Submandibular Gland

The	 submandibular	 glands,	 also	 called	 submaxillary	
glands,	 are	 10-	 to-	 15-g	 walnut-sized	 glands	 situated	 in	
the	 submandibular	 triangle	beneath	and	anterior	 to	 the	
angle	of	the	mandible.	They	overlie	the	mylohyoid	mus-
cle	and	extend	around	its	free	border	in	the	floor	of	the	
mouth	along	the	course	of	Wharton’s	duct.	These	glands	
lie	 on	 the	 hyoglossus	 muscle	 and	 are	 in	 direct	 contact	
with	the	stylomandibular	ligament	posteriorly.	A	loosely	
attached	investing	fascia	encloses	the	glands.	Saliva	from	
the	 submandibular	 glands	 flows	 into	 the	 anterior	 floor	
of	 the	 mouth	 through	 Wharton’s	 duct,	 the	 papilla	 of	
which	 opens	 just	 lateral	 to	 the	 frenulum	 of	 the	 tongue	
[1]	(Fig.	21.1).	The	submandibular	gland	is	divided	into	
a	superficial	and	a	deep	lobe.	The	superficial	lobe	lies	in	
the	 digastric	 triangle	 and	 is	 bounded	 anteriorly	 by	 the	
anterior	belly	of	the	digastric	muscle,	posteriorly	by	the	
posterior	 belly	 of	 the	 digastric	 and	 stylohyoid	 muscles,	
and	laterally	by	the	lower	border	of	the	mandible	and	me-
dial	 pterygoid	 muscle.	 Posteriorly,	 the	 stylomandibular	
ligament	separates	it	from	the	parotid	gland.	The	floor	of	
the	submandibular	triangle	 is	 formed	by	the	mylohyoid	
muscle	anteriorly	and	the	hyoglossus	muscle	posteriorly.	
The	 superficial	 portion	 of	 the	 submandibular	 gland	 is	
covered	by	 the	platysma	muscle	and	 is	 traversed	by	 the	
anterior	facial	vein	and	marginal	mandibular	nerve.	The	
so-called	 deep	 portion	 of	 the	 submandibular	 gland	 lies	
deep	to	the	posterior	edge	of	the	mylohyoid	muscle.	The	
lingual	nerve	lies	above	it	and	the	hypoglossal	nerve	be-
low	it	(Fig.	21.2).

The	 submandibular	 triangle	 borders	 are:	 anteriorly,	
the	anterior	belly	of	the	digastric	muscle;	inferiorly,	hyoid	
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Fig. 21.1:	 Diagram	 of	 normal	 anatomy	 of	 left	 submandibular	
and	sublingual	glands	viewed	obliquely	from	the	left	side.	(Re-
produced	 with	 permission:	 Som	 PM.	 In:	 Som	 PM,	 Bergeron	
RT	(eds)	Head	and	Neck	Imaging,	ed	2.	St.	Louis,	Mosby,	1991;	
281)



bone	and	common	digastric	tendon;	posteriorly,	the	pos-
terior	belly	of	the	same	muscle;	superiorly,	lower	mandib-
ular	rim;	medially,	mylohyoid	and	hypoglossal	muscles;	
and	 laterally,	 platysma	 muscle.	 Contained	 within	 these	
limits	are:	lymph	nodes	of	level	Ib	[2],	the	submandibular	
gland,	the	lingual	and	facial	arteries	and	veins,	the	sub-
mandibular	ganglion,	and	the	marginal	mandibular,	lin-
gual,	and	hypoglossal	nerves.

There	are	some	practical	anatomic	tips	that	can	help	in	
the	surgical	management	of	submandibular	gland	tumors.

Marginal Mandibular Branch 
of the Facial Nerve

This	 is	 a	 very	 tiny	 nerve,	 usually	 located	 immediately	
deep	to	the	platysma	muscle.	It	promotes	contraction	of	
mimetic	 muscles	 related	 to	 the	 ipsilateral	 oral	 commis-
sure	(risorius,	depressor	of	 lower	 lip,	depressor	of	angle	
of	 the	mouth,	and	mental	muscles).	Therefore,	 inadver-
tent	surgical	injury	during	the	initial	approach	to	the	sub-
mandibular	triangle	should	be	avoided.	One	of	the	most	
constant	 landmarks	 to	 locate	 the	 marginal	 mandibular	
branch	is	the	mandibular	angle,	usually	situated	2–5	mm	
cranially.	The	nerve	runs	parallel	to	the	mandibular	rim	
1–2.5	cm	 caudally	 for	 about	 3	cm,	 turning	 cranially	 to-
ward	 the	 oral	 commissure.	 Generally,	 there	 is	 a	 close	
anatomic	 relationship	 between	 the	 nerve	 and	 the	 facial	
vessels	(which	course	perpendicularly	around	the	middle	
third	of	the	body	of	the	mandible).	In	fact,	there	is	a	sur-

gical	maneuver,	attributed	to	Hayes	Martin:	 to	keep	the	
cranial	stumps	of	 these	vessels	retracted	upward	during	
the	dissection	of	the	surgical	contents	of	the	submandib-
ular	triangle,	in	order	to	protect	the	mandibular	branch.

Lingual Nerve

The	 inferior	 division	 of	 V3	 is	 the	 sensory	 nerve	 of	 the	
anterior	two	thirds	of	the	oral	tongue;	also,	it	gives	para-
sympathetic	supply	to	the	submandibular	gland,	through	
a	small	secretory	branch,	generally	sectioned	during	ex-
cision	of	the	gland.	It	is	situated	on	the	floor	of	the	sub-
mandibular	 triangle,	 sometimes	 covered	 by	 mylohyoid	
muscle	fibers.	It	is	important	to	preserve	the	integrity	of	
this	nerve	during	operations	on	the	submandibular	gland;	
however,	when	dealing	with	malignant	tumors,	especially	
adenoid	 cystic	 carcinomas,	 it	 is	 advisable	 to	 get	 frozen	
sections	from	the	cranial	stump	of	the	severed	secretory	
branch,	in	order	to	detect	possible	perineural	invasion.

Hypoglossal Nerve

The	XIIth	cranial	nerve	is	the	main	motor	supply	to	the	
tongue	and	muscles	of	the	floor	of	the	mouth.	It	crosses	
the	floor	of	the	submandibular	triangle	in	a	very	deep	po-
sition,	 except	 near	 the	 transition	 between	 the	 posterior	
belly	and	the	tendon	of	the	digastric	muscle.	When	dis-
secting	 the	 inferior	border	of	 the	submandibular	gland,	
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Fig. 21.2:	Anatomic	relationships	of	the	floor	of	the	
mouth	with	emphasis	on	the	sublingual	and	sub-
mandibular	spaces.	(Million	RR,	Cassisi	NJ,	Clark	
JR.	Cancer	of	the	head	and	neck.	In:	DeVita	AT	Jr,	
Hellman	S,	Rosenberg	SA	(eds)	Cancer:	Principles	
and	Practice	of	Oncology,	ed	3.	Philadelphia,	JB	
Lippincott,	1989;	506)



caution	must	be	exerted	at	this	point	to	avoid	a	nerve	in-
jury,	which	causes	ipsilateral	tongue	paralysis.

Facial Artery

The	facial	artery	is	the	fourth	branch	of	the	external	ca-
rotid	artery	[1].	It	enters	the	submandibular	triangle	near	
the	 medial	 aspect	 of	 the	 posterior	 belly	 of	 the	 digastric	
muscle	(where	it	can	be	easily	identified	and	tied),	cross-
ing	the	submandibular	gland	vertically	and,	together	with	
the	anterior	facial	vein,	running	underneath	the	marginal	
mandibular	branch	(see	above).	This	artery	is	usually	li-
gated	twice	during	excision	of	the	submandibular	gland:	
near	the	digastric	muscle	and	near	the	body	of	the	man-
dible.	 However,	 some	 authors	 defend	 the	 preservation	
of	 this	artery	 in	 selected	cases	 in	order	 to	maintain	 the	
blood	 supply	 to	 skin	 flaps	 that	 may	 be	 used	 for	 recon-
struction	[3].

Wharton’s Duct

The	duct,	also	called	the	submandibular	duct,	arises	from	
the	 deep	 surface	 of	 the	 gland	 and	 passes	 anteriorly	 for	
approximately	 5	cm	 to	 an	 opening	 near	 the	 midline	 of	
the	 floor	 of	 the	 mouth.	 It	 runs	 between	 the	 mylohyoid,	
hyoglossus,	and	genioglossus	muscles	before	entering	the	
floor	of	the	mouth.	On	the	hyoglossus	muscle,	the	duct	lies	
between	the	lingual	and	hypoglossal	nerves	but	it	crosses	
lateral	to	the	lingual	nerve	along	the	anterior	border	of	the	
muscle	[4].	It	is	important	to	dissect	the	duct	as	close	as	
possible	to	the	floor	of	the	mouth	before	its	ligation/sec-
tioning,	carefully	protecting	the	hypoglossal	nerve.

Lymphatic System

Numerous	lymphatic	channels	permeate	this	region,	and	
lymph	nodes	frequently	overlie	the	submandibular	gland	
itself.	Most	are	situated	immediately	under	the	deep	cer-
vical	 fascia,	 including	 the	 prevascular	 and	 postvascular	
nodes	adjacent	to	the	facial	vessels,	and	some	are	located	
between	the	gland	and	the	mylohyoid	muscle.	They	rep-
resent	level	I,	according	to	the	current	staging	system	of	
cervical	 lymph	 nodes	 [2].	 Recently,	 they	 were	 divided	
into:	submental	group	(level	Ia),	located	between	the	an-
terior	belly	of	the	digastric	muscles	and	cephalad	to	the	
hyoid	bone;	and	submandibular	group	(level	Ib),	located	

in	the	triangular	area	bounded	by	the	anterior	and	pos-
terior	bellies	of	the	digastric	muscle	and	the	inferior	bor-
der	 of	 the	 body	 of	 the	 mandible	 [5].	 The	 lymph	 nodes	
adjacent	to	the	submandibular	gland	and	along	the	facial	
artery	are	included	in	this	group.	They	are	of	paramount	
importance	in	surgical	oncology,	because	they	represent	
the	first	echelon	for	lymph	vessels	from	the	nose,	lips,	and	
anterior	and	lateral	portions	of	the	tongue	and	floor	of	the	
mouth.	When	involved	secondarily	in	cancer	within	the	
drainage	 territory,	 lymph	 nodes	 are	 closely	 attached	 to,	
and	sometimes	adherent	to	the	substance	of	the	subman-
dibular	 gland;	 their	 removal	 requires	 clearing	 the	 com-
partment	 of	 its	 glandular	 content.	 These	 lymph	 nodes	
drain	 to	 the	 subdigastric	and	high	midjugular	 (level	 II)	
lymph	nodes	[2,	6].

Sublingual Gland

The	paired	 sublingual	glands,	which	are	 the	 smallest	of	
the	 major	 salivary	 glands,	 weighing	 approximately	 2	g	
each,	lie	immediately	below	the	mucous	membrane	of	the	
floor	of	 the	mouth.	According	 to	Batsakis,	 these	poorly	
encapsulated	glands	represent	not	unit	organs	but,	rather,	
a	 mosaic	 composed	 of	 a	 large	 segment	 (the	 major	 sub-
lingual	 gland)	 and	 a	 group	 of	 8–30	 smaller	 glands	 (the	
minor	sublingual	glands)	[7].	Variations	exist	in	size	and	
location	of	sublingual	ducts	(ducts	of	Rivinus)	that	pass	
from	 the	 multiple	 “minor”	 sublingual	 glands	 and	 drain	
by	way	of	several	openings	directly	into	the	oral	cavity	or	
into	 the	 submandibular	duct.	Batsakis	also	noticed	 that	
the	larger	gland	(the	major	sublingual	gland)	is	drained	by	
the	sublingual	duct	(the	duct	of	Bartholin)	[7].	The	sub-
lingual	glands	are	separated	by	the	paired	midline	genio-
glossus	and	geniohyoid	muscles.	A	crest	of	mucous	mem-
brane,	termed	the	plica	sublingualis,	along	the	frenulum	
represents	 the	projection	of	 the	glands	and	openings	of	
the	sublingual	ducts.	The	blood	supply	to	the	sublingual	
gland	comes	from	the	sublingual	and	submental	arteries.	
The	nerve	supply	is	from	the	chorda	tympani	and	lingual	
nerves	[1].	Lymphatic	drainage	goes	into	the	submental	
and	submandibular	lymph	nodes	(Figs.	21.1,	21.2).

Pathology

There	are	equal	proportions	of	malignant	and	benign	le-
sions	in	the	submandibular	gland.	True	sublingual	gland	
tumors	are	rather	unusual,	and	most	are	malignant.
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Benign Tumors

The	 most	 commonly	 encountered	 benign	 tumor	 of	 the	
submandibular	gland	 is	 the	pleomorphic	adenoma	 (be-
nign	mixed	tumor)	which	comprises	53–64%	of	subman-
dibular	tumors	[8–10].	The	histologic	features	and	biologic	
behavior	of	pleomorphic	adenoma	of	the	submandibular	
gland	are	similar	to	those	of	the	parotid	gland.	Comparing	
the	frequency	of	this	tumor	with	the	parotid	equivalent,	
the	proportion	is	1:10,	respectively.	Typical	presentation	
is	that	of	a	slowly	growing	painless	mass	(sometimes	pres-
ent	for	several	years).	Larger	tumors	have	a	multinodular	
appearance.	This	benign	tumor	is	usually	a	pseudoencap-
sulated	 and	 well-demarcated	 neoplasm	 containing	 both	
epithelial	and	mesenchymal	elements	with	an	inner	epi-
thelial	layer	and	an	outer	myoepithelial	layer.	The	stroma	
in	 the	 tumor	varies	 from	mucoid,	fibroid,	vascular,	and	
chondroid	to	myxochondroid,	the	latter	two	being	asso-
ciated	with	an	 increase	 in	recurrence	of	 the	 tumor.	The	
high	recurrence	 rate	associated	 is	believed	 to	be	due	 to	
pseudopod	formations	at	the	periphery	of	the	tumor,	as	
well	as	to	inadequate	excision	(enucleation).	Recurrence	
may	 occur	 months	 to	 years	 following	 inadequate	 exci-
sion	of	the	tumor.	These	tumors	can	also	undergo	malig-
nant	 transformation	 (approximately	 2–6%)	 particularly	
in	 long-standing	tumors	or	 in	those	that	have	recurred.	
Multicentric	tumors	are	estimated	to	be	0.5%	[10].

Other	 types	of	adenomas,	such	as	 the	basal	cell	ade-
noma,	are	much	less	common,	and	other	benign	tumors,	
such	as	Whartin’s	 tumor,	oncocytomas,	and	myoepithe-
liomas,	are	very	rarely	found	in	submandibular	and	sub-
lingual	glands.

Hemangiomas	can	involve	the	major	salivary	glands.	
However,	90%	are	related	to	the	parotid	gland.	Occasion-
ally,	the	submandibular	gland	can	be	affected,	but	only	as	
a	part	of	massive	facial	lesions	(Fig.	21.3a,	b).

Benign	tumors	of	the	sublingual	gland	are	extremely	
rare	entities.	Yet,	this	gland	may	present	a	non-neoplastic	
disease	which	resembles	a	submucosal	tumor	in	the	floor	
of	the	mouth:	the	ranula.	Its	name	derives	from	the	Latin	
word	 rana	 (frog),	 due	 to	 the	 typical	 bluish	 appearance,	
similar	to	a	frog’s	belly	[11].	There	are	two	different	con-
cepts	 for	 the	 pathogenesis	 of	 ranula.	 One	 is	 a	 true	 cyst	
due	 to	 ductal	 obstruction	 with	 an	 epithelial	 lining,	 and	
the	other	is	a	pseudocyst	due	to	injury	of	the	duct	and	ex-
travasation	of	mucus	without	an	epithelial	lining	[12–14].	
Recently,	typical	ranulas	have	been	considered	as	an	ex-
travasation	phenomenon	of	the	sublingual	gland	[14,	15].	
According	 to	 the	 variations	 of	 its	 extension,	 ranula	 has	

Fig. 21.3:	Vascular	malformation	of	the	submandibular	region.	
a	An	extensive	cavernous	hemangioma	causing	distortion	of	the	
left	submandibular	region	and	cheek.	b	CT	scan,	coronal	view	
revealing	calcification	of	the	central	compartment,	phleboliths,	
and	involvement	of	the	suprahyoid	muscles
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been	classified	into	three	clinical	 types:	sublingual	type,	
sublingual-submandibular	type,	and	submandibular	type	
[16].	The	sublingual	type	is	a	simple	ranula	while	the	sub-
lingual-submandibular	type	and	submandibular	type	are	
plunging	ranulae.	The	clinical	presentation	is	of	a	slowly	
growing	submucosal	mass	in	the	floor	of	the	mouth,	with	
a	cystic	appearance	(Fig.	21.4a,	b).	Pathologically,	there	is	
a	simple	or	multiloculated	cavity	filled	with	amorphous	
or	mucoid	material	[11].

The	 most	 frequent	 benign	 tumors	 are	 listed	 in	 Ta-
ble	21.1	[8,	17].

Malignant Tumors

Both	 submandibular	 and,	 rarely,	 sublingual	 glands	 may	
give	rise	to	a	wide	variety	of	malignant	neoplasms,	which	
can	be	divided	into:	primary,	secondary,	and	local	manifes-
tations	of	systemic	neoplastic	diseases.	Among	malignant	
tumors,	the	most	frequent	is	adenoid	cystic	carcinoma	ac-
counting	 for	 36–63%	 of	 cases	 [9,	 10,	 18–20].	 Bhattacha-
ryya	[20]	analyzed	the	data	from	the	Surveillance,	Epide-
miology	and	End	Results	(SEER)	database	for	the	period	
from	1988	to	1998,	and	found	a	total	of	370	cases	of	sub-
mandibular	gland	cancers.	Adenoid	cystic	carcinoma	ac-
counted	for	42.2%	of	cases	followed	by	mucoepidermoid	
carcinoma	(22.2%),	squamous	cell	carcinoma	(17.3%),	and	
adenocarcinoma	(15.4%).	Adenoid	cystic	carcinoma	usu-
ally	develops	over	a	 short	 time	with	rapid	growth	and	 is	
frequently	associated	with	pain	and	fixation	to	the	mandi-
ble.	A	third	of	these	patients	develop	regional	lymph	node	
metastases.	This	tumor	has	a	propensity	to	invade	nerves,	

and	 due	 to	 the	 anatomic	 location	 of	 the	 submandibular	
gland,	 this	poses	a	 risk	of	perineural	 spread	 through	 the	
lingual	and	hypoglossal	nerves	toward	the	skull	base.	Peri-
neural	spread	may	also	involve	the	mandibular	or	cervical	
branches	of	 the	 facial	nerve.	The	risk	of	distant	metasta-
ses	and	the	development	of	late	recurrences	are	similar	to	
those	observed	in	the	parotid	gland	[10].

Fig. 21.4:	Types	of	ranula.	a	Plunging	ranula,	sublingual-submandibular	type	(unilateral	presentation).	b	Simple	ranula,	sublingual	
type	(bilateral	presentation)

Table 21.1.	Benign	neoplasms

Benign epithelial tumors Soft tissue tumors

Pleomorphic	adenoma Hemangioma

Myoepithelioma

Basal	cell	adenoma

Warthin	tumor

Oncocytoma

Canalicular	adenoma

Sebaceous	adenoma

Lymphadenoma

Sebaceous

Non-sebaceous

Ductal	papillomas

Inverted	ductal	papilloma

Intraductal	papilloma

Sialadenoma	papilliferum

Cystadenoma
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The	 next	 most	 common	 cancer	 of	 the	 submandibu-
lar	 gland	 is	 mucoepidermoid	 carcinoma.	 These	 tumors	
may	 be	 low,	 intermediate,	 or	 high	 grade	 in	 their	 histo-
logic	 appearance,	 with	 eventual	 outcome	 dependent	
upon	 this	 grading.	 Low-grade	 tumors	 are	 usually	 well	
circumscribed	and	are	comprised	of	epidermoid	and	mu-
cus-secreting	cells.	Grossly	they	resemble	benign	mixed	
tumors,	 and	 have	 been	 found	 to	 recur	 after	 excision	 in	
approximately	 15%	 of	 patients.	 High-grade	 tumors	 are	
aggressive	and	invade	locally,	causing	fixation	and	exten-
sion	to	the	nerve.	On	presentation,	up	to	50%	of	patients	
with	high-grade	tumors	are	reported	to	have	lymph	node	
metastases	[9,	10].	The	propensity	for	local	failure	can	be	
as	high	as	40%	[10].

Squamous	 cell	 carcinoma	 usually	 presents	 as	 a	 hard	
mass,	 often	 fixed,	 with	 a	 short	 history	 of	 1	year	 or	 less.	
The	 tumor	 is	 often	 asymptomatic	 but	 20%	 of	 patients	
have	a	painful	mass.	Neck	metastases	occur	in	nearly	50%	
of	patients.	Morphologically	the	ductal	cell	is	most	likely	
the	cell	of	origin.	Due	to	the	frequency	of	squamous	cell	
carcinoma	 in	other	head	and	neck	 sites,	 it	 is	 important	
to	ensure	that	this	tumor	is	a	primary	tumor	of	the	gland	
and	not	a	metastatic	lesion	to	the	submandibular	lymph	
nodes.	Differential	diagnosis	with	mucoepidermoid	car-
cinoma	must	also	be	confirmed.	Locoregional	recurrence	
can	occur	in	nearly	50%	of	cases	[10].	Adenocarcinoma	
arises	 infrequently	 in	 the	 submandibular	 gland.	 These	
very	 aggressive	 tumors	 invariably	 present	 with	 lymph	
node	metastases	and	massive	local	extension	to	soft	tis-
sue	and	invasion	of	the	mandible,	resulting	in	poor	local	
control	which	adversely	affects	prognosis	[10].

The	 most	 frequent	 cancers	 are	 listed	 in	 Table	21.2	
[8,	17].

Clinical Presentation

Submandibular and Sublingual Glands

Most	swellings	occurring	in	the	submandibular	gland	are	
due	 to	 inflammatory	processes	and	calculi	 [21].	Benign	
and	 malignant	 tumors	 of	 the	 submandibular	 gland	 are	
frequently	 identified	 as	 a	 painless	 mass	 in	 the	 subman-
dibular	 region.	 The	 association	 of	 pain	 with	 subman-
dibular	neoplasms	is	rare,	but	when	it	occurs,	it	suggests	
malignancy.	Usually,	a	painful	submandibular	gland	en-
largement	is	consistent	with	a	clinical	diagnosis	of	sialad-
enitis,	until	proven	the	contrary.	Painless	swelling	was	the	
presenting	symptom	in	87%	of	patients	with	benign	and	

69%	of	 those	with	malignant	parotid	or	 submandibular	
gland	tumors	in	the	huge	series	of	2,200	patients	with	ma-
jor	salivary	gland	tumors	(including	235	submandibular	
tumors)	published	by	Spiro	[9].	Pain	was	reported	by	10%	
of	 those	 with	 malignant	 major	 salivary	 gland	 tumors,	
but	was	uncommon	with	benign	tumors	in	these	glands	
(4%)	[9].	Vander	Poorten	et	al.	[19]	analyzed	the	clinical	
data	of	43	patients	with	malignant	submandibular	gland	
tumors	who	were	treated	at	the	Netherlands	Cancer	In-
stitute	 between	 1973	 and	 1994.	 All	 patients	 presented	
with	 submandibular	 swelling,	 existing	 for	 a	 median	 of	
13	months	(range	1–330	months).	The	swelling	was	pain-
less	 in	 72%	 of	 patients,	 whereas	 28%	 experienced	 local	
pain.	Although	skin	invasion	was	difficult	to	evaluate	in	
patients	 who	 underwent	 previous	 incisional	 biopsy	 or	
had	 an	 inadequate	 resection	 (excisional	 biopsy),	 visible	
skin	 invasion	was	present	 in	only	 three	(6.9%)	patients.	
The	discharge	of	purulent	saliva	from	the	salivary	duct	is	
usually	diagnostic	of	an	inflammatory	glandular	process.	
Nevertheless,	it	must	be	kept	in	mind	that	a	salivary	gland	
tumor	can	coexist	with	obstructive	sialopathy	leading	to	
sialadenitis	(Fig.	21.5a–d).

The	differential	diagnosis	of	swelling	in	the	subman-
dibular	 area	 must	 include	 enlargement	 of	 lymph	 nodes	
not	 associated	 with	 salivary	 gland	 diseases.	 In	 adults	
presenting	 submandibular	 swelling,	 metastases	 from	 a	
squamous	carcinoma	primary	of	 the	skin	or	of	 the	oral	
cavity	 must	 be	 considered.	 In	 addition,	 other	 possibili-
ties	are	atypical	mycobacteria	infection,	cervicofacial	ac-
tinomycosis,	sarcoidosis,	Sjögren’s	syndrome,	acquired	or	
congenital	 cysts,	 benign	 follicular	 hyperplasia	 of	 lymph	
nodes,	and	cat-scratch	disease	[22].

Submandibular	 gland	 tumors	 usually	 present	 as	 a	
firm,	 lobulated	 solitary	 mass.	 Physical	 examination,	
including	bimanual	palpation,	is	important	in	order	to	
evaluate	 the	 extension	 and	 fixation	 to	 adjacent	 struc-
tures.	 Sensory	 (lingual	 nerve)	 and	 motor	 (hypoglossal	
and	marginal	mandibular	nerves)	nerve	deficits	must	be	
interpreted	 as	 evidence	 of	 malignancy.	 Although	 skin	
invasion	was	difficult	to	evaluate	in	patients	who	under-
went	 previous	 incisional	 biopsy	 or	 had	 an	 inadequate	
resection	 (excisional	biopsy),	 visible	 skin	 invasion	was	
present	in	only	three	(6.9%)	patients	in	Vander	Poorten’s	
series	 [19].	 In	 contrast,	 skin	 invasion	 or	 deep	 fixation	
to	the	mandible	or	to	floor	of	the	mouth	muscles	were	
found	in	a	higher	percentage	(28%)	of	patients	with	sub-
mandibular	cancer	in	Spiro’s	series	of	217	patients	with	
submandibular	 gland	 tumors	 [23].	 Occasionally,	 these	
tumors	 may	 fungate	 by	 direct	 extension	 through	 the	
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skin	 or	 in	 association	 with	 dermal	 lymphatic	 perme-
ation	(Fig.	21.6a,	b).

Benign	lesions	frequently	have	a	long	medical	history;	
however,	 the	 presence	 of	 long-standing	 symptoms	 does	
not	exclude	a	diagnosis	of	cancer.	In	a	 large	series	pub-
lished	by	Spiro	[9],	most	patients	with	malignant	tumors	
had	symptoms	within	a	year	of	treatment,	but	in	19%	of	
patients	 with	 submandibular	 gland	 tumors,	 the	 dura-
tion	 of	 symptoms	 was	 longer	 than	 10	years.	 Although	
the	sexes	were	almost	equally	represented	with	respect	to	
malignant	tumors,	benign	tumors	occurred	more	often	in	

women	(64%).	The	median	age	of	patients	with	benign	tu-
mors	was	46	years,	whereas	the	median	age	for	malignant	
tumors	was	54	years	in	those	with	malignant	neoplasms	
[9].	 Painless	 swelling	 was	 the	 most	 frequent	 presenting	
symptom	(69%)	of	patients	with	either	benign	or	malig-
nant	tumors	of	the	submandibular	gland	[9].	Low-grade	
mucoepidermoid	and	malignant	mixed	 tumor	were	 the	
typical	 histopathology	 found	 among	 these	 slow-grow-
ing	malignant	tumors.	Cervical	lymph	node	metastases,	
another	 clear	 indication	 that	 the	 primary	 tumor	 was	
malignant,	was	found	in	24.9–28%	of	patients	with	sub-

Table 21.2.	Malignant	neoplasms

Primary tumors Secondary tumors Systemic neoplasms

Acinic	cell	carcinoma Lymph	node	metastases: Hodgkin’s	lymphoma

Mucoepidermoid	carcinoma Oral	cavity	cancers Diffuse	large	B-cell	lymphoma

Adenoid	cystic	carcinoma 	 	 Squamous	cell	carcinoma Extranodal	marginal	zone	
B-cell	lymphoma

Polymorphous	low-grade	adenocarcinoma 	 	 Minor	salivary	gland	tumors

Epithelial-myoepithelial	carcinoma Skin	cancers

Clear	cell	carcinoma,	not	otherwise	specified 	 	 Malignant	melanoma

Basal	cell	adenocarcinoma 	 	 Squamous	cell	carcinoma

Sebaceous	carcinoma Direct	extension	from	adjacent	cancers:

Sebaceous	lymphadenocarcinoma Oral	cavity	cancers

Cystadenocarcinoma Mandibular	tumors

Low-grade	cribriform	cystadenocarcinoma Skin	cancers

Mucinous	adenocarcinoma

Oncocytic	carcinoma

Salivary	duct	carcinoma

Adenocarcinoma,	not	otherwise	specified

Myoepithelial	carcinoma

Carcinoma	ex-pleomorphic	adenoma

Carcinosarcoma

Metastasizing	pleomorphic	adenoma

Primary	squamous	cell	carcinoma

Small	cell	carcinoma

Large	cell	carcinoma

Lymphoepithelial	carcinoma

Sialoblastoma
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mandibular	cancer,	according	to	two	major	series	found	
in	 the	 literature	 [9,	 20].	 There	 is	 a	 consensus	 regarding	
the	similar	distribution	rates	of	benign	versus	malignant	
neoplasms	in	the	submandibular	gland,	pleomorphic	ad-
enoma	being	the	most	common	benign	neoplasm.	Spiro’s	
series	of	217	submandibular	neoplasms	showed	that	ade-
noid	cystic	carcinoma	was	the	most	common	malignancy,	
followed	by	mucoepidermoid	carcinoma	and	malignant	
mixed	tumors	[23].

Distribution	 of	 68	 patients	 with	 malignant	 subman-
dibular	 epithelial	 tumors,	 according	 to	 TNM	 classifica-

tion,	at	first	consultation	in	Spiro’s	series	reveled	41%	of	
stage	I,	25%	of	stage	II,	and	34%	of	stage	III–IV	[9].	Only	
36	of	the	originally	43	patients	with	submandibular	gland	
cancer	in	Vander	Poorten’s	series	were	amenable	for	stag-
ing.	They	 found	6	patients	 (16.6%)	with	 stage	I	disease,	
11	(30.5%)	with	stage	II,	8	with	stage	III	(22.2%),	and	11	
with	stage	IV	(30.5%)	[19].

Tumors	of	the	sublingual	gland,	which	are	very	rare,	
usually	present	as	a	mass	under	 the	 tongue,	which	may	
be	painless	or	associated	with	minimal	discomfort.	Other	
symptoms	include	pain,	difficulty	with	retention	of	a	den-

Fig. 21.5:	Clinical	presentations	of	submandibular	tumors	(be-
nign	and	malignant).	a	Submandibular	gland	enlargement	due	
to	a	mixed	 tumor.	b	Squamous	cell	carcinoma	of	 the	 left	sub-
mandibular	gland.	c	Advanced	mucoepidermoid	carcinoma	of	
the	 right	 submandibular	 gland.	 d	 Adenoid	 cystic	 carcinoma	
with	metastases	to	lymph	nodes	of	level	I
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tal	prosthesis,	and	numbness	of	the	tongue.	A	heightened	
degree	of	suspicion	must	be	employed	for	lesions	in	this	
region	of	 the	floor	of	 the	mouth	as	a	neoplasm	may	be	
mistaken	 for	 ranula	or	 some	other	benign	entity	which	
presents	 as	 a	 submucosal	 mass	 in	 association	 with	 the	
salivary	duct	system.	When	they	occur,	75%	of	them	are	
malignant;	mucoepidermoid	carcinoma	and	adenoid	cys-
tic	carcinoma	comprise	80%	of	all	carcinomas	arising	in	
this	region	[10]	(Fig.	21.7a,	b).

Pediatric Neoplasms

Salivary	 neoplasms	 are	 even	 less	 common	 in	 children.	
Only	1.7–3.2%	of	salivary	gland	epithelial	neoplasms	oc-
cur	in	patients	16	years	old	or	younger	[24].	As	in	adults,	
salivary	tumors	in	the	pediatric	age	group	usually	involve	
the	parotid	gland.	A	review	of	587	patients	with	nonvas-

cular	tumors	of	the	salivary	glands	treated	over	a	37-year	
period	identified	19	tumors	(3.2%)	in	patients	16	years	old	
or	younger	[25].	Most	of	these	tumors	(63%)	were	pleo-
morphic	 adenomas	 and	 the	 remainder	 were	 malignant.	
Nonepithelial	tumors,	namely	primary	hemangioma	and	
lymphangioma,	were	identified	as	the	most	common	sali-
vary	gland	tumor	in	the	pediatric	age	group,	with	a	total	
of	17	cases.	Evaluating	all	cases	of	malignant	neoplasms	
involving	 major	 salivary	 glands	 in	 18-year-old	 patients	
or	younger	extracted	 from	the	Surveillance,	Epidemiol-
ogy,	and	End	Results	database	(1988–2001),	Shapiro	and	
Bhattacharyya	[26]	found	113	primary	salivary	gland	ma-
lignancies	(103	parotid,	10	submandibular).	In	agreement	
with	other	studies,	they	found	that	salivary	gland	malig-
nancies	 in	 the	 pediatric	 age	 group	 are	 most	 commonly	
found	 in	 the	 parotid	 gland	 with	 a	 10:1	 ratio	 between	
parotid	and	submandibular	gland.	Among	10	cancers	of	
the	submandibular	gland,	3	(30%)	were	acinic	cell	carci-

Fig. 21.6:	a	Recurrence	of	adenoid	cystic	carcinoma	with	deep	fixation	to	the	mandible,	soft	tissues	of	the	neck,	and	with	direct	
extension	through	the	skin	of	the	neck.	b	Recurrent	mucoepidermoid	carcinoma	with	deep	fixation	to	the	mandible,	fungating	by	
direct	extension	through	the	skin
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noma,	2	(20%)	were	mucoepidermoid	carcinoma,	and	2	
(20%)	were	adenocarcinomas.	Extraglandular	extension	
was	identified	in	2	(20%)	patients.	Interestingly,	none	of	
the	submandibular	gland	tumors	presented	with	metas-
tases	 to	the	 lymph	nodes	 in	the	neck,	whereas	9	(8.7%)	
parotid	gland	malignancies	had	locoregional	lymphade-
nopathy.	Only	one	patient	with	high-grade	mucoepider-
moid	carcinoma	 in	 the	entire	cohort	died	at	86	months	
of	follow-up.

Treatment	 for	 salivary	 gland	 cancer	 in	 the	 pediatric	
age	 group	 of	 epithelial	 cell	 origin	 is	 primarily	 surgical.	
Addition	of	adjuvant	radiotherapy	remains	controversial,	
with	 some	 series	 showing	 no	 benefit	 in	 long-term	 out-
comes.	Because	of	 the	rarity	of	 this	disease	 in	children,	
it	is	difficult	to	establish	sound	evidence-based	adjuvant	
treatment,	based	on	tumor	histology	and	site	[26].

Methods of Diagnosis and Staging

Physical Examination

Bimanual	examination	is	the	method	of	choice	to	evalu-
ate	size,	mobility,	and	 local	extension	of	 the	 tumors	of	
submandibular	and	sublingual	glands.	The	tumor	mass	
usually	is	tethered	or	even	fixed	to	the	mandible,	unless	
it	is	benign	or	it	is	small.	It	is	important	to	mention	that	
loss	 of	 mobility	 may	 occur	 with	 both	 benign	 and	 ma-
lignant	lesions.	Sometimes	it	 is	difficult	to	differentiate	

between	 an	 enlarged	 submandibular	 gland	 with	 can-
cer	 and	 an	 enlarged,	 fixed	 lymph	 node	 harboring	 me-
tastases.	 In	advanced	cases,	careful	examination	of	 the	
overlying	skin	and	of	the	cranial	nerves	VII	and	XII	 is	
mandatory.

Differential Diagnosis

The	 differential	 diagnosis	 of	 a	 submandibular	 mass	 in-
cludes	 inflammatory	 disease,	 metastatic	 squamous	 cell	
carcinoma	to	a	lymph	node,	and	a	primary	neoplasm	of	
the	submandibular	gland.	Episodic	pain	and	mass	are	the	
hallmark	 of	 inflammatory	 disease,	 although	 one	 third	
of	the	lesions	may	be	asymptomatic.	Obstructive	sialad-
enitis,	due	to	stricture	or	calculus	in	the	duct,	is	a	com-
mon	cause	of	enlargement	of	 the	submandibular	gland.	
In	these	instances,	pain	and	swelling	are	associated	with	
eating,	receding	after	several	hours.	Erythema	may	occur	
over	the	mass,	and	a	stone	may	be	palpated	in	the	duct	
which	can,	occasionally,	drain	purulent	saliva	when	the	
gland	is	compressed	[21,	22].

A	 solitary	 squamous	 carcinoma	 metastatic	 to	 a	 sub-
mandibular	 lymph	 node	 in	 the	 absence	 of	 an	 obvious	
primary	 lesion	 in	 the	 oral	 cavity	 is	 rather	 uncommon.	
Although	 a	 benign	 or	 malignant	 primary	 tumor	 of	 the	
submandibular	gland	is	a	relatively	rare	event,	the	recog-
nition	of	such	a	condition	is	important	for	the	initial	step	
in	management.

Fig. 21.7:	a	Clinical	picture	of	adenoid	cystic	carcinoma	of	the	right	sublingual	gland.	b	A	coronal	view	(T1-weighted)	of	the	same	
tumor	on	MRI	revealing	its	relationship	with	the	lingual	aspect	of	the	mandible	and	muscles	of	the	oral	tongue	and	floor	of	the	
mouth
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Primary	 tumors	 of	 the	 sublingual	 gland,	 which	 are	
very	 rare,	 usually	 present	 as	 a	 painless	 mass	 under	 the	
lateral	aspect	of	the	ventral	tongue.	These	salivary	gland	
tumors	can	be	differentiated	from	mucosal	lesions	of	the	
floor	of	the	mouth	by	their	submucosal	location.	Never-
theless,	 it	 is	 almost	 impossible	 to	 differentiate	 primary	
tumors	of	minor	salivary	origin	in	the	floor	of	the	mouth	
from	tumors	of	the	sublingual	glands	[9,	21].

Diagnostic Imaging

The	main	objectives	of	 imaging	of	major	 salivary	gland	
lesions	are:	(1)	to	establish	whether	the	mass	is	intrinsic	
or	 extrinsic	 to	 the	 gland;	 (2)	 to	 determine	 its	 relation-
ship	to	the	nerves;	and	(3)	to	evaluate	the	full	extent	of	
the	lesion,	with	possible	signs	of	invasion	of	surrounding	
structures.	 If	 there	 is	 any	 radiologic	 evidence	 of	 malig-
nancy,	the	study	is	extended	to	include	the	neck.

Plane	 radiographs,	 sialography,	 and	 nuclear	 scans	
add	 very	 little	 to	 the	 diagnostic	 information	 and	 are	
seldom	 indicated	 for	 evaluation	 of	 submandibular	 and	
sublingual	 gland	 masses.	 Although	 the	 primary	 appli-
cation	of	ultrasound	to	salivary	gland	disease	has	been	
the	differentiation	of	solid	and	cystic	masses,	some	help-
ful	 information	 can	 be	 achieved	 by	 using	 this	 imaging	
technique.	 Differentiation	 between	 intraglandular	 and	
extraglandular	 nodules	 can	 be	 achieved	 by	 ultrasound,	
as	well	as	important	information	regarding	the	contents	
of	 the	mass,	 its	 size,	and	 limits.	Nevertheless,	 there	are	
no	definitive	ultrasound	criteria	to	differentiate	between	
benign	 and	 malignant	 tumors.	 Sonographically,	 pleo-
morphic	 adenoma	 is	 well	 circumscribed	 and	 usually	
has	 homogeneous	 hypoechogenicity.	 Sharp,	 lobulated	
margins,	as	well	as	calcifications,	are	considered	typical.	
Color	Doppler	sonography	often	demonstrates	a	moder-
ate	vascularization	with	a	predominantly	peripheral	flow	
pattern.	Malignant	tumors	such	as	mucoepidermoid	car-
cinomas,	 particularly	 those	 smaller	 than	 2	cm,	 usually	
have	a	homogeneous	structure	and	present	with	smooth	
borders,	and	may	be	erroneously	considered	as	benign.	
Highly	malignant	tumors	and	large	lesions,	in	contrast,	
have	 irregular	 borders	 and	 typical	 heterogeneous	 echo	
pattern.	 Frequently,	 irregular	 necrosis	 is	 found.	 In	 ma-
lignant	 tumors,	 color	 Doppler	 usually	 shows	 enhanced	
vascularization	when	compared	with	the	normal	paren-
chyma	or	with	benign	tumors.	It	is	noticeable,	however,	
that	patterns	of	extraglandular	spread,	such	as	perineural	

invasion	and	infiltration	of	the	parapharyngeal	space,	the	
base	of	the	skull,	and	the	mandible,	are	not	easily	visible	
at	sonography	[27].

Computed	tomography	(CT)	and	magnetic	resonance	
imaging	 (MRI)	 permit	 better	 visualization	 of	 masses	
within	the	salivary	glands.	CT	and	MRI	are	equally	sat-
isfactory	 in	differentiating	cystic	 from	solid	 lesions	and	
allow	evaluation	of	the	relationship	with	adjacent	struc-
tures,	including	soft	tissues	and	bones.	CT	scans	are	espe-
cially	useful	in	the	assessment	of	bone	erosion,	while	MRI	
evaluates	soft	tissue	 involvement	and	may	detect	 tumor	
extension	along	cranial	nerves.

On	CT,	most	benign	mixed	tumors	are	smoothly	mar-
ginated,	 spherical	 tumors,	 with	 higher	 attenuation	 than	
the	 surrounding	 parenchyma,	 and	 with	 no	 significant	
enhancement	on	postcontrast	studies.	Smaller	lesions	are	
usually	quite	homogeneous	in	appearance,	whereas	larger	
masses	 have	 a	 heterogeneous	 appearance,	 with	 areas	 of	
necrosis,	hemorrhage,	and	cystic	degeneration.	The	larger	
tumors	 tend	 to	 develop	 a	 lobulated	 appearance,	 which	
can	be	confused	with	multiple	masses.	Dystrophic	calci-
fication	can	occasionally	be	seen,	and	is	highly	suggestive	
of	pleomorphic	adenoma.	On	MRI,	these	tumors	have	a	
nonhomogeneous	 appearance,	 with	 intermediate	 signal	
intensities	on	T1-weighted	and	proton	density-weighted	
images	(Wis).	On	T2-weighted	 images	 there	 is	usually	a	
mixture	of	intermediate	and	high	signal	intensities.	Areas	
of	hemorrhage	appear	as	regions	of	high	signal	intensity	
on	 T1-weighted	 images;	 however,	 the	 regions	 of	 focal	
low	attenuation	seen	on	CT	may	not	have	directly	corre-
sponding	sites	of	either	high	or	low	signal	intensity	on	T2-
weighted	images.	The	nonhomogeneous	MRI	appearance	
is	not	unique	for	this	tumor	and	can	be	seen	in	other	le-
sions,	including	malignancies.	In	MRI	studies,	dystrophic	
calcifications	cannot	be	visualized	or	distinguished	from	
focal	areas	of	fibrosis	[28,	29]	(Fig.	21.8	and	21.9a,	b).

On	imaging	studies,	 features	of	 low-grade	malignant	
salivary	 tumors	 are	 nonspecific,	 whereas	 high-grade	
cancers	may	show	imaging	characteristics	of	highly	cel-
lular	 and	 infiltrating	 tumors	 with	 ill-defined	 margins.	
Adenoid	cystic	carcinoma	may	appear	either	as	a	benign	
or	a	malignant	process	while	 in	its	 initial	stages.	Exten-
sion	to	the	skull	base	via	cranial	nerves	may	be	demon-
strated	by	computed	sectional	scanning,	especially	when	
evaluating	postoperative	recurrences.	The	CT	findings	of	
mucoepidermoid	 lesions	 vary	 with	 the	 grade	 of	 the	 tu-
mor.	 Low-grade	 lesions	 are	 benign	 in	 appearance	 with	
apparently	well-delineated	smooth	margins.	Cystic	areas	
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may	be	present	with	a	low	attenuation	of	10–18	H.	Rarely,	
focal	 calcification	 may	 be	 seen.	 Conversely,	 high-grade	
lesions	are	poorly	circumscribed	with	indistinct	infiltra-
tive	 borders	 on	 CT	 and	 MRI.	 If	 a	 malignant	 mixed	 tu-

mor	 (carcinoma	 ex-pleomorphic	 adenoma)	 is	 present,	
it	 may	 look	 like	 a	 large	 pleomorphic	 adenoma	 with	 no	
CT	evidence	of	malignancy,	or	 like	a	benign	mixed	 tu-
mor	with	an	aggressive	tumor	appearance	in	a	portion	of	
the	lesion	(necrotic	center,	thick	and	irregular	walls,	and	
infiltrating	 margins),	 or	 may	 appear	 entirely	 aggressive	
with	no	remaining	evidence	of	any	benign	pleomorphic	
adenoma	 (Fig.	21.10a–c).	 Similar	 findings	 may	 be	 ob-
served	on	MRI;	however,	if	a	necrotic,	thick-walled	area	
is	 present,	 it	 may	 be	 poorly	 represented.	 Salivary	 gland	
primary	 lymphoma	 is	 very	 rare	 and	 this	 diagnosis	 can	
only	 be	 made	 if	 there	 is	 histologic	 proof	 of	 lymphoma	
in	the	salivary	parenchyma,	without	any	evidence	of	in-
tra-	or	extraglandular	nodal	involvement.	In	contrast,	the	
presence	of	lymph	node	metastases	associated	with	a	sali-
vary	tumor	is	highly	suspicious	for	a	high-grade	cancer	
(Fig.	21.11a,	b).	 Secondary	 involvement	 of	 the	 salivary	
glands	is	also	rare	with	an	estimated	incidence	of	1–8%	of	
all	cases	of	lymphoma.	The	CT	appearance	of	secondary	
lymphoma	varies	with	the	pathologic	distribution	of	the	
disease.	Most	commonly,	the	lymphoma	is	confined	to	the	
periglandular	nodes,	and	one	or	multiple	benign	masses	
are	identified	in	the	submandibular	triangle.	Each	node	is	
homogeneous	and	may	enhance	slightly	on	postcontrast	
CT	scans.	If	the	parenchyma	is	involved,	a	diffuse	infiltra-
tion	will	be	 seen	either	with	poorly	defined	margins	or	
involving	 the	entire	gland.	On	MRI,	 the	 lymphoma	has	
homogeneous	intermediate	signal	intensity	on	all	 imag-
ing	sequences.	In	patients	with	Hodgkin’s	disease,	on	CT	

Fig. 21.8:	MRI	of	pleomorphic	adenoma	of	the	left	submandibu-
lar	gland	revealing	an	ovoid	heterogeneous	tumor	with	irregular	
borders	 and	 areas	 of	 dystrophic	 calcifications,	 consistent	 with	
pleomorphic	adenoma

Fig. 21.9:	Neurofibromatosis	of	submandibular	region.	Axial	(a)	and	coronal	(b)	CT	scans	demonstrate	rim-enhancing	lesions	in	
close	relationship	with	the	mandible,	occupying	the	submandibular,	sublingual,	and	parapharyngeal	spaces	causing	distortion	of	
the	oropharynx
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the	 nodes	 may	 be	 nonhomogeneous	 with	 some	 sites	 of	
enhancement	intermixed	with	scattered	areas	of	 low	at-
tenuation.	This	nonhomogeneity	can	also	be	seen	on	MRI	
of	 an	 adenoid	 cystic	 carcinoma	 of	 the	 right	 sublingual	
gland	[28–30]	(Fig.	21.12a–d).

Staging

Staging	 of	 cancer	 of	 the	 salivary	 glands	 is	 essential	 for	
treatment	 planning	 and	 comparison	 of	 results.	 As	 in	
other	 head	 and	 neck	 malignancies,	 staging	 of	 salivary	
gland	 tumors	 considers	 clinical	 variables	 of	 tumor	 size,	

presence	 or	 absence	 of	 local	 extension,	 regional	 lymph	
node	status,	and	presence	or	absence	of	distant	metasta-
ses	(Tables	21.3,	21.4).	This	staging	system	for	the	major	
salivary	glands	includes	the	parotid,	submandibular,	and	
sublingual	glands.	To	keep	the	classification	scheme	sim-
ple,	yet	effective,	only	two	clinical	variables	are	used	in	the	
assignment	of	T	status:	tumor	size	and	local	extension	of	
tumor.	Absence	of	local	extension	is	distinguished	from	
the	 presence	 of	 local	 extension	 by	 clinical	 macroscopic	
evidence	of	invasion	of	skin,	soft	tissues,	bone,	or	nerve.	
Staging	of	regional	nodal	status	(N)	and	distant	metasta-
ses	(M)	is	the	same	for	salivary	gland	cancer	as	it	 is	for	
other	head	and	neck	mucosal	malignancies	[10].

Fig. 21.10:	CT	scan	(axial	view)	demonstrates	a	right	subman-
dibular	 mass	 consistent	 with	 a	 mucoepidermoid	 carcinoma,	
involving	 the	 subcutaneous	 tissue	 and	 the	 mandible	 (a),	 with	
central	necrosis	and	measuring	7.5	×	5	cm	(b).	CT	scan	(coronal	
view)	shows	the	inferior	extension	of	the	tumor	(c)
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Cytopathologic Diagnosis

Cytologic	diagnosis	can	be	established	by	a	fine-needle	as-
piration	 biopsy.	 Aspiration	 with	 a	 no.	21	 gauge	 needle	 is	
usually	satisfactory	in	securing	tissue	for	accurate	diagno-
sis.	Cytopathologic	diagnosis	 is	accurate	 in	over	90–95%	
of	 patients	 in	 experienced	 hands	 [31].	 There	 is	 a	 signifi-
cant	potential	advantage	of	using	fine-needle	aspiration	to	
identify	the	histology	of	tumors	prior	to	the	initial	surgical	
extirpation	 of	 the	 gland.	 If	 the	 histopathologic	 type	 can	
be	 determined	 preoperatively,	 this	 information	 may	 be	
used	to	determine	the	extent	of	surgical	procedure	(with	
or	 without	 neck	 dissection).	 In	 cases	 of	 submucosal	 tu-
mors	located	on	the	lateral	aspect	of	the	floor	of	mouth,	a	
transoral	fine-needle	aspiration	biopsy	may	be	employed	
in	 order	 to	 plan	 therapy	 accordingly,	 especially	 if	 malig-
nancy	is	suspected.	High-grade	cancers	such	as	adenocar-
cinomas	and	squamous	cell	carcinomas	of	major	salivary	

glands	should	be	considered	for	neck	dissection	based	on	
significant	increased	rates	of	occult	lymph	node	metasta-
ses.	Conversely,	sarcomas,	adenoid	cystic	carcinoma,	and	
other	histologic	types	which	are	unlikely	to	involve	nodal	
disease	may	not	benefit	from	elective	treatment	of	the	neck	
[32].	 Management	 of	 the	 neck	 is	 addressed	 by	 Gendron	
and	 Ferris	 in	 Chapter	25.	 Diagnosis	 of	 pleomorphic	 ad-
enoma	poses	no	difficulties	in	cytopathologic	specimens.	
Aspirates	 from	 pleomorphic	 adenoma	 are	 highly	 cellu-
lar	 containing	 both	 myxocartilaginous	 stroma	 and	 large	
sheets	 or	 small	 aggregates	 of	 epithelial	 cells.	 Individual	
epithelial	cells	have	uniform,	small	nuclei	and	inconspicu-
ous	nucleoli.	A	transition	between	the	epithelial	and	stro-
mal	tissue	is	quite	characteristic	of	pleomorphic	adenoma	
[33].	The	typical	aspirate	from	Warthin’s	tumor,	however,	
contains	oncocytes	with	abundant	granular	cytoplasm	in	
an	 amorphous	 and	 granular	 background.	 This	 cytologic	
“picture”	can	be	accompanied	by	lymphocytes,	histiocytes,	

Fig. 21.11:	CT	scan	(sagittal	view,	a)	revealing	a	heterogeneous	tumor,	with	irregular	borders,	occupying	the	submandibular	area.	
On	axial	view	(b),	the	tumor	reveals	its	aggressiveness	involving	the	mandible,	and	invading	the	sublingual	space	and	the	jugular	
vein	(white arrow).	Bilateral	lymph	node	metastases	to	levels	II	(high	jugular	chain)	can	also	be	seen	(red arrows)
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and	tingible	body	macrophages.	Because	these	tumors	are	
frequently	cystic,	smears	may	be	acellular,	giving	rise	to	a	
false-negative	diagnosis	[34].	The	typical	aspirate	from	ad-
enoid	cystic	carcinoma	contains	spherical	hyaline	globules	
of	basement	membrane-like	material,	sharply	demarcated	
from	the	surrounding	small	cuboidal	epithelial	cells	[35].	
In	high-grade	tumors	the	epithelial	cells	show	nuclear	fea-
tures	of	malignancy,	while	in	low-grade	tumors	cells	with	
scant	cytoplasm	and	a	round	or	oval	nucleus	with	a	small	
nucleolus	are	present.	Epidermoid	cells,	mucin-producing	
cells,	and	intermediate	cells	present	in	a	dirty	background	
of	mucus	and	debris	are	more	likely	to	be	a	mucoepider-

moid	 carcinoma.	 Several	 aspirates	 may	 be	 necessary	 to	
reach	the	correct	diagnosis.	Papanicolau’s	PAS	and	muci-
carmine	stains	are	useful	in	confirming	the	keratinizing	or	
mucoid	character	of	the	cells	[34].

Treatment of Benign Tumors

The	need	for	extension	of	a	resection	beyond	removal	of	
the	gland,	including	the	adjacent	structures,	depends	on	
the	preoperative	assessment	as	well	as	the	findings	at	the	
time	 of	 surgery.	 Weber	 and	 associates	 recommend	 that	

Fig. 21.12:	T1-weighted	coronal	MRI	images	(with	and	without	contrast)	of	a	heterogeneous	sublingual	mass	in	close	relationship	
with	the	inner	part	of	the	mandible	(a)	and	involving	the	suprahyoid	muscles	(b).	T2-weighted	sagittal	MRI	images	revealing	its	
higher	anteroposterior	diameter	(c).	T1-weighted	axial	MRI	revealing	the	relationship	of	the	tumor	and	the	lingual	muscles,	consis-
tent	with	an	adenoid	cystic	carcinoma	of	the	right	sublingual	gland	(d)

354  Fernando L. Dias et al.

21



the	routine	treatment	of	submandibular	gland	tumors	in-
clude	a	regional	dissection	of	the	submandibular	triangle	
to	 include	 the	 submental	 (level	Ia)	 and	 submandibular	
(level	Ib)	 lymph	 nodes	 as	 well	 as	 the	 gland	 [36].	 This	
so-called	level	I	neck	dissection	would	provide	adequate	
margins	in	the	treatment	of	benign	tumors	and	also	serve	
to	sample	lymph	nodes	adjacent	to	the	gland	in	the	treat-
ment	of	malignant	tumors	[36].	Alternatively,	a	subfascial	
dissection	may	be	performed	to	remove	the	submandibu-
lar	gland	without	a	cuff	of	surrounding	normal	tissue	in	
cases	of	benign	diseases	such	as	small	benign	neoplasms	
(completely	 included	 in	 the	 parenchyma	 of	 the	 gland)	

and	sialolithiasis	or	sialadenitis	refractory	to	conservative	
management.	 This	 approach	 is	 performed	 more	 rapidly	
and	is	associated	with	a	lower	chance	of	complication.

Treatment of Recurrent 
Pleomorphic Adenoma

Local	 recurrence	 of	 a	 benign	 mixed	 tumor	 of	 the	 sub-
mandibular	gland	 is	a	rare	event	 if	 the	 initial	operation	
is	 a	 complete	 excision	 of	 the	 submandibular	 gland.	 Lo-
cal	 recurrence	 is	 seen	 more	 frequently	 when	 the	 initial	

Table 21.3.	Staging	system	for	major	salivary	gland	malignancy	[2,	17]

Primary tumor (T)

TX Primary	tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor

T1 Tumor	2	cm	or	less	in	greatest	dimension	without	extraparenchymal	extensiona

T2 Tumor	more	than	2	cm	but	not	more	than	4	cm	in	greatest	di-
ameter	without	extraparenchymal	extension

T3 Tumor	more	than	4	cm	and/or	having	extraparenchymal	extension

T4a Tumor	invades	skin,	mandible,	ear	canal,	and/or	seventh	nerve

T4b Tumor	invades	base	of	skull,	pterygoid	plates,	and/or	carotid	artery

Regional	lymph	nodes	(N)

NX Regional	lymph	nodes	cannot	be	assessed

N0 No	regional	lymph	node	metastases

N1 Metastases	in	a	single	ipsilateral	lymph	node,	3	cm	or	less	greatest	dimension

N2 Metastases	in	a	single	ipsilateral	lymph	node,	more	than	3	cm	but	not	more	than	6	cm	in	greatest	
dimension,	or	in	multiple	ipsilateral	lymph	nodes,	none	more	than	6	cm	in	greatest	dimension,	
or	in	bilateral	or	in	contralateral	lymph	nodes,	none	more	than	6	cm	in	greatest	dimension

N2a Metastases	in	a	single	ipsilateral	lymph	node	more	than	3	cm	
but	not	more	than	6	cm	in	greatest	dimension

N2b Metastases	in	multiple	ipsilateral	lymph	nodes,	none	more	than	6	cm	in	greatest	dimension

N2c Metastases	in	bilateral	or	contralateral	lymph	nodes,	none	more	than	6	cm	in	greatest	dimension

N3 Metastases	in	lymph	node	more	than	6	cm	in	greatest	dimension

Distant	metastases	(M)

MX Distant	metastases	cannot	be	assessed

M0 No	distant	metastases

M1 Distant	metastases

a	Extraparenchymal	extension	is	characterized	by	clinical/macroscopic	evidence	of	soft	tissue/nerve	invasion,	with	the	exception	of	
those	structures	listed	in	T4a	and	b.	Focal	microscopic	extraparenchymal	invasion	is	not	considered	for	T	classification
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operation	is	enucleation	or	when	there	is	spillage	of	the	
tumor	 during	 the	 surgical	 procedure.	 These	 tumors	 are	
also	 called	 “semi-malignant	 growths”	 because	 of	 their	
tendency	 for	 recurrence	 and	 risk	 of	 malignant	 degen-
eration	 [37,	38].	Large	 series	published	 in	 the	 literature	
have	found	rates	of	malignant	transformation	to	be	sig-
nificantly	less	than	10%	[39,	40].	Friedrich	et	al.	analyzing	
94	patients	with	recurrent	pleomorphic	adenomas	found	
most	of	the	cases	in	the	parotid	gland	(77.6%)	and	rarely	
in	other	glands	[41].	Malignant	transformation	was	no-
ticed	in	8.5%	of	patients.

Local	recurrence	of	a	benign	mixed	tumor	may	occur	
in	a	unifocal	or	a	multifocal	fashion	(Fig.	21.13).	Interest-
ingly,	unifocal	recurrence	is	usually	seen	after	incomplete	
removal	of	the	tumor	and	multifocal	recurrence	after	the	
resection	of	the	entire	gland.	Preparation	for	reoperation	
should	 include	a	review	of	 the	previous	operative	notes	
and	pathology	report,	as	well	as	an	MRI	or	CT	scan.	The	
operative	 procedure	 is	 relatively	 easy	 in	 unifocal	 recur-
rences	in	comparison	with	multifocal	recurrences.	In	uni-
focal	 type	of	 recurrence,	 completion	of	 the	 resection	of	
the	gland	and	tumor	associated	with	dissection	of	level	I	
is	 the	 treatment	 of	 choice,	 but	 in	 multifocal	 recurrence	
the	procedure	of	level	I	dissection	is	technically	difficult	
with	significant	risk	of	injury	to	the	mandibular	branch	
of	 the	 facial	 nerve.	 Usually	 the	 skin	 overlying	 the	 mul-
tiple	foci	of	recurrence	must	be	excised	with	the	surgical	
specimen.	A	slow	and	meticulous	approach	to	the	nerve,	
helped	by	electrical	monitoring	and	magnification	with	
loupes	or	microscope	is	advisable	[42,	43].	Niparko	and	
coworkers	reviewed	the	charts	of	48	patients	with	recur-
rent	pleomorphic	adenoma	who	had	been	treated	at	the	

Table 21.4.	Stage	grouping

Stage Primary tumor (T) Regional lymph nodes (N) Distant metastasis (M)

I T1 N0 M0

II T2 N0 M0

III T3 N0 M0

T1,	T2,	T3 N1 M0

IVA T1,	T2,	T3 N2 M0

T4a N0,	N1,	N2 M0

IVB T4b Any	N M0

Any	T N3 M0

IVC Any	T Any	N M1

Fig. 21.13:	 Multiple	 recurrences	 of	 pleomorphic	 adenoma	 of	
the	 right	 submandibular	 gland	 after	 an	 incomplete	 excision.	
Observe	the	multiple	foci	of	recurrence	typical	of	this	particular	
situation
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University	of	Michigan	over	a	40-year	period	ending	in	
1975	[40].	They	found	recurrences	developing	at	an	aver-
age	of	6.1	years	after	initial	treatment,	which	is	similar	to	
the	7.7-	and	9.4-year	intervals	cited	by	Fee	et	al.	and	Daw-
son	and	Orr	[39,	44].	Recurrences	of	pleomorphic	ade-
nomas	after	 reoperations	can	be	high.	Control	 rates	 for	
retreatment	were	14%	for	21	patients	treated	with	simple	
re-excision	of	the	tumor,	38%	for	8	patients	treated	with	
superficial	 parotidectomy,	 54%	 for	 13	 patients	 treated	
with	 total	 parotidectomy	 with	 facial	 preservation,	 and	
50%	 for	 patients	 who	 underwent	 total	 parotidectomy	
with	 facial	 nerve	 sacrifice.	 The	 high	 rates	 of	 recurrence	
reported	by	Niparko	and	coworkers	may	reflect	expecta-
tions	 of	 treatment	 of	 recurrent	 pleomorphic	 adenomas	
[40].	 A	 more	 aggressive	 approach	 is	 recommended	 by	
some	authors,	who	included	postoperative	radiotherapy	
for	positive	margins,	intraoperative	tumor	spill,	and	mul-
tiple	recurrences	[45–47].	According	to	Dawson	and	Orr	
[44],	re-excision	of	the	recurrence	in	28	patients	coupled	
with	postoperative	radiotherapy	resulted	in	a	control	rate	
of	90%	for	those	treated	for	a	first	recurrence	compared	
with	50%	for	those	treated	for	a	second	recurrence.	These	
controls	reflect	higher	control	rates	than	those	reported	
by	others	who	use	surgery	alone	for	treatment	of	recur-
rences.	Fee	and	coworkers	reported	a	control	rate	of	65%	
for	 first	 recurrences	 and	 a	 control	 rate	 of	 29%	 for	 sec-
ond	recurrences	with	surgery	alone	[39].	Based	on	these	
findings,	 Dawson	 and	 Orr	 suggested	 that	 radiotherapy	
should	be	used	in	patients	with	second	or	subsequent	re-
currences,	and	in	cases	in	which	the	tumor	has	been	re-
moved	in	a	piecemeal	fashion	or	residual	tumor	has	been	
left	after	surgery	[44].	More	recently,	Douglas	et	al.	pub-
lished	their	experience	with	neutron	radiotherapy	for	re-
current	pleomorphic	adenomas	of	major	salivary	glands.	
They	found	an	actuarial	15-year	 locoregional	control	of	
76%	for	patients	with	gross	residual	disease	versus	100%	
for	those	with	microscopic	disease	with	acceptable	treat-
ment-related	 morbidity.	 Malignant	 transformation	 and	
metastases	were	uncommon	[47].

Surgical Technique:  
Excision of the Submandibular Gland

The	patient	 is	placed	on	the	operating	 table	under	gen-
eral	endotracheal	anesthesia	in	a	supine	position	with	the	
neck	turned	to	the	opposite	side.	Marking	the	skin	sur-
face	over	the	angle	of	the	mandible	and	the	submandibu-
lar	gland	is	helpful	to	facilitate	the	positioning	of	the	line	

of	incision.	The	skin	incision	is	placed	in	an	upper	neck	
skin	crease	at	least	two	fingerbreadths	below	the	angle	of	
the	mandible	to	protect	the	mandibular	branch	of	the	fa-
cial	nerve.	As	stated	earlier	 in	 this	chapter,	 the	nerve	 is	
two	fingerbreadths	below	the	angle	of	the	mandible	and	
two	fingerbreadths	anterior	to	the	angle	of	the	mandible.	
It	runs	parallel	to	the	mandibular	rim	1–2.5	cm	caudally	
for	about	3	cm	lying	over	the	surface	of	the	submandibu-
lar	gland.	The	skin	incision	is	completed	and	the	platysma	
muscle	 is	 exposed	 along	 the	 length	 of	 the	 incision	 and	
then	incised	and	elevated	with	the	overlying	skin,	up	to	
the	level	of	the	lower	border	of	the	mandible.	The	dissec-
tion	must	be	carried	out	close	to	the	inner	aspect	of	the	
platysma	muscle	in	order	to	avoid	injury	of	the	nerve.	At	
this	point,	a	careful	identification,	dissection,	and	preser-
vation	of	the	mandibular	branch	of	the	facial	nerve	which	
directly	overlies	the	submandibular	gland	is	undertaken.	
Identification	 of	 the	 posterior	 facial	 artery,	 which	 is	 a	
good	landmark	to	find	the	nerve,	can	help	to	identify	the	
nerve.	The	vein	usually	runs	almost	parallel	to	the	cervi-
cal	branch	of	the	facial	nerve.	Both	of	these	structures	are	
divided	to	facilitate	retraction/protection	of	the	mandib-
ular	branch	cephalad	along	with	the	upper	skin	flap.	This	
is	due	to	the	fact	 that	 the	posterior	 facial	vein	 lies	deep	
to	the	mandibular	branch	of	the	facial	nerve,	thus	divid-
ing	the	vein	low	and	retracting	its	upper	stump	cephalad	
will	protect	the	already	dissected	and	mobilized	nerve	on	
the	upper	skin	flap.	This	surgical	maneuver	is	known	as	
“Hayes	Martin	maneuver.”

The	 gland	 is	 now	 retracted	 inferiorly,	 exposing	 the	
anterior	 belly	 of	 the	 digastric	 muscle	 in	 the	 submental	
region.	During	this	dissection,	small	blood	vessels	over-
lying	the	anterior	belly	of	the	digastric	and	the	mylohy-
oid	muscles	are	divided,	to	gain	further	exposure	of	the	
underlying	 mylohyoid	 muscle.	 The	 nerve	 and	 vessels	
to	 the	 mylohyoid	 muscle	 lying	 over	 it	 are	 individually	
clamped,	divided,	and	ligated.	The	facial	artery	and	vein	
on	 the	posterior	aspect	of	 the	gland	proceeding	 toward	
the	body	of	the	mandible	are	dissected	next.	In	most	cases	
the	 facial	artery	must	be	 individually	clamped,	divided,	
and	ligated	with	the	facial	vein	as	well.	Division	of	the	fa-
cial	vessels	allows	caudal	retraction	of	the	submandibular	
gland,	providing	full	exposure	of	the	underlying	mylohy-
oid	muscle.

With	the	mylohyoid	muscle	retracted	toward	the	chin	
of	 the	 patient	 and	 the	 submandibular	 gland	 gently	 re-
tracted	to	the	opposite	side,	the	undersurface	of	the	floor	
of	the	mouth	is	brought	into	view	and	it	is	then	possible	
to	 identify	 the	 secretomotor	 fibers	 to	 the	 submandibu-
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lar	 gland	 as	 they	 come	 off	 the	 lingual	 nerve,	 as	 well	 as	
Wharton’s	 duct	 with	 accessory	 salivary	 tissue	 along	 the	
duct.	The	submandibular	ganglion	and	the	secretomotor	
fibers	of	 the	 lingual	nerve	are	clamped,	divided,	and	 li-
gated.	The	remaining	attachments	of	the	submandibular	
gland	are	Wharton’s	duct	and	the	vessels	running	along	
with	it	and	the	proximal	part	of	the	facial	artery	and	vein.	
Wharton’s	duct	is	isolated	and	divided	as	close	as	possible	
to	 the	 floor	 of	 the	 mouth.	 During	 this	 dissection	 ,	 the	
hypoglossal	nerve	is	seen	in	a	deeper	plane	to	Wharton’s	
duct	and	should	be	carefully	protected.	Further	traction	
of	 the	 gland	 exposes	 the	 proximal	 part	 of	 the	 facial	 ar-
tery	deep	 to	 the	posterior	belly	of	 the	digastric	muscle.	
It	 is	carefully	dissected,	clamped,	and	divided	as	well	as	
its	venae	comitantes,	when	present.	After	the	removal	of	
the	surgical	specimen,	meticulous	hemostasis	is	obtained	
followed	by	irrigation	with	saline	solution.	A	single	suc-
tion	drain	 is	 inserted	and	the	wound	is	closed	 in	 layers	
(Fig.	21.14a–f).

Surgical Technique:  
Excision of the Sublingual Gland

Different	 approaches	 for	 treating	 ranulas	 have	 been	 de-
scribed	in	the	literature	according	to	the	different	concepts	
regarding	 pathogenesis,	 such	 as	 simple	 incision,	 cyst	 ex-
tirpation,	 marsupialization,	 and	 excision	 of	 sublingual	
gland	 [12–15,	 48,	 49].	 Yoshimura	 et	 al.	 [48]	 compared	
three	methods	of	 ranula	 treatment	 in	27	patients,	with	a	
recurrence	rate	of	25%	with	excision	of	ranula	only,	36%	
with	marsupialization,	and	0%	with	ranula	and	ipsilateral	
sublingual	 excision	 only.	 Crysdale	 et	 al.’s	 [49]	 compara-
tive	study	in	children	showed	a	recurrence	rate	of	0%	with	
excision	 of	 ranula	 only,	 61%	 with	 marsupialization,	 and	
0%	with	ranula	and	 ipsilateral	 sublingual	gland	excision.	
Although	extirpation	of	ranulas	themselves	was	not	con-
sidered	to	be	essential,	since	most	ranulas	are	pseudocysts	
without	epithelial	lining,	excision	of	the	affected	sublingual	
gland	has	been	mostly	recommended	[12–15,	48,	49].

Fig. 21.14a–f:	Excision	of	the	right	(left)	submandibular	gland.	a	The	skin	incision	is	placed	at	two	fingerbreadths	below	the	angle	
of	the	mandible.	b	The	skin	flaps	are	elevated	and	the	submandibular	gland	exposed.	c–f (see next page)
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Fig. 21.14a–f:	 (continued)	 c	 Identification	 of	 the	 mandibular	
branch	of	the	facial	nerve.	d	Identification	of	the	submandibular	
ganglion	and	the	secretomotor	fibers	of	the	lingual	nerve.	e	The	
gland	is	completely	dissected	from	the	submandibular	area	ex-
cept	by	its	duct.	f	Surgical	specimen	including	the	submandibu-
lar	gland	as	well	as	its	salivary	duct
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The	excision	of	a	ranula	can	be	achieved	through	the	
oral	 cavity,	 with	 the	 patient	 under	 general	 anesthesia	
and	nasotracheal	intubation.	The	oral	cavity	is	exposed	
and	opened	with	a	self-retaining	mouth	retractor.	Pack-
ing	the	oropharynx	with	a	humid	gauze	bolster	 is	also	
advisable	 to	 prevent	 aspiration	 during	 the	 procedure.	
An	elliptical	incision	is	then	made	over	the	curve	of	the	
cystic	swelling	 in	 the	floor	of	 the	mouth.	The	mucosal	
flaps	 are	 grasped	 with	 mosquito	 forceps	 and	 retracted	
during	exposure	of	the	ranula.	The	incision	is	extended	
anteriorly	 and	 posteriorly.	 The	 mucosal	 flap	 over	 the	
cyst	 is	 carefully	 freed	 from	 the	 ranula,	 both	 by	 blunt	
and	sharp	dissection	with	the	scissor.	The	cystic	swell-
ing	is	now	grasped	with	serrated	forceps	and	freed	from	
Wharton’s	duct	by	blunt	dissection.	The	cyst	is	now	free	
from	 the	 connective	 tissue	 and	 from	 its	 connections	
with	the	underlying	mylohyoid	muscle.	All	small	vessels	
in	the	field	are	sealed	with	bipolar	coagulation	forceps.	
After	removing	the	ranula	together	with	the	sublingual	
gland,	 the	undamaged	 lingual	nerve	can	be	 seen	 lying	
on	the	floor	of	the	mouth	next	to	Wharton’s	duct.	After	
careful	 hemostasis,	 the	 wound	 is	 irrigated	 with	 saline	
solution.	The	mucosa	is	closed	with	3-0	Vicryl	sutures.	
Frequent	oral	irrigations	and	rinses	with	oral	antiseptic	
solutions	are	advisable	to	maintain	optimal	oral	hygiene.	
Feeding	by	mouth	starts	with	clear	 liquids	and	pureed	
foods	(Fig.	21.15a–d).

Treatment of Malignant Tumors

Management	of	major	salivary	gland	cancers	is	particu-
larly	challenging	due	 to	 their	 relative	 rarity	 in	conjunc-
tion	with	the	variety	of	histologic	types	and	grades.	Ma-
lignant	neoplasms	of	the	submandibular	and	sublingual	
glands	 can	 be	 classified	 into	 three	 major	 categories:	 (1)	
tumors	of	epithelial	origin	(mucoepidermoid	carcinoma,	
adenoid	cystic	carcinoma,	acinic	cell	 carcinoma,	malig-
nant	 mixed	 tumor,	 squamous	 cell	 carcinoma,	 salivary	
duct	 carcinoma,	 etc.);	 (2)	 tumors	 of	 non-epithelial	 ori-
gin	 (sarcomas,	 lymphomas);	 and	 (3)	 secondary	 tumors.	
Comprehensive	 management	 of	 these	 tumors	 includes	
definitive	treatment	of	the	primary	tumor	and	treatment	
(therapeutic	or	elective)	of	the	neck;	eventually,	only	neck	
observation	 is	 advised,	 as	 many	 neoplasms	 have	 a	 low	
propensity	 for	 lymphatic	spread.	The	general	guidelines	
for	treatment	of	submandibular	gland	cancer	are	shown	
in	Table	21.5.

Patterns of Spread

Malignant	tumors	that	extend	through	the	capsule	of	the	
submandibular	gland	usually	 involve	 the	adjacent	man-
dible,	 invade	 the	mylohyoid	muscle	and,	eventually,	 the	
tongue,	 as	 well	 as	 the	 lingual	 and	 hypoglossal	 nerves.	

Table 21.5.	General	guidelines	for	treatment	of	submandibular	gland	cancer

T1 and T2 (N0) 
Low grade

T1 and T2 (N0 and N1) 
High grade

T3 and T4 (N0 and N+) 
Any grade

Tumor	type: Mucoepidermoid	(low	grade) Mucoepidermoid	(high	grade) Any	histologic	type

Acinic	cell	(low	grade) Acinic	cell	(high	grade)

Adenocarcinoma	(low	grade) Adenocarcinoma	(high	grade)

Adenoid	cystic

Ex-pleomorphic	adenoma

Salivary	duct

Squamous	cell	carcinoma

Treatment: Level	I	neck	dissection Supraomohyoid	neck	dissection	(N0) Supraomohyoid	neck	dissection	(N0)

Comprehensive	neck	dissection	(N+) Comprehensive	neck	dissection	(N+)

Postoperative	radiotherapy Postoperative	radiotherapy
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Fig. 21.15:	Excision	of	ranula.	a	Clinical	aspect	of	ranula	seen	through	the	mouth.	b	Dissection	from	the	mucosa	of	the	floor	of	
the	mouth.	c	Aspect	of	the	floor	of	the	mouth	after	excision	of	ranula.	d	Surgical	specimen	revealing	the	epithelial	lining	typical	of	
ranula	(true	cyst)
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Moderate	 to	 severe	 pain	 is	 usually	 associated	 with	 ad-
vanced	 tumors,	 while	 nerve	 deficits	 involving	 cranial	
nerves	V,	VII,	 and	VII	can	be	 found	 in	14%	of	patients	
with	carcinomas	[22,	23].	Extension	to	the	oral	cavity	is	
not	frequent,	but	can	occur	in	advanced	cases.	Skin	inva-
sion	and,	eventually	ulceration,	occur	more	frequently	in	
advanced	cases	with	extension	through	the	capsule.

Factors Influencing Selection of Therapy

The	 size	 of	 the	 primary	 tumor	 and	 histologic	 grade	 are	
the	most	important	tumor	factors	affecting	choice	of	ini-
tial	therapy.	Clinical	(advanced	stage	and	submandibular	
site)	and	histologic	(higher	cancer	grade,	presence	of	peri-
neural	invasion,	presence	of	lymph	node	metastases)	pa-
rameters	are	considered	independent	predictors	of	poorer	
clinical	 outcome	 in	 most	 series	 of	 major	 salivary	 gland	
malignant	tumors	published	in	the	literature	[9,	19,	20,	23,	
36,	50–56].	Vander	Poorten	et	al.	 [19]	 found	 that	age	at	
diagnosis	(p	=	.0006),	T	stage	(p	=	.001),	and	clinical	skin	
invasion	(p	=	.005)	were	the	most	significant	predictors	of	
poor	survival	among	his	patients.	Interestingly,	Hocwald	
et	al.	[56]	found	evidence	that	older	patients	tend	to	have	
a	 higher	 incidence	 of	 more	 aggressive	 tumors	 in	 com-
parison	with	younger	patients	 (79%	versus	56%,	respec-
tively).	 They	 also	 observed	 that	 men	 tended	 to	 present	
with	higher	T	stage	tumors	at	diagnosis	than	did	women,	
53%	compared	with	26%	(p	=	.02).	Using	the	Surveillance,	
Epidemiology	 and	 End	 Results	 (SEER)	 database	 for	 the	
period	of	1988	to	1998,	Bhattacharyya	[20]	identified	pa-
tients	with	younger	age,	decreased	tumor	grade,	and	the	
addition	 of	 radiation	 therapy	 as	 factors	 associated	 with	
improved	survival	(p	<	.001,	.005,	and	.015,	respectively)	
in	his	series.	Factors	predicting	tumor	recurrence	in	most	
series	include	higher	TNM	stages,	perineural	growth,	and	
lymph	node	metastases	[9,	10,	19,	20,	23,	36,	50,	56].

Often,	most	of	the	clinical	variables	required	to	predict	
survival	can	be	obtained	before	definitive	surgery.	Based	
on	findings	of	clinical	evaluation,	MRI,	and	fine-needle	
aspiration	biopsy,	patients	may	be	counseled	as	to	surgi-
cal	approach,	need	for	neck	dissection,	and	need	for	post-
operative	radiotherapy.

Low-grade,	 low-stage	 malignant	 salivary	 tumors	 can	
be	 treated	by	excision	of	 the	submandibular	gland	with	
dissection	 of	 level	I.	 High-grade,	 high-stage	 tumors,	
however,	require	supraomohyoid	neck	dissection,	in	con-
junction	 with	 the	 excision	 of	 the	 submandibular	 gland.	
When	 necessary,	 more	 radical	 local	 resection	 and	 neck	
dissection	is	indicated	for	the	treatment	of	advanced	(lo-

coregional)	 submandibular	 tumors	 [10,	 22,	 23,	 36,	 37].	
It	is	important	to	mention	that	the	morbidity	secondary	
to	sacrifice	of	hypoglossal,	lingual,	and	marginal	branch	
of	the	facial	nerves	is	better	tolerated	than	that	after	loss	
of	the	entire	facial	nerve	(Fig.	21.16a–d).	Reconstruction	
with	 regional,	 and	 sometimes	 microvascular	 free-flaps,	
may	 be	 necessary	 (Fig.	 21.17a–d).	 In	 order	 to	 improve	
local	and	regional	control,	adjuvant	postoperative	radio-
therapy	 may	 be	 indicated	 in	 selected	 cases.	 High-grade	
malignancies,	 recurrent	 tumors,	 gross	 or	 microscopic	
residual	 disease,	 tumor	 adjacent	 to	 the	 nerves,	 regional	
nodal	 metastases,	 and	 invasion	 of	 muscle,	 bone,	 skin,	
or	nerve	are	all	 strong	 indications	 for	postoperative	 ra-
diotherapy	 [50–55].	 Advanced	 unresectable	 tumors	 are	
generally	 treated	 by	 radiotherapy	 with	 palliative	 intent.	
Treatment	 with	 neutron	 beam	 therapy	 is	 of	 particular	
value	for	adenoid	cystic	carcinomas.

Surgical Technique for Malignant 
Submandibular Tumors: 
Level I Neck Dissection

The	patient	is	placed	on	the	operating	table	under	gen-
eral	 endotracheal	 anesthesia	 in	 a	 supine	 position	 with	
the	neck	turned	to	the	opposite	side.	An	incision	is	made	
approximately	 3–4	cm	 (two	 fingerbreadths)	 below	 the	
angle	of	the	mandible	to	protect	the	mandibular	branch	
of	the	facial	nerve,	in	a	skin	crease	if	possible.	The	pla-
tysma	muscle	is	exposed	along	the	length	of	the	incision	
and	 then	 incised	 and	 elevated	 with	 the	 overlying	 skin	
up	to	the	level	of	the	lower	border	of	the	mandible.	The	
dissection	must	be	carried	out	close	to	the	inner	aspect	
of	 the	 platysma	 muscle	 in	 order	 to	 avoid	 injury	 to	 the	
nerve.	At	 that	point	a	 careful	 identification,	dissection,	
and	preservation	of	the	mandibular	branch	of	the	facial	
nerve	is	performed.	As	stated	in	the	anatomy	section	of	
this	chapter,	one	of	the	most	constant	landmarks	to	lo-
cate	the	nerve	is	the	mandibular	angle,	usually	situated	
2–5	mm	 cranially.	 The	 nerve	 runs	 parallel	 to	 the	 man-
dibular	 rim	 1–2.5	cm	 caudally	 for	 about	 3	cm,	 turning	
cranially	toward	the	oral	commissure.	Similarly,	one	may	
elect	to	identify	the	posterior	facial	vein	first,	which	has	a	
close	anatomic	relationship	with	the	nerve,	located	per-
pendicularly	around	the	middle	third	of	the	mandibular	
body.	The	vein	 is	divided	and	its	stump	used	to	retract	
the	mandibular	branch	of	the	facial	nerve	(Hayes	Martin	
maneuver).

Dissection	 now	 proceeds	 along	 the	 lower	 border	 of	
the	 body	 of	 the	 mandible.	 Mobilization	 of	 the	 soft	 tis-
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Fig. 21.16a–d:	 Excision	 of	 adenoid	 cystic	 carcinoma	 of	 the	
submandibular	 gland	 with	 supraomohyoid	 neck	 dissection	
(SOHND).	a	Aspect	of	the	incision	with	the	inclusion	of	the	skin	
overlying	the	tumor	and	the	extension	to	the	neck.	b	Excision	
“en	bloc”	of	primary	tumor	and	surgical	specimen	of	the	neck	
dissection.	c	Aspect	of	the	surgical	field	after	the	resection.	The	
periosteum	of	the	mandible	was	included	in	the	surgical	speci-
men.	d	(see next page)
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sues	along	the	lower	border	of	the	body	of	the	mandible	
exposes	 the	 prevascular	 facial	 lymph	 nodes,	 which	 are	
carefully	dissected	and	maintained	in	continuity	with	the	
rest	of	the	specimen.	The	facial	artery	and	its	accompa-
nying	veins	adjacent	to	those	nodes	are	divided	between	
clamps	and	ligated.	The	fascial	attachments	between	the	
sternomastoid	 muscle	 and	 the	 angle	 of	 the	 mandible	
are	divided	at	this	time.	Dissection	continues	anteriorly	
along	the	lower	border	of	the	body	of	the	mandible	up	
to	 the	 attachment	 of	 the	 anterior	 belly	 of	 the	 digastric	
muscle.	At	this	point,	brisk	hemorrhage	is	expected	from	
several	vessels	that	provide	blood	supply	to	the	anterior	
belly	of	the	digastric	muscle	and	the	mylohyoid	muscle.	
The	 nerve	 and	 vessels	 to	 the	 mylohyoid	 muscle,	 which	
enter	 parallel	 to	 each	 other	 in	 a	 fascial	 envelope,	 must	
be	sacrificed	at	this	moment.	After	the	ligation	and	divi-
sion	of	the	nerve	and	vessels,	the	muscle	comes	into	full	
view.

With	the	mylohyoid	muscle	retracted	medially	toward	
the	chin	of	the	patient,	and	the	submandibular	gland	gen-
tly	retracted	to	the	opposite	side,	the	undersurface	of	the	
floor	of	the	mouth	is	brought	into	a	view	and	it	is	possible	
to	identify	the	secretomotor	fibers	to	the	submandibular	
gland	as	they	come	off	the	lingual	nerve,	as	well	as	Whar-
ton’s	 duct	 with	 accessory	 salivary	 tissue	 along	 the	 duct.	
At	this	point,	alternate	blunt	and	sharp	dissection	is	nec-
essary	to	clearly	identify	Wharton’s	duct	and	the	lingual	
and	hypoglossal	nerves	on	the	floor	of	the	mouth	as	they	
enter	the	tongue.	Once	the	lingual	nerve	is	clearly	identi-
fied,	the	secretomotor	fibers	to	the	mandibular	gland	are	
divided.	There	is	usually	a	small	blood	vessel	accompany-
ing	this	nerve	so	it	is	divided	between	clamps	and	ligated.	
Similarly,	Wharton’s	duct	is	divided	between	clamps	and	
its	distal	stump	ligated.

The	entire	submandibular	gland	is	now	retracted	pos-
teroinferiorly,	and	loose	areolar	tissue	between	the	gland	

Fig. 21.16a–d:	 (continued)	 d	 Surgical	 specimen	 including	 the	
skin	overlying	the	submandibular	gland
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Fig. 21.17:	Excision	of	an	extensive	recurrent	adenoid	cystic	carcinoma	of	the	left	submandibular	gland.	a	A	composite	resection	
including	the	mandible,	soft	tissues	of	the	submandibular	area,	and	skin	associated	with	the	dissections	of	levels	I–III.	b	Surgical	
specimen.	c	Final	aspect	of	the	patient	with	emphasis	on	free	flap	reconstruction	(with	rectus	abdominis	flap).	d	Patient	with	good	
rehabilitation	after	reconstruction
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and	the	digastric	muscle	is	divided.	As	one	approaches	the	
posterior	belly	of	the	digastric	muscle,	the	proximal	part	
of	the	facial	artery	as	it	enters	the	submandibular	gland	
is	exposed,	divided	between	clamps,	and	ligated.	The	en-
tire	contents	of	the	submandibular	triangle	are	now	dis-
sected	off	the	operating	field.	The	surgical	field	following	
removal	of	the	specimen	must	show	complete	clearance	
of	 the	 submandibular	 triangle,	 with	 preservation	 of	 the	
muscles	 and	 nerves	 as	 stated	 above	 (Fig.	21.18).	 After	
careful	hemostasis,	the	wound	is	irrigated	with	saline	so-
lution	and	a	single	suction	drain	is	inserted	through	the	
posterior	 edge	 of	 the	 incision.	 The	 incision	 is	 closed	 in	
two	 layers	 using	 3-0	 Vicryl	 interrupted	 sutures	 for	 pla-
tysma	and	2-0	nylon	intradermal	running	suture	for	the	
skin.	The	drain	is	secured	in	place	with	a	silk	suture	to	the	
skin	at	the	site	of	entry.

Excision of a Sublingual Gland 
Malignant Neoplasm

The	 treatment	 of	 a	 malignant	 tumor	 of	 the	 sublingual	
gland	 usually	 includes	 the	 removal	 of	 the	 gland	 with	 a	
surrounding	 cuff	 of	 normal	 tissue	 (floor	 of	 mouth	 and	
lateral	aspect	of	the	oral	tongue).	This	is	due	to	the	fact	
that	the	sublingual	gland	lies	directly	beneath	the	muco-
sal	surface	of	the	anterior	floor	of	the	mouth,	and	close	to	
the	inner	aspect	of	the	mandible.	The	development	of	a	
soft	tissue	cuff	around	a	malignant	tumor	confined	to	the	
sublingual	 gland	 without	 extraglandular	 extension	 can	
be	accomplished	 through	excision	of	 the	mucosa	 (floor	
of	mouth	and	small	segment	of	 tongue),	 the	mylohyoid	
muscle,	 and	 the	 periosteum	 of	 the	 mandible.	 A	 careful	

bimanual	 palpation	 of	 the	 floor	 of	 the	 mouth	 and	 sub-
mental	region	with	the	patient	under	general	anesthesia	
will	often	reveal	its	depth	as	well	as	its	relationship	to	the	
surrounding	structures.	Although	a	ductoplasty	may	per-
mit	removal	of	small	benign	tumors	through	the	oral	cav-
ity,	most	salivary	gland	cancers	arising	in	the	floor	of	the	
mouth	are	done	in	concert	with	at	least	level	I	neck	dis-
section,	 thus	 removing	 the	 submandibular	 gland.	 More	
advanced	or	recurrent	cancer	of	 the	sublingual	gland	 is	
likely	to	require	resection	of	the	floor	of	the	mouth	along	
with	a	partial	glossectomy,	mandibulectomy,	supraomo-
hyoid	structures,	and	the	lingual	and	hypoglossal	nerves.	
The	 surgical	 techniques	 for	 resection	 of	 cancers	 of	 the	
sublingual	 glands	 do	 not	 differ	 significantly	 from	 those	
for	 removal	 of	 a	 floor	 of	 mouth	 squamous	 carcinoma	
(Fig.	21.19a–c).

Surgical Technique: Excision of Sublingual 
Gland Cancer in Association with 
the Floor of the Mouth and Marginal 
Mandibulectomy in Continuity with Neck 
Dissection (Pull-through Operation)

Excision	 of	 moderately	 advanced	 sublingual	 malignant	
tumors	usually	 implies	 in	a	wide	exposure	 for	access	 to	
the	primary	tumor	and	its	satisfactory	resection.	A	lower	
cheek	flap	approach	may	be	indicated	depending	on	the	
extension	of	the	primary	tumor,	particularly	if	a	mandib-
ulectomy	(marginal	or	 segmental)	 is	needed.	The	 lower	
cheek	flap	approach	 involves	 splitting	 the	 lower	 lip	and	
the	chin	in	the	midline	through	its	full	thickness	up	to	the	
symphysis	of	the	mandible.	The	incision	continues	in	the	

Fig. 21.18:	Excision	of	the	submandibular	gland	
and	the	contents	of	the	submandibular	triangle	
(levels	Ia	and	Ib).	White arrow	points	the	man-
dibular	branch	of	the	facial	nerve	dissected	and	
preserved
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midline	up	to	the	thyrohyoid	membrane,	where	it	turns	
toward	 the	 ipsilateral	 neck	 along	 an	 upper	 skin	 crease.	
This	transverse	component	of	the	incision	should	be,	at	
least,	two	fingerbreadths	below	the	body	of	the	mandible	
to	prevent	 inadvertent	 injury	 to	 the	mandibular	branch	
of	 the	 facial	 nerve	 during	 elevation	 of	 the	 cheek	 flap	
(Fig.	21.20).

The	 operative	 procedure	 planned	 for	 a	 moderately	
advanced	 sublingual	 gland	 cancer	 consists	 of	 ipsilateral	
neck	dissection	(extent	of	the	procedure	depends	on	the	
presence	or	absence	of	lymph	node	metastases)	with	re-
section	of	 the	sublingual	gland	and	surrounding	tissues	

(floor	of	mouth	and	lateral	aspect	of	the	tongue),	usually	
in	association	with	a	marginal	resection	of	the	mandible.	
The	neck	dissection	is	completed	in	the	usual	fashion	ex-
cept	for	level	I,	through	which	the	specimen	is	attached	to	
the	primary	tumor.	All	the	attachments	of	the	specimen	
inferior	and	deep	to	 the	digastric	 tendon	are	divided	at	
this	point.	The	upper	neck	flap	is	already	elevated,	with	
careful	identification	and	preservation	of	the	mandibular	
branch	of	the	facial	nerve.

The	 periosteum	 of	 the	 body	 of	 the	 mandible	 is	 ex-
posed,	and	a	close-up	view	of	the	primary	tumor	and	its	
limits	with	the	lingual	surface	of	the	mandible	and	with	

Fig. 21.19:	Excision	of	a	sublingual	tumor	with	margins	through	
the	mouth.	a	CT	scan	(coronal	view)	showing	a	heterogeneous	
tumor	of	the	left	sublingual	gland	and	its	relationship	with	the	
muscles	of	the	tongue	and	floor	of	the	mouth.	b	Aspect	of	the	
primary	site	after	resection	of	sublingual	tumor.	c	Surgical	speci-
men
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the	 other	 intraoral	 structures	 facilitates	 the	 planning	 of	
the	three-dimensional	resection.	In	order	to	outline	the	
extent	of	 intraoral	mucosa	to	be	resected,	an	incision	is	
made	 in	 the	mucosa	of	 the	undersurface	of	 the	 tongue,	
extending	 from	 the	 alveolar	 process	 of	 the	 body	 of	 the	
mandible	 from	one	side	 to	another,	keeping	a	generous	
cuff	 of	 normal	 mucosa	 around	 the	 primary	 tumor.	 The	
musculature	 is	 completely	 divided,	 and	 a	 power	 saw	
is	 used	 for	 marginal	 mandibulectomy.	 This	 specimen	
should	 include	 the	alveolar	process	and	as	much	of	 the	
lingual	plate	of	the	mandible	as	possible,	which	is	made	
through	an	oblique	cut.	Such	an	oblique	cut	permits	the	
resection	of	the	musculature	attached	to	the	mandible	in	
a	 monobloc	 fashion.	 Using	 a	 skin	 hook,	 the	 portion	 of	
the	mandible	to	be	resected	is	elevated	from	the	body	of	
the	mandible	revealing	the	deep	muscular	attachments	to	
the	 genial	 tubercle	 and	 other	 parts	 of	 the	 mandible.	 At	

this	point,	a	more	precise	evaluation	of	the	tumor	borders	
(and	its	relation	with	the	mandible)	is	possible,	confirm-
ing	or	not	the	indication	for	a	marginal	resection	instead	
of	a	segmental	resection.	The	remaining	soft	tissue	attach-
ments	between	the	surgical	specimen	and	the	patient	are	
detached	at	 this	point	using	electrocautery.	The	excised	
specimen,	in	a	monobloc	fashion,	should	include	a	mar-
ginal	mandibulectomy	and	 through-and-through	 resec-
tion	of	the	sublingual	gland	tumor	with	the	floor	of	the	
mouth	and	lateral	aspect	of	the	oral	tongue,	in	continuity	
with	the	submandibular	gland	and	cervical	lymph	nodes	
excised	by	neck	dissection.	Frozen	sections	are	obtained	
from	appropriate	areas	of	the	surgical	field.	The	goals	of	
reconstruction	for	intraoral	defects	include	the	covering	
of	the	exposed	area	of	muscle	and	bone,	and	releasing	the	
tongue	and	restoring	its	mobility	for	speech,	mastication,	
and	 swallowing.	 Primary	 closure	 can	 be	 used	 if	 it	 does	
not	 cause	 tethering	 of	 the	 tongue.	 Alternative	 methods	
of	reconstruction	include:	(1)	nasolabial	flaps;	(2)	a	pla-
tysma	flap;	(3)	a	radial	forearm	flap;	and	(4)	an	iliac	crest	
or	 fibula	 osteomyocutaneous	 flap.	 If	 adequate	 vertical	
height	 of	 the	 marginally	 resected	 mandible	 is	 available,	
the	 patient	 should	 be	 considered	 for	 secondary	 place-
ment	of	osseointegrated	dental	implants	and	a	permanent	
fixed	 denture.	 A	 tracheostomy	 is	 usually	 necessary	 and	
performed	at	 the	conclusion	of	 the	operation	for	provi-
sion	of	a	satisfactory	airway	and	to	facilitate	clearance	of	
pulmonary	secretions.

Management of the Neck

Treatment	 of	 the	 neck	 in	 cancer	 of	 the	 major	 salivary	
glands	 has	 been	 somewhat	 controversial.	 Although	 the	
role	 of	 neck	 dissection	 in	 clinically	 proven	 metastases	
in	salivary	gland	cancer	is	straightforward,	routine	elec-
tive	treatment	of	the	negative	neck	remains	controversial.	
Some	investigators	recommend	neck	dissection	only	for	
patients	with	clinically	evident	regional	disease,	whereas	
other	 authors	 also	 recommend	 elective	 neck	 dissection	
for	tumors	based	on	various	prognostic	factors	[9,	10,	20,	
36,	37].

Although	uncommon,	cervical	metastases	from	cancer	
of	the	salivary	gland	is	an	ominous	finding.	The	incidence	
of	lymph	node	metastases	in	submandibular	carcinomas	
at	the	time	of	initial	presentation	varies	from	8%	to	33%	
[23,	36,	50,	55].

Data	 from	 the	 Memorial	 Sloan	 Kettering	 Cancer	
Center	 in	New	York	demonstrated	a	decrease	 in	5-year	

Fig. 21.20:	Schematic	diagram	of	excision	of	a	sublingual	cancer	
with	partial	resection	of	the	anterior	and	lateral	floor	of	mouth,	
partial	 glossectomy,	 and	 marginal	 mandibulectomy	 through	 a	
lower	cheek	flap.	(Dias	FL,	Lima	RA	Cancer	of	the	floor	of	the	
mouth.	 In:	Myers	EN	(ed)	Surgical	Management	of	Cancer	of	
the	Oral	Cavity	and	Oropharynx:	Part	II.	Operative	Techniques	
in	Otolaryngology	Head	and	Neck	Surgery.	2005;	16	(1):	10-17)
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survival	rates	from	40%	to	9%	for	submandibular	cancer	
with	 pathologically	 positive	 cervical	 nodes,	 which	 is	 in	
line	 with	 the	 results	 found	 in	 the	 literature	 [23,	 24,	 50,	
57–61].

The	treatment	of	clinically	positive	node	metastases	is	
surgical.	The	extent	of	neck	dissection	is	determined	by	
the	grossly	involved	lymph	nodes,	and	an	attempt	should	
be	made	to	spare	vital	structures.	The	most	common	lev-
els	of	neck	involvement	in	submandibular	and	sublingual	
malignant	tumors	are	levels	I–III	[57,	59].	Because	con-
tralateral	 neck	 involvement	 is	 rare,	 only	 the	 ipsilateral	
neck	is	treated.	Treatment	of	the	clinically	negative	neck	
has	 been	 more	 controversial.	 The	 treatment	 of	 the	 N0	
neck	in	major	salivary	gland	cancer	has	included	obser-
vation,	 elective	 neck	 dissection,	 and	 primary	 radiation.	
Currently,	treatment	of	the	N0	neck	is	appropriate	when	
the	risk	for	occult	metastases	is	high.	Several	authors	have	
attempted	 to	 determine	 predictive	 factors	 for	 cervical	
metastases	in	salivary	gland	malignancy.	Armstrong	et	al.	
[50]	have	reported	that	high-grade	tumors	demonstrate	
increased	occult	node	metastases	in	comparison	to	low-
grade	tumors:	49%	versus	2%	(p	<	.00001).	In	fact,	during	
recent	decades	several	studies	have	shown	that	risk	of	oc-
cult	nodal	metastases	is	higher	in	anaplastic,	high-grade	
mucoepidermoid,	 squamous	 cell,	 adenocarcinoma,	 and	
salivary	duct	carcinoma	than	in	low-grade	mucoepider-
moid,	adenoid	cystic,	acinic	cell	carcinoma,	and	sarcoma	
[9,	10,	18,	32,	36,	50–52,	57–59].	An	increased	risk	of	oc-
cult	 metastases	 is	 also	 associated	 with	 advanced-stage	
primary	cancer.	Armstrong	et	al.	[50]	found	that	among	
patients	with	N0	necks,	T4	tumors	had	a	24%	risk	of	mi-
crometastases	 in	 comparison	 with	 16%	 for	 T3	 tumors	
and	7%	for	T1–2	tumors	(p	<	.00001).	This	is	in	line	with	
many	reports	 in	 the	 literature	 [9,	10,	18,	36,	50,	54,	55,	
57–63].	 Several	 authors	 also	 found	 tumors	 larger	 than	
3	cm	as	an	independent	risk	for	lymphatic	micrometasta-
ses	[50,	56,	57,	59–62].	Extraglandular	tumor	extent	and	
neural	 invasion	 are	 considered	 very	 strong	 predictors	
of	 positive	 nodal	 disease,	 and	 patients	 with	 these	 clini-
cal	factors	should	be	considered	for	elective	treatment	of	
the	neck	[9,	10,	18,	36,	50–52,	55–63].	Medina	[62]	ad-
equately	summarized	the	indications	found	in	the	litera-
ture	for	elective	neck	treatment	in	salivary	gland	cancers:	
high-grade	 tumors,	 T3–4	 tumors,	 tumors	 >3	cm,	 facial	
nerve	 (neural)	 invasion,	 age	 >54	years,	 extraglandular	
extension,	and	perilymphatic	invasion	[9,	10,	15,	18,	36,	
50,	55–62].	Analyzing	the	incidence	of	occult	metastases	
among	 patients	 with	 submandibular	 malignant	 tumors,	
Armstrong	 et	 al.	 [50]	 found	 a	 21%	 rate	 which	 was	 sig-

nificantly	higher	 in	comparison	with	the	9%	rate	 found	
among	parotid	cancer	patients	(p	=	.002).	The	anatomic	
distribution	 of	 occult	 node	 involvement	 in	 submandib-
ular	 gland	 cancer	 was	 as	 follows:	 level	I	 58.8%;	 level	II	
52.9%;	level	III	47%;	level	IV	17.6%;	and	level	V	5.8%.	In	
addition	to	that,	25%	of	metastases	skipped	to	 levels	III	
and	IV.	Recently,	European	authors	have	recommended	
elective	neck	dissection	in	all	patients	with	major	salivary	
gland	malignancies	based	on	the	concept	that	frequently	
the	correct	histologic	tumor	type	is	not	ascertained	un-
til	after	the	surgery	and	that	most	salivary	gland	tumors	
have	poor	radiosensitivity	[60,	63].	One	group	found	bet-
ter	 rates	 of	 disease-free	 survival	 among	 those	 patients	
who	 underwent	 elective	 neck	 dissection	 for	 malignant	
parotid	 tumors	 in	 comparison	 with	 those	 who	 did	 not	
[63]	(Fig.	21.21).

Fig. 21.21:	Excision	of	the	submandibular	gland	in	association	
with	a	supraomohyoid	neck	dissection	(SOHND)
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The	 current	 most	 widely	 accepted	 treatment	 of	 the	
neck	in	major	salivary	gland	malignancy	is	summarized	
in	Fig.	21.22.

Complications of Surgical Procedures

The	 most	 common	 complication	 after	 submandibu-
lar	 gland	 excision	 is	 injury	 to	 the	 marginal	 mandibular	
branch	 of	 the	 facial	 nerve	 [64].	 The	 incidence	 of	 tem-
porary	injury	(temporary	paresis)	to	the	marginal	man-
dibular	nerve	ranges	 from	1%	to	10%,	according	 to	 the	
literature	[65–67].

Injury	to	the	lingual	nerve	is	uncommon	unless	tumor	
or	chronic	inflammation	presents	difficulty	in	its	separa-
tion	from	the	gland.	Rarer	still	is	injury	to	the	hypoglos-
sal	nerve	in	the	course	of	resection	of	the	contents	of	the	
submandibular	triangle	[66].

The	 scar	 that	 results	 from	 cervical	 incision	 may	 be	
aesthetically	 unsatisfactory	 in	 many	 patients,	 particu-
larly	 those	with	a	slender	neck.	 It	 is	 recommended	that	
the	incision	should	be	placed	at	3	cm	below	the	angle	of	
the	mandible	to	consistently	avoid	injury	to	the	branches	
of	the	facial	nerve.	Care	in	order	to	avoid	tension	of	the	
surgical	wound	and	the	use	of	intradermal	sutures	can	be	
helpful	to	prevent	an	unsightly	scar.	Great	auricular	cau-
salgia	 and/or	 the	 development	 of	 amputation	 neuroma	

are	uncommon	complications	associated	with	the	resec-
tion	of	submandibular	gland	[68].

Removal	of	the	sublingual	gland	is	not	without	poten-
tial	 morbidity,	 most	 notably	 injury	 to	 the	 lingual	 nerve	
with	subsequent	numbness,	injury	to	Wharton’s	duct	with	
the	possibility	of	obstructive	sialadenitis,	and	ductal	lac-
eration	causing	salivary	leakage	[15].	Usually	incomplete	
dissection	of	the	lingual	nerve	before	sublingual	gland	re-
moval	is	responsible	for	its	inadvertent	injury;	the	lingual	
nerve	needs	to	be	entirely	delineated	for	safe	removal	of	
the	sublingual	gland.

Results and Perspectives

A	41-year	experience	with	submandibular	gland	tumors	
encompassing	 110	 consecutive	 cases	 between	 1944	 and	
1985	 was	 reported	 by	 Weber	 and	 coworkers	 [36].	 Re-
moval	 of	 the	 24	 benign	 tumors	 through	 an	 approach	
equivalent	 to	 level	I	 selective	 neck	 dissection	 resulted	
in	excision	with	negative	margins	in	all	cases.	No	recur-
rences	 were	 identified	 among	 this	 group.	 Recurrences	
developed	in	39	(45%)	of	86	patients	with	malignant	sub-
mandibular	 tumors;	 21	 (53.8%)	 recurred	 locoregionally	
and	18	 (46.2%)	 recurred	at	distant	 sites.	Among	 the	86	
patients	 with	 malignancies,	 2-	 and	 5-year	 survival	 was	
82%	and	69%,	respectively.	Enucleation	or	excision	with	

Fig. 21.22:	Algorithm	for	treatment	
of	the	neck	in	major	salivary	gland	
malignancy
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a	narrow	rim	of	normal	 tissue	 in	benign	mixed	 tumors	
of	 submandibular	gland	eventually	will	 result	 in	a	 local	
recurrence	rate	of	about	20%	after	10–15	years	of	follow-
up.	 Nevertheless,	 Rafla-Demetrious	 [69]	 reported	 only	
2.7%	 recurrence	 rate	 when	 enucleation	 or	 excision	 was	
followed	by	postoperative	radiotherapy.

In	Vander	Porten’s	series	of	43	patients	with	malignant	
submandibular	gland	tumors,	the	overall	5-	and	10-year	
survival	rates	were	50%,	and	the	5-	and	10-year	disease-
specific	survival	rates	were	61%	and	51%,	which	was	very	
similar	 with	 the	 results	 of	 treatment	 for	 parotid	 gland	
malignancies	 [19].	 Seven	 patients	 (16.2%),	 including	 4	
with	an	M1	classification	at	first	consultation,	remained	
with	 residual	 tumor	 after	 treatment.	 Twelve	 patients	
who	initially	were	free	of	tumor	at	the	end	of	treatment	
had	a	 recurrence	after	a	median	 tumor-free	 interval	of	
17	months.	Local	recurrence	occurred	in	3	patients,	and	
regional	 recurrence	 without	 local	 recurrence	 occurred	
in	1	patient.	The	5-	and	10-year	recurrence-free	survival	
was	 57%	 and	 52%,	 respectively.	 Distant	 metastases	 oc-
curred	eventually	in	16	patients	(37.2%),	of	whom	4	had	
distant	metastases	at	presentation.	The	organs	 involved	
at	first	diagnosis	of	distant	metastases	were	the	lungs	in	
7	 patients	 (44%),	 the	 skeleton	 in	 4	 patients	 (25%),	 the	
liver	 in	 1	 patient,	 and	 a	 combination	 of	 these	 in	 4	 pa-
tients.	Eight	of	18	patients	with	adenoid	cystic	carcino-
mas	(44%)	developed	distant	metastases,	1	of	3	acinic	cell	
carcinomas,	1	of	2	mucoepidermoid	carcinomas,	4	of	8	
adenocarcinomas,	and	1	of	4	carcinoma	ex	pleomorphic	
adenomas	[19].

Wahlberg	 et	 al.	 [70]	 analyzed	 the	 data	 from	 the	 Na-
tional	 Swedish	 Cancer	 Registry	 1960–1995,	 including	
2,465	patients	with	carcinoma	of	the	parotid	or	subman-
dibular	glands.	Four	hundred	and	 three	patients	with	a	
submandibular	gland	tumor	were	included	in	the	study.	
Although	without	statistical	significance,	the	authors	ob-
served	an	increase	in	10-year	relative	survival	rate	from	
54%	 for	patients	 treated	during	 the	1960s	and	1970s	 to	
65%	 for	 the	 latter	 two	 decades	 (p	=	.45).	 The	 more	 ag-
gressive	approach	for	the	treatment	of	these	tumors,	with	
local	excision	 in	conjunction	with	regional	 lymph	node	
dissection	 used	 in	 more	 recent	 years,	 could	 explain	 the	
improvement	obtained	in	the	last	two	decades	[70].

Sykes	 and	 coworkers	 [71]	 reviewed	 the	 charts	 of	 30	
patients	with	histologically	 confirmed	carcinoma	of	 the	
submandibular	 gland	 referred	 to	 the	 Christie	 Hospital,	
Manchester,	 UK,	 for	 radiotherapy	 following	 primary	
surgery	over	a	14-year	period.	The	dose	most	frequently	

prescribed	 was	 from	 50	 to	 55	Gy	 in	 16	fractions	 over	
3	weeks.	 Disease-specific	 survival	 rates	 were	 79%	 and	
57%	at	5	and	10	years,	respectively.	According	to	the	au-
thors,	the	continued	decrease	in	cancer-specific	survival	
reflected	a	number	of	cases	of	late	relapse	seen	in	patients	
with	 adenoid	 cystic	 carcinoma.	 Five	 patients	 developed	
local	 recurrence	of	 their	disease,	with	only	1	 (20%)	pa-
tient	been	successfully	salvaged	with	radical	surgery.	Of	
the	 5	 patients	 who	 developed	 a	 local	 recurrence,	 3	 had	
either	 incomplete	 excision	 of	 tumor	 or	 biopsy	 only	 be-
fore	referral	 for	radiotherapy.	Nevertheless,	altogether	9	
of	12	patients	with	residual	cancer	achieved	local	control	
with	radiotherapy.	Six	patients	(20%)	relapsed	with	lung	
metastases,	in	2	associated	with	uncontrolled	local	recur-
rence.	 All	 6	 patients	 who	 developed	 distant	 metastases	
had	adenoid	cystic	carcinoma.

Of	 the	 original	 412	 patients	 with	 cancer	 of	 the	 sub-
mandibular	gland	studied	by	Battacharyya	[20],	12	(2.9%)	
cases	presented	with	distant	metastases	at	diagnosis	and	
were	 excluded	 from	 subsequent	 analysis.	 From	 the	 370	
patients	 included	 in	 the	 study,	 24.9%	 had	 lymph	 node	
metastases.	 The	 results	 of	 the	 Kaplan-Meier	 5-year	 sur-
vival	analysis	 for	each	 tumor	histopathology	was	75.6%	
for	adenoid	cystic	carcinoma,	55.4%	for	mucoepidermoid	
carcinoma,	 48.6%	 for	 adenocarcinoma,	 and	 34.2%	 for	
squamous	cell	carcinoma.

A	 study	 from	 Denmark	 spanning	 a	 25-year	 period	
ending	 in	 1985	 identified	 95	 patients	 with	 malignan-
cies	of	the	submandibular	glands,	minor	salivary	glands,	
and	sublingual	glands.	In	this	series,	only	6	(6.3%)	arose	
in	 the	 sublingual	glands:	3	patients	with	adenoid	cystic	
carcinoma,	 2	 patients	 with	 carcinoma	 ex-pleomorphic	
adenoma,	and	1	patient	with	adenocarcinoma.	These	in-
vestigators	found	no	difference	in	survival	on	the	basis	of	
site	of	the	primary	lesion,	with	an	overall	5-	and	10-year	
crude	survival	rates	of	62%	and	43%,	respectively	[72].

The	 role	 of	 chemotherapy	 in	 the	 treatment	 of	 sali-
vary	gland	 tumors	has	been	 limited	 to	 the	 treatment	of	
metastatic	disease	and	 to	 circumstances	of	 palliation	of	
locoregional	disease	not	amenable	to	either	salvage	sur-
gery	or	radiation	therapy.	Due	to	the	limited	number	of	
patients	with	metastatic	or	nonsurgical	disease,	there	are	
no	randomized	phase	III	studies	examining	the	best	che-
motherapeutic	regimen.

The	 most	 studied	 single	 agent	 in	 the	 treatment	 of	
salivary	gland	cancer	is	cisplatin.	Licitra	et	al.	[73]	ana-
lyzed	 the	 results	 obtained	 from	 25	 patients	 treated	 for	
advanced	 salivary	 gland	 carcinoma	 in	 a	 phase	II	 trial	
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(100	mg/m2	 of	 cisplatin	 every	 3	weeks).	 They	 observed	
an	18%	response	rate	in	locoregional	recurrence	but	only	
7%	response	 rate	 in	metastatic	 lesions.	The	median	 re-
sponse	duration	was	7	months	and	the	median	survival	
time	was	14	months.

For	 combination	 chemotherapy	 with	 cisplatin,	 the	
most	 common	 agents	 used	 include	 5-fluorouracil,	 cy-
clophosphamide,	 and	 doxorubicin.	 A	 regimen	 using	 all	
four	drugs	was	tested	in	17	patients	and	a	50%	objective	
response	rate	was	observed.	The	median	duration	of	re-
sponse	was	8	months	and	medial	survival	was	18	months	
[74].	Two	studies	utilized	a	regimen	of	cisplatin	with	cy-
clophosphamide	 and	 doxorubicin.	 Dreyfuss	 et	 al.	 [75]	
treated	 13	 patients	 with	 combination	 of	 cyclophospha-
mide	 500	mg/m2,	 doxorubicin	 50	mg/m2,	 and	 cisplatin	
50	mg/m2	every	28	days.	An	overall	response	rate	of	46%	
with	a	median	duration	of	response	of	5	months	was	ob-
served.

Based	 on	 previous	 promising	 data	 extracted	 from	 a	
phase	I	study	with	the	vinca	alkaloid	vinorelbine	in	sali-
vary	 gland	 malignancies,	 Arioldi	 et	 al.	 [76]	 conducted	
a	 randomized	phase	II	 trial	with	36	patients	comparing	
vinorelbine	alone	versus	the	combination	of	vinorelbine	
and	cisplatin.	Vinorelbine	appears	to	have	moderate	ac-
tivity	 in	 salivary	gland	cancer	with	more	 significant	 re-
sponse	rates	found	in	the	doublet	arm	with	44%	response	
rate	compared	to	a	20%	response	rate	in	the	single	arm.	
Complete	response	rates	of	19%	and	0%	were	observed	in	
the	doublet	and	single	arms,	respectively.

The	most	recent	phase	II	study	in	recurrent	or	meta-
static	 salivary	 gland	 malignancies	 evaluated	 the	 combi-
nation	of	cisplatin	and	mitoxantrone.	Fourteen	patients	
entered	 into	 the	 trial	 and	 were	 treated	 with	 cisplatin	
30	mg/m2	 on	 three	 consecutive	 days	 and	 mitoxantrone	
12	mg/m2	on	the	first	day	of	treatment.	Treatment	was	re-
peated	every	28	days	for	a	maximum	of	six	courses.	Dis-
ease	stability	was	noted	in	64%	of	patients	and	the	overall	
response	 rate	was	14%.	The	median	duration	of	 stabili-
zation	was	15	months	and,	after	22	months	of	follow-up,	
43%	of	patients	were	still	alive	[77].

Several	molecular	targets	have	been	identified	in	sali-
vary	 gland	 cancer.	 C-kit	 proto-oncogene,	 EGFR,	 HER2	
proto-oncogene,	 androgen	 receptors,	 p53	 protein,	 and	
VEGF	 are	 examples	 of	 recent	 targets	 that	 have	 been	
evaluated	with	varying	degrees	of	expression	in	salivary	
gland	carcinomas.	These	and	other	molecular	targets	may	
ultimately	provide	useful	information	into	diagnosis,	bio-
logic	behavior,	and	management	of	cancer	of	the	salivary	
glands	[78–85].

    Take Home Messages

→	 There	 are	 equal	 proportions	 of	 malignant	 and	
benign	lesions	in	the	submandibular	gland.	True	
sublingual	gland	tumors	are	rather	unusual,	and	
most	are	malignant.

→	 Nerves	 at	 risk	 during	 operations	 involving	 the	
submandibular	 gland	 are:	 mandibular	 branch	
of	 facial	 nerve,	 lingual	 nerve,	 and	 hypoglossal	
nerve.

→	 The	smallest	operation	for	benign	tumors	of	sub-
mandibular	gland	is	excision	of	the	whole	gland.

→	 Low-grade,	low-stage	malignant	salivary	tumors	
can	 be	 treated	 by	 excision	 of	 the	 submandibu-
lar	 gland	 with	 dissection	 of	 level	I.	 High-grade,	
high-stage	 tumors,	however,	 require	 supraomo-
hyoid	 neck	 dissection,	 in	 conjunction	 with	 the	
excision	of	the	submandibular	gland.
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    Core Features

•	 Pathology	of	metastatic	cancer	to	the	parotid

•	 Investigation	and	staging	of	cancer	metastatic	to	
the	parotid

•	 Surgery	for	cancer	metastatic	to	the	parotid

•	 Adjuvant	therapy	for	cancer	metastatic	to	the	pa-
rotid

		

Complications	to	Avoid
Wound	related:
Skin	flap	necrosis	due	to	inappropriate	incision	
design	or	flap	elevation,	particularly	after	radio-
therapy
Skin	flap	“button-hole”
Avoid	unreliable	local	or	regional	skin	flaps	in	
patients	who	require	timely	adjuvant	radiotherapy
Tumor	related:
Inappropriate	surgery	due	to	inadequate	preopera-
tive	investigation	(e.g.,	excision	biopsy	by	neglect-
ing	to	perform	an	FNA	or	omitting	neck	dissec-
tion	in	patients	with	concomitant	neck	disease	
who	did	not	undergo	imaging)
Tumor	rupture	due	to	dissection	of	tumor	on	
facial	nerve	or	excessive	retraction
Local	tumor	recurrence	due	to	not	performing	a	
lateral	temporal	bone	resection	where	indicated
Gland	related:
Salivary	fistula	and	sialocele	due	to	preserving	
parotid	tissue	when	the	parotid	duct	is	ligated
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Complications	to	Avoid	(continued)
Nerve	related:
Facial	nerve	injury
Frey’s	syndrome	(gustatory	sweating)
Great	auricular	nerve	neuroma

Pathology of Cancer Metastatic 
to the Parotid Gland

Carcinoma	 metastatic	 to	 the	 parotid	 gland	 is	 a	 region-
specific	disorder	where	the	relative	incidence	of	the	vari-
ous	histopathological	types	(Table	22.1)	is	dependent	on	
geographical	location.	In	Australia,	metastatic	cutaneous	
squamous	 cell	 carcinoma	 (SCC)	 is	 the	 most	 common	
malignancy	seen	in	the	parotid,	 including	primary	can-
cer	of	 the	parotid	gland	 [12].	This	contrasts	with	many	
other	 areas	 of	 the	 world,	 including	 North	 America	 and	
Europe	 where	 primary	 cancer	 of	 the	 parotid	 gland	 is	
more	frequent	[61].	In	Australia,	the	crude	rate	of	basal	
cell	carcinoma	(BCC)	is	1,752	per	100,000	persons	(2,093	
per	100,000	men	and	1,456	per	100,000	women)	and	the	
crude	rate	for	SCC	is	819	per	100,000	persons	(1,053	for	
men	and	615	for	women)	[53].	In	Northern	Australia	this	
incidence	may	rise	up	to	1,300	per	100,000.	This	compares	
with	the	USA	where	the	age-adjusted	 incidence	of	SCC	
is	approximately	150	per	100,000	[1].	Melanoma	affects	
approximately	31	to	41	per	100,000	population	per	year	
(women	and	men,	respectively)	[14],	with	the	incidence	
of	 melanoma	 increasing	 with	 proximity	 to	 the	 equator.	
Although	metastatic	cancer	to	the	parotid	is	relatively	in-
frequent	worldwide,	in	40%	of	patients	with	this	disease	it	
will	be	the	first	manifestation	of	skin	cancer	[32].

Squamous Cell Carcinoma

The	precise	rate	of	cervical	and/or	parotid	nodal	metasta-
ses	is	not	known	for	SCC.	However	it	is	estimated	that	5%	
of	 cutaneous	 SCCs	 metastasize	 to	 regional	 lymph	 node	
basins,	including	the	parotid	[37].	Current	evidence	sug-
gests	 that	between	25%	and	50%	of	patients	with	nodal	
metastases	to	the	parotid	from	SCC	will	also	have	cervical	
nodal	disease,	either	clinical	or	pathological	[37].	Clini-
copathological	 features	 that	 increase	 the	 risk	 of	 nodal	
metastases	are	listed	in	Table	22.2.	In	high-risk	SCC	the	
associated	risk	of	nodal	metastases	is	up	to	20%	[4].

Overall	 mortality	 for	 cutaneous	 SCC	 is	 low	 at	 3.4%	
but	increases	substantially	in	patients	with	regional	meta-
static	disease	[27].	In	a	multicenter	study	of	325	patients	









with	metastatic	SCC	to	the	parotid	there	was	a	27%	rate	of	
synchronous	neck	disease	and	overall	survival	was	72%	at	
5	years	[3].	Locoregional	control	in	metastatic	SCC	of	the	
parotid	is	high	with	the	exception	of	patients	with	highly	
invasive	disease	(bone	or	other	deep	structures)	or	exten-
sive	perineural	invasion.	Cutaneous	SCC	has	a	high	pre-
dilection	for	perineural	invasion,	which	may	affect	both	
motor	(facial)	and	sensory	(auriculotemporal/V3)	nerves	
within	the	parotid	and	surrounding	tissue.

Melanoma

Ten	 to	 20%	 of	 cutaneous	 melanoma	 arises	 in	 the	 head	
and	neck	[35]	and	approximately	20%	of	patients	develop	
regional	metastases	[31].	Current	evidence	suggests	that	
patients	with	clinically	palpable	metastatic	melanoma	in	
the	parotid	have	a	high	rate	of	occult	neck	disease,	rang-
ing	from	28%	to	58%	[7,	13,	37].	The	overall	mortality	for	
cutaneous	melanoma	of	the	head	and	neck	is	high,	with	
10-year	survival	rates	ranging	from	45%	to	72%.	This	falls	
to	34%	for	patients	with	proven	nodal	metastases	and	fur-
ther	decreases	with	increasing	number	of	positive	nodes	
[39,	 40].	 Clinicopathological	 features	 that	 predict	 for	
nodal	disease	and	mortality	are	listed	in	Table	22.3.

Other

Other	 malignancies	 metastasizing	 to	 the	 parotid	 are	
uncommon	 and	 often	 form	 the	 subject	 of	 case	 reports.	
Merkel	cell	carcinoma	is	a	rare	and	aggressive	neuroen-
docrine	cutaneous	malignancy	with	a	high	potential	for	
regional	and	distant	metastases.	The	largest	reported	se-
ries	of	head	and	neck	Merkel	cell	carcinoma	demonstrated	
pathological	nodal	metastases	in	48	of	110	patients.	Lo-
coregional	control	is	most	effective	when	surgery	is	com-
bined	with	radiotherapy	[16,	59],	particularly	for	primary	
tumors	greater	than	1	cm	in	size.	Evidence	to	date	does	
not	 support	 the	 routine	 use	 of	 adjuvant	 chemotherapy,	
although	a	number	of	agents	have	been	trialed	including	
carboplatin,	cisplatin,	etoposide,	and	alkaloids	[45].

Mucosal	 cancer,	 including	 SCC,	 infrequently	 metas-
tasizes	to	the	parotid	gland.	Nasopharyngeal	cancer	has	
been	reported	as	a	primary	site	when	there	is	advanced	
neck	disease	[29]	and	extensive	sinonasal	cancers	involv-
ing	 the	subcutaneous	 tissue	of	 the	cheek	and	orbit	may	
disseminate	 to	 the	 parotid	 gland.	 In	 addition	 advanced	
oropharyngeal	cancers	may	 invade	directly	 through	 the	
parapharyngeal	space	to	involve	the	parotid	gland.	Renal	
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cell	 carcinoma	 is	 the	 most	 common	 solid	 organ	 cancer	
to	metastasize	to	this	site	and	appears	to	have	a	peculiar	
predilection	 for	 the	 parotid	 [18].	 Frequently	 renal	 cell	
carcinoma	is	misdiagnosed	as	acinic	cell	cancer	on	fine-
needle	 aspiration	 (FNA)	 and	 is	 particularly	 vascular	 at	
parotidectomy.

Investigation and Staging of Cancer 
Metastatic to the Parotid Gland

Clinical Assessment

In	all	head	and	neck	malignancy	a	thorough	examination	
of	 the	head	and	neck	 is	 essential	 for	accurate	diagnosis	
and	 staging.	 For	 patients	 with	 cancer	 metastatic	 to	 the	
parotid,	 all	 potential	 cutaneous	 and	 mucosal	 sites	 need	

examination.	This	includes	fiberoptic	examination	of	the	
nasopharynx	 and	 oropharynx.	 Particular	 care	 is	 neces-
sary	when	inspecting	potential	cutaneous	sites	since	cu-
taneous	 malignancies	 may	 be	 small	 relative	 to	 the	 bulk	
of	regional	disease	(Fig.	22.1).	Inconspicuous	lesions	hid-
ing	in	the	hair,	behind	the	ear,	nasal	vestibule,	and	in	the	
external	 auditory	 canal	 are	 easily	 overlooked.	 Non-pig-
mented	nodular	lesions	are	difficult	to	diagnose	and	may	
represent	amelanotic	melanoma	or	Merkel	cell	cancer.

Examination	 should	 include	 assessment	 of	 fixation,	
parapharyngeal	extension,	synchronous	cervical	disease,	
and	facial	nerve	grading	as	standard.	The	great	auricular	
nerve	may	be	involved	directly	causing	ear	 lobule/angle	
of	 mandible	 dysesthesia	 and	 the	 trigeminal	 nerve	 (V3)	
may	 be	 involved	 via	 branches	 of	 the	 auriculotemporal	
nerve.	Hence	sensation	in	the	distribution	of	both	these	
nerves	should	also	be	assessed.

Table 22.1.	Pathology	of	metastatic	cancer	to	the	parotid	gland

Cutaneous and mucosal primary Solid organ Lymphoproliferative

Squamous	cell	carcinoma Renal	cell	carcinoma Lymphoma

Melanoma Lung

Merkel	cell	carcinoma Other	rare

Sinonasal	carcinoma

Nasopharyngeal	carcinoma

Other	rare	(MFH,	dermatofibrosarcoma,	metastatic	BCC)

Table 22.2.	 Clinicopathological	 features	 that	 increase	 risk	 of	
nodal	metastases

High-risk squamous cell carcinoma

Size	>	2	cm

Invasion	into	subcutaneous	fat

Depth	>	5	mm

Poorly	differentiated	tumors

Perineural	invasion

Lymphovascular	invasion

Site:	ear	or	lip

Incomplete	excision

Local	recurrence

Immunosuppression

Table 22.3.	Clinicopathological	 features	 that	predict	 for	nodal	
disease	and	metastases

High-risk cutaneous melanoma

Tumor	thickness	(>	1	mm)

Tumor	ulceration

Site	(scalp)

Level	of	invasion	(Clark	level	IV)

Gender	(male)

Age	(increasing	age)
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A	thorough	history	of	previous	cutaneous	 surgery	 is	
essential.	Patients	frequently	do	not	consider	minor	exci-
sions	to	be	of	importance	and	fail	to	disclose	or	recall	this	
information.	Potential	lesions	may	have	been	treated	with	
topical	 5-fluorouracil,	 cryotherapy,	 or	 removed	 without	
pathological	diagnosis	and	in	these	cases	no	histological	
confirmation	 may	 be	 obtainable.	 Alternatively	 patients	
may	have	multiple	cutaneous	SCCs	removed	over	many	
years	and	confirming	that	the	primary	has	been	treated	
may	 be	 impossible	 using	 standard	 pathological	 tech-
niques.	 Pathology	 reports	 should	 be	 obtained	 and	 the	
original	pathology	slides	may	need	to	be	reviewed	by	an	
experienced	pathologist	to	confirm	unusual	primary	le-
sions	such	as	poorly	differentiated	SCC,	Merkel	cell	carci-
noma,	spindle	cell	tumors,	and	even	melanoma.

Investigations

Fine-needle	 aspiration	 biopsy	 is	 recommended	 for	 all	
parotid	 tumors	 and	 is	 useful	 for	 planning	 the	 extent	 of	
surgery	 and	 stratifying	 urgency	 for	 intervention	 [46].	
Certainly	 all	 clinically	 malignant	 parotid	 tumors	 need	
cytological	 confirmation	 and	 FNA	 is	 reliable	 in	 the	 de-
tection	of	metastatic	SCC	[2].	Cytology	for	primary	and	
uncommon	 secondary	 parotid	 cancers	 requires	 a	 level	
of	 expertise	 and	 pathological	 review	 should	 be	 sought	
where	there	is	doubt.

Standard	 imaging	 depends	 on	 institutional	 expertise.	
Our	preference	in	patients	with	and	without	fixed	disease	
is	 high	 resolution	 multislice	 computerized	 tomography	
(CT)	scanning	with	 intravenous	contrast.	This	allows	as-

Fig. 22.1:	a	Metastatic	melanoma	right	parotid.	b	Inconspicuous	primary	helix	of	right	ear.	c	Parotidectomy	and	neck	dissection.	
d	Contour	defect	from	extensive	dissection	of	parotid	and	neck
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sessment	 of	 the	 parotid	 and	 surrounding	 structures,	 in-
cluding	the	parapharyngeal	space.	Bone	windows	are	used	
to	determine	cranial	or	mandibular	invasion.	CT	examines	
both	potential	mucosal	 sites	and	 the	neck	 to	detect	 sub-
clinical	synchronous	nodal	disease.	A	dedicated	temporal	
bone	CT	is	obtained	where	there	is	fixation	or	facial	nerve	
deficit.

Magnetic	 resonance	 imaging	 (MRI)	 can	 be	 substi-
tuted	 for	 CT	 and	 is	 particularly	 useful	 in	 patients	 with	
parapharyngeal	 extension	 and	 neurotrophic	 cancers.	
However,	in	general	it	is	more	expensive,	less	readily	ob-
tained,	poorly	 tolerated	by	patients	due	 to	confinement	
and	length	of	procedure,	and	provides	poor	cortical	bone	
definition.	Cervical	node	assessment	with	MRI	is	equiva-
lent	to	multislice	CT	and	we	reserve	MRI	for	selected	pa-
tients	with	nerve	deficit	or	extensive	disease.	Ultrasound	
has	been	reported	to	be	highly	specific	and	sensitive	for	
cervical	node	disease	 in	 selected	 series	 [49]	and	can	be	
combined	with	ultrasound-guided	FNA.	However,	ultra-
sound	requires	technical	expertise	to	achieve	these	high	
rates	of	accuracy	and	is	resource	intensive	to	acquire	the	
necessary	detail.	Ultrasound	is	inferior	to	CT	or	MRI	in	
patients	with	extensive	parotid	disease,	in	particular	pa-
tients	with	facial	paresis.

There	 are	 few	 Data	 examining	 the	 role	 of	 positron	
emission	tomography	(PET)	 in	metastatic	cancer	to	the	
parotid	gland	is	limited	despite	this.	PET	and	PET-CT	is	
being	 used	 more	 frequently	 as	 a	 standard	 investigation	
and	has	a	role	in	the	assessment	of	regional	and	distant	
metastatic	disease.	It	is	unlikely	to	detect	small	cutaneous	
primaries	 that	 were	 unseen	 on	 thorough	 examination.	
Distant	 metastases	 are	 uncommon	 in	 cutaneous	 SCC,	
including	 patients	 with	 nodal	 metastases.	 PET	 is	 more	

established	and	more	likely	to	be	positive	in	patients	with	
melanoma	 where	 distant	 disease	 is	 common.	 18F-FDG	
PET	 is	 superior	 to	 other	 modalities	 in	 the	 detection	 of	
distant	metastases	and	in	patients	with	recurrent	disease	
where	the	sensitivity	and	specificity	ranges	from	70%	to	
100%	[9].	However,	PET	is	relatively	insensitive	(0–40%)	
in	 the	 detection	 of	 regional	 metastases	 in	 patients	 with	
early-stage	disease	when	compared	 to	sentinel	node	bi-
opsy.	Detection	of	distant	metastases	has	both	prognos-
tic	 and	 therapeutic	 value,	 since	 isolated	 distant	 disease	
is	amenable	to	surgical	resection	[22].	Regardless	of	dis-
tant	 disease	 status,	 locoregional	 control	 is	 of	 value	 for	
symptomatic	 relief	 since	 the	 rate	of	disease	progression	
is	unpredictable.	Evidence	 for	 the	utility	of	PET	 in	rare	
secondary	parotid	malignancies	is	unlikely	to	ever	exceed	
that	of	small	retrospective	case	series.

Staging for Cutaneous Metastatic 
Squamous Cell Carcinoma

The	current	staging	system	stages	all	patients	with	cuta-
neous	SCC	and	nodal	metastases	to	the	parotid	as	N1	re-
gardless	of	the	extent	or	volume	of	disease	[57].	O’Brien	
[36]	 has	 proposed	 a	 revised	 staging	 system	 which	 has	
demonstrated	prognostic	value	as	shown	in	Table	22.4.

Staging for Melanoma

Staging	for	melanoma	is	listed	in	Table	22.5.	Parotid	me-
tastases	are	 included	as	 regional	nodal	disease.	There	 is	
no	separate	staging	for	parotid	disease.

Table 22.4.	Revised	staging	of	metastatic	SCC	of	the	head	and	neck

Parotid Neck

P0 No	clinical	parotid	disease N0 No	clinical	neck	disease

P1 Metastatic	node	<	3	cm N1 Single	ipsilateral	neck	node	<	3	cm

P2 Metastatic	node	>	3	cm	but	<	6	cm N2 Single	node	>	3	cm

Multiple	parotid	nodes Multiple	or	contralateral	neck	nodes

P3 Metastatic	node	>	6	cm

Multiple	or	contralateral	neck	nodes
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Surgery for Cancer Metastatic 
to the Parotid Gland

Ablative Surgery

The	extent	of	surgery	in	both	the	parotid	and	the	neck	is	
an	ongoing	area	of	controversy	(Table	22.6).	Current	evi-
dence	does	not	indicate	that	more	extensive	surgery	is	as-
sociated	with	either	improved	disease	control	or	survival	
[21].	This	may	reflect	the	frequent	use	of	adjuvant	radio-
therapy	[38]	which	is	effective	for	control	of	microscopic	
nodal	disease	in	both	the	parotid	and	neck.	This	is	appli-
cable	for	both	SCC	and	melanoma,	although	melanoma	
traditionally	is	considered	to	be	radioresistant	[6].

The	 extent	 of	 parotidectomy	 and	 neck	 dissection	 is	
decided	on	an	individual	basis.	The	standard	parotid	dis-
section	is	a	superficial	parotidectomy	carried	out	superfi-
cial	to	the	plane	of	the	facial	nerve.	There	is	no	evidence	
to	suggest	that	a	limited	or	more	aggressive	approach	is	
preferable.	Parotid	lymphatics	and	lymph	nodes	are	pres-
ent	 throughout	 the	 parotid	 substance,	 both	 superficial	
and	deep	to	the	plane	of	the	facial	nerve.	However,	super-
ficial	 lymph	nodes	are	more	numerous	and	more	 likely	
to	 harbor	 metastatic	 disease.	 McKean	 et	 al.	 [33]	 exam-
ined	this	 issue	and	found	between	two	and	22	nodes	in	
the	 superficial	 lobe	 compared	 with	 less	 than	 five	 in	 the	
deep	segment.	Graham	[24]	suggests	that	the	retroman-
dibular	 vein	 should	 be	 the	 appropriate	 depth	 of	 dissec-
tion,	rather	than	the	facial	nerve	and	this	is	supported	by	
Batsakis	[8].

Total	parotidectomy	with	facial	nerve	sacrifice	(radical	
parotidectomy)	is	highly	morbid	and	current	trends	are	

toward	 more	 conservative	 surgery	 where	 possible	 [60].	
Aesthetic	and	functional	consequences	of	radical	paroti-
dectomy	are	described	in	Table	22.7.	More	extensive	pa-
rotid	dissection	is	indicated	in	invasive	parotid	metasta-
ses	or	recurrent	disease	and	may	necessitate	facial	nerve	
sacrifice	with	or	without	temporal	bone	resection	and	re-
section	of	adjacent	structures	involved	by	the	cancer	such	
as	the	skin,	mandible,	and	skull	base.

Resection	 of	 skin	 is	 relatively	 simple	 and	 can	 be	 re-
stored	using	a	number	of	standard	techniques	such	as	a	
cervicofacial	 rotation	 flap	 [34]	 or	 free	 flap	 where	 indi-
cated.	 In	 more	 advanced	 disease	 the	 likelihood	 of	 local	
control	 needs	 to	 be	 balanced	 against	 the	 morbidity	 of	
surgery.	As	more	radical	procedures	are	undertaken	the	
rate	of	positive	surgical	margins	also	increases	[28]	hence	
more	radical	surgery	does	not	necessarily	confer	disease	
control.	An	argument	can	be	made	for	more	radical	pa-
rotid	 surgery	 where	 radiotherapy	 is	 contraindicated,	
such	as	recurrent	disease,	or	where	radiotherapy	may	be	
avoided	by	adequate	surgery,	such	as	single	small	nodal	
metastasis	with	no	extracapsular	extension	or	neck	dis-
ease.	Techniques	of	parotidectomy	and	temporal	bone	re-
section	are	the	topic	of	other	chapters	in	this	text	and	will	
not	be	reviewed	here.	At	our	 institution	we	perform	all	
temporal	bone	resections	as	a	combined	procedure	with	
the	 (neuro)otologist,	 unless	 minimal,	 and	 recommend	
early	preoperative	consultation.

Neck	dissection	may	be	combined	with	parotidectomy	
as	an	elective	or	therapeutic	procedure.	Therapeutic	neck	
dissection	is	appropriate	to	maximize	disease	control	[28]	
and	should	incorporate	all	at	risk	nodal	basins.	This	de-
pends	on	 the	 location	of	 the	primary	and	 the	 extent	of	

Table 22.5.	American	Joint	Committee	on	Cancer	staging	for	cutaneous	melanoma

Tumor Node Metastasis

T1 <	1	mm	thick N1 Single	nodal	or	pa-
rotid	metastases

M1a Distant	skin,	subcutaneous	or	
distant	nodal	metastases

T2 1–2	mm	thick N2 2–3	nodal	metastases M1b Lung	metastases

T3 2–4	mm	thick N3 >	3	nodal	metastases M1c Other	visceral	metastases	or	any	
distant	metastases	with	elevated	LDH

T4 >	4	mm	thick

a No	ulceration a Micronodal	metastases

b Ulceration b Macronodal	metastases

LDH	Lactate	dehydrogenase
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nodal	metastasis.	In	general	terms	a	comprehensive	neck	
dissection	 incorporating	 level	I	 to	 V	 is	 standard,	 how-
ever	 in	 low	 volume	 neck	 disease	 a	 selective	 dissection	
of	levels	II	to	V	is	appropriate	for	posterior	primaries	or	
levels	I	to	IV	for	anterior	lesions	[36].	Resection	of	non-
lymphatic	 structures,	 such	 as	 the	 sternomastoid	 muscle	
and	internal	jugular	vein	is	indicated	where	disease	is	sus-
pected	to	involve	them	directly.

Consideration	needs	to	be	given	to	nodal	groups	that	
are	not	traditionally	encompassed	in	neck	dissection	for	
mucosal	SCC.	This	includes	external	jugular	lymph	nodes	
which	are	at	high	risk	for	any	malignancy	involving	the	
parotid	and	should	be	included	routinely	[36].	Level	II	b	
should	be	routinely	dissected.	Occipital	and	retroauricu-
lar	lymph	nodes	are	at	high	risk	in	posterior	scalp	malig-
nancy	and	lesions	 involving	the	pinna.	Perifacial	 lymph	
nodes	are	at	high	risk	in	cheek,	lip,	and	nasal	primaries.

Elective	neck	dissection	has	not	been	shown	to	confer	
improved	disease	control	or	survival	despite	the	substan-
tial	rate	of	occult	neck	disease.	Presumably	this	is	due	to	
the	frequent	use	of	adjuvant	radiotherapy	[37,	42].	Selec-
tive	neck	dissection	of	levels	II	and	III	may	be	appropriate	
as	a	staging	procedure	in	selected	patients,	however	this	
depends	on	the	location	of	the	primary.	Morbidity	asso-
ciated	with	these	highly	selective	dissections	is	minimal	
and	can	be	performed	readily	 through	a	modified	Blair	
incision	with	minimal	or	no	extension.	The	relative	merit	
of	this	approach	is	unproven	but	is	useful	where	adjuvant	
therapy,	such	as	radiation	may	not	be	necessary.	Certainly	
in	 patients	 where	 adjuvant	 radiotherapy	 is	 not	 possible	
a	 more	 comprehensive	 neck	 dissection	 should	 be	 com-
bined	with	parotidectomy.

Elective	 parotidectomy	 in	 patients	 with	 cervical	 dis-
ease	 is	not	generally	 employed.	However	parotid	nodes	

Table 22.6.	Ablative	surgery	for	metastatic	cancer	to	the	parotid	gland

Parotidectomy Neck dissection (elective and therapeutic)

Limited	parotidectomy Selective

Superficial	parotidectomy Comprehensive

Total	parotidectomy	with	nerve	preservation Extended

Radical	parotidectomy

Extended	parotidectomy

Skin	resection

Mandibulectomy

Lateral	temporal	bone	resection

Table 22.7.	Functional	and	aesthetic	consequences	of	radical	parotidectomy

Functional Aesthetic

Visual	disturbance	(brow	ptosis	-	frontalis) Contour	defect

Corneal	exposure	and	ulceration	(orbicularis	oculi) Brow	ptosis

Oral	incompetence	(orbicularis	oris,	depres-
sor	anguli	oris,	depressor	labii	inferioris)

Eyelid	paralysis

Speech	impairment	(buccinator,	orbicularis	oris) Ectropion

Nasal	collapse

Upper	lip	asymmetry

Lower	lip	asymmetry
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are	 frequently	 involved	 in	patients	with	cervical	disease	
from	 primary	 cutaneous	 malignancy,	 in	 particular	 pri-
mary	 melanoma	 and	 SCC	 of	 the	 ear,	 face,	 and	 anterior	
scalp.	Shah	et	al.	[47]	found	that	33	of	57	elective	paroti-
dectomies	for	neck	disease	had	melanoma	involving	the	
parotid	and	adjacent	nodes.	This	is	supported	by	the	high	
rate	of	 sentinel	nodes	biopsies	occurring	 in	 the	peripa-
rotid	region	[15],	however	other	series	have	not	replicated	
this	high	 rate	of	positive	metastases	 to	 the	parotid	 [58]	
(Table	22.8).	There	may	be	a	role	for	lymphoscintigraphy	
to	 determine	 whether	 the	 parotid	 contains	 any	 sentinel	
nodes	for	the	primary.

Reconstructive Surgery

Reconstruction	 following	 radical	 parotid	 surgery	 is	 fre-
quently	 required	 and	 preoperative	 consultation	 with	 the	
head	 and	 neck	 reconstructive	 surgeon	 should	 be	 per-
formed	 to	 optimize	 functional	 and	 aesthetic	 outcomes.	
The	most	common	structure	sacrificed	is	skin	followed	by	
the	facial	nerve.	The	method	of	cutaneous	reconstruction	
depends	on	the	extent	of	the	cutaneous	defect,	type	of	neck	
dissection,	 additional	 structures	 sacrificed,	 and	 whether	
radiotherapy	 has	 been	 given	 previously.	 In	 patients	 with	
moderate-sized	defects	where	neck	dissection	is	combined,	
a	cervicofacial	rotation	flap	[51]	is	an	excellent	method	of	
cutaneous	reconstruction,	particularly	for	elderly	patients	
not	 concerned	 about	 the	 contour	 deformity	 that	 arises	
from	extensive	parotid	surgery.	The	deep	plane	cervicofa-
cial	flap	[51]	is	favored	in	patients	where	the	facial	artery	
is	preserved	due	to	its	reliability	and	lesser	dissection.	The	
submental	 island	flap	 is	also	a	very	useful	reconstructive	
technique	due	to	the	excellent	color	match	with	the	cheek	
[44],	however	it	requires	planning	with	regards	to	incisions	
and	the	pedicle	needs	to	be	carefully	dissected.	We	do	not	
consider	it	suitable	in	patients	where	perifacial	nodes	are	
at	risk	and	where	a	level	I	neck	dissection	is	indicated	since	
the	pedicle	runs	through	this	tissue	(Figs.	22.2,	22.3).

Many	 patients	 are	 best	 managed	 with	 free	 tissue	 re-
construction	for	a	number	of	reasons,	 in	particular,	pa-
tients	 with	 prior	 irradiation	 or	 extensive	 cutaneous	 de-
fects	where	a	cervicofacial	flap	is	insufficient	or	likely	to	
fail.	This	is	important	in	patients	with	exposed	bone	and	
where	 postoperative	 radiotherapy	 or	 chemoradiation	 is	
planned	and	marginal	flap	necrosis	will	delay	 the	onset	
of	 radiotherapy,	 which	 should	 be	 commenced	 within	
6	weeks	 after	 surgery.	 Free	 flap	 failure	 is	 uncommon,	
particularly	with	reliable	flaps	such	as	the	radial	forearm	
where	 failure	 rates	 are	 less	 than	 1%	 in	 many	 series	 [5,	

19].	The	additional	time	associated	with	harvest	is	mini-
mal	using	a	two	team	approach.	With	regards	to	optimal	
donor	site,	the	radial	forearm	has	been	used	extensively	
with	great	 success,	however	 the	donor	 site	morbidity	 is	
substantial	where	large	flaps	are	harvested	and	the	color	
match	 with	 the	 head	 and	 neck	 is	 poor.	 Color	 match	 is	
important	in	the	face	and	is	best	obtained	by	using	flaps	
located	in	proximity	of	the	head	and	neck.	We	have	used	
the	parascapular	flap	for	this	reason,	however	depending	
on	 ethnicity	 other	 flaps	 are	 preferred.	 Patients	 of	 Asian	
descent	 are	 more	 easily	 managed	 with	 low	 morbidity	
flaps	such	as	the	anterolateral	thigh	which	can	be	easily	
harvested	using	a	two	team	approach	(Figs.	22.4–22.6).

Following	 radical	 parotidectomy	 there	 are	 several	
components	to	optimal	reconstruction	which	can	be	per-
formed	primarily	(ideally)	or	secondarily.	These	include	
the	cutaneous	defect	(if	present),	contour	defect,	bone	de-
fect,	facial	nerve,	brow	ptosis,	eyelid	paralysis,	ectropion,	
and	lip	paralysis.	There	are	many	options	in	reconstruct-
ing	these	complex	problems	depending	on	individual	or	
institutional	 expertise	 (Table	22.9).	 We	 have	 not	 used	
dynamic	 reconstructions	 (other	 than	 facial	 nerve	 graft)	
because	 of	 inconsistent	 outcomes;	 however	 remarkable	
outcomes	 can	 be	 achieved	 in	 expert	 hands	 using	 facial	
reanimation	techniques	such	as	the	gracilis	free	flap	[23].	
We	have	favored	static	reconstructions	and	prefer	to	per-
form	most	components	primarily	as	described	below.

Facial Nerve

Where	the	proximal	facial	nerve	can	be	accessed	in	the	
temporal	 bone	 without	 disease	 a	 cable	 nerve	 graft	 can	
be	 performed	 using	 sural,	 saphenous,	 or	 antebrachial	
cutaneous	 nerve.	 Facial	 nerve	 function	 following	 neu-

Table 22.8.	Complications	of	parotid	surgery	for	metastatic	ma-
lignancy

Facial nerve paralysis or paresis—increased in malignancy

Lip	depressor	weakness—increased	when	
combined	with	neck	dissection

Great	auricular	neuroma	or	dysesthesia

Frey’s	syndrome

Sialocele

Salivary	fistula

Wound	infection	or	necrosis
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Fig. 22.2:	a	Metastatic	SCC	right	parotid	involving	overlying	skin.	b	Design	of	excision	and	cervicofacial	rotation	flap.	c Limited	
parotidectomy	with	cervicofacial	rotation	flap	raised.	d	Inset	cervicofacial	flap

Fig. 22.3:	a	Retroauricular	metastatic	SCC	involving	tail	of	parotid.	Design	of	deep	plane	cervicofacial	flap	based	on	perforators	
from	facial	artery.	b	Inset	deep	plane	cervicofacial	flap	following	parotidectomy	and	neck	dissection
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Fig. 22.5:	Close	up	of	Fig.	22.4c

Fig. 22.4:	a	Recurrent	melanoma	and	intransit	metastases	right	forehead.	b	Nodal	metastases	right	parotid	(CT	scan).	c Wide	local	
excision,	subtotal	parotidectomy	with	resection	of	subcutaneous	lymphatics	and	functional	neck	dissection	(cervical	plexus	spar-
ing).	d	Reconstruction	using	anterolateral	thigh	free	flap
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rorrhaphy	 is	unlikely	 to	be	better	 than	a	House	Brack-
mann	 grade	III	 and	 some	 synkinesis	 is	 unavoidable	
[56].	Furthermore	facial	nerve	recovery	is	likely	to	take	
6–12	months	and	hence	static	reconstruction	 is	 impor-
tant	in	the	interim.

Contour

The	contour	defect	is	well	corrected	using	a	de-epitheli-
alized	 fasciocutaneous	 free	flap	 such	as	parascapular	or	
anterolateral	thigh.	A	temporoparietal	flap	can	be	used	as	
a	pedicled	flap	for	small	defects.	Muscle	flaps	should	be	
avoided	since	the	ultimate	volume	is	unpredictable.

Static Reconstruction

The	upper	eyelid	is	managed	using	a	gold	weight	and	the	
lower	 eyelid	 using	 a	 tendon	 sling	 to	 prevent	 ectropion	
with	or	without	 canthoplasty.	Using	 this	 combination	a	
lateral	tarsorrhaphy,	which	is	aesthetically	inferior,	is	usu-
ally	unnecessary.	The	oral	commissure	 is	 lateralized	us-
ing	a	woven	tendon	sling	(plantaris	or	palmaris).	This	is	
favored	over	fascia	lata	which	tends	to	stretch	over	time.	
The	commissure	and	lip	is	suspended	from	the	zygomatic	
arch	 using	 multiple	 passes	 to	 recreate	 the	 appropriate	
vectors.	The	 lip	 is	overcorrected	 initially	 (lateralized)	 to	
create	a	more	natural	 lip	position	in	the	long	term.	The	
lower	lip	can	be	everted	and	depressed	using	the	anterior	

Fig. 22.6:	a Radical	parotidectomy	with	plantaris	static	sling.	b	XII–VII	facial	nerve	graft	using	sural	nerve.	c	Contour	reconstruc-
tion	of	parotid	and	neck	using	de-epithelialized	anterolateral	thigh	free	flap.	d	Contour	reconstruction	and	lateralization	of	oral	
commissure
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belly	of	digastric	as	a	semidynamic	reconstruction	[56].	
All	of	these	components	are	undertaken	primarily.	Other	
minor	corrections	can	be	performed	secondarily	such	as	
a	 brow	 lift,	 revision	 canthoplasty,	 or	 tarsorrhaphy	 and	
flap	revision	to	remove	excess	bulk.

Adjuvant Therapy for Cancer Metastatic 
to the Parotid Gland

Squamous Cell Carcinoma

Adjuvant	 therapy	 for	 metastatic	 SCC	 to	 the	 parotid	 in-
cludes:

Radiotherapy,
Concurrent	chemotherapy.

Traditionally	 the	 parotid	 was	 regarded	 as	 radioresis-
tant	 and	 there	 is	 limited	 data	 regarding	 primary	 radio-
therapy	treatment	for	metastases	to	the	parotid.	One	such	
study	[30]	reported	a	2-year	local	control	rate	of	50%	in	
14	patients.	After	5	years	the	figure	dropped	to	20%.	The	
sole	use	of	radiotherapy	should	be	restricted	to	those	in	

�
�

whom	surgery	is	not	possible.	In	patients	with	bulky	dis-
ease	radiotherapy	is	likely	to	be	palliative	only.

Presently,	 in	patients	with	metastatic	SCC	to	 the	pa-
rotid,	the	vast	majority	will	undergo	adjuvant	radiother-
apy.	However,	it	was	not	until	1970	that	Fletcher	reported	
the	 first	 compelling	 argument	 in	 favor	 of	 combining	
radiotherapy	 with	 surgery.	 Most	 contemporary	 series	
have	demonstrated	that	local	failure	rates	with	combined	
therapy	are	approximately	one	third	of	those	with	surgery	
alone.	Guillamondegui	et	al.	[25]	showed	a	reduction	in	
local	 recurrence	 from	 30%	 to	 9%	 and	 Taylor	 et	 al.	 [52]	
found	 a	 similar	 reduction	 from	 27%	 to	 11%	 with	 com-
bined	surgery	and	radiotherapy.

Recent	data	from	the	TransTasman	Oncology	Group	
Post-Operative	 Skin	 Trial	 (POST	 study)	 [54]	 has	 high-

Table 22.9.	Reconstructive	surgery	for	metastatic	cancer	to	the	parotid	gland

Cutaneous 
reconstruction

Bone 
reconstruction

Contour 
restoration

Facial reanimation

Facial nerve 
neurorrhaphy

Static reanimation Dynamic 
reanimation

Skin	graft Reconstruction	
plate

Regional	flap Direct	coaptation Eyelid Regional	muscle	
transfer

Local	flap Bone	graft Free	tissue	transfer Cable	graft Tarsorrhaphy Temporalis

Regional	flap Osseous	free	flap Crossover	graft Gold	weight Masseter

Free	tissue	transfer Osteocutane-
ous	free	flap

XII–VII	graft Canthoplasty Digastric

Eyelid	sling Free	muscle	
transfer

Lip Gracilis

Tendon	or	
fascial	sling

Pectoralis	minor

Forehead Latissimus

Brow	lift
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•	 Presence	of	extracapsular	extension

•	 	Intraparotid	nodal	metastasis	regardless	of	size	or	number

•	 ≥	2	cervical	nodes	or	>	3	cm	cervical	node(s)



lighted	metastasis	 to	 the	parotid	 in	 the	high-risk	group	
for	adjuvant	therapy	comparing	surgery	and	radiotherapy	
with	surgery	and	chemoradiation	(Table	22.10).	Various	
radiation	schedules	have	been	used	for	metastatic	cancer	
to	the	parotid,	however	standard	fractionation	has	been	
advocated	as	described	(see	Table	22.11)	[54].

Data	from	MD	Anderson	demonstrated	that	for	high-
risk	SCC	of	the	head	and	neck,	increasing	the	postopera-
tive	dose	beyond	a	biologically	effective	dose	of	60	Gy	in-
creased	the	risk	of	late	complications,	with	no	increased	
benefit	 in	 locoregional	control	[43].	Where	parotid	me-
tastases	 have	 occurred	 12	months	 or	 more	 following	
definitive	 treatment	 to	 the	 index	 lesion,	 consideration	
should	be	given	to	including	the	primary	site	and	inter-
vening	dermal	lymphatics	in	the	treatment	volume.

Concurrent Chemoradiotherapy

It	 is	well	documented	that	concurrent	radiotherapy	and	
chemotherapy	 is	 superior	 over	 radiotherapy	 alone	 for	
advanced	 mucosal	 SCC.	 Recent	 data	 have	 also	 demon-
strated	improved	locoregional	control	and	survival	with	
concurrent	 chemoradiation	 in	 the	 postoperative	 setting	
[26]	for	high-risk	mucosal	cancer.	This	is	at	the	cost	of	a	
substantial	increase	in	both	early	and	late	adverse	effects.	
At	present	there	is	no	compelling	data	to	suggest	that	the	
same	benefit	is	present	in	cutaneous	SCC	and	this	is	the	
subject	 of	 several	 trials	 [17].	 Although	 there	 is	 signifi-
cant	morbidity	associated	with	this,	if	the	survival	benefit	
could	be	demonstrated	in	metastatic	parotid	disease,	the	
risks	may	be	justified.

Current	 therapeutic	 agents	 have	 included	 cisplatin	
and	fluorouracil	in	conjunction	with	radiotherapy.	Brizel	
et	al.	[11]	reported	on	hyperfractionated	irradiation	with	
or	without	concurrent	chemotherapy.	For	mucosal	can-
cer	Cisplatin	was	given	for	5	days	at	a	dose	of	12	mg/m2	of	
body	surface	area	per	day	and	600	mg/m2	of	fluorouracil	
per	day	during	weeks	1	and	6	of	irradiation.	Two	cycles	of	

cisplatin	and	fluorouracil	were	given	after	the	completion	
of	radiotherapy.	Locoregional	control	at	3	years	was	70%	
in	 the	combined	group	and	44%	 in	 radiotherapy	alone.	
There	 was	 no	 statistically	 significant	 difference	 in	 over-
all	 complications	 of	 the	 two	 groups,	 although	 the	 rates	
of	nasogastric	feeding	or	gastrostomy	feeding	tubes	were	
higher	in	the	combined	treatment	group.

More	 recently,	 trials	 using	 carboplatin	 rather	 than	
cisplatin	have	been	used	 in	an	attempt	 to	minimize	 the	
toxicity,	 particularly	 for	 elderly	 patients	 who	 are	 most	
commonly	 affected	 by	 advanced	 cutaneous	 disease.	 For	
the	 POST	 trial,	 carboplatin	 is	 given	 once	 per	 week	 for	
6	weeks,	 30	min	 prior	 to	 radiotherapy.	 The	 dose	 is	 cal-
culated	according	to	Calvert	formula	and	based	on	glo-
merular	filtration	rate	(GFR).

Melanoma

Adjuvant	therapy	for	metastatic	melanoma	includes:
Radiotherapy,
Chemoimmunotherapy.

Radiotherapy	has	an	established	role,	in	the	manage-
ment	 of	 metastatic	 melanoma	 to	 the	 parotid	 gland	 fol-
lowing	surgical	excision.	With	those	patients	in	whom	ra-
diotherapy	is	employed,	this	is	associated	with	improved	
locoregional	control	but	not	with	overall	survival	benefits	
[41].	 Despite	 the	 high	 incidence	 of	 distant	 metastases,	
locoregional	 control	 is	 a	 vital	 component	 in	 the	 man-
agement	plan.	Parotid	metastases	 fall	 into	 the	high-risk	
group	for	regional	relapse	(Table	22.12).

�
�

Table 22.11.	Standard	radiation	therapy	for	metastatic	SCC	to	the	parotid	gland

Clinical	target	volume	(CTV) The	volume	including	the	site	of	resected	gross	disease,	surgical	bed/scar,	and	next	echelon	
of	draining	lymph	nodes	with	a	minimum	of	a	0.5-cm	margin	in	all	dimensions

Planning	target	volume Defined	as	CTV	1	with	a	minimum	of	a	1.0-cm	margin	in	all	dimensions

Radiation	dose 50–60	Gy	in	25–30	fractions,	2	Gy	per	fraction,	5	fractions	per	week

Table 22.12.	Significant	risk	of	regional	disease

>	1	parotid	node

>	2	neck	or	axillary	nodes

>	3	groin	nodes
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Differing	 schedules	 of	 radiotherapy	 have	 been	 pro-
posed.	 Hypofractionated	 schedules	 are	 thought	 to	 im-
prove	 the	 therapeutic	 ratio	 for	 melanoma	 [10].	 In	 one	
such	study	[48]	a	postoperative	hypofractionated	radio-
therapy	regimen	was	utilized.	Indications	for	irradiation	
included	microscopically	involved	or	close	surgically	re-
sected	 margins,	 neurotrophic	 desmoplastic	 histopathol-
ogy,	perineural	spread,	or	tumor	satellites.	With	a	start-
ing	 date	 for	 the	 majority	 of	 patients	 less	 than	 6	weeks	
postsurgery,	they	received	30–36	Gy	in	six	fractions	over	
18	days.	Parotid	and	neck	lymph	node	fields	were	treated	
with	 direct	 electron	 fields	 or	 photon	 wedge	 pair	 fields.	
Infield	 recurrence	 was	 the	 only	 significant	 predictor	 of	
survival.	5-year	survival	with	infield	recurrence	was	0%,	
and	without	at	46%.

Currently,	 our	 attention	 is	 focused	 on	 determining	
the	benefits	of	adjuvant	radiotherapy	using	randomized	
clinical	trials.	One	such	trial	[55]	is	looking	at	the	group	
of	patients	with	nodal	metastatic	melanoma	at	risk	of	re-
lapse	 following	surgical	resection.	They	are	proposing	a	
schedule	of	48	Gy	delivered	in	20	fractions	over	30	days.	
Outcome	measures	include	regional	metastasis,	as	well	as	
morbidity,	patterns	of	relapse,	and	overall	survival.

Chemoimmunotherapy

The	 role	 of	 chemotherapeutic	 agents	 and	 immunother-
apy	has	yet	 to	be	established	 in	 the	 treatment	of	 locally	
advanced	or	metastatic	melanoma.	There	are	various	tri-
als	underway	to	test	hypotheses	regarding	drug	therapy.	
It	 is	 proposed	 that	 interferon-alfa	 may	 interfere	 with	
the	growth	of	tumor	cells	[20]	and	this	is	an	active	trial	
ECOG-1697	recruiting	patients	with	stage	II	and	III	dis-
ease.	Also	being	 investigated	 is	whether	 there	may	be	a	
synergistic	 role	 with	 interferon-alfa	 and	 interleukin-2	
(IL-2)	in	combination.	IL-2	is	thought	to	stimulate	white	
blood	cells	to	mount	a	response	to	melanoma	cells	[50].	
It	 is	 hoped	 that	 colony-stimulating	 factors	 such	 as	 sar-
gramostim	may	result	in	increased	immune	cells	in	bone	
marrow	 and	 peripheral	 blood,	 and	 also	 the	 use	 of	 vac-
cines	has	been	postulated.	However,	it	should	be	empha-
sized	 that	 these	 therapeutic	 interventions	are	at	present	
limited	 to	phase	III	clinical	 trials,	and	 their	efficacy	has	
not	been	proven.

    Take Home Messages

→	 History	–	previous	cutaneous	SCC	or	melanoma

→	 Examination	–	operative	scars,	current	lesions	of	
the	head	and	neck,	associated	lymphadenopathy,	
fiberoptic	nasoendoscopy,	sensation

→	 Investigations	–	FNA	(may	need	expert	interpre-
tation),	CT,	MRI,	PET-CT

→	 Staging	–	O’Brien	et	al.	and	American	Joint	Com-
mittee	on	Cancer	(AJCC)

→	 Treatment	options

→	 Surgery	–	ablative/reconstructive

→	 Radiotherapy	–	 indicated	 for	SCC	and	melano-
ma

→	 Chemotherapy	–	indicated	for	SCC

→	 Chemoimmunotherapy	–	may	have	a	role	in	the	
management	of	metastatic	melanoma
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    Core Features

•	 Anatomic	relationship	between	the	parotid	gland	
and	the	temporal	bone

•	 Clinical	signs	suggestive	of	a	temporal	bone	ma-
lignancy

•	 The	usefulness	of	diagnostic	testing

•	 The	staging	of	temporal	bone	malignancies

•	 Indications	and	techniques	for	temporal	bone	re-
section

•	 The	utility	of	neoadjuvant	and	adjuvant	therapy

		

Complications	to	Avoid
Treatment	delays	due	to	missed	diagnosis
Incomplete	work-up
Inadequate	staging	of	disease
Failure	to	clear	a	resectable	surgical	margin
Surgical	error
Lack	of	necessary	soft	tissue	protection	against	
postoperative	radiation	therapy
Delayed	initiation	of	postoperative	radiation	
therapy
Failure	to	address	the	sequelae	of	lower	cranial	
nerve	lesions

Introduction

Neoplasms	 involving	 the	 temporal	 bone	 present	 a	 rare	
and	 difficult	 problem	 for	 the	 patient	 and	 treatment	
team.	 Tumors	 involve	 the	 temporal	 bone	 through	 pri-
mary	 growth,	 direct	 extension,	 and	 metastatic	 spread.	
The	latter	two	mechanisms	are	most	significant	when	we	
consider	salivary	gland	pathology	in	the	temporal	bone.	
The	 pathologic	 consequences	 include	 morbidity	 due	 to	
anatomic	 remodeling,	 intracranial	 extension,	 perineu-
ral	spread,	vascular	encasement,	dural	 invasion,	and	ul-
timately	 death.	 Historically,	 carcinoma	 of	 the	 temporal	
bone	was	an	ominous	diagnosis.	Advancements	in	diag-
nostic	and	surgical	technique	have	demonstrated	greatly	
improved	outcomes.	The	successful	resection	of	T1	dis-
ease	has	demonstrated	survival	outcomes	of	up	to	95%,	
and	the	treatment	of	T2	and	T3	disease	has	demonstrated	
survivals	up	to	85%	when	a	clear	surgical	margin	is	com-
bined	with	postoperative	radiation	therapy	[14].

A	 multidisciplinary	 approach	 to	 the	 diagnosis	 and	
treatment	 of	 these	 lesions	 offers	 the	 best	 possible	 out-
come.	 Surgery	 and	 radiation	 represent	 the	 principal	
treatment	arms;	however,	increasing	interest	is	develop-
ing	 in	a	possible	combined	role	 for	chemotherapy	 [25].	
The	type	of	resection	needed	is	determined	by	the	extent	
of	disease.	A	sound	oncologic	resection	can	be	achieved	
through	a	lateral	temporal	bone	resection,	subtotal	tem-
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poral	bone	resection,	and	total	temporal	bone	resection	
with	parotidectomy,	facial	nerve	resection,	mandibulec-
tomy,	and	cervical	lymphadenectomy	as	indicated.	Once	
the	 surgery	 has	 been	 planned,	 reconstructive	 options	
should	 be	 explored.	 Over	 the	 past	 century	 great	 strides	
have	 been	 made	 in	 the	 surgical	 and	 non-surgical	 man-
agement	of	temporal	bone	neoplasms,	but	they	remain	a	
significant	treatment	challenge.

Temporal Bone Malignancy

While	neoplastic	 lesions	of	the	temporal	bone	can	arise	
from	diverse	histologic	cell	types,	they	tend	to	be	of	epi-
thelial,	 mesenchymal,	 or	 salivary	 gland	 origin	 [11,	 22].	
Salivary	gland	tumors	can	originate	from	ectopic	rests	of	
salivary	tissue	within	the	middle	ear	(pleomorphic	ade-
noma	has	been	described	in	that	location),	or	from	minor	
salivary	glands	within	the	external	auditory	canal	(EAC),	
but	both	are	rare	[11,	28].	Salivary	gland	tumors	are	more	
likely	to	involve	the	temporal	bone	through	direct	exten-
sion	 from	 the	 parotid	 gland.	 The	 anatomic	 relationship	
between	the	temporal	bone	and	parotid	gland	is	responsi-
ble	for	this	tendency.	The	parotid	gland	is	located	in	close	
proximity	 to	 the	 mastoid	 and	 tympanic	 portions	 of	 the	
temporal	bone.	It	communicates	directly	with	the	carti-
laginous	EAC	through	the	fissures	of	Santorini	and	fora-
men	of	Huschke	[31].	The	stylomastoid	foramen,	carotid	
canal,	jugular	foramen,	petrotympanic	fissure,	and	eusta-
chian	tube	provide	avenues	for	intratemporal	extension.	
Ninety	percent	of	tumors	of	the	parotid	gland	originate	
in	the	superficial	lobe	with	the	remaining	10%	being	deep	
lobe	in	origin	[24].	Tumors	of	the	parotid	gland	originat-
ing	 within	 or	 extending	 to	 the	 deep	 lobe	 make	 contact	
with	the	lateral	skull	base	via	the	parapharyngeal	space.	
Tumors	of	the	superficial	lobe	access	the	parapharyngeal	
space	after	traversing	the	stylomandibular	tunnel.

Tumors	of	the	temporal	bone	carry	an	incidence	of	200	
new	cases	per	year	with	a	frequency	of	6	cases	per	mil-
lion.	Eighty-six	(86%)	percent	of	these	tumors	are	squa-
mous	cell	carcinoma	(SCCA).	Basal	cell	carcinoma,	ade-
noid	cystic	carcinoma,	adenocarcinoma,	and	ceruminous	
carcinoma	occur	 less	 frequently	[23,	25,	33].	Tumors	of	
mesenchymal	origin	are	as	rare,	with	rhabdomyosarcoma	
occurring	most	frequently	[22].	The	reporting	of	tumors	
of	salivary	gland	origin	of	the	temporal	bone	is	sporadic,	
making	their	study	difficult.

Although	 benign	 parotid	 tumors	 rarely	 involve	 the	
temporal	 bone,	 it	 does	 occur,	 and	 is	 more	 likely	 when	

patients	 have	 previously	 undergone	 parotidectomy.	 Ad-
vanced	or	recurrent	cases	of	pleomorphic	adenoma	and	
Warthin’s	 tumor	 have	 been	 reported	 [17].	 In	 these	 rare	
cases	of	temporal	bone	involvement	by	benign	tumors	of	
the	parotid	gland,	symptoms	of	a	facial	mass,	trismus,	or	
compression	of	the	parapharyngeal	space	by	tumor	usu-
ally	 precede	 temporal	 bone	 involvement.	 Additionally,	
benign	masses	have	a	tendency	to	compress	or	remodel	
adjacent	tissue,	rather	than	invade	it.	This	allows	for	ex-
tirpation	 of	 a	 benign	 parotid	 neoplasm,	 in	 some	 cases,	
without	 requiring	 a	 formal	 temporal	 bone	 resection.	
These	lesions	can	be	removed	through	traditional	paroti-
dectomy	 techniques.	 Disarticulation	 of	 the	 mandibular	
condyle,	resection	of	the	EAC,	or	mastoidectomy	may	be	
necessary	to	assist	with	resection.	Pleomorphic	adenoma	
of	the	tail	of	the	parotid	gland	can	present	as	a	subcutane-
ous	mass	of	 the	floor	of	 the	 lateral	portion	of	 the	EAC.	
This	situation	is	best	managed	with	combined	superficial	
parotidectomy	 with	 mastoidectomy	 and	 postauricular	
canalplasty.

Malignancies	 of	 salivary	 gland	 origin	 are	 more	 ag-
gressive	 and	 involve	 adjacent	 tissue	 more	 readily.	 They	
can	develop	 insidiously	 and	 relatively	 asymptomatically	
with	75%	presenting	as	a	painless	mass	and	only	6–13%	
presenting	 with	 facial	 nerve	 palsy	 [35].	 Symptoms	 may	
not	be	present	until	after	temporal	bone	invasion	has	oc-
curred.	Pain,	dysphagia,	and	dysphonia	can	present	after	
direct	 invasion	of	 the	skull	or	 involvement	of	 the	 lower	
cranial	 nerves	 at	 the	 jugular	 foramen.	 Direct	 extension	
into	 bone,	 fissures,	 and	 foramen	 are	 potential	 routes	 of	
spread.	 Mass	 lesions	 of	 the	 poststyloid	 parapharyngeal	
space	 can	 traverse	 the	 carotid	 canal	 and	 jugular	 fora-
men,	 and	 neurotrophic	 tumors	 such	 as	 adenoid	 cystic	
carcinoma	 follow	 the	 facial	 nerve	 as	 an	 avenue	 toward	
the	stylomastoid	foramen.	Additionally,	carcinoma	of	the	
auricle,	anterior	scalp,	or	face	that	has	spread	to	the	in-
traparotid	lymphatics	can	involve	the	temporal	bone	in	a	
similar	fashion.

Mucoepidermoid	 carcinoma,	 adenoid	 cystic	 carci-
noma,	and	adenocarcinoma	are	the	most	common	sali-
vary	malignancies.	High-grade	adenocarcinoma	is	known	
for	 its	 aggressiveness	 and	 low	 survival	 rates.	 Adenocar-
cinoma	occurs	in	the	parotid	gland	with	a	frequency	of	
28%	and	5-	and	10-year	survival	rates	of	45%	and	39%,	
respectively	[35].	In	a	review	of	27	cases	of	advanced	and	
recurrent	 parotid	 neoplasms	 requiring	 temporal	 bone	
resection,	Leonetti	et	al.	found	that	adenocarcinoma	oc-
curred	most	commonly	followed	by	adenoid	cystic	carci-
noma	and	mucoepidermoid	carcinoma	[17].
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Malignancies	 involving	 the	 temporal	 bone	 present	 a	
formidable	problem.	Without	treatment	these	lesions	re-
sult	in	a	high	incidence	of	morbidity	and	almost	certain	
death.	Extension	into	the	otic	capsule	and	petrous	bone	
can	 result	 in	 hearing	 loss,	 vestibulopathy,	 cranial	 neu-
ropathies,	 and	 hemorrhage.	 Malignant	 spread	 into	 the	
middle	and	posterior	fossa	and	extension	into	the	petro-
clival	region	or	cavernous	sinus	portend	a	grim	prognosis	
even	with	aggressive	 surgical	 efforts.	 In	cases	of	distant	
metastatic	disease	a	temporal	bone	resection	may	still	be	
indicated	for	palliation.

History and Physical Examination

A	 thorough	 history	 and	 physical	 are	 indispensable	 for	
proper	 diagnosis	 and	 treatment	 planning.	 Patients	 with	
tumors	of	the	parotid	gland	involving	the	temporal	bone	
present	with	diverse	symptoms,	signs,	and	medical	back-
grounds.	On	initial	presentation,	the	diagnosis	may	not	be	

readily	evident.	It	has	been	reported	that	30%	of	patients	
with	advanced	parotid	cancer	are	without	pain	[17].	Ad-
ditionally,	otologic	inflammation	due	to	tumor	can,	and	
frequently	 does,	 masquerade	 as	 an	 infectious	 process.	
A	 missed	 diagnosis	 could	 be	 responsible	 for	 treatment	
delays	 that	 result	 in	 the	 progression	 of	 disease.	 The	 ex-
perienced	examiner	can	avoid	this	by	taking	a	thorough	
history	and	performing	a	complete	head	and	neck	exami-
nation	with	 special	 attention	 to	 the	cranial	nerves.	Past	
treatment	 failures,	 asymmetry	 of	 the	 parotid	 area,	 tris-
mus,	lymphadenopathy,	and	facial	nerve	palsy	are	highly	
suggestive	of	malignancy	and	the	need	for	further	work-
up	(Table	23.1).

Biopsy

Once	a	mass	lesion	has	been	identified,	tissue	should	be	
obtained	 for	histologic	study.	Fine-needle	aspiration	bi-
opsy	(FNAB)	provides	a	quick	and	efficient	means	for	di-

Table 23.1.	Clinical	presentation	of	temporal	bone	cancer

Leonetti et al. [17]a Number (%) Kuhel et al.b, c (%) Pensak et al. [27] (%)

Symptoms:

Pain 19	(74) 51 60

Hearing	loss 18	(69) 29 20

Headache 12	(46)

Facial	numbness 	 8	(31)

Hoarseness 	 3	(12)

Dysphagia 	 1	(4)

Vertigo/tinnitus 15

Signs:

Ear	canal	mass 26	(100) 37

Bloody	otorrhea 18	(69) 61 60

Facial	paralysis 13	(5) 16 35

Cranial	nerve	defects 	 8	(31) 10

Parotid,	neck	mass 	 7	(27)

Temporal	mass 	 4	(15) 19

a	26	cases
b	442	cases
c		Adapted	from	Kuhel	WI,	Hume	CR,	Selesnick	SH	(1996)	Cancer	of	the	external	auditory	canal	and	temporal	bone.	Otolaryngol	

Clin	North	Am	29(5):827-852
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agnosing	salivary	tumors.	The	accuracy	of	FNAB	in	sali-
vary	disease	“ranges	from	54%	to	98%.	FNAB	of	salivary	
malignancy	has	a	sensitivity	of	approximately	60%	to	73%	
for	detection	of	malignancy	 [35].”	 If	biopsy	of	 the	EAC	
or	 middle	 ear	 is	 needed,	 imaging	 of	 the	 temporal	 bone	
should	be	obtained	first.	This	can	prevent	disasters	related	
to	biopsy	of	an	encephalocele,	an	aberrant	carotid	artery,	
or	a	dehiscent	jugular	bulb.

Diagnostic Testing

Imaging	studies	and	audiometric	testing	are	also	of	criti-
cal	importance.	Magnetic	resonance	imaging	(MRI)	and	
computed	 tomography	 (CT)	 provide	 accurate	 informa-
tion	 helpful	 in	 the	 staging	 of	 disease	 and	 determining	
the	 extent	 of	 resection	 needed.	 A	 preoperative	 hearing	
assessment	will	establish	a	functional	baseline,	the	need	
for	 postoperative	 middle	 ear	 reconstruction	 when	 ap-
propriate,	 and	 the	 potential	 for	 postoperative	 deficits.	
Angiography	should	be	performed	in	all	cases	where	the	
carotid	artery	is	at	risk.	When	carotid	resection	is	antici-
pated	cerebral	blood	flow	analysis	should	be	used	to	de-
termine	resectability	and	the	need	for	revascularization.	
Consideration	should	also	be	given	to	embolization	when	
intraoperative	hemorrhage	is	a	concern.	Once	the	work-
up	is	complete	the	proper	staging	can	take	place.

The	close	proximity	of	vital	structures	within	and	adja-
cent	to	the	temporal	bone	requires	an	accurate	assessment	
of	the	involved	anatomy.	CT	and	MRI	are	indispensable	
in	this	regard.	The	ability	of	CT	to	detail	bony	structures	
and	 the	 superb	soft	 tissue	contrast	offered	by	MRI	play	
complementary	roles	during	work-up.	Together,	CT	and	
MRI	are	helpful	in	establishing	tumor	extent,	the	involve-
ment	 of	 critical	 structures,	 and	 the	 best	 surgical	 plan	
[8,	10].

The	use	of	high	resolution	CT	with	fine	cuts	is	recom-
mended.	Images	with	a	thickness	of	0.625–1.25	mm	will	
produce	the	best	assessment	of	the	skull	base.	Direct	axial	
and	 coronal	 scans	 should	 be	 obtained.	 When	 advanced	
scanning	technologies	are	available	reconstructed	images	
provide	resolution	that	is	equivalent	to	the	original	data	
set	[10].	CT	is	essential	to	preoperative	staging.	Arriaga	
et	 al.	demonstrated	 that	CT	can	“achieve	98%	accuracy	
in	 predicting	 pathologic	 involvement	 in	 temporal	 bone	
resection	specimens	[2].”	CT	scans	are	not	without	limi-
tation,	 however.	 Distinguishing	 mucosal	 inflammation	
from	 tumor	 and	 the	 extension	 of	 tumor	 without	 bony	
erosion	remains	difficult	[1]	(Fig.	23.1).

Magnetic	resonance	imaging	should	be	used	to	exam-
ine	tumor	relative	to	dura,	brain,	cerebrospinal	fluid,	and	
skeletal	muscle	[10].	MRI	also	offers	the	advantage	of	im-
aging	in	multiple	planes.	This	is	useful	when	evaluating	
lesions	that	traverse	the	skull	base	through	direct	extent	
or	 perineural	 spread	 [10].	 T1,	 T2	 and	 fat-saturated	 se-
quences	should	be	obtained.	T1	images	help	to	determine	
spatial	relationships	and	bone	marrow	involvement	while	
T2	images	help	to	delineate	tumors.	Post-gadolinium	T1-
weighted	 images	 with	 fat	 saturation	 should	 also	 be	 ob-
tained	to	determine	the	presence	and	extent	of	perineural	
involvement.	 This	 can	 manifest	 as	 foraminal	 widening	
or	enhancement,	replacement	of	fat	density,	or	increased	
signal	intensity	[8,	10].

In	 previously	 operated	 areas,	 positron	 emission	 to-
mography	(PET)-CT	combined	imaging	has	proven	use-
ful	for	distinguishing	scar	from	neoplasm	in	identifying	
tumor	recurrence	and	guiding	treatment.

Audiologic	 testing	 demonstrates	 the	 functional	 sta-
tus	of	the	middle	and	inner	ear.	This	information	is	use-
ful	 during	 surgical	 planning	 and	 preoperative	 patient	
counseling.	Conductive	losses	may	be	attributable	to	the	
presence	of	a	malignancy	 in	the	external	or	middle	ear.	
Anacusis,	tinnitus,	and	vertigo	suggest	inner	ear	involve-

Fig. 23.1:	Axial	CT	scan	demonstrating	neoplastic	 invasion	of	
the	temporal	bone	by	SCCA	of	the	parotid	gland	(pt	at	UMC-
Lafayette)
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ment.	 If	a	reduction	or	elimination	of	hearing	 is	antici-
pated	the	patient	should	be	informed	in	advance.	Ossicu-
lar	chain	reconstruction	or	a	bone-anchored	hearing	aid	
may	be	indicated	when	conductive	hearing	is	sacrificed,	
but	sensorineural	hearing	is	spared.

A	four	vessel	angiogram	with	venous	runoff	should	be	
used	in	cases	of	carotid	encasement	or	when	disease	man-
dates	 dissection	 of	 the	 petrous	 carotid.	 Arterial	 stenosis	
and	contour	 irregularity	at	 the	site	of	 the	 lesion	are	sug-
gestive	of	malignant	involvement.	Close	inspection	of	the	
carotid	 canal	 on	 CT	 as	 well	 as	 CT	 angiography	 are	 use-
ful	 for	 carotid	 assessment.	 Temporary	 balloon	 occlusion	
coupled	 with	 a	 cerebral	 blood	 flow	 quantification	 study	
helps	to	determine	when	carotid	sacrifice	will	be	tolerated.	
Quantification	 studies	 include	PET,	 functional	MRI,	and	
xenon-CT.	Xenon-CT	is	the	best	studied	modality	[22].	An	
occlusional	cerebral	blood	flow	<	30	ml/100	g	per	min	re-
quires	prophylactic	or	 intraoperative	 saphenous	grafting.	
Cerebral	blood	flow	<	20	ml/100	g	per	min	or	the	develop-
ment	of	neurologic	symptoms	during	the	test	are	indicative	
of	a	high	risk	of	perioperative	stroke.	These	findings	either	
preclude	 the	 surgical	option	or	 require	 that	prophylactic	
revascularization	be	done	if	surgery	is	performed	[23].

Staging

The	American	Joint	Committee	on	Cancer	states	“that	a	
staging	system	should	provide	a	sound	basis	for	therapeu-
tic	planning	for	cancer	patients	by	describing	the	survival	
and	resultant	treatment	of	different	groups	in	comparable	
form	 [1].”	 A	 lack	 of	 uniformity	 regarding	 preoperative	
staging	and	treatment	plans	has	made	the	study	of	tempo-
ral	bone	cancer	difficult.	This	has	changed	with	the	dem-

onstration	that	CT	imaging	accurately	predicts	the	degree	
of	neoplastic	involvement.	The	supplementation	of	these	
observations	with	clinical	findings	enabled	the	formation	
of	a	reliable	system	for	staging	carcinoma	of	the	EAC	[2].	
Attempts	to	modify	this	system	have	been	made.	Moody	
et	al.	propose	upstaging	patients	with	preoperative	facial	
nerve	paralysis	or	paresis	to	T4	status	when	the	primary	
tumor	originates	in	the	EAC.	They	propose	that	the	exten-
sion	of	tumor	through	tissue	separating	the	facial	nerve	
and	EAC,	and	tumor	involving	the	horizontal	segment	of	
the	nerve,	are	ominous	signs	[24].	While	this	and	other	
modifications	to	the	original	system	by	Arriaga	et	al.	have	
been	suggested,	the	original	system	has	provided	a	useful	
framework	for	staging	these	lesions	and	validation	of	the	
various	systems	are	still	pending	[1]	(Table	23.2).

This	system	can	be	used	to	plan	the	surgical	manage-
ment	of	the	temporal	bone	when	involved	secondarily	by	
a	cancer	of	the	parotid	gland.	Although	the	data	are	not	as	
clear	for	salivary	gland	cancers	extending	to	the	temporal	
bone	as	for	primary	temporal	bone	lesions,	the	same	stag-
ing	criteria	should	be	applied	to	decisions	regarding	the	
extent	of	the	anatomic	resection	and	the	need	for	radia-
tion	therapy.	Patients	can	be	counseled	about	prognosis	
and	survival	based	on	results	with	primary	cancer	arising	
in	the	temporal	bone.

Surgical Treatment

The	surgical	management	of	temporal	bone	tumors	var-
ies	depending	upon	the	extent	of	disease.	When	tumors	
involve	the	temporal	bone	secondarily	through	direct	ex-
tension,	temporal	bone	resection	accompanies	the	surgi-
cal	management	of	the	primary	tumor.	The	medial	exten-

Table 23.2.	University	of	Pittsburgh	staging	system	for	cancer	of	the	external	auditory	canal	(adapted	from	reference	2)

T1	status Tumor	limited	to	the	external	auditory	canal	without	bone	erosion	or	evidence	of	soft	tissue	extension

T2	status Tumor	with	limited	external	auditory	canal	bone	erosion	(not	full	thickness)	or	radio-
graphic	finding	consistent	with	limited	(<	0.5	cm)	soft	tissue	involvement

T3	status Tumor	eroding	the	osseous	external	auditory	canal	(full	thickness)	with	limited	(<	0.5	cm)	soft	tissue		
involvement,	or	tumor	involving	middle	ear	or	mastoid,	or	patients	presenting	with	facial	paralysis

T4	status Tumor	eroding	the	cochlea,	petrous	apex,	medial	wall	of	middle	ear,	carotid	canal,	jugular	foramen	
or	dura,	or	with	extensive	(>	0.5	cm)	soft	tissue	involvement

N	status Involvement	of	lymph	nodes	is	a	poor	prognostic	finding	and	automatically	places	the	patient		
in	an	advanced	stage	(i.e.,	stage	III	(T1,	N1)	or	stage	IV	(T2,	3,	and	4,	N1)	disease)

M	status Distant	metastasis	indicates	a	poor	prognosis	and	immediately	places	patients	in	the	stage	IV	category
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sion	of	tumor	dictates	the	indication	for	partial	temporal	
bone	 resection,	 subtotal	 temporal	 bone	 resection,	 and	
total	temporal	bone	resection	(Fig.	23.2).

Partial	 temporal	 bone	 resection	 includes	 removal	 of	
the	 entire	 external	 auditory	 meatus.	 It	 is	 indicated	 for	
cancer	of	the	temporal	bone	which	is	 limited	to	the	ex-
ternal	 canal.	 The	 facial	 nerve	 provides	 the	 medial	 limit	
of	resection.	The	procedure	begins	by	performing	a	com-
plete	mastoidectomy.	The	mastoid	air	cells	are	completely	
removed.	 The	 tegmen	 and	 sigmoid	 sinus	 are	 identified.	
The	course	of	 the	 facial	nerve	 is	dissected	 from	the	 lat-
eral	semicircular	canal	to	the	stylomastoid	foramen.	An	
extended	facial	recess	approach	provides	wide	access	 to	
the	middle	ear	space.	Drilling	of	the	auditory	canal	con-
tinues	inferior	to	the	external	canal.	The	dissection	pro-
ceeds	 anteriorly	 toward	 the	 glenoid	 fossa	 and	 medially	
through	the	hypotympanum	toward	the	jugular	bulb	and	
carotid	artery.	The	zygomatic	air	cells	are	also	dissected.	
Drilling	 proceeds	 superiorly	 from	 the	 antrum	 toward	
the	zygomatic	 root	and	 through	 the	epitympanum.	The	
bone	between	middle	fossa	dura	and	the	remaining	EAC	
is	removed.	Superior	to	the	external	canal	the	dissection	
proceeds	 lateral	 to	 the	 incus	 and	 malleus.	 The	 surgeon	
takes	care	to	avoid	middle	fossa	dura	by	remaining	close	
to	the	superior	aspect	of	the	external	canal.	Once	the	su-
perior	and	inferior	approaches	to	the	glenoid	fossa	have	
been	 completed,	 the	 incudostapedial	 joint	 is	 separated,	
the	 tensor	 tympani	 is	 cut,	 and	 the	 ligamentous	 attach-
ments	 of	 the	 ossicles	 are	 divided.	 At	 this	 point	 the	 an-
terior	portion	of	the	external	canal	is	its	only	remaining	
attachment.	This	bone	is	fractured	free	of	the	carotid	with	
gentle	pressure	or	tapping	with	an	osteotome.	If	a	chisel	
is	used	it	is	important	to	angle	the	instrument	lateral	to	
the	carotid	so	that	inadvertent	injury	of	the	vessel	can	be	
avoided.	Once	 the	specimen	has	been	removed	and	the	
middle	ear	fully	exposed,	the	eustachian	tube	is	obliter-
ated	[33]	(Figs.	23.3,	23.4).

During	the	procedure	it	is	important	to	remain	cogni-
zant	of	the	tumor,	being	careful	that	it	is	avoided	during	
the	dissection.	While	drilling	the	epitympanum	it	is	im-
portant	to	remain	lateral	to	the	geniculate	ganglion	and	
medial	 to	 the	 annulus.	 An	 intact	 tympanic	 membrane	
should	be	preserved	with	the	specimen	for	tumors	 lim-
ited	to	the	external	canal	[14].	This	reduces	the	likelihood	
of	tumor	spillage.	When	involvement	of	the	facial	nerve	
is	present,	specimens	of	the	proximal	margins	should	be	
examined	 histologically	 with	 sufficient	 tissue	 resection	
until	 the	margins	are	 free	of	 tumor.	 If	 the	nerve	 is	 sac-
rificed	an	interposition	graft	connects	the	proximal	and	
distal	 tumor-free	portions	of	the	nerve.	The	sural	nerve	

and	the	greater	auricular	nerve	serve	as	excellent	donor	
sites.	The	greater	auricular	nerve	is	used	more	often	be-
cause	of	its	proximity	to	the	surgical	field,	but	if	there	is	
malignant	lymphadenopathy	in	the	neck,	the	sural	nerve	
should	be	used	instead.	Care	is	necessary	during	graft	ori-
entation	 to	 position	 the	 graft	 so	 regenerating	 fibers	 are	
not	lost	through	side	branching,	orienting	the	graft	with	
the	distal	end	of	the	graft	in	apposition	with	the	proximal	
segment.

If	the	temporal	bone	has	been	involved	secondary	to	
direct	 extension	 from	 the	 parotid	 gland,	 the	 involved	
parotid	 tissues	should	be	removed	 in	continuity.	Resec-
tion	 of	 the	 mandibular	 condyle	 and	 zygomatic	 root	 fa-
cilitates	 dissection	 of	 the	 infratemporal	 and	 parapha-
ryngeal	 spaces	 and	 prevents	 the	 violation	 of	 soft	 tissue	
attachments	 between	 the	 parotid,	 temporomandibular	
joint,	and	EAC	[21].	Consideration	should	also	be	given	
to	 management	 of	 the	 cervical	 lymphatics.	 In	 general,	
primary	temporal	bone	cancers	rarely	metastasize	to	the	
cervical	lymphatics;	however,	primary	cancers	of	salivary	
gland	origin	have	inherently	different	lymphatic	drainage	
than	the	temporal	bone	making	dissection	of	the	cervical	
lymph	nodes	prudent.

Involvement	of	the	middle	ear	space	requires	a	subtotal	
temporal	bone	resection.	The	dissection	extends	medially	
into	the	otic	capsule	and	petrous	portions	of	the	temporal	
bone	in	order	to	obtain	negative	margins.	The	medial	ex-
tent	of	dissection	is	defined	by	the	internal	auditory	canal	
(IAC).	Control	of	 the	 internal	 carotid	artery	 (ICA)	and	

Fig. 23.2:	Margins	of	resection	for	lateral	temporal	bone,	subto-
tal	temporal	bone,	and	total	temporal	bone	resection
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Fig. 23.3:	Surgical	approach	for	the	lateral	temporal	bone	resection.	a	Incision.	b	Exposure	of	facial	nerve.	c	Oversewing	the	carti-
laginous	canal.	d	Exposure	including	mastoidectomy.	e	Extended	facial	recess	approach
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jugular	 vein	 is	 obtained	 inferiorly.	 The	 vertical	 portion	
of	the	petrous	internal	carotid	is	identified	by	dissecting	
through	the	glenoid	fossa	and	eustachian	tube.	The	sig-
moid	sinus	and	jugular	bulb	are	carefully	freed	from	the	
temporal	bone.	Brisk	bleeding	from	the	inferior	petrosal	
sinus	and	condylar	vein	occurs	with	opening	of	the	jugu-
lar	bulb,	and	the	surgeon	should	be	prepared.	Ligation	of	
the	sigmoid	sinus	and	jugular	vein	permits	packing	of	the	
bulb	in	cases	of	excessive	bleeding.	An	additional	strategy	
to	prevent	bleeding	from	the	jugular	bulb	is	preoperative	
coil	 embolization	of	 the	openings	of	 the	 inferior	petro-
sal	sinus	and	condylar	vein	[5].	The	osteotomy	proceeds	
along	the	floor	of	the	middle	fossa	connecting	the	glenoid	
fossa,	IAC,	and	posterosuperior	mastoid	[23].

When	the	cancer	has	progressed	beyond	the	limits	of	
a	subtotal	temporal	bone	resection,	a	total	temporal	bone	
resection	 may	 be	 indicated.	 Total	 temporal	 bone	 resec-
tion	is	rarely	performed	due	to	the	high	level	of	morbidity	
and	a	lack	of	well-documented	survival	benefit	[32].	The	
surgery	involves	freeing	the	temporal	bone	at	the	petrous	
apex.	Prior	to	extirpation	the	intratemporal	portion	of	the	
ICA	must	be	dissected	to	the	foramen	lacerum,	and	the	
internal	jugular	vein	ligated.	Sacrifice	or	reconstruction	of	
the	ICA	may	be	performed	based	on	the	results	of	preop-

erative	testing.	A	subtemporal	craniotomy	is	performed	
exposing	the	transverse	sinus.	The	dura	covering	the	cer-
ebellum	is	incised	and	the	transverse	sinus	is	ligated	and	
divided	near	the	superior	petrosal	sinus.	The	tentorium	is	
divided	sharply	along	the	petrous	bone	in	a	plane	supe-
rior	and	parallel	to	the	superior	petrosal	sinus.	The	VIIth,	
and	 VIIIth	 cranial	 nerves	 are	 divided	 at	 the	 IAC.	 With	
the	cerebellum	retracted	medially	an	intradural	incision	
is	used	 to	divide	 the	IXth,	Xth,	and	XIth	cranial	nerves	
and	free	the	specimen	at	its	posterior	dural	attachment.	
Once	the	surrounding	structures	have	been	freed,	a	chisel	
is	placed	in	the	foramen	ovale	and	directed	posteriorly	in	
a	trajectory	lateral	to	foramen	lacerum.	This	will	free	the	
temporal	bone	at	its	apex	[14,	23,	27]	(Fig.	23.5).

Reconstruction

Reconstructive	options	should	be	explored	preoperatively,	
but	as	in	all	oncologic	surgeries,	the	reconstructive	plan	
must	 never	 compromise	 the	 completeness	 of	 oncologic	
resection.	Consideration	should	be	given	to	cosmesis	and	
the	durability	of	the	repair.	Intraoperative	findings	might	
dictate	a	more	complex	reconstruction	than	anticipated.	
Careful	planning	improves	the	preparation	for	a	variety	
of	potential	defects.

Resections	of	the	temporal	bone	limited	to	the	exter-
nal	canal	and	mastoid	are	successfully	reconstructed	with	
a	split-thickness	skin	graft	following	the	removal	of	ceru-
men-forming	adnexa.	The	graft	should	be	placed	to	line	
the	ear	canal	and	mastoid	bowl.	Its	medial	extent	can	be	
carefully	draped	over	the	oval	window	or	stapes	remnant.	
Reconstruction	of	the	ossicular	chain	can	take	place	at	a	
later	time.	If	the	treatment	plan	includes	radiation	ther-
apy,	the	middle	ear	should	not	be	reconstructed.

A	more	extensive	resection	of	 the	 temporal	bone	re-
quires	added	soft	tissue	to	obliterate	dead	space,	prevent	
the	 leakage	 of	 cerebrospinal	 fluid	 (CSF),	 and	 provide	
protection	 against	 complications	 related	 to	 radiation	
therapy,	the	most	serious	of	which	is	osteoradionecrosis	
[7].	Smaller	wounds	involving	resection	of	the	pinna	and	
external	canal	may	be	closed	by	a	posterior	scalp	or	cer-
vicofacial	advancement	flap.	If	additional	bulk	is	needed,	
a	muscle	or	myocutaneous	flap	can	be	rotated	on	a	vascu-
larized	pedicle,	or	inset	via	microvascular	anastomosis.

Smaller	 defects	 may	 be	 amenable	 to	 closure	 using	 a	
temporalis	muscle	rotation	flap.	A	trapezius,	latissimus,	or	
pectoralis	major	muscle	rotational	flap	may	become	nec-
essary	as	the	size	of	the	defect	increases.	Extensive	defects	
may	 require	 a	 rectus	 abdominis	 muscle	 or	 perforated-

Fig. 23.4:	Lateral	temporal	bone	resection.	Removal	of	ear	canal	
and	superficial	lobe	of	parotid
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based	adipose	free	flap	for	closure.	The	arterial	and	venous	
anastomosis	should	be	sutured	to	the	external	carotid	ar-
tery	 and	 jugular	 vein,	 respectively.	 In	 wounds	 requiring	
additional	skin,	a	split-thickness	skin	graft	can	be	placed	
over	 the	 muscular	 portion	 of	 the	 reconstructive	 flap.	 If	
dura	 is	 resected,	 the	 dural	 defect	 and	 eustachian	 tube	
must	be	obliterated.	This	is	accomplished	with	abdominal	
fat	or	free	tissue	transfer,	and	serves	to	shield	the	central	
nervous	system	from	environmental	insult	[14,	22,	33].

Complications

Hemorrhage	is	a	common	consequence	of	lateral	tempo-
ral	 bone	 resection.	 Venous	 bleeding	 can	 be	 responsible	
for	massive	blood	loss,	and	losses	up	to	2,500	ml	can	be	
encountered.	As	mentioned	previously,	 excessive	bleed-
ing	most	commonly	occurs	at	the	inferior	petrosal	sinus,	
but	 this	 bleeding	 can	 be	 controlled	 with	 proper	 tech-
nique.	After	 the	 jugular	vein	has	been	 tied	 in	 the	neck,	
the	proximal	sigmoid	sinus	is	occluded	with	extraluminal	
oxidized	cellulose.	The	sigmoid	sinus	is	entered	distal	to	
this	point.	Here,	bleeding	from	the	inferior	petrosal	sinus	
and	condylar	vein	can	be	encountered.	The	bleeding	can	
be	controlled	by	advancing	oxidized	cellulose	packing	to	
the	 jugular	 bulb.	 Preoperative	 coil	 embolization	 to	 oc-

clude	 the	 condylar	 vein	 and	 inferior	 petrosal	 sinus	 can	
be	used	to	reduce	bleeding	during	this	portion	of	the	sur-
gery.	The	excessive	use	of	packing	at	the	jugular	foramen	
can	result	in	injury	to	cranial	nerves	IX,	X,	and	XI,	so	this	
should	be	done	with	caution	[4].

Injury	 to	 the	carotid	artery	should	be	managed	with	
direct	pressure	and	placement	of	temporary	clips	proxi-
mal	 and	 distal	 to	 the	 insult.	 Systemic	 and	 intra-arterial	
heparin	should	be	given.	The	 injury	should	be	repaired	
with	8-0	monofilament	suture.	If	minor	leaks	persist	fol-
lowing	closure,	topical	hemostatic	agents	can	be	applied.	
If	successful	repair	of	the	vessel	cannot	be	achieved,	the	
preoperative	 balloon	 occlusion	 test	 should	 be	 used	 to	
guide	management	[14].	Vascular	surgery	and	neurosur-
gical	consultation	are	imperative.	If	there	is	significant	ca-
rotid	involvement,	then	preoperative	stent	placement	has	
been	demonstrated	to	avoid	vascular	complications	[34].

Facial	nerve	sacrifice	or	excessive	manipulation	of	the	
nerve	can	result	in	facial	asymmetry	and	inadequate	eye	
closure.	During	the	immediate	postoperative	period	the	
eye	should	be	protected	with	lubrication,	use	of	a	moisture	
chamber,	or	mechanical	lid	closure.	If	the	nerve	is	sacri-
ficed	 an	 interposition	 graft	 using	 the	 ipsilateral	 greater	
auricular	nerve	or	sural	nerve	should	be	performed.	If	the	
great	 auricular	 nerve	 is	 unavailable	 the	 sural	 nerve	 can	
be	 used	 in	 its	 place.	 Successful	 nerve	 interposition	 can	
restore	 function	 to	 a	 House-Brackmann	 scale	 grade	III,	
but	may	take	12–18	months	to	occur.	Placement	of	a	gold	
weight	implant	or	spring,	lateral	tarsorrhaphy,	or	tensing	
of	the	lower	eyelid	may	be	necessary	during	the	reinner-
vation	 period.	 Facial-hypoglossal	 anastomoses	 can	 also	
help	 restore	 facial	 function.	 When	 lower	 cranial	 nerve	
deficits	exist,	this	should	be	done	with	caution.	A	loss	in	
the	function	of	the	XIIth	nerve	can	have	devastating	con-
sequences	on	an	already	impaired	swallowing	apparatus.

Tumor	 involving	 the	 jugular	 foramen	 may	 result	 in	
pre-	or	postoperative	paresis	or	palsy	of	the	IXth	and	Xth	
nerves.	 Such	 lesions	 can	 manifest	 in	 airway	 and	 nutri-
tional	 difficulty.	 Temporary	 or	 permanent	 tracheotomy	
and	 the	 placement	 of	 a	 gastrotomy	 tube	 may	 be	 neces-
sary	to	compensate	for	the	associated	deficits.	The	com-
bination	 of	 an	 insensate	 supraglottis,	 vocal	 fold	 motion	
impairment,	 or	 inadequate	 swallow	 reflex	 can	 result	 in	
aspiration	with	fatal	consequences.	Vocal	fold	medializa-
tion	may	restore	safe	deglutition.	In	more	severe	cases	of	
swallowing	 or	 laryngeal	 dysfunction	 a	 laryngotracheal	
separation	may	be	necessary.

If	dura	has	been	excised	or	violated	the	resulting	defect	
must	be	repaired	immediately.	Primary	closure	should	be	
instituted	whenever	possible.	If	necessary	the	dural	defect	

Fig. 23.5:	 Total	 temporal	 bone	 resection.	 An	 osteotome,	 in-
serted	at	 the	horizontal	petrous	carotid	canal	 just	posterior	 to	
the	foramen	ovale,	is	directed	slightly	posteriorly	to	avoid	entry	
into	the	foramen	lacerum.	This	releases	the	total	temporal	bone	
specimen
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should	be	obliterated	with	fat,	fascia,	or	free	tissue	transfer.	
Postoperative	 leakage	 of	 CSF	 can	 be	 managed	 conserva-
tively	for	up	to	7–10	days	with	appropriate	measures.	Bed	
rest,	elevation	of	the	head	of	the	bed,	stool	softeners,	and	
placement	of	a	lumbar	drain	can	be	useful	in	reducing	in-
tracranial	pressure	[26].	If	the	leak	persists	beyond	this	pe-
riod	the	wound	should	be	explored	surgically	and	closure	
of	the	dural	defect	should	be	reattempted	[14,	18,	33].

Radiation

Plans	for	the	use	of	postoperative	radiation	should	be	made	
during	the	preoperative	work-up.	The	use	of	adjuvant	ra-
diation	should	be	anticipated	whenever	the	middle	ear	is	
involved	with	disease.	 If	 intraoperative	findings	confirm	
the	need	for	radiation	it	should	be	given	in	a	timely	fash-
ion.	Radiation	therapy	should	not	be	delayed,	or	withheld	
in	lieu	of	a	recurrence.	This	can	result	in	decreased	thera-
peutic	efficacy	[15].	Closure	of	the	surgical	defect	with	vi-
able,	durable	tissue	is	necessary	to	prevent	development	of	
osteoradionecrosis,	which	can	be	a	devastating	and	some-
times	 fatal	 complication.	 In	addition,	 careful	postopera-
tive	hygiene	and	maintenance	(cleaning	and	debridement	
with	otomicroscopy)	of	the	reconstructed	area	is	essential	
to	reduce	likelihood	of	chronic	infection	that	can	predis-
pose	to	osteoradionecrosis.	Dosages	typically	range	from	
5,000	 to	 6,000	rads	 and	 fields	 should	 be	 designed	 to	 in-
clude	the	area	of	resection	and	involved	nodal	groups	[15,	
19].	 The	 rarity	 of	 temporal	 bone	 malignancy	 makes	 the	
study	of	treatment	protocols	difficult,	but	encouraging	re-
sults	 have	 been	 reported.	 T1	 lesions	 successfully	 treated	
with	 surgery	 alone	 have	 a	 95%	 5-year	 survival,	 with	 no	
benefit	 from	the	addition	of	 radiation.	Some	T2	and	T3	
lesions	treated	with	radiation	following	complete	surgical	
removal	have	shown	an	85%	5-year	survival.	The	5-year	
survival	 of	 patients	 with	 more	 advanced	 lesions	 drops	
below	50%	[14].	Cancer	requiring	a	total	temporal	bone	
resection	 carries	 a	 dismal	 prognosis,	 with	 a	 50%	 1-year	
survival	and	0%	2-year	survival	[33]	(Fig.	23.6)

Chemotherapy

The	 role	 of	 chemotherapy	 in	 the	 treatment	 of	 temporal	
bone	malignancy	has	not	been	determined,	but	 interest	
in	 its	use	 is	growing.	Because	of	 the	relatively	 low	 inci-
dence	and	the	histologic	diversity	of	temporal	bone	ma-
lignancies,	few	meaningful	studies	have	been	conducted.	
Temporal	 bone	 malignancies	 of	 salivary	 gland	 origin,	

like	 salivary	 malignancies	 in	 other	 sites,	 do	 not	 usually	
respond	to	currently	available	chemotherapeutic	agents.	
SCCA	 of	 the	 temporal	 bone	 may	 respond	 to	 platinum-
based	agents,	but	typically	the	results	are	not	durable	and	
other	modalities	must	be	used.	For	 these	 reasons,	most	
patients	with	temporal	bone	cancer	are	treated	with	sur-
gery,	radiation,	or	a	combination	of	the	two,	and	chemo-
therapy	is	usually	reserved	for	palliation	in	patients	with	
distant	metastases	or	 recurrences.	Nakagawa	et	al.	have	
published	data	that	suggest	a	possible	role	for	preopera-
tive	 chemoradiation	 therapy	 (CRT)	 in	 the	 treatment	 of	
T3	and	T4	SCCA	when	staged	according	to	the	Arriaga	
system.	The	radiation	enhancing	effect	of	chemotherapy	
may	be	useful	in	reducing	the	tumor	burden	and	improv-
ing	control	of	the	surgical	margin.	Nakagawa	et	al.	have	
demonstrated	improved	survival	rates	for	T4	lesions	not	
involving	dura,	pyramidal	apex,	carotid	canal,	or	lymph	
nodes	that	are	as	good	as	those	in	patients	with	T3	lesions	
[25].	 The	 poor	 outcomes	 associated	 with	 the	 treatment	
of	advanced	temporal	bone	malignancy	mandate	further	
investigation	into	the	possible	role	of	chemotherapy	as	a	
treatment	modality.

Rehabilitation of Lower 
Cranial Nerve Deficits

The	size	and	 specific	 location	of	 temporal	bone	 tumors	
will	 determine	 the	 outcome	 of	 speech,	 voice,	 and	 swal-
lowing	function	of	the	patient.	Surgery	and	radiation	of	

Fig. 23.6:	Treatment-specific	survival	for	patients	with	carcino-
ma	extending	to	the	middle	ear.	TBR	Temporal	bone	resection
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these	tumors,	especially	when	they	involve	the	parapha-
ryngeal	space,	can	cause	damage	to	cranial	nerves	IX,	X,	
and	XII,	even	if	the	tumor	itself	has	not	directly	affected	
them.	These	cranial	nerves	provide	sensory	and	motor	in-
nervation	to	tongue,	pharynx,	and	larynx,	and	are	essen-
tial	 for	 airway	 protection	 during	 swallowing	 and	 intact	
speech	and	voice	production.	Therefore,	multiple	cranial	
nerve	injury	can	have	debilitating	effects	resulting	in	aspi-
ration,	dysphonia,	and	significantly	reduced	intelligibility	
of	 speech.	 This	 may	 necessitate	 extensive	 rehabilitation	
following	the	intervention.	The	involvement	of	a	speech	
and	language	pathologist	(SLP)	specialized	in	voice	and	
swallowing	function	both	preoperatively	and	postopera-
tively	will	contribute	to	achieving	a	comprehensive	reha-
bilitative	management	plan	for	the	patient.

Preoperative	evaluation	of	the	patient’s	voice,	speech,	
and	 swallowing	 functions	 may	 include	 both	 subjective	
and	 objective	 tests	 to	 determine	 the	 functional	 level	 of	
the	patient	pre-intervention.	The	objective	tests	of	swal-
lowing	may	include	modified	barium	swallow	test	(MBS)	
or	fiberoptic	endoscopic	evaluation	of	swallowing	(FEES)	
[16].	The	quality	of	the	patient’s	voice	and	its	resonance	
can	 be	 examined	 via	 perceptual,	 endoscopic,	 acoustic,	
and	aerodynamic	methods.	In	addition,	the	patient’s	cog-
nitive	status	and	support	systems	should	be	examined	to	
determine	his/her	capability	 to	carry	out	 the	rehabilita-
tive	intervention	for	the	expected	voice,	speech,	and	swal-
lowing	dysfunctions	which	will	follow	surgical	and	radia-
tion	treatment.

Postoperatively,	in	order	to	develop	an	effective	treat-
ment	plan,	a	thorough	assessment	of	speech,	swallowing,	
and	voice	structures	and	the	degree	of	their	dysfunction	
needs	to	be	reestablished.	Further,	the	impact	of	the	dys-
phonia,	dysphagia,	and	speech	problems	on	the	patient’s	
quality	 of	 life	 should	 be	 determined.	 Deficits	 involving	
one	 or	 more	 of	 cranial	 nerves	IX,	 X,	 and	 XII	 will	 have	
varying	effect	on	speech,	voice,	and	swallowing	mecha-
nism.	The	degree	of	the	impact	can	vary	from	mild	and	
short	term	to	long	term	and	debilitating	to	life	threaten-
ing	caused	by	aspiration	pneumonia	[6,	29,	30].

During	the	evaluation	of	voice,	close	attention	should	
be	 paid	 to	 the	 presence	 of	 hypernasality,	 weak	 voice,	
and	 the	 duration	 of	 voice.	 The	 hypernasality	 will	 indi-
cate	velopharyngeal	dysfunction	which	can	also	result	in	
nasal	 regurgitation	 of	 food	 during	 swallowing.	 A	 weak,	
breathy	voice	with	reduced	duration	can	indicate	 insuf-
ficient	glottic	closure	and	this	could	be	due	to	vocal	fold	
motion	impairment.	A	flexible	nasopharyngoscopic	and	
videostroboscopy	evaluation	can	establish	the	presence	of	
palatal,	 pharyngeal,	 and	 laryngeal	 insufficiencies	 result-

ing	 from	 cranial	 nerve	X	 involvement.	 The	 maximum	
phonation	time	(MPT)	can	also	give	information	regard-
ing	the	effectiveness	of	glottic	closure	during	phonation	
[13].	Management	of	voice	problems	might	include	sur-
gery	to	medialize	the	vocal	fold,	behavioral	voice	therapy,	
and	use	of	amplification	devices	[6].	Velopharyngeal	dys-
function	can	be	addressed	by	collaborative	work	between	
the	 SLP	 and	 the	 prosthodontist	 for	 the	 appropriateness	
and	best	fitting	of	a	palatal	prosthesis	for	the	patient,	and	
occasionally	 may	 involved	 surgical	 treatment	 including	
palatoplasty	or	palatopexy.

Cranial	nerve	IX,	X,	and	XII	deficits	can	have	an	over-
whelming	effect	on	oral	 and	pharyngeal	 stages	of	 swal-
lowing	 resulting	 in	 aspiration	 before,	 during,	 and	 after	
swallowing	[19].	The	extent	and	mechanism	of	these	defi-
cits	will	be	determined	best	by	using	one	or	more	of	the	
following	tests	administered	postoperatively;	the	clinical	
examination	(does	not	detect	the	silent	aspiration),	MBS,	
FEES,	and	flexible	endoscopic	evaluation	of	sensory	test-
ing	(FEESST)	[3].	The	SLP	will	determine	the	compensa-
tory,	behavioral	or	dietary	modification	strategies	during	
the	administration	of	the	test/s	in	order	to	determine	the	
safest	method	of	oral	intake	for	the	patient.	When	this	is	
not	possible	immediately	after	the	surgery,	an	alternative	
means	of	nutrition	and	hydration	via	nasogastric	or	gas-
trostomy	tube	placement	is	established	and	a	swallowing	
treatment	program	with	realistic	goals	is	established	for	
the	patient.	Jennings	et	al.	 found	that	in	the	acute	state,	
oropharyngeal	 dysfunction	 reduced	 laryngeal	 elevation	
and	pharyngeal	residue	resulted	in	aspiration	in	78%	of	
the	patients	who	underwent	skull	base	surgery	[12].	Oral	
intake	was	possible	 in	58%	of	 these	patients	 in	2	weeks	
with	 the	 help	 of	 compensatory	 swallow	 techniques	 and	
diet	modifications.

Cranial	 nerve	 XII	 deficiency	 could	 also	 result	 in	 re-
duction	in	rate	and	accuracy	of	 the	tongue	movements.	
This	could	lead	to	an	altered	speech	pattern	of	the	patient.	
Speech	 intelligibility	difficulties	occurring	 following	 the	
surgery	 can	 be	 addressed	 by	 intensive	 speech	 therapy	
focusing	 on	 tongue	 motion	 exercises	 and	 articulation	
therapy	[9].

Xerostomia	 is	 one	 of	 the	 most	 common	 acute	 and	
long-term	side	effects	of	the	radiation.	It	can	have	a	severe	
effect	on	the	quality	of	life	and	swallowing	skills	of	the	pa-
tients.	If	patients	are	capable	of	oral	intake	of	food,	during	
and	after	radiation,	they	often	complain	about	needing	to	
wash	 the	 food	down	with	water	while	 eating,	 food	get-
ting	stuck	in	the	mouth	and	throat,	and	alteration	in	taste	
[20].	 These	 problems	 can	 still	 be	 present	 many	 months	
after	 irradiation	 [15].	 Recommending	 dietary	 changes	
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can	alleviate	problems.	Mild	oral	antiseptic	and	antifun-
gal	mouth	washes	have	also	been	found	to	be	helpful	with	
these	symptoms	[15].	Patients	should	be	aware	of	the	im-
portance	of	good	oral	hygiene	in	order	to	prevent	further	
complications.

Rehabilitation	of	voice	and	swallowing	dysfunction	de-
mands	a	team	approach	for	the	best	outcome.	The	patient	
is	 part	 of	 the	 team	 and	 his/her	 needs	 and	 goals	 should	
guide	the	rehabilitation	efforts.	Preoperative	and	postop-
erative	evaluation	of	swallowing,	voice,	and	speech	func-
tion	will	 facilitate	 the	recognition	of	deficits	and	 timely	
initiation	of	 rehabilitation,	which	will	 lead	 to	 improved	
quality	of	life.

    Take Home Messages

→	 Advanced	 parotid	 neoplasms	 can	 invade	 the	
temporal	bone.

→	 Malignancies	involving	the	temporal	bone	can	be	
mistaken	for	infection.

→	 CT	and	MRI	are	complementary	and	indispens-
able	 during	 work-up	 of	 temporal	 bone	 malig-
nancy.

→	 The	 University	 of	 Pittsburgh	 staging	 system	 is	
reliable	 and	 effective	 for	 staging	 temporal	 bone	
malignancy.

→	 The	goal	of	surgery	should	be	a	tumor-free	mar-
gin.

→	 Reconstruction	 should	 provide	 soft	 tissue	 pro-
tection	against	radiation	therapy.

→	 Postoperative	radiation	therapy	provides	survival	
benefit	for	advanced	disease.

→	 The	sequelae	of	lower	cranial	nerve	lesions	can	be	
dire.

→	 Chemoradiation	 therapy	 shows	 promise	 as	 a	
neoadjuvant	therapy.
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    Core Features

•	 Implications	 of	 facial	 nerve	 damage	 on	 related	
central	and	peripheral	structures

•	 Time	schedule	for	facial	nerve	repair

•	 Decision	criteria	for	facial	nerve	reconstruction

•	 Importance	of	normal	function	of	the	trigeminal	
nerve	in	cases	of	hypoglossal-facial	reanimation	
(basic	 functional	 triad	between	Vth,	VIIth,	 and	
XIIth	cranial	nerves)

•	 Disadvantages	of	cross-face	anastomosis

		

General Aspects

Before	 going	 into	 detail	 of	 the	 different	 surgical	 tech-
niques	available,	it	is	necessary	to	outline	some	basic	facts	
that	should	be	considered.

Consequences of Facial Nerve Damage 
Leading to Axon Degeneration

The	facial	nerve	itself	 is	the	structure	to	be	operated	on	
and,	although	it	is	important,	it	is	a	relatively	simple	“con-
necting	cable”	between	the	central	nervous	system	(CNS)	
and	the	facial	mimic	musculature,	thus	being	only	a	small	
part	within	a	much	more	complex	system.	Not	only	the	
morphology	of	 the	nerve	but	also	the	vital	condition	of	
the	central	and	peripheral	structures	of	this	threefold	sys-
tem	have	to	be	taken	into	account,	especially	in	cases	of	
delayed	reconstruction.

As	 a	 consequence	 of	 any	 severe	 facial	 nerve	 damage	
leading	to	axon	degeneration,	this	degeneration	results:
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a)	 Centrally,	 in	retrograde	changes	 to	 the	motoneurons	
and	 their	 cellular	 environment	 [2,	 7–11,	 15,	 30,	 31]	
and

b)	Peripherally,	 in	 the	degeneration	of	muscle	fibres	 [6,	
12].

The	reversibility	or	irreversibility	of	these	degenerative	
processes	depends	on	the	time	that	has	elapsed	between	
nerve	injury	and	reinnervation	of	the	musculature.

Time Schedule for Facial Nerve Repair

Since	the	relationship	between	the	elapsed	time	and	the	
extent	of	these	retrograde	and	anterograde	morphological	
(and	as	a	consequence,	functional)	changes	differs	for	each	
species,	it	is	not	possible	to	draw	any	conclusions	relating	
to	human	beings	 from	animal	experiments.	Our	know-
ledge	is	therefore	limited	to	clinical	experience.	Based	on	
our	 considerable	 empirical	 experience,	 we	 would	 make	
the	 recommendations	 compiled	 in	 the	 table	 about	 the	
time	schedule	for	facial	nerve	repair	(Table	24.1).

However,	 for	 recovery	 of	 facial	 expression	 following	
partial	or	subtotal	resection	of	the	facial	nerve	and/or	the	
peripheral	 nerve	 plexus,	 an	 immediate	 surgical	 recon-
struction	 should	 be	 performed	 when	 at	 all	 possible	 for	
the	following	reasons:
1.	 The	 surgeon	 should	 be	 aware	 that	 facial	 expression,	

with	 its	 unique	 arbitrary	 and	 spontaneous	 nature,	
plays	an	extremely	important	role	in	the	social	life	of	
humans.	Thus	if	it	is	lost	or	distorted	this	can	have	pro-
found	psychological	consequences.

2.	 As	 already	 mentioned	 above,	 reconstructive	 nerve	
surgery	should	be	performed	as	a	one-stage	operation	
together	with	tumour	resection	or,	if	a	histomorpho-
logical	 analysis	 of	 the	 specimen	 is	 necessary,	 within	
10–14	days	at	most,	otherwise	the	rapid	development	
of	scar	tissue	may	jeopardise	the	success	of	this	deli-
cate	surgery.

3.	 The	general	health	of	the	patient	is	to	be	considered,	
since	 with	 a	 reduced	 tolerance	 to	 anesthesia,	 more	
complex	and	therefore	longer	procedures	must	be	re-
placed	with	simpler	methods.

4.	 The	 biological	 age	 of	 the	 patient	 plays	 a	 role	 in	 the	
choice	of	procedure.	With	advancing	age,	the	regener-
ation	strength	diminishes	in	nerve	tissue,	and	prefer-
ence	is	to	be	given	to	procedures	that	make	a	safe	and	
fast	 reinnervation	of	 the	paralysed	musculature	pos-
sible.	These	are	all	procedures	with	end-to-end	anas-
tomoses,	thus	avoiding	the	use	of	interposition	grafts.

5.	 The	same	decision	criteria	apply	 to	patients	who	are	
particularly	psychologically	unstable,	and	may	find	it	
more	difficult	to	live	with	a	failed	procedure	than	more	
stable	or	indifferent	individuals.

6.	 The	length	of	the	interposition	graft	has	a	substantial	
influence	 on	 the	 final	 functional	 result	 after	 recon-
struction.	In	principle,	the	rule	can	be	applied	that	the	
longer	the	graft,	the	worse	the	final	outcome	will	be,	
particularly	when	the	graft	is	longer	than	4–5	cm.	The	
main	reason	for	this	is	that	the	axons	need	more	time	
to	penetrate	the	endoneural	 tubes,	while	at	 the	same	
time,	 degeneration	 of	 the	 Schwann	 cells	 and	 fibrosis	
occurs.	In	particular	the	penetration	of	the	distal	anas-
tomosis	will	be	handicapped	through	meanwhile	de-
velopment	of	scar	tissue.

Fundamental Questions Prior 
to Nerve Surgery

In	 cases	 of	 delayed	 nerve	 reconstruction,	 the	 following	
questions	should	be	addressed	before	planning	 the	sur-
gery.

Peripheral Nervous System 
(Facial Nerve and Plexus)

a)	 To	what	extent	has	the	nerve	plexus	been	resected?	In	
other	words,	 is	 there	 still	 enough	nerve	 tissue	of	 the	
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Table 24.1.	Time	schedule	for	facial	nerve	repair

Duration of paralysis 
(yearsa)

Functional recovery 
of facial musculature

0–1 Absolutely	certain

1–2 Expected,	therefore		
recommendable

2–3 Probable,	with	delay	and	
decrease	in	function

3–5 Increasingly	questionable,	
patient	must	be	notified

5+ Improbable,	therefore	not	
to	be	recommended

a	Time	interval	between	onset	of	denervation	and	probable	rein-
nervation



main	 branches	 in	 situ	 to	 perform	 successful	 anasto-
moses?

b)	How	realistic	are	the	chances	of	identifying	and	isolat-
ing	the	branches	within	the	scar	tissue	from	the	injury	
or	the	previous	operation?

c)	 Is	 there	 enough	 suitable	 nerve	 material	 available	 for	
free	nerve	transplantation?

d)	If	the	hypoglossal	nerve	is	to	be	used	for	anastomosis,	
are	the	XIIth	and	also	the	Vth	cranial	nerves	intact	in	
their	extracranial	course?	(In	this	context	see	explana-
tion	below	under	“Central	Nervous	System”.)

e)	 In	 cases	 of	 tumour	 resection,	 is	 the	 remaining	 facial	
nerve	tissue	free	from	tumour	infiltration?

Central Nervous System

a)	 What	is	the	general	condition	of	the	brain?	I.e.,	is	the	
patient	 intellectually	 or	 emotionally	 limited	 by	 cere-
brosclerosis	or	other	diseases	of	the	CNS?

b)	 Is	the	trigeminal	nerve	as	well	as	the	hypoglossal	nerve	
functioning	normally?	If	the	hypoglossal	nerve	is	to	be	
used	as	a	donor	graft	for	facial	nerve	reconstruction,	it	
is	important	to	take	into	consideration	that	there	is	a	
functional	relationship,	based	on	tight	neuroanatomi-
cal	 connections,	 between	 the	 cranial	 nerves	 V,	 VII,	
and	 XII.	 The	 function	 of	 both	 motor	 nerves	 (N	VII,	
N	XII)	 depends	 on	 the	 common	 afferent	 input	 from	
the	 trigeminal	 nerve.	 The	 hypoglossal-facial	 nerve	
anastomosis	only	leads	to	good	results	if	this	triad	is	
intact	as	a	whole	[13,	23].

Musculature

a)	 Is	it	still	vital	enough	to	regain	its	contractibility?	(See	
also	Table	24.1)

b)	 Is	it	free	from	tumour	infiltration?
c)	 Is	it	free	from	infection?

Methods for Reconstruction 
of the Extratemporal Facial Nerve Plexus

Due	 to	 longstanding	 clinical	 experience	 the	 following	
methods	 for	 reconstruction	 of	 the	 extratemporal	 facial	
nerve	plexus	are	recommended	[27]:
1.	 End-to-end	anastomosis
2.	 Free	nerve	transplantation	(interposition	graft)

3.	 Hypoglossal-facial	anastomosis	(HFA)	as	end-to-end	
anastomosis

4.	 Hypoglossal-facialis	 jump	 anastomosis	 (HFJA)	 as	 an	
end-to-side	anastomosis

5.	 Combined	 approach	 (facio-facial	 anastomosis	 com-
bined	with	HFA)

In	comparison	to	the	overall	excellent	functional	out-
come	of	the	abovementioned	techniques	that	allow	a	suf-
ficient	reanimation	of	the	mimetic	musculature	in	nearly	
all	cases,	the	cross-face	anastomosis	has	several	disadvan-
tages	leading	to	only	suboptimal	or	bad	results:

The	need	to	harvest	the	sural	nerve	is	time	consuming	
and	 leads	 to	 decreased	 sensation	 at	 its	 innervation	
area.
The	implantation	of	two	to	three	transplants	across	the	
face	are	again	time	consuming	and	bothersome	to	the	
patient.
The	anastomosis	with	facial	nerve	branches	of	the	op-
posite	side	destroys	healthy	structures.
The	long	transplants	need	much	more	time	for	rein-
nervation.
Long	 transplants	 always	 result	 in	 a	 worse	 outcome	
compared	to	short	grafts	and	especially	to	end-to-end	
anastomoses.

Therefore	we	have	not	used	this	technique	for	the	last	
three	decades.

    Take Home Messages

→	 For	 careful	 indicated	 nerve	 reconstruction,	 not	
only	the	nerve	itself	but	also	the	vital	conditions	
of	the	CNS	and	the	paralysed	muscles	have	to	be	
taken	into	account,	especially	in	cases	of	delayed	
reconstruction.

→	 Reconstruction	beyond	a	5-year	interval	between	
onset	of	denervation	and	expected	reinnervation	
seems	not	recommended.

→	 Reconstructive	nerve	surgery	must	be	performed	
as	soon	as	possible,	either	as	a	one-stage	opera-
tion	together	with	tumour	resection	or,	if	a	his-
tomorphological	analysis	of	the	specimen	is	nec-
essary,	within	10–14	days	at	most	because	of	the	
rapid	development	of	scar	tissue.

	 	

�
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    Take Home Messages

→	 Good	 results	 of	 hypoglossal-facial	 reanimation	
depend	 on	 normal	 function	 of	 the	 trigeminal	
nerve.

→	 Cross-face	anastomosis	has	several	disadvantages.

	 	

End-to-end Anastomosis

    Core Features

•	 Recommendation	 for	 how	 to	 get	 a	 tension-free	
anastomosis

•	 Recommendation	 for	 correct	 “trimming”	 of	
nerve	endings

•	 Critical	remarks	on	fascicular	sutures

		

In	 the	majority	of	 cases,	 a	 “clean-up”	of	 the	nerve	 is	
unavoidable,	 which	 requires	 a	 shortening	 of	 the	 nerve	
endings.	Lack	of	tension	in	the	anastomosis	is	an	impor-
tant	prerequisite	for	a	good,	functioning	result,	and	a	ten-
sion-free	suture	can	only	be	achieved	after	mobilisation	
of	the	central	and	peripheral	nerve	stumps.

According	to	our	experience,	the	possibilities	for	such	
a	mobilisation	are	limited,	and	the	following	procedure	is	
therefore	recommended	to	relieve	tension	from	the	anas-
tomosis.	Before	performing	the	nerve	suture,	insert	a	su-
ture	of	strength	7-0	or	8-0	through	the	epineurium	of	one	
or	both	of	the	nerve	stumps	a	few	millimetres	from	the	
anastomosis	to	the	right	and	left,	and	pull	these	sutures	
with	moderated	pressure	towards	the	anastomosis,	secur-
ing	it	in	the	underlying	base	of	the	incision.	(Such	a	pro-
cedure	is	naturally	only	possible	when	the	nerve	branches	
are	of	sufficient	size.)

Regarding	the	suture	technique	for	end-to-end	anasto-
moses,	there	are	two	false	statements	that	are	frequently	
found	in	the	literature,	supported	by	unrealistic	diagrams	

[4].	 First,	 according	 to	 these	 opinions,	 the	 epineurium	
should	be	trimmed	back	at	the	ends	of	the	fascicles.	Al-
though	the	epineurial	sheath	is	moveable	to	a	certain	ex-
tent,	suture	of	the	epineurium	of	both	nerve	endings	leads	
to	an	additional	shortening	of	this	surrounding	structure.	
This	can	easily	lead	to	an	intrafascicular	rejection	of	the	
fascicle	endings,	which	in	turn	leads	to	a	correct	adapta-
tion	of	the	fascicles	being	prevented.	The	resultant	“bulg-
ing”	of	the	fascicles	within	the	anastomosis	can	often	be	
felt	against	the	bordering	nerve	section	through	soft	pal-
pation	 with	 microinstruments	 alone.	 Conversely,	 suture	
of	epineuria	that	overlap	the	ends	of	the	fascicles	leads	to	
an	 intraneural	 separation,	creating	an	“empty	space”.	As	
a	consequence	it	is	recommended	that	the	nerve	endings	
be	“cleaned	up”	by	one	sharp	section	through	the	entire	
nerve.

Second,	 claims	 that	 a	 fascicular	 suture	 can	 be	 per-
formed	for	facial	nerve	surgery	are	particularly	unrealis-
tic.	This	is	impossible	for	three	reasons:
1.	 In	contrast	to	peripheral	nerves,	which	consist	of	indi-

vidual	fascicles	well	separated	from	each	other	by	the	
perineurium	(polyfascicular	form),	cranial	nerves	do	
not	show	any	clear	individual	fascicles	(monofascicu-
lar	form).

2.	 The	consistency	of	the	alleged	fascicles	is	so	soft	that	
they	would	tear	while	trying	the	knot	on	even	the	most	
gentle	of	sutures.

3.	 The	suture	material	used	for	such	a	technique	would	
shift	inward,	where	it	would	be	perceived	as	a	foreign	
body	and	interfere	with	the	healing	process	by	induc-
ing	granulation	tissue.

    Take Home Messages

→	 Tension-free	 anastomosis	 is	 essential	 for	 good	
functional	outcome.

→	 Nerve	endings	should	simply	be	trimmed	by	one	
sharp	section	through	the	whole	nerve	or	nerve	
branch.

→	 Fascicular	 sutures	 are	 impossible	 to	 perform	 in	
cranial	nerves.
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Free Nerve Transplantation 
(Interposition Graft)

    Core Features

•	 The	 tree-like	 branching	 out	 of	 the	 facial	 plexus	
leads	at	the	same	time	to	numerical	and	size	dis-
crepancies	 between	 its	 central	 and	 peripheral	
parts

•	 Advantage	of	greater	auricular	nerve	and	disad-
vantage	of	sural	nerve	as	donor	grafts

•	 Description	of	a	reliable	technique	for	overcom-
ing	the	numerical	and	size	discrepancies

		

In	the	context	of	surgery	of	the	parotid	gland	(and	here	
principally	 as	 a	 consequence	 of	 resection	 of	 malignant	
tumours),	nerve	defects	arise	 in	 the	region	of	 the	 facial	
nerve	plexus	(pes	anserinus).	This	has	a	tree-like	branch-
ing	out	which	 is	unique	 in	 the	entire	human	organism.	
The	most	significant	problem	to	deal	with	when	attempt-
ing	to	overcome	material	loss	of	the	pes	anserinus	comes	
from	this	tree-like	branching	out.	This	causes	two	prob-
lems	when	trying	to	overcome	severe	material	defects	in	
the	central	region	of	the	nerve	plexus	(Fig.	24.1):
1.	 Due	 to	 the	 tree-like	 branching	 out,	 there	 are	 only	 a	

few	 (or	 one)	 central	 nerve	 stump(s)	 compared	 with	
numerous	 peripheral	 endings,	 causing	 a	 numerical	
discrepancy.

2.	 At	 the	 same	 time,	 the	 central	 nerve	 stumps	 have	 a	
larger	 diameter	 than	 the	 very	 thin	 peripheral	 nerve	
endings,	causing	a	size	discrepancy.

The	 extraction	 of	 a	 single	 graft	 that	 imitates	 this	 di-
vision	satisfactorily	is	only	possible	in	exceptional	cases,	
and	one	must	therefore	almost	always	opt	for	several	in-
dividual	grafts.	Usually	nerve	transplants	cannot	imitate	
the	tree-like	branching	out	of	the	facial	fan.

The	common	donor	graft	is	the	greater	auricular	nerve,	
which	has	two	advantages:
1.	 It	is	easy	to	extract	because	it	is	already	within	the	area	

being	operated	upon	for	the	parotid	gland	surgery.
2.	 Like	 the	 facial	 nerve	 and	 its	 plexus	 branches,	 it	 is	

monofascicular.

We	recommend	that	the	greater	auricular	nerve	be	fol-
lowed	as	far	as	possible	into	the	parotid	gland	at	the	start	
of	the	parotidectomy,	because	there	is	occasionally	a	suit-
able	branching	in	the	posterior	pole	of	the	parotid.

As	a	further	possible	donor,	the	sural	nerve	is	usually	
considered,	which	has	two	considerable	disadvantages:

1.	 Its	extraction	is	very	costly.
2.	 The	 bifurcations	 of	 its	 nerve	 branches	 are	 very	 far	

apart.

Overcoming the Discrepancy in Number 
and Size by Using Interposition Graft(s)

We	 have	 had	 excellent	 functional	 results	 in	 many	 cases	
using	the	following	techniques	[25,	27].

Fig. 24.1:	Two	main	problems	for	reconstruction	
of	central	parts	of	the	facial	nerve	plexus	with	
interposition	graft(s):	numerical	discrepancy	and	
discrepancy	in	size	between	central	and	peripheral	
nerve	endings
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Interventions at the Peripheral Nerve Branches

The	 ends	 of	 the	 nerve	 in	 the	 region	 of	 the	 peripheral	
resection	are	mobilised	sufficiently	 that	each	of	 the	 two	
neighbouring	 nerve	 branches	 can	 be	 positioned	 with	
their	proximal	ends	about	5	mm	alongside	each	other.	If	
possible,	the	epineuria	at	the	contact	edges	are	dissected	
and,	 finally,	 the	 edges	 are	 bound	 together	 with	 a	 10-0	
suture.	 In	 this	way,	a	new	nerve	branch	 is	created	 from	
two	 peripheral	 nerve	 branches,	 now	 consisting	 of	 two	
fascicles.	This	allows	the	number	of	peripheral	branches	
to	be	halved,	while	at	the	same	time	doubling	their	size,	
resulting	in	the	defect	being	more	easily	repairable	with	
a	graft	(Fig.	24.2).

This	 technique	 can	 be	 taken	 further	 when	 required,	
using,	 for	 example,	 three	 or	 four	 neighbouring	 nerve	
branches	to	make	a	new	large	nerve	branch.

Interventions with the Graft

When	a	suitable	graft	is	chosen,	 its	peripheral	ends	can	
also	be	split	into	individual	fascicles,	which	has	a	branch-
ing	effect	in	addition	to	the	interventions	taken	at	the	pe-
ripheral	nerve	endings	(so-called	diversification).

The	combination	of	both	methods	results	in	the	most	
suitable	synergistic	double-effect:	the	reduction	of	num-
ber	and	increase	in	size	of	the	peripheral	nerve	structures	
and	the	increase	in	number	and	reduction	of	size	of	the	
central	nerve	structures.

    Take Home Messages

→	 Effective	 overcoming	 of	 the	 numerical	 and	 size	
discrepancies	 between	 central	 and	 peripheral	
parts	of	the	tree-like	branching	out	of	the	facial	
nerve	plexus	can	be	reached	twice:

1.	 In	 the	 periphery	 by	 unifying	 neighbouring	
nerve	 branches	 to	 one	 new	 branch,	 thus	 de-
creasing	 their	 number	 and	 increasing	 their	
size;	and

2.	 Centrally	by	splitting	suitable	grafts	into	indi-
vidual	fascicles,	thus	increasing	their	number	
and	decreasing	their	size.

	 	

Hypoglossal-Facial Nerve 
Anastomosis (HFA)

    Core Features

•	 Critical	comments	on	postulated	disadvantages

•	 Outline	of	possible	functional	results

•	 Importance	of	an	adequate	mimic	training	in	or-
der	to	take	advantage	of	brain	plasticity

		

Fig. 24.2:	Technique	for	reduction	in	number	and	
increase	in	size.	After	mobilisation	and	adaptation	
of	amputated	nerve	endings,	the	epineurium	at	the	
site	of	contact	is	resected,	the	edges	are	bound	to-
gether	with	a	10-0	suture	and	thereby	the	numbers	
of	peripheral	branches	are	halved,	while	at	the	same	
time	doubled	in	their	size
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Dr.	W.	Körte,	who	was	at	that	time	head	of	the	ENT	
department	at	the	Charité	in	Berlin,	performed	this	anas-
tomosis	 in	1901	 for	 the	very	first	 time	 in	humans.	Two	
years	 later,	 Körte	 reported	 unexpectedly	 good	 results	
from	this	operation.	After	Bernhard,	a	neurologist,	had	
critically	 observed	 and	 documented	 the	 patient’s	 post-
operative	 course,	 Körte	 noted:	 “It	 is	 a	 most	 remarkable	
physiological	fact	that	ganglion	cells	of	the	hypoglossal	or	
the	accessory	nerve	nucleus	can	acquire	under	voluntary	
influence	 the	 ability	 to	 induce	 contractions	 of	 muscles	
originally	innervated	from	other	nerve	centres.	We	can-
not	yet	decide	whether	there	are	connections	between	the	
two	areas	of	nerve	ganglia,	or	whether	by	willpower	the	
nerve	center	can	adapt	or	become	accustomed	to	stimu-
lating	a	newly	acquired	muscle	system”	[14].

In	 the	past,	our	study	group,	consisting	of	otorhino-
laryngologists	 and	neuroanatomists,	has	done	extensive	
clinical	 and	 experimental	 research	 on	 the	 central	 ner-
vous	 connections	 between	 these	 two	 cranial	 nerves.	 It	
could	be	demonstrated	that	there	are	multiple	preformed	
	correlations	which	gave	answers	to	Körte’s	question	and	
can	 explain	 the	 excellent	 results	 of	 this	 anastomosis	
[19–22,	26].

Hypoglossal-facial	nerve	anastomosis	was	often	criti-
cised	 and	 rejected,	 because	 of	 the	 following	 postulated	
disadvantages:
1.	 Hemiparesis	 of	 the	 tongue	 leads	 to	 problems	 when	

talking	and	eating.
2.	 Facial	movements	are	only	possible	through	deliberate	

movements	of	the	tongue.
3.	 These	deliberate	movements	of	the	tongue	lead	to	un-

controlled	grimacing.
4.	 Spontaneous	 emotional	 expression	 will	 never	 be	 re-

gained.

These	 criticisms	 are	 by	 no	 means	 justified.	 To	 begin	
with,	 it	 must	 be	 stated	 that	 the	 HFA	 is	 technically	 easy	
to	perform;	success	is	assured;	and	it	leads	to	a	rapid	re-
innervation	 of	 the	 paralytic	 musculature	 because	 of	 its	
peripheral	localisation.	With	respect	to	the	possible	func-
tional	results,	experience	has	shown	that:
1.	 The	partial	atrophy	of	the	tongue,	which	varies	in	de-

gree	but	is	always	restricted	to	the	lateral	aspect	of	the	
involved	 side,	 does	 not	 lead	 to	 substantial	 problems	
with	talking	and	eating.

2.	 Intended	movements	of	facial	musculature	become	in-
dependent	from	deliberate	movements	of	the	tongue.

3.	 Separate	activation	of	different	facial	muscle	groups	can	
be	gained,	e.g.	selective	innervation	can	be	achieved.

4.	 Limited	 emotional	 facial	 expression	 is	 possible	 (e.g.	
spontaneous	smile).

The	 quality	 of	 these	 possible	 functional	 results	 de-
pends	on:
1.	 The	 intensity	and	duration	of	 facial	 expression	reha-

bilitation	by	an	adequate	mimetic	training	program	in	
order	to	take	advantage	of	brain	plasticity	[1,	3,	5]

2.	 The	vitality	of	brain	function
3.	 The	duration	of	denervation	(atrophy	of	facial	muscu-

lature	and	retrograde	changes	in	the	CNS)
4.	 The	surgical	quality	of	the	anastomosis

    Take Home Messages

→	 Criticisms	are	by	no	means	justified.

→	 Excellent	 results	 are	 based	 on	 preformed	 ana-
tomical	connection	between	both	cranial	nerves	
on	all	levels	of	the	CNS.

→	 The	 quality	 of	 the	 final	 functional	 outcome	 de-
pends	very	much	on	the	duration	and	quality	of	
a	postoperative	mimic	 training	 in	order	 to	 take	
advantage	of	brain	plasticity.

	 	

Hypoglossal-Facial Nerve Anastomosis 
as End-to-end Anastomosis

    Core Feature

•	 Indications

		

The	classic	HFA	as	end-to-end	anastomosis	between	
the	 two	cranial	nerves	 is	restricted	to	 the	 following	few	
situations	in	parotid	surgery:

Early	tumour	infiltration	into	the	nerve	stem	followed	
by	 growth	 (spreading)	 proximally	 into	 the	 mastoid	
is	 observed,	 especially	 in	 adenoid	 cystic	 carcinomas,	
which	develop	deep	in	the	parotid	gland.	A	free	trans-
plant	is	required	for	the	reconstruction	of	the	dissected	

�
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nerve	section.	Since	the	wallerian	degeneration	caused	
by	either	the	tumour	or	the	surgery	extends	to	the	mo-
tor	end	plates,	 reanimation	of	 the	 facial	musculature	
can	take	many	months.
In	 such	 cases,	 a	 direct	 HFA	 as	 an	 end-to-end	 anas-
tomosis	can	be	 indicated,	particularly	 for	older	pati-
ents	with	a	tendency	for	rapid	drooping	of	the	facial	
musculature.	This	is	because	the	direct	anastomosis	is	
relatively	more	peripheral,	leading	to	a	much	quicker	
reinnervation	 and	 thus	 to	 a	 more	 rapid	 recovery	 of	
muscle	tone.
A	 direct	 HFA	 is	 indicated	 in	 the	 same	 way	 in	 cases	
where	 an	 attempt	 at	 rehabilitation	 using	 a	 free	 graft	
has	failed.

    Take Home Messages

→	 HFA	 as	 an	 end-to-end	 anastomosis	 has	 advan-
tages:	

1.	 It	is	technically	easy	to	perform	and	therefore	
is	not	time	consuming;

2.	 It	is	an	end-to-end	anastomosis	and	therefore	
a	safe	procedure;	and

3.	 The	 anastomosis	 lies	 relatively	 far	 peripher-
ally,	 thus	 leading	 to	 an	 early	 reinnervation	
(3–4	months).

→	 HFA	 as	 an	 end-to-end	 anastomosis	 is	 therefore	
particularly	indicated:

a.	 For	 older	 patients	 with	 a	 tendency	 for	 rapid	
drooping	of	the	facial	musculature;

b.	 In	cases	where	an	attempt	at	rehabilitation	us-
ing	a	free	graft	has	failed;	and

c.	 In	cases	in	which	an	early	postoperative	radia-
tion	is	mandatory.

	 	

�
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Hypoglossal-Facial Nerve Anastomosis 
with “Jump” Anastomosis (HFJA)

    Core Features

•	 Description	and	illustration	of	the	surgical	tech-
nique

•	 Special	indications

		

This	is	a	very	valuable	alternative	to	the	classic	HFA.	
Figure	24.3	illustrates	the	procedure.	This	technique	was	
popularised	by	 M.	 May	 [18].	 However,	 it	 is	 worthwhile	
to	note	that	the	first	HFA	performed	by	W.	Körte	in	1901	
was	also	an	end-to-side	anastomosis	[14].

The	hypoglossal	nerve	is	exposed	in	the	retromandi-
bular	fossa	and	a	diagonal	incision	made	into	its	ventral	
circumference,	half	way	through	the	axons	and	through	
the	 epineurium,	 leaving	 an	 open	 V-shaped	 wound.	 A	
graft	(usually	from	the	greater	auricular	nerve)	 is	 then	
sutured	into	this	V-shaped	incision	so	that	its	ends	anas-
tomose	with	the	proximal	stumps	of	the	dissected	axons	
of	the	hypoglossal	nerve.	Finally,	the	peripheral	end	of	
the	 graft	 can	 be	 sutured	 with	 the	 facial	 nerve	 stem	 as	
well	as	with	each	branch	of	its	plexus.	In	the	plexus	re-
gion,	 for	overcoming	discrepancy	 in	number	and	size,	
the	 same	 techniques	 can	 be	 used	 as	 those	 described	
above.

In	comparison	to	direct	anastomosis	between	the	two	
nerve	trunks,	this	technique	is	more	time	consuming	and	
delicate	to	perform	because	of	the	additional	need	of	har-
vesting	 and	 interposing	 a	 free	 nerve	 graft.	 However,	 in	
the	hands	of	a	well-trained	microsurgeon	this	technique	
is	also	a	safe	method	 leading	to	excellent	 functional	re-
sults	[16,	17].	Since	the	functional	deficits	of	the	tongue	
are	negligible,	 the	method	 is	especially	 indicated	 for	all	
patients	with	speech	occupation	and	for	rehabilitation	of	
irreversible	 facial	palsy	after	 the	 removal	of	an	acoustic	
neurinoma,	which	might	be	 the	first	manifestation	of	a	
Morbus	 Recklinghausen	 (type	II)	disease	 and	 then	 may	
later	also	develop	on	the	contralateral	side!!!
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    Take Home Messages

→	 The	indirect	HFA	with	interposition	graft	is	a	safe	
method	leading	to	excellent	functional	results.

→	 The	method	is	especially	indicated:

a.	 For	all	patients	with	speech	occupation;	and

b.	 For	 rehabilitation	 of	 irreversible	 facial	 palsy	
after	 the	 removal	 of	 an	 acoustic	 neurinoma,	
which	 might	 be	 the	 first	 manifestation	 of	 a	
Morbus	 Recklinghausen	 (type	II)	 disease,	
which	later	may	also	develop	on	the	contralat-
eral	side!!!

	 	

Extended Hypoglossal-Facial 
Nerve Anastomosis

    Core Features

•	 Discussion	of	indications

•	 Description	and	illustration	of	the	surgical	tech-
nique

		

This	 is	 the	method	of	choice	for	all	 tumours	that	re-
quire	extensive	 resection	of	 the	 facial	plexus,	which	are	
in	general	malignant.	It	has	recently	been	recognised	that	
malignant	tumours	of	the	parotid	gland	show	a	high	ten-
dency	towards	lymphogenous	metastasis,	and	as	with	all	
other	 malignant	 tumours	 of	 the	 head	 and	 neck	 region,	
simultaneous	neck	dissection	is	indicated	[28].

For	reconstruction	of	a	facial	plexus	that	has	been	ex-
tensively	dissected	peripherally,	HFA	offers	an	ideal	solu-
tion	to	many	of	 the	problems	described	above,	while	at	
the	same	time	having	considerable	advantages:
1)	 The	 hypoglossal	nerve	 is	 already	exposed	within	 the	

region	being	operated	upon	for	surgery	of	malignant	
tumours,	especially	when	combined	with	a	neck	dis-
section,	meaning	that	the	preparation	of	a	nerve	trans-
plant	 from	 another	 region	 of	 the	 body	 is	 not	 neces-
sary.

2)	 The	following	recommendations	are	made	for	prepa-
ration	of	the	hypoglossal	nerve:
a)	 Initially	it	is	exposed	to	its	entrance	into	the	mus-

culature	of	the	floor	of	the	mouth,	until	its	arbori-
sation	 into	 peripheral	 branches	 can	 be	 identified.	
Beyond	this	arborisation	the	nerve	is	dissected.

b)	With	 sufficient	 magnification	 under	 the	 micros-
cope,	 the	 stumps	 of	 the	 peripheral	 branches	 can	
now	 be	 isolated	 retrograde	 from	 the	 connective	
tissue,	and	if	necessary	followed	as	single	fascicles	
further	into	the	main	stem.

c)	 This	 is	 followed	 by	 step-by-step	 retrograde	 mobi-
lisation	of	the	hypoglossal	nerve	(main	trunk)	to-
wards	the	skull	base.	In	the	meantime,	it	is	possible	
to	 check	 at	 which	 point	 the	 resected	 ends	 of	 the	

Fig. 24.3:	Technique	of	a	“hypoglossal-facial	jump	
anastomosis”.	The	hypoglossal	nerve	is	exposed	in	
the	retromandibular	fossa	and	a	diagonal	incision	
is	made	into	half	of	its	ventral	circumference.	The	
distal	end	of	the	interposed	nerve	transplant	has	
to	be	directed	towards	the	proximal	stumps	of	the	
dissected	axons	of	the	hypoglossal	nerve
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transpositioned	hypoglossal	nerve	reach	the	facial	
plexus	nerve	stumps	without	tension.

d)	Separation	of	 the	ansa	hypoglossi	 is	 also	necessa-
ry	when	mobilising	the	hypoglossal	nerve	to	over-
come	 expansive	 defects.	 The	 ansa	 should	 also	 be	
separated	as	far	peripherally	as	possible	to	be	used	
as	a	further	anastomosis.

3)	 After	such	an	extensive	mobilisation,	it	 is	possible	to	
twist	the	hypoglossal	nerve	ventrocranially	to	such	an	
extent	that	even	nerve	endings	of	extremely	peripher-
ally	located	facial	branches	can	be	reached.

4)	 This	allows	a	multiple	 tension-free	 end-to-end	anas-
tomosis	 to	 be	 made,	 and	 guarantees	 instant	 axonal	
growth	through	the	anastomosis	(Fig.	24.4).

5)	 Because	 the	 anastomoses	 are	 far	 peripheral,	 there	 is	
rapid	 reinnervation	 of	 the	 musculature.	 This	 is	 par-
ticularly	 important	 for	 malignant	 tumours	 with	 the	
necessity	of	additional	radiotherapy.

6)	 This	method	is	much	less	time-consuming	than	the	re-
moval	and	transplantation	of	many	individual	grafts,	
and	 is	 therefore	 less	 of	 a	 strain	 on	 both	 patient	 and	
surgeon.

7)	 If	necessary,	 this	method	can	also	be	combined	with	
the	 procedure	 described	 above	 to	 overcome	 the	 dis-
crepancy	 between	 central	 and	 peripheral	 nerve	
stumps	regarding	their	number	and	size	by	combining	
the	stumps	of	the	facialis	branches	that	remain	in	situ	
(Fig.	24.4).

8)	 Because	 longer	 free	nerve	grafts	are	avoided	and	 the	
end-to-end	anastomosis	 is	 far	peripheral,	postopera-
tive	radiotherapy	has	no	negative	effect	on	the	 func-
tional	result.

All	abovementioned	points	are	of	particular	advantage	
especially	for	older	patients.	Experience	has	shown	that,	
as	a	rule,	after	4	months	the	facial	muscle	tone	is	already	
more	balanced	in	a	relaxed	state,	and	within	the	following	
2	months	 the	 motor	 function	 for	 intended	 movements	
becomes	rapidly	 stronger.	This	should	 then	be	 followed	
by	about	2	years	of	a	mimetic	training.

    Take Home Messages

→	 It	 is	 the	method	of	 choice	 for	all	malignant	 tu-
mours	 that	 require	 extensive	 resection	 of	 the	
facial	 plexus,	 especially	 when	 combined	 with	 a	
neck	dissection.

		

    Take Home Messages

→	 It	allows	multiple	tension-free	end-to-end	anas-
tomosis	to	be	made,	and	guarantees	instant	axo-
nal	growth	through	the	anastomoses.

→	 Because	 the	 anastomoses	 are	 far	 peripheral,	
there	is	rapid	reinnervation	of	the	musculature.	
This	 is	 particularly	 important	 for	 malignant	
tumours	with	the	necessity	of	additional	radio-
therapy.

→	 Preparation	 of	 nerve	 transplants	 from	 other	
bodily	 regions	 are	 not	 necessary,	 which	 makes	
the	method	much	less	time	consuming	than	the	
removal	and	transplantation	of	several	individual	
grafts,	and	is	therefore	less	of	a	strain	on	both	pa-
tient	and	surgeon.

→	 If	necessary,	 this	method	can	also	be	combined	
with	the	procedure	described	above	to	overcome	
the	discrepancy	between	central	and	peripheral	
nerve	stumps	regarding	their	number	and	size.

	 	

Combined Approach (= Diversification 
Technique = Facio-Facial Anastomosis 
Combined with Hypoglossal-Facial 
Nerve Anastomosis)

    Core Features

•	 Hint	to	the	functional	anatomy	of	the	facial	mus-
culature

•	 Description	and	illustration	of	method

		

This	 reconstruction	 method	 is	 also	 to	 be	 considered	
for	patients	with	total	 loss	of	facial	expression,	but	only	
when	the	resection	defect	is	restricted	to	the	central	por-
tion	of	the	pes	anserinus	(facial	plexus),	i.e.	nerve	trunk,	
bifurcation,	temporofacial	and	cervicofacial	main	branch	
and	immediately	adjacent	sections	of	branches	extending	
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from	this	region.	The	method	pays	particular	attention	to	
the	functional	anatomy	of	the	facial	musculature,	which	
consists	of	an	ocular	and	oral	sphincter	system	[24,	29].	
Experience	with	the	HFA	has	shown	that	good	functional	
rehabilitation	 of	 the	 musculature	 of	 the	 oral	 sphincter	
system	can	be	achieved	using	the	hypoglossal	nerve.	For	
this	 reason,	 nerve	 branches	 that	 innervate	 the	 perioral	
musculature	are	supplied	either	directly	or	with	a	 jump	
anastomosis	by	the	hypoglossal	nerve.

To	 innervate	 the	 musculature	 of	 the	 ocular	 sphinc-
ter	system,	a	facio-facial	anastomosis	between	the	nerve	
trunk	and	the	cranial	nerve	branches	is	made	using	a	free	
nerve	transplant.	In	this	way,	the	motor	neurons	(reflex	
fibres)	that	are	responsible	for	the	blink	reflex	will	have	a	
chance	for	a	more	targeted	reinnervation	of	the	orbicu-
laris	oculi	muscle.	Here	also,	the	method	described	above	
for	overcoming	discrepancy	 in	number	and	size	can	be	
applied	for	the	peripheral	anastomoses.	Using	both	cra-
nial	nerves	at	the	same	time	leads	to	a	physiologically	“di-
versified”	 innervation	 of	 both	 independently	 operating	
sphincter	 systems.	 This	 leads	 to	 a	 significant	 reduction	
in	synkineses	and	especially	in	the	so-called	mass	move-
ments	[29]	(Fig.	24.5).

    Take Home Messages

→	 This	combined	approach	leads	to	excellent	results	
in	 cases	 where	 the	 resection	 defect	 is	 restricted	
to	the	central	portion	of	the	pes	anserinus	(facial	
plexus).

→	 The	 method	 pays	 particular	 attention	 to	 the	
functional	 anatomy	 of	 the	 facial	 musculature,	
which	consists	of	an	ocular	and	an	oral	sphincter	
system.

→	 Good	 functional	 rehabilitation	 of	 the	 muscula-
ture	of	the	oral	sphincter	system	is	achieved	us-
ing	the	hypoglossal	nerve.

→	 To	innervate	the	musculature	of	the	ocular	sphinc-
ter	 system,	 a	 facio-facial	 anastomosis	 between	
the	nerve	 trunk	and	the	cranial	nerve	branches	
is	made	using	a	free	nerve	transplant.	In	this	way,	
the	motor	neurons	(reflex	fibres)	that	are	respon-
sible	 for	 the	 blink	 reflex	 will	 have	 a	 chance	 for	
a	more	targeted	reinnervation	of	the	orbicularis	
oculi	muscle.

	 	

Fig. 24.4:	Extended	HFA	for	reconstruction	
of	the	facial	plexus.	a	The	situs	shows	in	
the	upper	part	the	endings	of	the	preserved	
facial	nerve	branches,	and	in	the	lower	part	
the	distal	stump	of	the	hypoglossal	nerve	
resected	deep	in	the	floor	of	the	mouth	at	
the	beginning	of	its	branching.	b	Same	situs	
after	diversification	(separation)	of	N	XII	
branches.	c	End-to-end	anastomoses	1	
and	3	are	made	by	combining	the	facial	
branches,	and	anastomosis	3	by	additional	
shortening	of	the	hypoglossal	branch.	
Anastomoses	2	and	4	are	made	by	direct	
end-to-end	anastomoses	after	shortening	
of	the	facial	branch	in	anastomosis	2.	d	End	
result	of	the	HFA	which	allowed	a	large	de-
fect	of	the	facial	plexus	to	be	bridged	over	
after	tumour	resection,	allowing	invariable	
end-to-end	anastomosis
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    Core Features

•	 Discussion	 of	 risk	 factors	 for	 metastasis	 from	
cancer	of	the	salivary	glands

•	 Algorithm	for	management	of	the	clinically	neg-
ative	(N0)	neck	 in	cancer	of	 the	salivary	glands	
based	upon	clinical	assessment,	fine-needle	aspi-
ration	biopsy,	and	frozen	section	pathology

•	 Management	of	the	clinically	positive	(N+)	neck,	
including	neck	dissection	and	postoperative	ra-
diation	therapy

•	 Future	directions	in	understanding	salivary	gland	
tumorigenesis	 and	 cervical	 metastasis,	 such	 as	
using	 molecular	 markers	 for	 prognosis	 and	 de-
veloping	targeted	therapy

		

Complications	to	Avoid
Lack	of	awareness	of	specific	risk	factors	associ-
ated	with	a	high	risk	of	metastasis	will	result	in	
inadequate	treatment	of	the	regional	lymphatics	in	
salivary	gland	malignancy.
Although	the	overall	complication	rate	of	elec-
tive	neck	dissection	is	low,	there	is	associated	risk	
to	the	lingual,	hypoglossal,	spinal	accessory,	and	
marginal	mandibular	nerves	as	well	as	vascular	
structures.	In	the	absence	of	extensive	clinical	me-
tastasis,	sacrifice	of	named	structures	during	neck	
dissection	is	not	necessary	during	surgical	excision	
of	regional	nodal	disease.
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Complications	to	Avoid	(continued)
Fine-needle	aspiration	biopsy	usually	does	not	
provide	adequate	pathologic	information	to	sup-
port	treatment	of	the	neck.	Frozen	section	is	often	
sufficient	to	guide	treatment,	but	at	times	the	
decision	must	be	deferred	until	the	final	pathology	
results	are	available.
In	the	setting	of	a	salivary	gland	mass	and	associ-
ated	lymphadenopathy,	lymphoma	and	metastatic	
skin	cancer	must	be	included	in	the	differential	
diagnosis	to	prevent	over-	or	undertreatment.

Introduction

Management	of	the	neck	in	cancer	of	the	salivary	glands	
is	a	crucial	component	of	oncologic	care.	Cancers	of	the	
salivary	 glands	 have	 a	 low	 incidence,	 representing	 only	
1–3%	of	all	malignancies	in	the	head	and	neck	[6].	Only	
a	fraction	of	these	cancers	have	clinically	apparent	nodal	
metastases	 at	 presentation.	 These	 cancers	 include	 a	 di-
verse	group	of	histologic	types	found	in	several	anatomic	
sites.	For	these	reasons,	there	have	been	no	randomized,	
controlled	studies	to	evaluate	the	indications	and	efficacy	
of	treatment	of	the	neck	with	either	surgery	or	radiation	
for	occult	or	apparent	metastases.	The	reported	incidence	
of	 metastasis	 varies	 widely	 according	 to	 tumor	 type,	
grade,	 and	 primary	 salivary	 site.	 It	 is	 important	 to	 de-
velop	an	understanding	of	the	behavior	of	these	cancers	
and	 adopt	 a	 standardized	 approach	 to	 the	 treatment	 of	
the	neck	because	nodal	metastasis	correlates	with	a	poor	
prognosis.	As	in	other	cancers	of	the	head	and	neck,	the	
presence	of	nodal	metastasis	decreases	mean	survival	by	
greater	 than	 50%	 [6,	 47].	 In	 addition,	 patients	 who	 de-
velop	recurrent	disease	in	the	neck	have	a	low	rate	of	sur-
gical	salvage	(12–30%)	[24].	Thus,	thorough	evaluation	of	
the	neck	in	the	setting	of	cancers	of	the	salivary	glands	is	
an	important	component	of	accurate	staging	and	helps	to	
optimize	treatment.

We	believe	that	the	neck	should	be	addressed	if	there	is	
clinically	apparent	metastasis	or	if	the	primary	tumor	has	
a	significant	risk	for	occult	metastases.	However,	the	most	
appropriate	 management	 of	 the	 clinically	 negative	 neck	
in	cancer	of	the	salivary	glands	is	controversial.	The	true	
frequency	of	nodal	metastasis	is	difficult	to	assess	due	to	
the	common	practice	of	 local	sampling	of	 lymph	nodes	
as	opposed	to	formal	neck	dissection.	Lymph	nodes	re-
moved	in	the	process	of	attaining	surgical	exposure	to	the	
primary	 tumor	 may	 be	 pathologically	 negative	 in	 cases	





in	 which	 comprehensive	 neck	 dissection	 would	 reveal	
metastatic	cancer.	Several	changes	over	 the	years	 in	 the	
evaluation	of	cancer	of	the	salivary	glands	complicate	the	
interpretation	 of	 retrospective	 studies.	 Evolution	 in	 the	
interpretation	of	pathology	of	the	salivary	glands	(Chap-
ter	3,	Pathology	of	Salivary	Gland	Disease)	has	altered	the	
classification	of	some	cancers,	making	it	difficult	to	inter-
pret	certain	aspects	of	studies	that	span	decades	of	expe-
rience.	Other	considerations	include	disparities	between	
different	centers	in	the	histologic	nomenclature,	the	over-
lap	of	multiple	risk	factors	in	relatively	small	studies	(i.e.,	
high	grade	and	 large	 tumor	size),	 and	grouping	of	 sali-
vary	tumor	sites,	making	interpretation	of	individual	risk	
factors	problematic.

Despite	 inherent	 limitations,	 previous	 studies	 have	
provided	valuable	information	about	indications	for	treat-
ment	of	the	neck	in	salivary	gland	cancer,	highlighting	a	
number	of	risk	factors	associated	with	increased	incidence	
of	neck	metastases.	Careful	consideration	of	tumor	type,	
grade,	size,	T	stage,	and	other	factors	can	help	select	high-
risk	patients	who	require	accurate	staging,	which	is	best	
accomplished	by	doing	a	neck	dissection.	Accurate	stag-
ing	of	the	neck	is	important	for	evaluating	prognosis	and	
guiding	adjuvant	therapy.	It	is	accepted	that	patients	with	
positive	nodal	disease	should	be	treated	with	a	combina-
tion	of	neck	dissection	and	postoperative	radiation,	which	
is	described	in	detail	in	Chapter	27,	Role	of	Radiotherapy	
in	the	Treatment	of	Tumors	of	the	Salivary	Glands.	Cur-
rently,	 chemotherapeutic	 options	 are	 under	 clinical	 in-
vestigation,	as	described	in	Chapter	28,	Chemotherapy	in	
the	Management	of	Malignant	Tumors	of	Salivary	Gland	
Origin.	Current	research	investigating	molecular	markers	
and	cellular	receptors	involved	in	salivary	tumorigenesis	
may	facilitate	the	application	of	targeted	therapies.

Evaluation

History and Physical Examination

Although	 cancer	 of	 the	 salivary	 glands	 cannot	 be	 dis-
tinguished	from	benign	salivary	tumors	on	physical	ex-
amination,	 a	 thorough	 evaluation	 may	 reveal	 signs	 and	
symptoms	 suggestive	 of	 malignancy.	 A	 history	 of	 rapid	
growth,	pain,	and	facial	weakness,	or	an	ipsilateral	scalp	
melanoma	or	squamous	cell	carcinoma	increases	the	sus-
picion	of	cancer.	Physical	findings	of	facial	weakness	or	
ipsilateral	cervical	 lymphadenopathy	are	concerning	for	
a	high-grade	cancer.	A	careful	survey	of	 the	skin	of	 the	

422  Kristin B. Gendron and Robert L. Ferris

25



scalp	 and	 face	 is	 important	 because	 a	 metastasis	 to	 the	
parotid	 gland	 may	 be	 the	 initial	 presentation	 of	 a	 skin	
cancer	 (see	 Chapter	1,	 Anatomy,	 Function,	 and	 Evalua-
tion	of	the	Salivary	Glands).

Pathologic Evaluation

Fine-needle Aspiration Biopsy (FNAB)

Needle	biopsy	is	a	 low-risk	diagnostic	procedure	that	 is	
commonly	 used	 in	 the	 evaluation	 of	 salivary	 gland	 le-
sions.	In	a	review	of	341	cases	of	benign	and	malignant	
salivary	gland	aspirates,	Stewart	et	al.	 found	that	FNAB	
has	a	sensitivity,	specificity,	and	accuracy	of	92%,	100%,	

and	98%,	respectively	[55].	However,	diagnosis	of	salivary	
malignancy	by	FNAB	can	be	challenging,	reflected	by	di-
minished	 sensitivity,	 specificity,	 and	 accuracy	 (reported	
to	be	55%	to	95%,	86%	to	100%,	and	84%	to	97%,	respec-
tively).	In	addition,	the	accuracy	of	determining	the	spe-
cific	tumor	type	is	even	lower,	with	a	reported	range	from	
29%	 to	 84%	 [63].	 Despite	 the	 limitations	 of	 cytopatho-
logic	analysis,	diagnosis	of	a	cancer	of	the	salivary	gland	
by	FNAB	can	help	guide	the	treatment	algorithm	for	the	
neck	(Fig.	25.1).

Cystic	masses	and	tumors	with	overlapping	histologic	
characteristics	 can	 be	 particularly	 difficult	 to	 diagnose	
using	FNAB.	Reactive	atypical	squamous	metaplasia	as-
sociated	 with	 benign	 cystic	 lesions	 can	 lead	 to	 a	 false-
positive	 diagnosis,	 and	 cystic	 low-grade	 mucoepider-

Fig. 25.1:	Algorithm	for	management	of	the	neck	in	salivary	malignancies.	Decision	making	is	based	on	clinical	history	and	risk	
factors,	radiographic	findings,	and	pathologic	features	in	the	primary	tumor
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moid	carcinoma	can	 look	similar	 to	ductal	obstruction,	
resulting	in	a	false-negative	diagnosis	[30,	53].	Other	tu-
mor	types	that	can	be	challenging	to	diagnose	by	FNAB	
include	acinic	cell	 carcinoma,	polymorphous	 low-grade	
adenocarcinoma,	 adenoid	 cystic	 carcinoma,	 metastatic	
lesions,	and	salivary	basal	cell	or	small	cell	tumors	[12,	53,	
55].	These	challenging	neoplasms	represent	a	minority	of	
salivary	gland	lesions,	but	they	are	a	potential	source	of	
cytologic	misdiagnoses	(see	Chapter	3).

Tumor	 grade	 is	 difficult	 to	 determine	 from	 FNAB	
specimens.	In	a	review	of	63	cases	of	cancer	of	the	sali-
vary	glands,	Zbaren	et	al.	found	that	only	about	half	of	the	
malignancies	could	be	correctly	graded	using	FNAB	[63].	
Of	 the	 remainder,	 nine	 (14%)	 were	 incorrectly	 graded,	
and	 seven	 of	 these	 were	 downgraded	 based	 upon	 final	
histologic	evaluation	of	the	resected	tumor.	Although	this	
is	a	small	study,	others	have	shown	similar	limitations	of	
FNAB.	 It	 is	 important	 to	 recognize	 that,	 in	 the	absence	
of	clinical	features	that	are	associated	with	a	high	risk	of	
nodal	metastases	or	concerning	frozen	section	pathology,	
an	equivocal	FNAB	result	can	lead	to	overtreatment.

Intraoperative Frozen Section and Analysis

Intraoperative	frozen	section	analysis	is	a	useful	adjunct	
to	fine-needle	aspiration	cytology.	In	general,	frozen	sec-
tion	 is	 less	 sensitive	but	more	 specific	 than	FNAB	[45].	
Frozen	section	is	particularly	useful	in	evaluating	tumor	
grade.	According	to	a	study	by	Zbaren	et	al.,	tumor	grad-
ing	based	upon	frozen	section	was	correct,	 false,	or	not	
mentioned	 in	81%,	5%,	and	14%	of	 true-positive	speci-
mens,	respectively	[63].	Thus,	frozen	section	is	superior	
to	FNAB	for	 indicating	high-grade	cancer.	 If	 the	FNAB	
shows	atypia,	malignancy	of	 indeterminate	 tumor	 type,	
or	a	malignancy	 for	which	grade	 is	 important	 in	deter-
mining	the	treatment	of	the	neck	(e.g.,	mucoepidermoid	
carcinoma),	frozen	section	is	useful	in	directing	the	treat-
ment	algorithm	(Fig.	25.1).	Findings	of	a	high-grade	car-
cinoma,	involvement	of	the	facial	nerve,	or	cancer	within	
intraparotid	or	other	regional	lymph	nodes	on	frozen	sec-
tion	are	indications	for	neck	dissection.

Radiographic Imaging

Radiographic	imaging	is	useful	in	the	preoperative	evalu-
ation	 of	 salivary	 gland	 cancers	 and	 the	 ipsilateral	 neck.	

Either	contrast-enhanced	computed	tomography	(CT)	or	
magnetic	resonance	imaging	(MRI)	with	gadolinium	can	
help	to	define	the	extent	of	the	primary	cancer	and	evalu-
ate	 for	 cervical	 lymphadenopathy.	 Several	 studies	 have	
also	indicated	that	positron	emission	tomography	(PET)	
can	be	useful	 in	the	evaluation	of	cancer	of	the	salivary	
glands	[9,	39,	61].	PET	has	a	high	level	of	sensitivity	for	
salivary	cancer,	but	 the	false-positive	rate	 is	 too	high	to	
use	 PET	 to	 discriminate	 between	 malignancies	 and	 be-
nign	lesions	[25].	In	the	setting	of	biopsy-proven	cancer	
however,	preliminary	studies	have	shown	that	PET	is	use-
ful	 in	evaluating	 for	 regional	and	distant	metastases	 [9,	
39].	Larger	studies	need	to	be	performed	before	routinely	
incorporating	PET	scanning	into	the	evaluation	of	can-
cers	of	 the	salivary	glands.	But	 in	 the	 future,	FDG-avid	
lesions	 consistent	 with	 distant	 metastases	 may	 lead	 to	
further	work-up	before	planning	an	elective	neck	dissec-
tion.	As	in	other	cancers	of	the	head	and	neck,	a	potential	
pitfall	of	PET	scanning	is	that	false-positives	may	increase	
complications	 and	 delay	 definitive	 locoregional	 therapy	
for	 the	 documented	 disease	 (see	 Chapter	2,	 Imaging	 of	
the	Salivary	Glands).

Management of the N0 Neck

Risk Factors for Occult Nodal Metastasis

Many	 tumor	 characteristics	 have	 been	 associated	 with	
increased	risk	of	occult	metastasis	to	the	ipsilateral	neck.	
Due	to	the	limitations	of	retrospective	studies,	there	re-
mains	some	debate	over	which	tumor	features	correlate	
with	a	risk	for	metastasis	that	is	sufficient	to	warrant	treat-
ment	of	the	neck.	In	spite	of	variations	in	reported	inci-
dences	of	nodal	metastases,	there	are	several	factors	that	
have	consistently	proven	to	help	predict	regional	spread	
of	disease.	Careful	evaluation	of	tumor	type,	grade,	size/
stage,	and	various	other	factors	can	help	determine	which	
patients	are	at	high	risk	for	nodal	metastases,	and	there-
fore	are	candidates	for	staging	neck	dissection.

Tumor Type

There	is	a	consensus	that	certain	histologic	tumor	types	
confer	a	high	risk	of	nodal	metastasis,	 including	undif-
ferentiated	 (or	 anaplastic)	 carcinoma,	 high-grade	 mu-
coepidermoid	carcinoma,	squamous	cell	carcinoma,	ad-
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enocarcinoma,	and	salivary	duct	carcinoma	[6,	17,	19,	44,	
48,	54].	Of	note,	 the	use	of	 the	 term	“adenocarcinoma”	
has	diminished	as	pathologic	techniques	such	as	immu-
nohistochemical	staining	have	advanced,	allowing	many	
of	 these	 to	 be	 otherwise	 categorized	 [17].	 Most	 studies	
indicate	that	patients	with	adenoid	cystic	carcinoma,	low-
grade	mucoepidermoid	carcinoma,	acinic	cell	carcinoma,	
myoepithelial	carcinoma,	and	sarcomas	are	at	low	risk	for	
developing	nodal	metastasis	[3,	6,	19,	44].

The	metastatic	potential	of	a	number	of	 tumor	types	
continues	 to	 be	 controversial.	 Malignant	 mixed	 tumors	
may	 fall	 into	 the	 high-risk	 category,	 with	 multiple	 re-
ports	of	regional	metastatic	rates	of	up	to	35%	[40,	44].	
However,	 some	 studies	 indicate	 that	 the	 rate	 of	 occult	
metastasis	is	much	lower	than	this	[3,	19,	22,	36].	These	
inconsistencies	 may	 be	 due	 in	 part	 to	 discrepancies	 in	
nomenclature	used	at	different	institutions.	Some	use	the	
terms	“malignant	mixed	tumor”	and	“carcinoma	ex-pleo-
morphic	adenoma”	interchangeably,	whereas	others	treat	
them	as	separate	entities.	Adenoid	cystic	carcinoma	has	a	
number	of	unique	clinical	and	pathologic	characteristics.	
In	a	review	of	the	242	cases	of	adenoid	cystic	carcinoma	
treated	at	Memorial	 Sloan	Kettering	Cancer	Center	be-
tween	1939	and	1963,	Spiro	 found	that	 this	 tumor	 type	
is	 more	 commonly	 associated	 with	 distant	 disease	 than	
cervical	metastasis.	Only	15%	of	cases	had	cervical	me-
tastasis,	and	of	these,	half	were	clinically	apparent	at	the	
time	of	initial	presentation.	Cancers	arising	from	the	oral	
cavity,	oropharynx,	or	major	salivary	glands	have	a	higher	
rate	of	regional	metastases	than	those	in	the	larynx	and	
nasopharynx	[51,	58].	Contrary	to	the	behavior	of	most	
other	tumor	types,	the	rate	of	cervical	metastasis	does	not	
appear	to	vary	with	size	of	tumor.	Due	to	the	low	rate	of	
occult	 metastasis,	 Spiro	 did	 not	 advocate	 elective	 treat-
ment	of	the	neck	for	adenoid	cystic	carcinoma	[51].

Stennart	et	al.	have	challenged	the	high-	and	low-risk	
categories	 put	 forth	 by	 others.	 This	 group	 performed	 a	
neck	dissection	on	all	patients	with	cancer	of	the	salivary	
glands	and	found	that	even	“low	risk”	cancers,	including	
adenoid	cystic,	acinic	cell,	basal	cell,	carcinoma	ex-pleo-
morphic	 adenoma,	 and	 myoepithelial	 carcinomas,	 had	
positive	 lymph	 nodes	 in	 more	 than	 20%	 of	 cases	 [54].	
This	study	raises	the	question	as	to	why	the	nodal	failure	
rate	is	not	higher	in	other	studies	if	untreated	necks	have	
a	significant	rate	of	positive	nodes	on	pathologic	exami-
nation.

Finally,	it	is	important	to	note	that	there	may	be	a	sig-
nificant	 risk	 of	 nodal	 metastases	 from	 low-risk	 tumor	

types,	 particularly	 if	 other	 risk	 factors	 are	 present.	 For	
example,	acinic	cell	carcinoma	is	considered	to	be	a	low-
risk	tumor	type,	but	a	small	number	of	these	tumors	are	
poorly	differentiated	and	do	have	a	high	risk	of	regional	
nodal	 metastases	 [29]	 (Fig.	25.2).	 Likewise,	 certain	 his-
tologic	 features	 of	 adenoid	 cystic	 carcinoma	 (solid	 his-
tologic	type)	may	confer	a	greater	likelihood	of	regional	
metastasis,	 and	 merit	 consideration	 of	 elective	 therapy	
of	the	neck.	Due	to	the	potential	for	aggressive	behavior	
by	some	“low-risk”	tumor	types,	we	advocate	treatment	
of	the	neck	if	any	of	the	risk	factors	discussed	below	are	
present	(high	grade,	large	size,	extraglandular	extension,	
and	facial	nerve	paralysis).

Tumor Grade

High-grade	cancer	is	a	strong	indicator	of	risk	for	nodal	
metastasis.	 In	 a	 multivariate	 analysis	 of	 SEER	 (Surveil-
lance,	Epidemiology	and	End	Results)	data	gathered	by	
the	National	Cancer	 Institute	 from	1988	 to	1998,	Bhat-
tacharyya	and	Fried	found	high-grade	cancer	to	have	an	
odds	ratio	of	1.99	for	presence	of	nodal	disease	[6].	Other	
authors	 have	 had	 similar	 findings	 in	 smaller	 studies	 [3,	
16,	19].	Severe	desmoplasia	was	also	identified	as	a	pre-
dictor	of	lymph	node	metastases	[44].

Grading	correlates	most	closely	with	clinical	behavior	
for	mucoepidermoid	carcinoma,	adenocarcinoma,	acinic	
cell	 carcinoma,	 and	 squamous	 cell	 carcinoma	 [31].	 The	
relationship	of	clinical	behavior,	and	specifically	the	inci-
dence	of	regional	metastasis,	to	grading	of	adenoid	cystic	
carcinoma	(solid	being	high	grade)	is	controversial.	Spiro	
felt	that	clinical	behavior	could	not	be	reliably	predicted	
by	 grade	 of	 adenoid	 cystic	 carcinoma,	 but	 others	 have	
correlated	the	solid	type	of	the	tumor	with	increased	risk	
of	nodal	metastasis	[51].

The	level	of	risk	incurred	by	intermediate-grade	mu-
coepidermoid	carcinoma	 is	difficult	 to	evaluate	because	
relatively	few	studies	address	the	different	grades	of	this	
tumor,	 and	 most	 do	 not	 include	 an	 intermediate-grade	
category.	Of	those	authors	who	discuss	the	intermediate	
grade,	Kelley	and	Spiro	advocate	 treatment	of	 the	neck,	
citing	up	to	a	30%	risk	of	cervical	nodal	metastases	[24,	
50].	 On	 the	 contrary,	 Frankenthaler	 et	 al.	 and	 Regis	 de	
Brito	Santos	et	al.	categorize	it	as	low	risk,	with	only	an	
11%	incidence	of	occult	metastasis	[19,	44].	These	differ-
ences	 highlight	 the	 problem	 of	 inter-institutional	 vari-
ability	in	diagnostic	classification.

425Management of the Neck Chapter 25



Tumor Stage

T	stage	(T3	or	T4),	size	>	4	cm,	and	extraparenchymal	ex-
tension	have	collectively	and	individually	been	associated	
with	a	high	risk	of	nodal	metastasis.	T	stage	 takes	both	
size	 and	 extraparenchymal	 involvement	 into	 account,	
and	some	debate	remains	over	which	of	 these	 factors	 is	
more	important.	According	to	Bhattacharyya,	multivari-
ate	 analysis	 supports	 primary	 tumor	 size	 as	 a	 predictor	

of	 lymph	node	metastasis,	but	 it	only	becomes	a	strong	
predictor	once	the	size	exceeds	5	cm.	However,	extraglan-
dular	involvement	had	an	odds	ratio	for	nodal	metastasis	
of	1.71	 [6].	Other	authors	have	 found	a	 size	of	4	cm	or	
larger,	extraglandular	involvement,	and	T3	to	T4	tumor	
stage	to	carry	a	20%	risk	of	occult	metastasis	[3,	10,	17,	
19,	24,	52,	54,	59].	 In	addition,	Poulsen	et	al.	 found	T3	
and	T4	cancer	of	the	parotid	gland	to	be	at	increased	risk	
of	nodal	recurrence	[43]	(Fig.	25.3).

Fig. 25.2:	a	High-grade	acinic	cell	carcinoma	of	the	right	parotid	
gland	 (arrow).	 b	 Intra-	 or	 periparotid	 pathologic	 lymph	 node	
(arrow).	c	Rounded,	heterogeneous	level	II	lymph	node	(arrow)	
is	also	suspicious	for	metastasis	despite	normal	size.	Parotidec-
tomy	and	comprehensive	neck	dissection	are	indicated,	followed	
by	postoperative	radiation	therapy
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Other Risk Factors

Some	authors	propose	that	weakness	of	the	facial	nerve,	
age	>	54	years,	perineural	spread,	and	lymphatic	invasion	
are	predictors	of	lymph	node	metastasis	[6,	10,	17,	19,	24,	
44].	Of	these,	facial	nerve	paralysis	appears	to	be	the	most	
significant	[6,	19].

Intraparotid	metastasis	from	skin	cancer	is	associated	
with	a	high	incidence	of	occult	cervical	lymph	node	me-
tastasis.	Metastatic	deposits	of	squamous	cell	carcinoma	
and	melanoma	within	intraparotid	 lymph	nodes	are	as-
sociated	with	occult	regional	metastatic	rates	of	35%	and	
27%,	respectively	[40]	(Fig.	25.4).

Finally,	site	may	be	an	important	factor	for	nodal	me-
tastasis,	perhaps	due	to	proximity	of	lymphatic	drainage.	
The	literature	suggests	that	cancers	of	the	submandibular	
gland	are	higher-grade,	more	aggressive,	and	have	lethal	
metastases	more	often	 than	cancer	of	 the	parotid	gland	
[5].	 The	 incidence	 of	 metastasis	 is	 21–46%,	 though	 the	
incidence	of	clinically	apparent	metastasis	to	the	neck	is	
only	8%	[3,	59,	62].	It	is	possible	that	the	interpretation	of	
direct	extension	of	primary	tumors	into	adjacent	lymph	
nodes,	as	can	be	seen	with	adenoid	cystic	carcinoma,	has	

Fig. 25.3:	Six-centimeter	left	parotid	mass	without	evidence	of	
cervical	metastasis	(arrow)

Fig. 25.4:	a	Squamous	cell	carcinoma	of	the	left	scalp.	Note	the	surgical	defect	from	initial	resection	(fine arrow)	and	the	adjacent	
soft	tissue	abnormality	with	replacement	of	fat	representing	recurrent	cancer	(heavy arrow).	b	Dermal	metastasis	from	squamous	
cell	carcinoma	of	the	scalp	(fine arrow)	with	direct	extension	into	the	left	parotid	gland	(heavy arrow).	Although	no	cervical	lymph	
nodes	meet	pathologic	criteria	by	imaging,	a	neck	dissection	is	indicated
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elevated	the	rate	of	metastasis	attributed	to	these	cancers.	
However,	several	studies	show	the	rate	of	metastasis	from	
cancer	 of	 the	 submandibular	 gland	 to	 be	 two	 to	 three	
times	higher	than	from	cancer	of	the	parotid	gland	of	the	
same	histologic	type	[3,	5,	8].	Squamous	cell	carcinoma	
and	high-grade	glandular	carcinomas	(adenocarcinoma,	
mucoepidermoid,	and	undifferentiated)	as	well	as	 those	
exhibiting	 perineural	 invasion	 have	 the	 highest	 rates	 of	
metastasis.	Therefore,	we	believe	 that	elective	 treatment	
of	the	neck	is	indicated	in	all	but	the	earliest	and	least	ag-
gressive	submandibular	lesions	[59].

Surgical Treatment of the N0 Neck

Data	on	the	 long-term	outcome	of	different	approaches	
to	the	N0	neck	are	limited,	and	as	a	result	a	wide	range	of	
approaches	has	been	advocated.	These	approaches	range	
from	neck	dissection	 for	 every	patient	with	a	 cancer	of	
the	 salivary	 glands	 [54]	 to	 selective	 neck	 dissection	 or	
irradiation	 of	 the	 neck	 for	 cancers	 with	 risk	 factors	 for	
nodal	 metastasis	 [6,	 10,	 17,	 19,	 24,	 36,	 44].	 The	 deci-
sion	as	to	which	approach	to	take	has	been	based	upon	
the	characteristics	of	the	primary	cancer,	frozen	section	
analysis	 of	 the	 primary	 cancer	 or	 level	II	 lymph	 nodes,	
and	whether	a	neck	dissection	enhances	the	exposure	of	
the	primary	 tumor	[4,	27,	28].	Due	to	 the	retrospective	
nature	of	these	relatively	small,	non-randomized	studies,	
no	approach	has	been	shown	to	result	in	a	survival	ben-
efit	over	the	others.	Because	accurate	staging	of	cancer	of	
the	salivary	glands	is	essential,	we	are	strong	proponents	
of	performing	selective	neck	dissection	at	the	time	of	de-
finitive	surgical	resection	of	any	cancer	with	risk	factors	
for	metastasis.	Exceptions	include	patients	who	are	poor	
surgical	 candidates	 due	 to	 medical	 conditions	 or	 those	
who	have	a	cancer	in	an	unfavorable	location.	For	exam-
ple,	cancer	arising	 in	minor	salivary	gland	 tissue	 in	 the	
base	of	the	tongue	is	difficult	to	access,	has	the	potential	
to	metastasize	to	bilateral	necks,	and	its	exposure	is	not	
enhanced	by	 lymphadenectomy.	In	such	a	case,	 surgery	
has	fewer	advantages	over	radiation	therapy	than	in	the	
setting	of	cancers	of	the	major	salivary	glands.

There	are	several	advantages	to	performing	a	neck	dis-
section	along	with	resection	of	the	primary	cancer:	expo-
sure	of	the	primary	cancer	may	be	improved,	it	ensures	
accurate	staging,	and	it	often	spares	patients	with	patho-
logically	N0	necks	the	morbidity	of	radiation	therapy.	In	
addition,	 for	 cancer	 of	 the	 parotid	 and	 submandibular	

glands,	 the	 incision	 and	 dissection	 required	 to	 remove	
the	nodes	most	likely	to	harbor	metastases	is	minimally	
greater	than	that	required	for	resection	of	the	primary	tu-
mor.	Furthermore,	accurate	staging	will	become	increas-
ingly	 important	 in	 the	 future	as	patients	with	cancer	of	
the	 salivary	 glands	 are	 enrolled	 in	 prospective	 clinical	
trials	 of	 novel	 therapeutic	 strategies.	 One	 caveat	 is	 that	
some	cancers	 lack	high-risk	clinical	 and	cytopathologic	
characteristics,	but	are	diagnosed	as	high-risk	cancer	on	
final	pathology.	In	this	case,	either	staged	neck	dissection	
or	irradiation	of	the	neck	is	a	reasonable	approach.

Parotid Gland

Selective	 neck	 dissection,	 rather	 than	 modified	 radical	
neck	dissection,	is	the	preferred	procedure	for	the	N0	neck	
in	cancer	of	the	parotid	gland.	According	to	Armstrong	
et	al.,	 the	 incidence	of	occult	metastasis	 from	cancer	of	
the	parotid	gland	by	level	is:	53%	in	intra-	or	periparotid	
nodes,	10%	in	level	I,	27%	in	level	II,	23%	in	level	III,	20%	
in	level	IV,	and	3%	in	level	V	[3].	Although	skip	metas-
tases	to	 levels	III	and	IV	can	be	observed,	evaluation	of	
levels	II	and	III	is	adequate	to	identify	occult	disease	90%	
of	the	time.	Based	upon	this	and	other	studies,	Ferlito	et	
al.	recommend	including	levels	IB,	II,	III,	and	upper	V	in	
selective	neck	dissections	for	parotid	malignancies	[17].	
Of	necks	with	pathologic	lymph	nodes,	approximately	a	
quarter	involve	levels	IV	or	V	[59].	When	a	selective	neck	
dissection	reveals	pathologically	positive	nodes,	adjuvant	
radiation	 therapy	 is	 indicated.	With	 the	possible	excep-
tion	of	an	isolated	small	metastasis	with	no	extracapsular	
spread,	the	potential	for	failure	in	levels	IV	or	V	after	se-
lective	neck	dissection	as	well	as	the	benefits	of	adjuvant	
therapy	 for	 advanced	 stage	 cancers	 support	 the	 use	 of	
postoperative	radiation	therapy	(see	Chapter	27).

Submandibular Gland

Prior	to	1965,	most	surgeons	took	an	aggressive	approach	
to	 submandibular	 malignancies,	 resecting	 the	 subman-
dibular	gland	en	bloc	with	a	radical	neck	dissection	and	
resection	of	the	floor	of	the	mouth	with	a	marginal	man-
dibulectomy.	Since	then,	the	trend	has	evolved	toward	re-
section	of	the	primary	tumor	with	an	ipsilateral	selective	
neck	dissection	[49].	Cancer	of	the	submandibular	gland	
drains	primarily	to	levels	I	through	III,	with	59%	of	node-
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positive	malignancies	having	metastasis	in	level	I,	53%	in	
level	II,	47%	in	level	III,	18%	in	level	IV,	and	6%	in	level	V	
[3,	5].	Because	skip	metastases	to	level	IV	or	V	are	rare,	
selective	neck	dissection	of	levels	I	through	III	will	detect	
the	vast	majority	of	occult	metastases	[3].	The	presence	of	
occult	metastasis	is	an	indication	for	postoperative	irra-
diation	of	the	neck	as	was	noted	for	cancer	of	the	parotid	
gland.	In	contrast	to	cancer	of	the	parotid	gland,	where	a	
single	 intraparotid	 or	 cervical	 nodal	 metastasis	 without	
extracapsular	 spread	 may	 not	 require	 radiation	 therapy	
of	the	neck,	all	cancers	of	the	submandibular	gland	with	
nodal	metastasis	 should	be	 treated	postoperatively	with	
radiation	to	the	primary	site	and	the	ipsilateral	neck	(see	
Chapter	27).

In	 most	 cases,	 adenoid	 cystic	 carcinoma	 of	 the	 sub-
mandibular	 gland	 warrants	 treatment	 of	 the	 neck.	 Al-
though	the	risk	of	nodal	metastases	from	adenoid	cystic	
carcinoma	 is	 relatively	 low,	 this	 tumor	has	a	propensity	
for	 infiltration	of	adjacent	 lymph	nodes	and	 soft	 tissue.	
In	some	cases	it	is	difficult	to	distinguish	between	direct	
invasion	of	adjacent	lymph	nodes	and	true	metastasis	[8].	
This	 locally	 aggressive	 behavior	 is	 reflected	 in	 a	 recur-
rence	 rate	 of	 35–85%,	 approximately	 four	 times	 greater	
than	with	cancer	of	the	parotid	gland	of	the	same	stage	[5,	
8].	Due	to	its	tendency	toward	infiltration	of	local	tissue,	
treatment	of	adenoid	cystic	carcinoma	of	the	submandib-
ular	gland	calls	for	a	wide	local	resection	of	lymph	nodes	
and	 soft	 tissue	 in	 addition	 to	 the	 submandibular	 gland	
followed	by	radiation	therapy	[8].

Sublingual Gland and Minor 
Salivary Glands

Neoplasms	 of	 the	 sublingual	 glands	 constitute	 only	 1%	
of	major	salivary	gland	tumors	[5].	It	has	long	been	ob-
served	 that	 risk	 of	 malignancy	 increases	 inversely	 with	
the	size	of	the	salivary	gland.	Approximately	80%	of	sub-
lingual	gland	tumors	are	malignant,	most	commonly	mu-
coepidermoid	carcinoma,	followed	by	adenoid	cystic	car-
cinoma.	Because	these	malignancies	are	rare	and	at	times	
difficult	to	distinguish	from	minor	salivary	cancers	of	the	
floor	of	the	mouth,	the	available	data	are	not	adequate	to	
indicate	risk	factors	for	occult	metastasis.	Carcinoma	of	
the	minor	salivary	glands	is	found	in	many	locations,	the	
hard	 and	 soft	 palate	 being	 the	 most	 common,	 followed	
by	other	oral	cavity	and	oropharynx	subsites,	and	other	
locations	within	the	upper	aerodigestive	tract.	Mucoepi-

dermoid	carcinoma	and	adenoid	cystic	carcinoma	are	the	
most	 common	 histologic	 types,	 although	 many	 others	
can	be	found	in	the	minor	salivary	glands.	Studies	often	
group	sublingual	and	minor	salivary	gland	or	major	and	
minor	 salivary	 gland	 malignancies	 together,	 making	 it	
difficult	to	draw	conclusions	regarding	clinical	behavior	
of	sublingual	or	oral	cavity	minor	salivary	gland	cancers.

The	incidence	of	nodal	metastases	from	cancers	of	the	
minor	salivary	glands	is	approximately	9–16%	overall	[11,	
33,	 34].	 According	 to	 Chou	 et	 al.,	 this	 number	 reaches	
65%	for	patients	with	stage	III	or	IV	disease.	The	histo-
logic	 tumor	 types	 associated	 with	 lymphatic	 metastasis	
were,	 in	 order	 of	 frequency;	 acinic	 cell,	 adenoid	 cystic,	
undifferentiated,	and	mucoepidermoid	carcinomas,	ade-
nocarcinoma,	carcinoma	ex-pleomorphic	adenoma,	and	
papillary	cystadenocarcinoma.	In	this	study,	the	highest	
survival	 rate	 was	 observed	 in	 patients	 treated	 with	 pri-
mary	 excision	 and	 neck	 dissection.	 We	 advocate	 neck	
dissection	for	patients	with	stage	III	or	IV	cancer	of	the	
minor	salivary	glands	or	those	with	high-risk	histology.	
Due	 to	 the	 diversity	 of	 sites	 and	 relative	 rarity	 of	 these	
tumors,	data	on	patterns	of	regional	lymphatic	metasta-
ses	 are	 lacking.	 Therefore,	 the	 nodal	 basins	 removed	 in	
a	 selective	 neck	 dissection	 for	 clinically	 negative	 necks,	
as	well	as	whether	the	contralateral	neck	needs	to	be	ad-
dressed,	may	be	considered	analogous	to	squamous	cell	
carcinoma	of	the	same	site.

Management of the N+ Neck

A	 comprehensive	 neck	 dissection	 of	 levels	I	 through	 V	
followed	by	radiation	therapy	is	the	most	widely	accepted	
treatment	 for	 clinically	 positive	 disease	 (Fig.	25.4).	 The	
benefits	of	a	comprehensive	approach	to	cervical	lymph	
node	 metastasis	 include	 reduction	 of	 gross	 disease	 to	
optimize	the	effect	of	radiation	therapy,	obtaining	addi-
tional	prognostic	information,	and	reducing	the	need	for	
reoperation	 in	 the	 surgical	and/or	 radiation	fields	 if	 re-
currence	develops.	Some	surgeons	believe	that	a	selective	
neck	dissection	is	appropriate	for	removal	of	early	mac-
roscopic	disease	when	used	in	conjunction	with	radiation	
therapy	to	treat	residual	microscopic	disease,	but	this	ap-
proach	is	controversial	[16].

In	the	absence	of	adjuvant	therapy,	carcinoma	of	the	
submandibular	gland	with	adverse	 features	(i.e.,	extrag-
landular	 extension,	 positive	 margins,	 locally	 recurrent,	
perineural	 invasion,	advanced	nodal	disease)	have	a	 lo-
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coregional	control	rate	of	less	than	50%	[56].	For	tumors	
that	do	recur	 in	the	neck,	surgical	salvage	 is	rarely	suc-
cessful.	As	the	rate	of	locoregional	control	falls,	so	does	
overall	and	disease-free	survival.	Therefore,	cancer	of	the	
submandibular	 gland	 with	 high-risk	 features	 should	 be	
treated	 aggressively	 with	 surgery	 and	 postoperative	 ra-
diation	 therapy	encompassing	 the	cervical	nodal	basins	
at	risk	(see	Chapter	27).

Postoperative Radiation Therapy

Although	 cancer	 of	 the	 salivary	 glands	 was	 once	 felt	 to	
be	relatively	radioresistant,	current	data	indicate	that	ra-
diation	therapy	can	help	improve	outcome	over	surgery	
alone	 [60].	 Most	 head	 and	 neck	 oncologists	 agree	 that	
pathologically	 positive	 necks	 should	 receive	 adjuvant	
radiation	 therapy	postoperatively.	 Indications	 for	 radia-
tion	therapy	of	salivary	cancers	include	close	or	positive	
margins,	 extraglandular	 disease	 extension	 (T3	 or	 T4),	
perineural	invasion,	and	intraglandular	or	cervical	nodal	
disease.	Studies	have	shown	that	 locoregional	control	 is	
significantly	 improved	when	radiation	 therapy	 is	 added	
to	surgical	management	for	these	indications	[20,	22,	59].	
Combined	 therapy	 may	 also	 improve	 survival	 for	 ad-
vanced	disease,	but	 this	 conclusion	 is	 controversial	 and	
difficult	to	prove	without	prospective,	randomized	trials	
[3,	41].	Of	note,	in	Terhaard’s	study,	even	N1	disease	had	
better	 locoregional	control	with	postoperative	 radiation	
therapy	[59].	Failure	rates	are	worse	among	patients	with	
five	or	more	involved	lymph	nodes,	male	gender,	major	
(named)	nerve	involvement,	or	extraglandular	extension.	
Of	patients	with	nodal	disease,	more	than	50%	have	three	
or	 more	 positive	 nodes.	 Levels	IV	 or	 V	 are	 involved	 in	
half	of	patients	with	three	or	more	positive	nodes,	so	 it	
is	important	to	treat	levels	I	through	V.	The	need	to	treat	
all	levels	is	further	supported	by	the	increased	incidence	
of	 nodal	 recurrence	 after	 radiation	 therapy	 of	 only	 the	
upper	cervical	lymph	nodes	[43].	There	is	some	question	
of	whether	postoperative	radiation	therapy	to	the	neck	is	
necessary	if	only	one	positive	node	without	extracapsu-
lar	 spread	 is	 identified,	 but	 studies	 have	 not	 adequately	
determined	the	risk	of	 failure	 in	 levels	IV	and	V	in	this	
situation.

Even	for	patients	with	clinically	negative	necks,	there	
is	a	 trend	toward	improved	regional	control	with	com-
bined	therapy	over	surgery	alone	[3,	59].	This	approach	
should	directly	 reduce	distant	 failure	of	 tumor	control.	

In	Armstrong	et	al.	series	of	474	patients,	of	the	patients	
who	 underwent	 elective	 neck	 dissection,	 a	 recurrence	
rate	of	nearly	30%	was	observed	among	those	who	did	
not	 receive	 postoperative	 radiation	 therapy,	 and	 a	 0%	
recurrence	rate	was	found	among	those	who	were	irra-
diated	[3].	However,	the	numbers	in	this	cohort	are	too	
low	to	reach	statistical	significance.	In	the	MD	Anderson	
Cancer	Center	 experience	with	postoperative	 radiation	
therapy	 for	minor	salivary	gland	malignancies,	Garden	
et	 al.	 report	 a	 low	rate	of	 regional	 failure.	Three	of	 the	
13	 patients	 who	 presented	 with	 node-positive	 disease	
had	regional	failures,	but	only	5%	of	those	with	N0	necks	
failed	regionally	regardless	of	the	elective	neck	treatment	
[21].

For	 more	 information	 regarding	 postoperative	 irra-
diation,	please	refer	to	Chapter	27.

Future Directions

Molecular Markers and Systemic Therapies

Recent	 studies	 have	 identified	 molecular	 markers	 that	
may	help	us	better	differentiate	similar	tumor	types,	un-
derstand	salivary	gland	tumorigenesis,	and	predict	prog-
nosis.	A	p53	homolog,	p63,	is	found	in	basal	duct	cells	and	
myoepithelial	 cells,	 and	 is	 expressed	 in	 tumors	 derived	
from	these	cell	 types	 [7,	23,	46].	 Immunohistochemical	
staining	 for	p63	 in	adenoid	cystic	 carcinoma	and	basa-
loid	squamous	cell	carcinoma,	which	can	be	difficult	 to	
distinguish	by	morphology	alone,	produces	unique	stain-
ing	patterns	[13].	Differential	expression	of	p63	isotypes	
also	may	help	distinguish	different	tumor	types	and	ex-
plain	 their	 neoplastic	 transformation.	 For	 example,	 the	
DeltaNp73L	 isoform	of	p63	 is	present	 in	 salivary	gland	
neoplasms,	with	greater	expression	in	malignant	than	be-
nign	lesions,	but	not	normal	salivary	gland	tissue.	On	the	
contrary,	 TAp63	 is	 highly	 expressed	 in	 benign	 salivary	
lesions	but	not	in	carcinomas	[18,	35].	Thus,	refinement	
of	immunohistochemical	staining	for	p63	isoforms	may	
enhance	 our	 ability	 to	 distinguish	 high-	 from	 low-risk	
cancers	and	achieve	a	greater	understanding	of	 tumori-
genesis.

A	 multitude	 of	 genetic	 alterations	 and	 patterns	 of	
protein	 expression	 associated	 with	 cancer	 of	 the	 sali-
vary	glands	are	now	being	described.	Alterations	 in	ex-
pression	of	proteins	 that	 regulate	 the	cell	 cycle,	 such	as	
p21	 (WAF1/CIP1)	and	p27	 (KIP1),	have	been	 found	 in	
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a	number	of	cancers	[1].	Promoter	hypermethylation	of	
RB1,	loss	of	heterozygosity	at	various	loci,	and	acetylation	
of	 histones	 have	 all	 been	 found	 in	 salivary	 gland	 carci-
nomas,	and	may	prove	to	be	important	in	tumorigenesis	
[26].	Salivary	duct	carcinoma,	which	has	been	compared	
to	prostate	cancer	on	histologic	grounds,	 frequently	ex-
presses	 androgen	 receptor,	 epidermal	 growth	 factor	 re-
ceptor	 (EGFR),	 and	 transforming	 growth	 factor	 alpha	
(TGF-alpha)	[15].	Carcinoma	ex-pleomorphic	adenoma	
and	 basal	 cell	 adenocarcinoma	 also	 express	 the	 andro-
gen	receptor,	raising	the	possibility	that	anti-androgen	or	
other	targeted	therapies	may	improve	the	success	of	sys-
temic	therapies	for	selected	salivary	malignancies	[38].

Several	 molecular	 markers	 have	 been	 linked	 with	
prognosis.	 Overexpression	 of	 p53,	 vascular	 endothelial	
growth	factor	(VEGF),	and	c-erbB-2	(HER2/neu)	as	well	
as	positive	TUNEL	assays	correlate	with	clinically	aggres-
sive	 tumors	and	poor	 clinical	outcomes	 [14,	32,	37,	42,	
57].

Systemic	 therapy	 for	 salivary	 gland	 carcinomas	 has	
had	 minimal	 success.	 The	 response	 rates	 are	 low,	 and	
the	duration	of	response	less	than	1	year	[2]	(see	Chap-
ter	28).	As	the	molecular	profiles	of	metastatic	cancer	of	
the	salivary	glands	are	further	elucidated,	prediction	of	
metastasis	 and	 application	 of	 targeted	 therapy	 may	 be	
pursued.

Conclusion

Cervical	 metastasis	 of	 salivary	 gland	 carcinoma,	 as	 in	
other	tumors,	is	associated	with	a	significant	decrease	in	
quality	of	 life,	 tumor	control,	 and	 survival.	 In	addition,	
neck	recurrence	is	difficult	to	salvage,	with	a	success	rate	
of	less	that	30%	[3,	43].	In	order	to	accurately	stage	and	
manage	these	malignancies,	we	advocate	neck	dissection	
if	 the	primary	tumor	has	risk	factors	for	occult	cervical	
metastasis.	 For	 positive	 nodal	 disease,	 a	 comprehen-
sive	 neck	 dissection	 is	 indicated,	 followed	 by	 radiation	
therapy.	 After	 treatment,	 patients	 should	 be	 routinely	
evaluated	for	recurrence	using	standard	clinical	and	ra-
diographic	 techniques.	 Many	 of	 these	 cancers	 can	 lead	
to	 recurrence	of	disease,	particularly	distant	metastasis,	
years	 to	 decades	 after	 initial	 diagnosis,	 and	 thus	 war-
rant	 long-term	follow-up.	Future	molecular	 studies	and	
prospective	clinical	trials	hold	promise	for	application	of	
more	efficacious	techniques	for	prediction	of	metastasis	
and	use	of	targeted	systemic	therapeutic	agents.

    Take Home Messages

→	 Neck	 dissection	 can	 provide	 valuable	 informa-
tion	for	staging	and	prognosis,	and	reduce	tumor	
burden	 of	 high-risk	 salivary	 gland	 carcinomas	
malignancies.

→	 An	 algorithm	 incorporating	 clinical	 presenta-
tion,	 risk	 factors,	 fine-needle	 aspiration	 biopsy,	
and	intraoperative	frozen	section	pathology	can	
help	 direct	 appropriate	 treatment	 of	 the	 clini-
cally	negative	(N0)	neck	in	cancer	of	the	salivary	
glands.

→	 If	one	or	more	risk	factors	are	identified	in	the	pri-
mary	tumor,	elective	dissection	of	the	ipsilateral	
neck	is	warranted,	including	levels	IB	through	III	
±	 upper	 level	V	 for	 parotid	 tumors	 and	 levels	I	
through	III	for	submandibular	tumors.	If	elective	
neck	 irridation	 is	employed	 in	 lieu	of	neck	dis-
section,	levels	I	through	V	should	be	addressed.

→	 Clinically	 apparent	 cervical	 metastases	 should	
be	 treated	 with	 a	 comprehensive	 neck	 dissec-
tion	 and	 postoperative	 radiation	 therapy	 (with	
the	possible	exception	of	a	small	solitary	positive	
node	without	extracapsular	spread).
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    Core Features

•	 When	tumors	extend	beyond	the	confines	of	the	
salivary	 gland	 (i.e.,	 involving	 the	 skin,	 soft	 tis-
sues,	mandible,	and/or	facial	nerve),	reconstruc-
tion	will	likely	be	needed	to	restore	the	structure	
and	function	of	the	composite	defect.

•	 A	critical	analysis	of	the	defect	(i.e.,	what	struc-
tures	 are	 missing)	 and	 of	 the	 functional	 conse-
quences	will	guide	 the	most	appropriate	 recon-
struction.

•	 Two	of	the	relatively	minor	sequelae	of	a	paroti-
dectomy	that	may	be	alleviated	with	reconstruc-
tion	are	Frey’s	syndrome	and	the	concavity	at	the	
site	of	the	parotidectomy.

•	 An	 ideal	 option	 for	 reconstructing	 cutaneous	
defects	after	 radical	 resection	of	a	 tumor	of	 the	
parotid	or	submandibular	gland	is	the	use	of	cer-
vicofacial	or	cervicodeltopectoral	flaps.

•	 Free	flaps	are	the	ideal	reconstructive	technique	
in	the	reconstruction	of	parotidectomy	and	sub-
mandibular	defects	with	extensive	skin	loss	and	
involvement	of	the	mandible.

•	 Procedures	for	facial	reanimation	at	the	time	of	
parotidectomy	are	presented.

		

Complications	to	Avoid
Performing	a	neck	dissection	with	a	parotidec-
tomy	through	a	transverse	cervical	incision	may	
prevent	the	design	of	a	cervicodeltopectoral	flap	
that	could	be	used	for	cutaneous	reconstruction.
Harvesting	a	pectoralis	myocutaneous	flap	with	a	
vertical	incision	from	the	cutaneous	paddle	to	the	
clavicle	may	also	prevent	the	design	of	a	cerviodel-
topectoral	flap.
Flap	harvest	should	only	be	initiated	when	the	
extent	and	anatomy	involved	in	the	defect	are	
defined.
Vessel	selection	for	microvascular	anastomosis	
should	be	discussed	with	the	extirpative	team	to	
avoid	unnecessary	ligation	during	neck	dissection.









The	optimal	time	for	nerve	grafting	is	at	the	time	
of	facial	nerve	resection.

Introduction

Dramatic	 advancements	 in	 the	 management	 of	 salivary	
gland	malignancies	have	taken	place	in	the	last	decade,	in-
cluding	the	acceptance	of	standardized	classification	sys-
tems,	a	better	understanding	of	the	behavior	and	genetic	
basis,	and	newer	adjuvant	treatments	[5,	26,	55].	However,	
these	are	rare	tumors	with	a	diverse	histology	and	a	wide	
spectrum	of	biological	behavior,	and	until	we	have	more	
insight	 into	 their	 pathogenesis	 and	 alternate	 treatments,	
complete	surgical	excision	is	likely	to	remain	the	mainstay	
of	 treatment	 [48,	54].	The	presence	or	absence	of	malig-
nant	cells	at	the	margins	of	surgical	resection	is	considered	
by	many	to	be	the	single	most	important	factor	influenc-
ing	prognosis	 [5,	49,	55,	58].	Therefore,	when	 the	 tumor	
extends	beyond	the	confines	of	the	salivary	gland,	the	re-
section	must	include	removal	of	adjacent	tissues,	including	
the	skin,	soft	tissues,	mandible,	maxilla,	and/or	facial	nerve,	
leaving	a	composite	defect	with	functional,	structural,	and	
aesthetic	 deficiencies.	 The	 confidence	 of	 the	 extirpative	
surgeon	in	the	ability	to	achieve	reliable	reconstruction	in	
these	cases	should	allow	him/her	the	freedom	to	achieve	a	
wide	local	resection	with	negative	margins.	Reports	from	
the	MD	Anderson	Cancer	Center	state	that	 local	control	
is	 possible	 by	 radiotherapy	 to	 involved	 surgical	 margins,	
but	even	 in	 these	cases	reliable	reconstruction	should	be	
achieved	to	withstand	the	effect	of	radiation	[23].	Regard-
less	of	whether	the	resection	is	palliative	or	curative,	suc-
cessful	reconstruction	has	a	major	effect	on	the	health-re-
lated	quality	of	life	of	the	patient.

Incidence of Reconstructive Needs

According	to	the	National	Cancer	Data	Base,	cancers	of	
the	salivary	glands	account	for	0.3–0.9%	of	all	cancers	in	
the	USA	[29].	Many	salivary	gland	malignancies	require	
extended	radical	resection,	defined	as	excision	of	tissues	
beyond	the	salivary	gland.	De	Vincentiis	et	al.	 reported	
the	excision	of	 the	 facial	nerve	or	an	adjacent	structure	
in	19	patients	out	of	363	with	a	parotid	tumor	[14].	Tul-
lio	 et	 al.,	 who	 included	 only	 patients	 with	 malignant	
parotid	 tumors,	 reported	 resections	 beyond	 the	 parotid	
gland	 in	 16%	 of	 their	 patients	 [55].	 Bell	 et	 al.	 required	
a	 reconstructive	 modality	 in	 27	 out	 of	 44	 patients	 with	
malignant	parotid	tumors,	while	Nouraei	et	al.	needed	a	
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reconstructive	modality	 in	25%	of	28	patients	with	car-
cinoma	ex-pleomorphic	adenoma	of	the	parotid	[5,	45].	
These	studies	all	 focused	on	the	parotid,	the	gland	with	
the	highest	incidence	of	tumors	and	the	lowest	percent-
age	of	malignancies.	When	other	salivary	gland	 tumors	
are	considered,	the	probability	of	malignancy	and	its	ex-
tension	to	surrounding	structures,	and	therefore	the	need	
for	reconstruction,	rise	considerably.

Preoperative Assessment

Ideally,	 the	 patient	 is	 seen	 by	 both	 the	 extirpative	 and	
reconstructive	 surgeon	 together.	 Although	 it	 is	 mainly	
the	characteristics	of	 the	defect	 that	will	determine	the	
reconstructive	 modality,	 a	 preoperative	 assessment	 of	
patient	and	tumor	variables	can	assist	the	reconstructive	
surgeon	in	predicting	the	defect	and	planning	the	recon-
struction.

Patient Variables

There	 are	 several	 aspects	 to	 consider	 in	 evaluating	 the	
patient,	including	age,	social	and	cognitive	functions,	oc-
cupation,	 and	 lifestyle.	 Severe	 comorbid	 conditions	 can	
independently	impact	perioperative	morbidity,	expected	
survival,	and	the	type	of	reconstruction	[16].	Perhaps	one	
of	the	most	important	aspects	of	the	preoperative	visit	is	
for	 the	 physician	 to	 understand	 the	 patient’s	 needs	 and	
expectations,	 and	 to	 make	 sure	 these	 expectations	 are	
realistic.	 Showing	 the	 patient	 pictures	 of	 previous	 cases	
with	similar	conditions,	and	possibly	their	contact	infor-
mation	if	they	are	willing	to	share	their	experiences,	can	
boost	the	patient’s	morale	and	confirm	that	he/she	under-
stands	what	to	expect	after	surgery.

Tumor Variables

The	 assessment	 of	 the	 tumor	 before	 surgery	 serves	 two	
purposes:	the	first	is	an	estimation	of	the	size	and	bound-
aries	of	 the	anticipated	defect	 for	 its	obvious	 impact	on	
the	reconstructive	decision.	The	second	reason	 is	 to	es-
timate	the	prognosis	of	the	patient,	as	reconstruction	for	
a	palliative	resection	in	a	morbid	patient	mainly	aims	to	
alleviate	symptoms,	such	as	pain,	and	potentially	to	avoid	
any	perioperative	morbidity	 in	a	patient	with	an	antici-
pated	shortened	life-span.	There	are	several	determinants	
of	prognosis,	in	particular	TNM	stage,	histological	grade,	

and	 the	ability	 to	achieve	 clear	margins	 [26,	48,	49,	54,	
58].	Assessment	of	the	tumor	includes	clinical,	radiologi-
cal,	and	pathological	examination.

Clinical

Inspection	and	palpation	of	the	tumor	will	define	its	lim-
its	and	detect	invasion	of	surrounding	skin,	mucosa,	and	
bone	with	a	high	degree	of	accuracy.	Similarly,	examina-
tion	for	facial	nerve	paralysis	or	weakness	is	important	in	
anticipating	facial	nerve	resection.

Radiological

A	high-quality	spiral	computed	tomography	(CT)	scan	
or	magnetic	resonance	 imaging	(MRI)	should	yield	all	
the	necessary	information,	including	size	and	extent	of	
the	 tumor	and	 invasion	of	 surrounding	structures.	CT	
scans	are	more	widely	available,	less	costly,	and	are	more	
accurate	 in	 detecting	 bone	 invasion.	 MRI	 is	 more	 ac-
curate	 in	 detecting	 perineural	 spread,	 which	 can	 have	
a	major	 impact	on	 the	extent	of	 the	 resection,	 such	as	
sacrifice	of	the	facial	nerve,	and	the	approach	to	the	re-
construction.

Pathological

Certain	tumors	have	peculiar	patterns	of	growth,	spread,	
and/or	 aggressiveness,	 which	 can	 influence	 the	 size	 of	
resection	 margins	 and	 the	 decision	 about	 sacrificing	 or	
preserving	the	facial	nerve.	For	example,	adenoid	cystic	
carcinoma	has	a	tendency	for	perineural	spread,	which	is	
reported	to	occur	in	20–80%	of	cases.

The Neck

Another	important	factor	to	consider	is	the	status	of	the	
neck	and	whether	a	neck	dissection	is	needed	or	has	been	
previously	done.	Neck	dissection	can	influence	the	recon-
structive	 decision	 in	 many	 ways,	 including	 the	 need	 to	
cover	the	vessels	of	the	neck	(i.e.,	if	neck	skin	has	been	re-
sected)	and	the	choice	and	side	of	inflow	and	outflow	ves-
sels	for	a	free	flap.	In	addition,	the	reconstructive	surgeon	
can	design	the	neck	dissection	incision	to	incorporate	a	
cervical	rotation-advancement	flap	for	cutaneous	defects,	
as	will	be	discussed	below.
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Analyzing the Defect 
and Reconstructive Priorities

To	choose	the	most	suitable	method	of	reconstruction,	one	
first	has	to	critically	and	methodically	analyze	the	defect.	
The	following	is	a	simple	and	logical	approach	to	analyze	
the	defect	and	to	plan	the	reconstruction	that	can	be	ap-
plied	to	most	defects	following	salivary	gland	resection.

The	first	step	is	essentially	determining	the	anatomy	of	
the	defect	(i.e.,	what	structures	are	missing).	For	example,	
in	a	parotid	malignancy,	it	is	essential	to	determine	if	it	is	
only	a	subcutaneous	tissue	defect	causing	a	concavity	of	
the	masseteric	area,	or	if	there	is	a	defect	of	skin,	mucosa,	
bone,	and/or	the	facial	nerve.	For	each,	the	extent	or	size	
of	the	defect	should	be	identified	and	documented	(e.g.,	
the	size	of	skin	defect	in	centimeters	or	the	extent	of	the	
bone	defect	 in	relation	to	the	different	anatomical	parts	
of	 the	mandible).	 In	a	maxillary	defect,	an	exact	know-
ledge	 of	 the	 missing	 anatomy,	 including	 which	 walls	 of	
the	maxillary	antrum	have	been	excised,	 is	essential	 for	
planning	and	executing	the	reconstruction.

The	second	step	is	defining	the	sequelae	of	the	missing	
structures,	both	functionally	and	aesthetically.	Functional	
aspects	 to	 consider	 are	 speech,	 mastication,	 degluti-
tion,	 facial	 movements,	 and	 separation	 of	 cavities.	 Aes-
thetic	 aspects	 are	 also	 important	 for	 the	 patient’s	 sense	
of	 well-being	 and	 for	 a	 return	 to	 his/her	 social	 life	 and	
occupation.	For	example,	without	bone	reconstruction	of	
a	lateral	mandibular	defect	malocclusion	and	mandibular	
deviation	toward	the	side	of	resection	will	develop,	while	
resection	of	the	facial	nerve	will	lead	to	aesthetically	dis-
figuring	 facial	 asymmetry	 and	 functional	 consequences	
regarding	speech	and	incomplete	eye	closure.

The	 third	 step	 is	 setting	 and	 prioritizing	 the	 recon-
structive	goals	based	on	the	previous	findings.	First,	life-
threatening	conditions	should	be	reliably	resolved,	such	
as	coverage	of	the	carotid	vessels	after	neck	dissection	and	
skin	resection.	The	second	priority	is	restoration	of	integ-
rity	of	the	upper	aerodigestive	tract	and	wound	closure.	
Subsequent	priorities	include	restoration	of	articulation,	
mastication,	 and	 facial	 movements.	 Once	 the	 goals	 of	
reconstruction	are	known	and	arranged	in	order	of	 im-
portance,	and	 in	 the	context	of	 the	preoperative	assess-
ment	described	above,	the	surgeon	should	decide	which	
reconstructive	techniques	will	achieve	these	goals	in	each	
particular	patient.

Tumors of the Parotid Gland

Malignancies	of	the	parotid	gland	are	the	most	common	
of	all	salivary	gland	tumors.	In	spite	of	their	relatively	ac-
cessible	position,	it	is	not	uncommon	that	these	present	
in	 late	 stages	 requiring	 extended	 radical	 parotidectomy	
[5,	14,	45,	55].	The	scope	of	 the	defects	 from	such	 sur-
gery	includes	defects	of	skin,	bone,	and/or	mucosa.	When	
all	 three	 are	 missing,	 a	 through	 and	 through	 cheek	 de-
fect	 is	 created	 that	 makes	 the	 necessary	 reconstruction	
more	 complex.	 In	 addition,	 reconstructive	 surgery	 may	
be	 needed	 for	 filling	 of	 the	 concavity	 that	 results	 from	
removal	of	the	parotid	gland	or	for	reconstruction	after	
facial	nerve	resection.

Reconstruction of the Concavity 
and Frey’s Syndrome

Two	of	the	relatively	minor	complications	of	parotidec-
tomy	 that	may	be	alleviated	by	a	 reconstructive	proce-
dure	 are	 Frey’s	 syndrome	 and	 hollowing	 at	 the	 site	 of	
parotidectomy.	 Frey’s	 syndrome	 consists	 of	 sweating,	
flushing,	 and	 a	 sense	 of	 warmth	 over	 the	 preauricular	
and	temporal	areas	associated	with	mastication.	It	is	be-
lieved	to	be	due	to	aberrant	reinnervation	from	the	post-
ganglionic	secretomotor	fibers	to	the	parotid	gland	(aris-
ing	from	the	otic	ganglion)	that	communicate	with	the	
postganglionic	 sympathetic	 fibers	 supplying	 the	 sweat	
glands	of	the	skin	(that	have	been	denervated	during	the	
parotidectomy).	 Its	 incidence	 varies	 markedly	 depend-
ing	 upon	 subjective	 testing	 and	 objective	 response	 by	
the	patients.	In	addition,	many	patients	who	do	develop	
Frey’s	syndrome	are	not	bothered	by	it	[9,	38].	Depres-
sion	around	the	masseteric	region	is	another	complica-
tion	that	may	be	especially	bothersome	to	patients.	There	
have	been	many	attempts	to	prevent	these	two	symptoms	
by	several	modalities.	The	principle	of	these	modalities	is	
to	transfer	tissues	(autogenous	or	alloplastic)	into	the	site	
of	the	parotidectomy	effectively	replacing	the	soft	tissue	
volume	and	separating	the	skin	from	the	parotid	bed	to	
prevent	 the	 aberrant	 innervation	 responsible	 for	 Frey’s	
syndrome	[19].

Sternocleidomastoid Flap

The	method	most	commonly	used	to	prevent	the	concav-
ity	and	Frey’s	syndrome	after	parotidectomy	is	the	sterno-
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cleidomastoid	muscle	flap	[19].	The	sternocleidomastoid	
muscle	arises	from	two	distinct	bellies	from	the	sternum	
and	the	medial	end	of	the	clavicle.	These	two	heads	unite	
one	 third	 up	 the	 length	 of	 the	 muscle,	 although	 some	
surgeons	advocate	that	they	remain	separated	along	the	
whole	 length	 of	 the	 muscle	 but	 enclosed	 in	 a	 fibrous	
sheath.	In	either	case,	the	muscle	is	usually	split	in	the	up-
per	part	of	the	neck	along	its	long	axis	preferably	along	a	
line	of	cleavage	between	the	two	heads,	whether	that	line	
is	 found	 or	 artificially	 created.	 The	 anterior	 part	 of	 the	
muscle	is	then	pedicled	superiorly	(Fig.	26.1)	or	inferiorly	
and	 transposed	 into	 the	 site	 of	 the	 parotidectomy	 [20].	
Occasionally,	it	is	left	bipedicled	and	pushed	anteriorly,	or	
the	muscle	is	opened	like	a	book	to	reach	the	defect	[47].

No	particular	 technique	 seems	 to	be	 superior	 to	an-
other.	The	value	of	 the	 sternocleidomastoid	flap	 in	cor-
recting	 the	 aesthetic	 defect	 and	 preventing	 Frey’s	 syn-
drome	is	disputed.	Many	retrospective	studies	and	more	
recent	prospective	studies	have	failed	to	show	a	definite	
advantage	for	using	this	muscle	after	parotidectomy,	and	
currently	its	use	should	be	left	to	the	discretion	of	the	re-
constructive	surgeon	[32,	34].

Superficial Temporal Fascia Flaps, 
Dermal Fat Grafts, and Alloderm

Several	other	techniques	have	been	used	to	augment	the	
site	of	parotidectomy.	The	use	of	a	superficial	temporal	
fascia	 flap	 (temporoparietal	 fascia)	 increases	 operative	

time	considerably	and	may	have	its	own	cosmetic	com-
plications	 (i.e.,	 injury	 to	 hair	 follicles	 superficial	 to	 the	
harvest	site),	and	therefore	has	never	gained	popularity	
[10,	 32].	 Dermal	 fat	 grafts	 were	 reported	 to	 have	 sev-
eral	merits,	 including	 low	rates	of	 infection	and	extru-
sion,	 low	 cost,	 and	 technical	 simplicity.	 However,	 their	
survival	or	resorption	is	unpredictable,	and	due	to	their	
need	for	revascularization	from	the	surrounding	recipi-
ent	site,	can	only	be	of	a	limited	size	[27].	Recently,	allo-
derm	(cadaveric	skin	substitute,	Fig.	26.2)	emerged	as	a	
suitable	alternative,	as	it	is	a	simple	option	that	does	not	
increase	operative	time,	has	no	donor	site	morbidity,	 is	
well	tolerated	by	the	body,	and	is	incorporated	into	the	
recipient	tissues.	However,	to	fill	the	resultant	concavity	
after	surgery,	a	costly	amount	of	alloderm	is	needed,	and	
the	use	of	alloderm	is	associated	with	a	significantly	in-
creased	risk	of	seroma	[24,	52].

Superficial Musculoaponeurotic 
System (SMAS) Flaps

The	growing	experience	of	surgeons	with	face	lifts	and	a	
better	understanding	of	 the	anatomy	of	 the	SMAS	have	
stimulated	 surgeons	 to	 modify	 the	 incision	 for	 paroti-
dectomy	and	to	use	the	SMAS	to	fill	parotid	defects	[32,	
43].	The	preauricular	incision	curves	around	the	lobule	of	
the	ear,	up	along	the	auriculomastoid	groove	then	turns	
down	along	 the	occipital	hairline.	With	 this	design,	 the	
visible	 incision	in	the	neck	along	the	anterior	border	of	

Fig. 26.1:	Sternocleidomastoid	(SCM)	
flap	used	to	fill	the	depression	created	by	
a	superficial	parotidectomy.	A	superiorly	
based	SCM	flap	can	be	rotated	onto	the	
deep	lobe	of	the	parotid	gland.	(Reprinted	
with	permission	from:	Sood	S,	Quraishi	
MS,	Jennings	CR,	Bradley	PJ	(1999)	Frey’s	
syndrome	following	parotidectomy:	pre-
vention	using	a	rotation	sternocleidomas-
toid	muscle	flap.	Clin	Otolaryngol	24:366,	
Blackwell)
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the	sternomastoid	 is	eliminated.	A	skin	flap	 is	raised	 in	
the	 subfollicular	 plane	 (superficial	 to	 the	 SMAS).	 The	
SMAS/platysma	 is	 then	 incised	 along	 the	 preauricular	
groove,	extending	for	a	few	centimeters	below	the	man-
dibular	border.	The	SMAS	is	elevated	as	a	distinct	 layer	
in	 continuity	 with	 the	 platysma	 in	 the	 neck	 by	 dissect-
ing	it	from	the	parotidomasseteric	fascia	and	the	parotid	
capsule.	Once	the	desired	amount	of	SMAS	and	platysma	
is	 mobilized,	 the	 parotidectomy	 can	 proceed	 as	 usual.	
Just	as	there	have	been	many	theories	and	techniques	for	
SMAS	lifting	in	rhytidectomy,	there	are	several	methods	
by	which	the	SMAS	can	be	used	to	recontour	the	paroti-
dectomy	site.	If	part	of	the	SMAS	has	been	removed	with	
the	tumor,	 then	the	remaining	SMAS/platysma	flap	can	
be	 simply	 pulled	 backward	 and	 upward	 and	 sutured	 to	
the	mastoid,	zygomatic	arch,	and	the	sternomastoid	mus-
cle	(Fig.	26.3).	Otherwise,	the	SMAS	can	be	used	in	many	
different	 ways	 to	 provide	 soft	 tissue	 volume,	 including	

transposition	and	plication.	The	platysma	can	be	 trans-
posed	into	the	cheek	to	gain	extra	volume.	Some	authors	
believe	that	the	SMAS	is	too	thin	to	fill	the	contour	de-
formity,	 and	 that	 it	 should	 be	 sutured	 under	 consider-
able	tension	so	as	to	act	as	a	membrane	for	guided	tissue	
regeneration,	with	a	hematoma/seroma	 forming	under-
neath	it	and	later	organizing	to	fill	the	defect	[6,	30].	The	
value	of	using	the	SMAS	to	fill	parotidectomy	defects	is	
disputed,	as	the	limited	benefit	it	provides	may	not	justify	
the	increased	operative	time	and	technical	complexity.

Reconstruction of Defects 
of the Skin and Parotid

Excision	 of	 skin	 clinically	 invaded	 by	 a	 parotid	 cancer	
will	usually	lead	to	cutaneous	defects	of	considerable	size	
that	cannot	be	adequately	covered	by	skin	grafts	or	local	

Fig. 26.2a,b:	Alloderm	to	prevent	Frey’s	
syndrome.	a	Alloderm	has	been	placed	as	an	
onlay	graft	on	the	parotidectomy	defect.	b	(see 
next page)
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flaps	from	the	cheek.	Skin	grafts	are	usually	not	applicable	
due	to	the	high	aesthetic	demands	of	the	face,	while	lo-
cal	flaps	can	only	provide	a	limited	amount	of	skin	that	
will	seldom	suffice.	The	most	important	factors	in	cheek	
reconstruction	 are	 restoring	 skin	 color	 and	 texture	 and	
cheek	 volume.	 Other	 factors	 to	 consider	 include	 avoid-
ance	of	distortion	of	adjacent	structures	(e.g.,	avoid	caus-
ing	ectropion	of	the	lower	lid),	provision	of	flexible	and	
thin	skin	to	allow	appreciation	of	facial	movement,	and	
replacement	of	hair-bearing	skin	in	men	[42].

Cervicofacial 
and Cervicodeltopectoral Flaps

The	best	option	for	resurfacing	of	the	skin	of	the	cheek	
is	 the	use	of	adjacent	normal	skin	because	of	the	 ideal	
color	and	texture	match.	One	of	the	simplest	and	most	

aesthetically	pleasing	options	is	the	use	of	cervicofacial	
and	 cervicodeltopectoral	 flaps	 (Fig.	26.4).	 These	 flaps	
make	use	of	 the	 laxity	of	skin	in	the	neck	to	cover	the	
defect.	For	the	preauricular	and	lateral	cheek	defect,	the	
incision	usually	begins	 from	the	posterolateral	edge	of	
the	defect,	goes	down	along	the	preauricular	groove,	un-
der	the	lobule	of	the	ear,	and	up	to	the	mastoid	process	
(similar	to	a	parotidectomy	incision).	For	more	anterior	
defects,	the	incision	starts	at	the	superior	edge	of	the	de-
fect	and	first	arches	upward	at	or	above	the	zygomatic	
arch	 before	 descending	 along	 the	 preauricular	 crease.	
From	the	mastoid	process	 the	 incision	descends	along	
the	hair	line	and	then	along	the	anterior	edge	of	trape-
zius,	ensuring	that	the	flap	extends	posteriorly	enough	
to	allow	rotation	into	the	face.	The	inferior	incision	can	
be	placed	in	the	lower	neck,	along	the	clavicle,	or	placed	
further	inferiorly	on	the	chest.	The	chest	incision	should	
include	the	internal	mammary	perforators	of	the	second	

Fig. 26.2a,b:	(continued)	b	A	visible	contour	
defect	remains	after	placement	of	the	alloderm
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and	third	intercostals	spaces	(similar	to	a	deltopectoral	
flap,	flap	dissection	should	stop	2	cm	lateral	to	the	ster-
nal	edge).	The	flap	is	raised	to	include	the	platysma	in	
the	neck	and	the	deltopectoral	 fascia	 in	the	chest.	Un-
dermining	usually	allows	primary	closure	of	the	donor	
site.	A	skin	graft	to	the	chest	wall	may	be	needed	in	large	
flaps	[33,	44].

The	 cervicofacial	 and	 cervicodeltopectoral	 flaps	 also	
allow	access	to	the	neck	for	neck	dissection	(the	recon-
structive	surgeon	should	therefore	plan	the	incision	with	

the	extirpative	surgeon	before	the	surgery)	and	allow	si-
multaneous	or	later	use	of	other	flaps	(e.g.,	pectoralis	ma-
jor)	or	anastomosis	of	free	flaps	in	the	exposed	neck.

Pectoralis Major (PMF) 
and Other Pedicled Flaps

In	many	situations	the	demands	of	the	defect	cannot	be	
met	by	cervicofacial	flaps.	This	is	most	commonly	seen	in	

Fig. 26.3:	Superficial	musculoaponeurotic	system	(SMAS)	flap	
to	 fill	 the	 parotidectomy	 contour	 defect.	 The	 SMAS	 flap	 has	
been	advanced	superiorly	and	posteriorly	to	the	zygomatic	arch,	
mastoid,	 and	 SCM	 muscle.	 (Reprinted	 with	 permission	 from:	
Honig	 JF	 (2004)	 Facelift	 approach	 with	 a	 hybrid	 SMAS	 rota-
tion	advancement	flap	in	parotidectomy	for	prevention	of	scars	
and	 contour	 deficiency	 affecting	 the	 neck	 and	 sweat	 secretion	
of	the	cheek.	J	Craniofac	Surg	15:800,	Lippincott	Williams	and	
Wilkins)

Fig. 26.4:	Possible	designs	of	cervicofacial	and	cervicodeltopec-
toral	flaps	 for	cheek	and	neck	reconstruction.	(Reprinted	with	
permission	from:	Moore	BA,	Wine	T,	Netterville	JL	(2005)	Cer-
vicofacial	 and	cervicothoracic	 rotation	flaps	 in	head	and	neck	
reconstruction.	Head	Neck	27:1093,	Wiley)
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deeper	or	composite	defects	where	a	second	lining	(mu-
cosa)	or	soft	tissue	volume	is	needed.	The	pectoralis	ma-
jor	flap	(PMF)	has	been	a	popular	choice	in	these	situa-
tions	[1,	13].	Compared	to	free	flaps,	a	PMF	offers	several	
advantages.	It	is	faster	and	simpler	to	raise	than	a	free	flap	
and	does	not	require	a	microvascular	anastomosis.	It	also	
provides	one	or	two	skin	paddles	for	skin/intraoral	resur-
facing	and	ample	soft	tissue	volume	to	fill	defects.	Even	
in	centers	where	free	flaps	are	preferred	over	a	PMF,	the	
PMF	still	has	an	important	role	especially	in	two	circum-
stances.	The	first	is	as	a	salvage	flap	for	failed,	unsuccess-
ful,	or	unfeasible	free	flaps.	The	second	is	in	conjunction	
with	a	free	flap	for	composite	or	large	defects.	The	PMF	
can	also	be	combined	with	a	cervicofacial	flap	to	provide	
extra	skin	or	soft	tissue	volume	(Fig.	26.5).

Several	other	pedicled	flaps	have	been	used	for	these	
defects,	most	notably	the	latissimus	dorsi	flap	[3].	The	la-
tissimus	dorsi	shares	many	of	 the	advantages	of	a	PMF,	

including	a	large	arc	of	rotation,	reliable	vascularity,	and	
the	possibility	of	including	a	large	skin	island.	However,	
it	necessitates	turning	the	patient	to	harvest	the	flap,	and	
is	generally	a	second	choice	to	the	PMF	flap	in	cheek	re-
construction.

Free Flaps

Free	flaps	are	often	the	ideal	technique	in	the	reconstruc-
tion	 of	 parotidectomy	 defects	 with	 extensive	 skin	 loss.	
The	concept	of	 the	reconstructive	 ladder,	 in	which	free	
flaps	are	used	when	pedicled	flaps	are	not	available,	has	
been	challenged	in	the	last	decade,	with	preference	being	
given	 to	 a	 better	 functional	 and	 cosmetic	 result	 rather	
than	 simplicity	 of	 the	 procedure.	 The	 most	 commonly	
used	free	flaps	for	skin	reconstruction	after	salivary	tu-
mor	 excision	 are	 the	 anterolateral	 thigh	 flap,	 scapular	

Fig. 26.5a–f:	Combined	use	of	a	cervicodeltopectoral	(CDP)	flap	and	pectoralis	myocutaneous	(PMC)	flap.	a	The	expected	cheek	
skin	excision	and	design	of	a	CDP	flap.	b	Rotation-advancement	of	the	CDP	flap	for	cheek	reconstruction.	c–f	(see next page)
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Fig. 26.5a–f:	(continued)	c	Design	of	a	PMC	flap	for	soft	tissue	
bulk	to	fill	the	lateral	mandible	and	parotid	defect.	d	PMC	flap	
raised.	e–f	(see next page)
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Fig. 26.5a–f:	(continued)	e	Skin	paddle	of	the	PMC	de-epithe-
lialized;	pectoralis	flap	with	subcutaneous	fat	inset	into	the	pa-
rotid	and	lateral	mandible	defect.	f	Inset	of	flap
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flap,	 the	 rectus	 abdominis	 flap,	 and	 the	 radial	 forearm	
free	flap.

Anterolateral Thigh (ALT) Flap

The	anterolateral	thigh	flap	[61]	has	recently	gained	pop-
ularity	in	soft	tissue	reconstruction	of	the	head	and	neck.	
It	is	a	perforator	flap,	derived	from	the	descending	branch	
of	the	lateral	circumflex	femoral	artery.	Its	advantages	in-
clude	a	 long	pedicle	with	a	suitable	vessel	diameter	and	
the	possibility	of	harvesting	 the	flap	with	 thigh	muscu-
lature	(the	vastus	lateralis	muscle,	rectus	femoris	muscle,	
and/or	the	tensor	fasciae	lata)	or	as	a	sensate	flap	(by	in-
corporating	the	anterior	branch	of	the	lateral	cutaneous	
nerve	 of	 the	 thigh).	 Because	 of	 its	 distance	 to	 the	 head	
and	 neck,	 the	 harvest	 can	 be	 performed	 simultaneous	
with	tumor	extirpation.

Flap	elevation	begins	by	mapping	the	cutaneous	per-
forators	with	a	pencil	Doppler	probe.	These	perforators	
are	 located	 by	 first	 marking	 the	 midpoint	 between	 the	
anterior	superior	iliac	spine	and	superolateral	corner	of	

the	patella	(Fig.	26.6).	A	circle	centered	at	this	midpoint	
is	then	drawn	with	a	radius	of	3	cm.	The	majority	of	the	
cutaneous	 perforators	 are	 located	 in	 the	 inferolateral	
quadrant	of	this	circle.	The	flap	is	then	harvested	with	its	
center	over	these	perforators	and	its	long	axis	parallel	to	
that	of	the	thigh.	The	flap	can	be	elevated	with	or	with-
out	the	fascia	lata	(suprafascial	dissection).	The	flap’s	skin	
and	subcutaneous	tissue	are	raised	until	the	perforator(s)	
to	the	skin	is	defined.	Once	the	skin	vessel(s)	is	seen,	it	
is	dissected	until	the	main	pedicle	is	reached.	If	the	skin	
vessel(s)	 is	 a	 musculocutaneous	 perforator(s)	 (the	 ma-
jority	 of	 patients),	 then	 the	 harvest	 includes	 an	 intra-
muscular	dissection	through	the	vastus	lateralis	muscle.	
If	the	skin	vessel	is	a	septocutaneous	perforator,	then	the	
dissection	 is	 simpler	 and	 proceeds	 between	 the	 vastus	
lateralis	and	rectus	 femoris	muscles	[36].	The	length	of	
the	pedicle	 is	8–16	cm,	with	a	vessel	diameter	of	 larger	
than	2	mm.

A	skin	defect	of	less	than	9	cm	in	width	can	be	closed	
primarily	without	any	reported	evidence	of	compartment	
syndrome.	Larger	defects	require	skin	grafting.	A	distinct	
disadvantage	is	the	thickness	of	the	flap	in	overweight	in-

Fig. 26.6a–g:	Anterolateral	thigh	(ALT)	flap	for	cutaneous	reconstruction.	a	Expected	cheek	skin,	parotid,	and	auricular	resection.	
b	Surgical	defect.	c–g	(see next page)
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Fig. 26.6a–g:	(continued)	c	Design	of	an	ALT	flap	with	skin	perforators	marked.	d	ALT	flap	harvested.	e	Primary	closure	of	the	donor	
site.	f	ALT	inset.	g	Postoperative	appearance
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dividuals.	However,	the	flap	can	be	trimmed	to	the	sub-
dermal	fat	level	for	use	as	a	thinner	flap	(4	mm).

Scapular and Parascapular Flaps

The	 branching	 pattern	 of	 the	 circumflex	 scapular	 ar-
tery	and	vein	permits	the	harvest	of	either	a	scapular	or	
parascapular	 fasciocutaneous	 flap	 for	 cheek	 cutaneous	
reconstruction	 [56].	 The	 scapular	 flap	 is	 based	 on	 the	
horizontal	 cutaneous	 branch	 of	 the	 circumflex	 scapular	
artery	(Fig.	26.7),	whereas	the	parascapular	flap	is	based	
on	 the	 descending	 cutaneous	 branch	 of	 the	 circumflex	
scapular	artery.	The	circumflex	scapular	artery	is	a	branch	
of	the	subscapular	artery	that	approaches	the	lateral	bor-
der	of	 the	 scapula,	 supplies	 the	periosteum	of	 the	bone	
and	adjacent	muscles,	 and	 then	 traverses	 the	 triangular	
space	bounded	by	 the	 teres	major,	 the	 teres	minor,	and	
long	head	of	 the	 triceps	 to	 supply	 the	overlying	skin.	 If	
the	thoracodorsal	artery	is	included	in	the	common	vas-
cular	pedicle	of	 the	subscapular	artery	and	vein,	 the	 la-
tissimus	dorsi	and	serratus	anterior	muscles	can	also	be	
harvested	with	the	scapular	flap.	The	two	disadvantages	
of	these	flaps	are	that	they	require	harvesting	in	the	lat-
eral	position	and	that	the	skin	on	the	back	can	also	be	the	
thickest	in	the	body.	In	obese	patients	these	flaps	may	be	
too	thick.

Rectus Abdominis Musculocutaneous Flap

The	rectus	abdominis	free	musculocutaneous	flap	is	based	
on	periumbilical	perforators	from	the	deep	inferior	epi-
gastric	arteries.	Incorporation	of	the	periumbilical	perfo-
rators	permits	an	orientation	of	the	skin	paddle	virtually	
in	any	direction	from	the	midline.	After	the	perforators	
are	identified,	the	anterior	rectus	sheath	is	incised	medial	
to	the	 linea	semilunaris	and	lateral	to	the	 linea	alba.	To	
preserve	the	strength	of	the	abdominal	wall,	the	anterior	
rectus	sheath	should	not	be	harvested	below	the	arcuate	
line.	Inferiorly	the	anterior	rectus	sheath	is	incised	verti-
cally	 to	 completely	 expose	 the	 rectus	 muscle.	 The	 deep	
inferior	 epigastric	 pedicle	 is	 identified	 after	 the	 rectus	
muscle	 is	 bluntly	 dissected	 free	 from	 the	 posterior	 rec-
tus	sheath.	The	vascular	pedicle,	up	 to	15	cm	in	 length,	
is	 exposed	 all	 the	 way	 to	 the	 origin	 of	 the	 vessels	 from	
the	external	iliac	artery	and	vein.	The	intercostal	nerves	
that	 supply	 the	 rectus	 muscle	 and	 overlying	 skin	 are	
mixed	sensory	and	motor	nerves,	but	microanastomosis	

to	a	sensory	nerve	in	the	head	and	neck	has	not	yet	re-
sulted	in	a	report	of	restoration	of	sensation.	Closure	of	
the	abdominal	wall	can	be	accomplished	with	direct	ap-
proximation	of	the	residual	anterior	fascial	margins.	Most	
surgeons	would	agree	that	unless	patients	are	engaged	in	
vigorous	physical	activities,	harvest	of	a	unilateral	rectus	
muscle	has	little	impact	on	function.

Probably	the	biggest	disadvantage	of	using	the	rectus	
abdominis	 flap	 is	 its	 bulk.	 However,	 for	 parotidectomy	
defects	which	involve	a	large	loss	of	midface	volume	(i.e.,	
after	resection	of	cheek	skin,	parotid	gland,	lateral	man-
dible,	and	muscles	of	mastication),	the	rectus	abdominis	
[17,	37]	can	be	a	useful	option	(Figs.	26.8,	26.9).

Radial Forearm Free Flap (RFFF)

The	RFFF	is	a	fasciocutaneous	free	flap	deriving	it	blood	
supply	from	branches	of	the	radial	artery	that	run	in	the	
intermuscular	 septum	 between	 the	 brachioradialis	 and	
flexor	carpi	radialis	muscle.	The	major	advantage	of	the	
RFFF	is	the	large	amount	of	thin	forearm	skin	that	can	be	

Fig. 26.7:	 Scapular	 flaps.	 Within	 the	 triangular	 space,	 the	 cir-
cumflex	scapular	artery	emerges	close	to	the	long	head	of	the	tri-
ceps	and	bifurcates	into	the	transverse	(scapular)	and	descend-
ing	(parascapular)	branches.	(Reprinted	with	permission	from:	
Upton	 J,	Albin	RE,	Mulliken	 JB,	Murray	 JE	 (1992)	The	use	of	
scapular	and	parascapular	flaps	for	cheek	reconstruction.	Plast	
Reconstr	Surg	90:960,	Lippincott	Williams	and	Wilkins)
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harvested	 for	 reconstruction.	 For	 through	 and	 through	
cheek	defects	the	RFFF	can	be	folded	to	create	separate	
skin	paddles	for	cutaneous	and	oral	mucosa	reconstruc-
tion	 [51].	 Compared	 to	 an	 anterolateral	 thigh	 flap	 or	
scapular	flap,	an	RFFF	 is	 thinner,	and	 thus,	 reconstruc-
tion	of	a	parotid	and	cutaneous	defect	with	an	RFFF	may	
still	leave	the	patient	with	a	contour	depression	at	the	site	
of	the	parotidectomy.

Reconstruction of Defects of the Skin, 
Parotid, Mandible, and Oral Mucosa

Parotid	 malignancies	 requiring	 resection	 of	 the	 man-
dible	are	almost	always	accompanied	by	resection	of	the	
overlying	skin	and	buccal	mucosa	creating	a	through	and	
though	 defect.	 The	 reconstructive	 challenge	 becomes	
threefold:	 reconstruction	 of	 the	 oral	 cavity	 to	 prevent	
salivary	fistula,	restoration	of	mandibular	continuity,	and	
cutaneous	coverage	 [39].	A	key	element	 in	 their	 recon-
struction	is	deciding	the	best	course	for	dealing	with	the	
mandibular	defect.

Mandible Reconstruction

Reconstruction	of	the	mandible	has	undergone	dramatic	
improvement	in	the	last	two	decades,	with	the	older	mo-
dalities,	such	as	nonvascularized	grafts	and	pedicled	bone	
grafts,	 being	 replaced	 by	 dependable,	 free	 vascularized	
bone	flaps	 [28,	41].	There	have	been	many	classification	
schemes	for	mandibular	defects,	and	each	center	or	sur-
geon	 will	 usually	 favor	 a	 certain	 classification.	 A	 simple	
and	logical	classification	is	to	divide	them	into	defects	of	
the	symphysis,	body,	 ramus,	and/or	condyle.	Boyd	et	al.	
[7]	classified	mandibular	defects	into	three	types:
1.	 H	defects:	lateral	defects	including	the	condyle	but	not	

crossing	the	midline,
2.	 L	defects:	similar	to	H	defects	but	with	an	intact	con-

dyle,	and
3.	 C	defects:	defects	of	the	entire	symphysis.

Mandibular	defects	due	to	parotid	surgery	will	usually	
be	 lateral	 defects	 with	 or	 without	 resection	 of	 the	 con-
dyle	(i.e.,	H	or	L	defects).	Deleyiannis	et	al.	[17]	stressed	
the	importance	of	the	volume	and	location	of	the	soft	tis-

Fig. 26.8:	Rectus	abdominis	free	flap	for	reconstruction	of	a	large	volume	resection	of	the	midface,	parotid,	and	cheek	skin	(type	III	
lateral	mandibular	defect).	a	Lateral	segmental	mandibulectomy	with	resection	of	the	parotid	gland,	infratemporal	fossa,	zygomatic	
arch,	and	cheek	skin.	b	Inset	of	rectus	abdominis	flap;	buccal	mucosa	closed	primarily
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Fig. 26.9:	Rectus	abdominis	free	flap	for	reconstruction	of	a	large	volume	resection	of	the	midface,	parotid	gland,	and	cheek	skin	
(type	III	lateral	mandibular	defect).	a	Melanoma	with	invasion	into	the	parotid	gland.	b	Defect;	Alloderm	placed	as	a	static	sling	
from	the	modiolus	to	the	malar	body.	c	Inset	of	rectus	myofascial	free	flap.	d	Skin	graft	to	rectus	flap	for	cutaneous	coverage
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sue	defect	and	the	presence	of	comorbid	conditions	(i.e.,	
prognosis)	in	deciding	the	method	for	reconstruction	of	
lateral	mandibular	defects	(H	or	L	defects),	and	classified	
these	lateral	defects	into:

Type	 I	 defects:	 mandibular	 defects	 with	 a	 soft	 tissue	
resection	limited	to	the	oral	cavity	and	oropharynx
Type	II	defects	(Fig.	26.10):	through	and	through	de-
fects	of	 the	 lower	 face	 (skin	overlying	 the	mandible)	
or	neck
Type	III	defects	 (Fig.	26.11):	 those	defects	associated	
with	a	large	volume	resection	of	the	midface,	parotid,	
and	cheek	skin

Extended	radical	parotidectomy	will	usually	result	in	
a	type	III	defect,	whereas	a	malignant	tumor	of	the	sub-
mandibular	gland	that	has	invaded	the	lateral	mandible	
and	submandibular	skin	would	result	in	a	type	II	defect.	

�

�

�

The	options	for	reconstruction	in	these	cases	include	soft	
tissue	 reconstruction	 without	 bony	 mandibular	 recon-
struction	or	a	free	osseous	flap	(with	or	without	a	second	
flap	for	soft	tissue	reconstruction).

Soft Tissue Reconstruction Only

Acceptable	function,	including	mastication	and	speech,	
can	be	achieved	with	soft	 tissue	reconstruction	only	 in	
lateral	mandibular	defects.	Because	these	patients	do	not	
have	 restoration	 of	 their	 mandibular	 continuity	 with	 a	
reconstruction	plate	or	an	osseous	free	flap,	they	do	have	
malocclusion	of	their	remaining	dentition	and	mandibu-
lar	deviation	to	the	reconstructed	side	with	mouth	open-
ing.	 However,	 on	 frontal	 view	 facial	 symmetry	 is	 well	
preserved.

Fig. 26.10a,b:	Type	II	lateral	
mandibulectomy	defect:	a	through	
and	through	defect	of	the	lower	
face	(skin	overlying	the	mandible)	
and/or	neck.	a	Upper left	Through	
and	through	defect	(skin	resected	
overlying	the	mandible	and	neck).	
Upper right	Osteocutaneous	radial	
forearm	(RFFF)	de-epithelialized	
to	create	two	skin	paddles.	An	
osteocutaneous	fibular	free	flap	
with	two	skin	paddles	could	also	
be	used.	Lower left	Oral	cavity	
inset	done;	paddle	draped	over	the	
radius	(or	fibula)	and	reconstruc-
tion	plate.	Lower right	-	Cutaneous	
inset.	b	(see next page)
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Fig. 26.10a,b:	(continued)	b	Upper left	Through	and	through	defect	(skin	resected	overlying	the	mandible	and	neck).	Middle left	
Osteocutaneous	RFFF.	Upper right	Osteocutaneous	RFFF	used	for	mandible	and	oral	cavity	reconstruction;	design	of	a	cervicodel-
topectoral	(CDP)	and	pectoralis	major	(Pec)	flap.	Lower right	CDP	used	for	cutaneous	reconstruction.	Lower left	Pectoralis	flap	used	
for	cutaneous	reconstruction
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Fig. 26.11:	Type	III	defect:	lateral	defect	with	an	
associated	large	volume	resection	of	the	midface,	
parotid	gland,	and/or	cheek	skin.	Upper	Through	
and	through	defect	of	the	cheek	and	midface.	
Middle	Rectus	abdominis	free	flap	with	a	single	
skin	paddle,	skin	graft,	or	two	skin	paddles.	Lower	
Flap	inset;	buccal	mucosa	closed	primarily	or	with	
the	skin	paddle	of	the	rectus	flap;	cutaneous	recon-
struction	done	with	a	skin	paddle	of	the	rectus	flap	
or	with	a	skin	graft	on	the	rectus	abdominis	muscle
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A	rectus	abdominis	free	flap	is	our	preferred	method	
of	reconstructing	large	volume	defects	that	include	buccal	
mucosa,	mandible,	muscles	of	mastication,	parotid	tissue,	
and	 cheek	 skin.	 A	 rectus	 free	 flap	 provides	 ample	 bulk	
to	fill	the	soft	tissue	defect	and	a	reliable	skin	island	for	
cheek	or	buccal	mucosal	reconstruction.	The	rectus	free	
flap	can	be	folded	on	itself	to	place	one	skin	paddle	inside	
the	mouth	and	another	externally,	or	a	skin	graft	can	be	
placed	directly	on	the	rectus	muscle	to	provide	external	
skin	coverage	(Figs.	26.8–26.10).	Because	of	the	low	risk	
of	flap	failure,	low	incidence	of	donor	site	morbidity,	the	
frequent	 absence	 of	 a	 functioning	 temporomandibular	
joint,	 and	 the	 desire	 to	 minimize	 the	 complexity	 of	 the	
surgical	procedure,	 the	rectus	 free	flap	 is	often	our	first	
choice	of	reconstruction	[17].

Free Osteocutaneous Flaps, Alone 
or with a Second Flap (Pedicled or Free)

A	 free	 osteocutaneous	 flap,	 in	 particular	 a	 fibular	 free	
flap	(FFF)	or	an	osteocutaneous	radial	forearm	free	flap	
(ORFFF),	 can	 also	 be	 used	 to	 reconstruct	 through	 and	
through	 defects	 caused	 by	 parotid	 malignancies.	 To	 re-
construct	the	associated	skin	and	oral	mucosa	defects,	the	
flap	can	be	raised	as	an	osteocutaneous	flap	with	two	skin	
paddles	or	combined	with	a	second	flap	[1,	17].

The	fibular	osteocutaneous	free	flap	offers	the	advan-
tages	that	it	can	provide	a	vascularized	bone	graft	greater	
than	20	cm	in	length,	that	the	cross-sectional	area	of	the	
fibula	approximates	the	cross-sectional	area	of	the	mid-
body	 of	 the	 mandible,	 and	 that	 it	 is	 ideally	 suited	 for	
placement	 of	 osseointegrated	 implants	 for	 dental	 reha-
bilitation.	 As	 the	 bone	 is	 supplied	 by	 both	 the	 nutrient	
artery	 and	 periosteal	 branches,	 multiple	 corticotomies	
can	be	made	in	the	fibula	to	conform	to	the	shape	of	the	
resected	mandible.	A	large	skin	paddle,	based	on	the	pos-
terior	septocutaneous	perforators,	can	be	harvested	with	
a	fibular	free	flap.	Jones	et	al.	have	reported	the	routine	
harvest	 of	 fibular	 skin	 paddles	 from	 the	 mid-posterior	
leg	to	the	lateral	border	of	the	tibia	for	reconstruction	of	
through	and	through	defects	[31].	Harvesting	the	soleus	
muscle	 in	conjunction	with	fibula	can	be	utilized	 to	fill	
soft	tissue	defects.	In	addition,	as	the	flap	is	remote	from	
the	head	and	neck,	it	can	be	raised	with	the	patient	in	the	
supine	position	during	the	extirpative	surgery.

The	 radial	 forearm	 osteocutaneous	 flap	 can	 provide	
up	to	12	cm	of	vascularized	bone.	It	is	especially	suitable	
for	 reconstruction	 of	 mandibular	 defects	 that	 are	 more	
posteriorly	situated	with	a	limited	bone	defect	and	a	large	

soft	tissue	loss	[59].	The	bone	of	the	ORFFF	is	not	suit-
able	for	implants.	However,	posterior	mandibular	defects	
will	usually	do	well	without	implants	due	to	their	poste-
rior	 position	 and	 small	 size.	 The	 cutaneous	 component	
of	the	radial	forearm	flap	can	be	used	to	reconstruct	the	
cheek	and/or	oral	mucosa.	A	double	skin	paddle	flap	can	
be	designed	to	cover	both	sides	of	a	through	and	through	
defect	(Fig.	26.10).

Other	 flap	 options	 exist	 for	 extensive	 through	 and	
through	defects	(type	II	and	III).	Wei	et	al.	published	their	
preference	 for	 double	 free	 flaps,	 in	 particular	 a	 fibular	
osteocutaneous	flap	with	either	a	 fasciocutaneous	RFFF,	
ALT	flap,	or	myocutaneous	rectus	abdominis	flap	[60,	62].	
According	to	the	authors,	the	use	of	a	second	free	flap	al-
lows	easier	insetting	and	better	reproduction	of	the	three-
dimensional	 anatomical	 boundaries,	 such	 as	 the	 buccal	
sulcus	and	 the	 trigonal	area.	The	disadvantages	of	using	
two	free	flaps	include	the	extra	time	needed	to	harvest	two	
flaps	and	perform	the	additional	microanastomoses,	 the	
possible	lack	of	a	second	pair	of	recipient	vessels	in	those	
patients	with	a	history	of	previous	radiotherapy	or	neck	
surgery,	and	a	second	donor	site	morbidity.

The	scapular	osteocutaneous	flap	and	internal	oblique-
iliac	crest	osteomyocutaneous	flap	have	been	advocated	
as	a	single	flap	option	[18,	57].	The	scapular	osteocuta-
neous	 flap	 may	 be	 combined	 with	 a	 parascapular	 flap	
or	latissimus	dorsi	myocutaneous	flap	on	the	same	sub-
scapular	vascular	pedicle	for	independent	reconstruction	
of	 internal	 lining,	 mandibular	 bone,	 and	 external	 skin.	
The	 disadvantages	 of	 these	 flaps	 are	 that	 they	 require	
harvesting	in	the	lateral	position,	the	lateral	border	of	the	
scapula	is	quite	thin,	and	the	segmental	periosteal	blood	
supply	may	be	compromised	if	multiple	osteotomies	are	
required.	 The	 internal	 oblique	 muscle	 of	 the	 internal	
oblique-iliac	 crest	 osteomyocutaneous	 flap	 can	 be	 used	
to	separately	reconstruct	the	oral	cavity	mucosal	defect.	
However,	femoral	nerve	injury,	hernia,	gait	disturbance,	
pain,	and	abdominal	wall	denervation	are	potential	do-
nor	site	morbidities	[21].

Facial Reanimation: Procedures Done 
at the Time of Parotidectomy

Radical	parotidectomy	with	resection	of	the	facial	nerve	
remains	one	of	the	common	causes	of	facial	nerve	palsy.	
In	spite	of	the	many	innovations	and	refinements	in	facial	
nerve	reconstruction,	it	remains	a	difficult	problem,	with	
many	functional	and	aesthetic	consequences.	When	part	
of	the	nerve	has	been	removed	due	to	tumor	infiltration,	
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immediate	 nerve	 grafting	 while	 the	 patient	 is	 anesthe-
tized	and	the	nerve	ends	are	clearly	identified	is	the	ideal	
option	[2].	Other	procedures	may	be	added,	such	as	static	
slings	and/or	placement	of	an	upper	eyelid	gold	weight.

Nerve Grafting

For	facial	nerve	grafting,	a	cable	graft	is	performed	from	
the	 proximal	 facial	 nerve	 stump	 to	 the	 distal	 branches.	
The	three	common	donor	sites	for	nerve	grafts	are	the	su-
ral	nerve,	cervical	cutaneous	nerves	(mainly	the	greater	
auricular	 nerve),	 and	 the	 medial	 or	 lateral	 antebrachial	
nerve.	 The	 sural	 nerve	 is	 the	 most	 common	 donor	 site	
for	 nerve	 grafts	 due	 to	 its	 length,	 acceptable	 donor	 site	
morbidity,	 and	 ease	 of	 harvest	 (Fig.	26.12).	 The	 greater	
auricular	nerve	and	other	cutaneous	branches	of	the	cer-
vical	plexus	if	not	involved	with	tumor	have	the	advan-

tage	of	being	in	the	surgical	field	and	having	an	extensive	
arborization	pattern,	 allowing	a	 single	nerve	 sutured	 to	
the	proximal	stump	to	be	anastomosed	to	several	distal	
branches	 [2].	 The	 cutaneous	 nerves	 of	 the	 forearm	 can	
also	be	used,	but	because	of	donor	site	morbidity	(numb-
ness	in	the	forearm	and	the	forearm	scar),	they	are	usu-
ally	the	last	option.

The	surgeon	should	aim	to	reinnervate	as	many	distal	
branches	as	possible.	A	number	of	factors	can	potentially	
worsen	the	prognosis,	such	as	the	age	of	the	patient,	in-
adequate	vascularity	of	the	bed,	use	of	radiotherapy,	pre-
operative	facial	palsy,	and	an	associated	skin	defect.	It	is	
widely	 believed	 that	 nerve	 regeneration	 is	 worse	 in	 old	
age,	but	the	effect	of	radiotherapy	is	debatable.	Radiother-
apy	was	classically	believed	to	retard	nerve	regeneration,	
but	several	authors	have	shown	similar	results	in	patients	
who	had	and	did	not	have	radiotherapy	[40,	50].	The	use	
of	a	vascularized	nerve	graft	might	be	applicable	in	those	

Fig. 26.12a–d:	Facial	nerve	reconstruction	at	the	
time	of	parotidectomy	and	facial	nerve	resection.	
a	The	sural	nerve	is	initially	located	between	the	
lateral	malleolus	and	Achilles	tendon.	b	The	sural	
nerve	distally	arborizes	into	at	least	two	branches	
that	can	be	used	for	anastomosis.	Fascia	lata	(supe-
rior	two	strips	in	the	image)	from	the	lateral	thigh	
can	be	harvested	at	the	same	time	for	static	sling	
reconstruction.	c–d	(see next page)
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cases	where	the	surgeon	is	concerned	about	the	vascularity	
of	the	surrounding	tissues	and	the	effect	of	radiotherapy.	
Several	studies	have	shown	better	healing	in	vascularized	
nerve	 grafts	 as	 compared	 to	 conventional	 nerve	 grafts,	
but	at	the	expense	of	an	increased	operative	time	and	case	
complexity.	If	a	free	flap	is	going	to	be	used	for	a	skin,	mu-
cosal,	or	bone	defect,	a	composite	flap	can	be	designed	to	
include	a	vascularized	nerve	graft,	such	as	the	lateral	an-
tebrachial	cutaneous	nerve	harvested	with	an	RFFF	[35].

Static Reconstruction

A	static	sling	can	be	used	to	improve	facial	symmetry	at	
rest.	This	is	especially	helpful	in	patients	in	whom	nerve	
regeneration	is	not	expected,	due	to	comorbid	conditions	
or	 a	 short	 life	 expectancy.	 In	 patients	 who	 do	 receive	 a	
nerve	graft,	a	static	sling	can	provide	support	to	the	mid-

face	during	reinnervation,	which	typically	takes	up	to	a	
year	[25].	Static	slings	can	be	performed	using	autogenous	
material,	commonly	a	fascia	lata	strip	or	a	tendon	graft,	
or	 alloplastic	 material	 such	 as	 alloderm.	 The	 sling	 [15]	
is	routinely	sewn	to	modulus,	upper	and	lower	 lips	and	
fixed	 either	 to	 the	 deep	 temporal	 fascia	 or	 the	 exposed	
malar	bone	(Fig.	26.13).	Anticipating	the	relaxation	that	
will	occur	over	time,	the	surgeon	should	suspend	the	pa-
tient’s	oral	commissure	and	lips	until	the	patient’s	upper	
canine	is	exposed	(i.e.,	canine	smile).

Upper Eyelid Gold Weight

Complete	 resection	 of	 the	 facial	 nerve	 will	 result	 in	 an	
immediate	 flaccid	 paralysis	 with	 the	 inability	 to	 com-
pletely	close	the	eye.	Prophylactic	placement	of	an	upper	
eyelid	 gold	 weight	 at	 the	 time	 of	 facial	 nerve	 resection	

Fig. 26.12a–d: (continued) c	Nerve	anastomosis	with	epineural	sutures	to	the	temporal	and	zygomatic	branches.	d	Closure	after	
sural	nerve	grafting	and	placement	of	a	fascial	lata	sling	to	the	midface	and	upper	eyelid	gold	weight
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can	potentially	improve	eye	closure,	and	thus	protection	
(Fig.	26.14).	A	1.2-g	gold	weight	has	proved	to	be	the	ap-
propriate	weight	in	most	of	our	patients.	It	is	secured	to	
the	tarsal	plate	and	can	be	removed	if	the	patient	recovers	
protective	eye	function.

Tumors of the Submandibular Gland

Reconstruction	after	submandibular	gland	resection	only	
becomes	necessary	when	the	tumor	has	invaded	the	over-
lying	skin	and/or	the	mandible.

Skin Reconstruction

The	 cervicofacial	 flap	 and	 cervicodeltopectoral	 flap	 are	
ideal	 in	 these	cases,	due	to	 the	proximity	and	the	usual	

Fig. 26.13:	Midface	suspension	with	a	fascia	lata	sling.	a	The	fascia	lata	is	sewn	into	the	modiolus	and	upper	and	lower	lip	and	sus-
pended	to	the	deep	temporalis	fascia	or	malar	bone.	b	The	midface	is	suspended	to	achieve	a	“canine	smile”

Fig. 26.14:	Placement	of	an	upper	eyelid	gold	weight:	1.2	g	has	
proved	to	be	an	appropriate	weight	in	most	patients	receiving	a	
gold	weight	at	the	time	of	facial	nerve	resection
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small	 size	 of	 the	 cutaneous	 defect.	 It	 is	 uncommon	 for	
these	 defects	 to	 require	 more	 complicated	 reconstruc-
tion,	but	if	necessary,	the	flaps	that	were	described	for	pa-
rotid	tumors	can	be	used	for	these	defects.	The	pectoralis	
major	flap	can	be	especially	helpful,	due	to	its	easy	reach	
to	the	submandibular	region.

Through and Through Defects

Cancers	 of	 the	 submandibular	 gland	 that	 invade	 the	
mandible	 and	 overlying	 skin	 produce	 defects	 classified	
as	 type	II	defects	 (Fig.	26.10),	according	 to	Deleyiannis	
et	 al.	 [17].	 These	 reconstructions	 require	 separate	 skin	
paddles	for	reconstruction	of	the	oral	mucosa	and	skin	
defect.	An	osteocutaneous	 free	flap	 (either	an	RFFF	or	
fibular	 free	flap)	with	 two	skin	paddles	 folded	over	 the	
reconstructed	 bone	 defect	 (Fig.	26.15)	 or	 an	 osteocu-
taneous	 flap	 in	 conjunction	 with	 cervicodeltopectoral	
flap	(CDP)	or	pectoralis	flap	is	our	preferred	method	for	
reconstructing	a	type	II	defect	[11].	The	decision	to	use	
an	osteocutaneous	 free	flap	with	 two	skin	paddles	ver-
sus	a	CDP	flap	or	pectoralis	flap	is	based	on	anticipating	
the	adequacy	of	soft	tissue	coverage	provided	by	folding	
the	cutaneous	paddle	over	the	reconstruction	plate.	The	
use	of	a	CDP	flap	for	lower	face	or	neck	reconstruction	
provides	 for	a	better	skin	quality	match	compared	 to	a	
distant	or	regional	flap.	Our	decision	to	use	a	CDP	flap	
versus	a	pectoralis	myocutaneous	flap	is	based	mainly	on	
preoperative	 planning	 by	 marking	 the	 anticipated	 skin	
defect	and	determining	with	a	surgical	towel	cut	into	a	
template	of	the	CDP	flap	whether	the	flap	will	rotate	suf-
ficiently	to	close	the	defect.

Tumors of the Minor Salivary Glands

There	are	between	450	and	750	minor	salivary	glands	dis-
persed	in	the	head	and	neck	region.	Although	it	is	rare	to	
see	tumors	in	these	glands,	when	they	do	occur	they	are	
more	 likely	 to	be	malignant.	Tumors	of	 the	minor	 sali-
vary	gland	are	most	common	in	the	hard	and	soft	palate,	

although	they	may	be	seen	in	the	buccal	mucosa,	tongue,	
pharynx,	nose,	maxillary	antrum,	and	other	rare	sites	[4].	
Tumors	arising	in	the	floor	of	the	mouth	and	cheek	will	
leave	defects	that	can	be	covered	by	a	graft	(skin	or	muco-
sal),	local	flap,	or	left	to	epithelialize	spontaneously.	The	
resection	of	large	tumors	will	leave	defects	which	may	in-
clude	the	mandible,	through	and	through	cheek	defects,	
or	floor	of	mouth	and	neck	defects.	The	reconstruction	
of	these	defects	is	very	similar	to	defects	arising	from	pa-
rotid	and	submandibular	gland	 tumors.	Reconstruction	
after	glossectomy	depends	mainly	on	the	extent	of	resec-
tion.	Up	to	one	half	the	tongue	can	be	removed	with	ac-
ceptable	 functional	 results	 without	 regional	 or	 free	 flap	
reconstruction;	 larger	 resections	 are	 best	 managed	 by	 a	
free	muscle	flap,	such	as	the	rectus	abdominis	flap	[63].	
Tumors	 of	 the	 pharynx	 can	 be	 reconstructed	 by	 many	
different	methods,	ranging	from	primary	closure	to	free	
jejunal	flaps	and	fasciocutaneous	flaps.

The	most	common	defects	after	excision	of	minor	sali-
vary	glands	 tumors	are	 those	of	 the	palate	and	maxilla.	
Recently,	Cordeiro	and	Santamaria	proposed	a	classifica-
tion	 system	 and	 algorithm	 for	 reconstruction	 of	 maxil-
lectomy	 and	 midfacial	 structures	 [12].	 The	 temporalis	
muscle,	soft	tissue	free	flaps	(rectus	abdominis	and	radial	
forearm),	nonvascularized	bone	(rib	or	calvarium),	and	
vascularized	 bone	 flaps	 (osteocutaneous	 radial	 forearm	
free	flap)	were	used	to	reconstruct	a	variety	of	maxillec-
tomy	 defects.	 Palatal	 defects	 were	 closed	 only	 with	 soft	
tissue.	 The	 nonvascularized	 and	 vascularized	 bone	 was	
used	for	the	osseous	reconstruction	of	the	zygoma,	max-
illa,	and	orbital	floor.	Reconstruction	of	the	orbital	floor	
was	done	to	prevent	enophthalmos,	vertical	dystopia,	and	
diplopia.	 Other	 algorithms	 have	 been	 adopted	 contain-
ing	many	other	free	flaps	and	designs	[8,	46,	63].	Many	
have	 focused	 on	 various	 osteocutaneous	 flaps	 such	 as	
the	fibula	and	the	iliac	crest.	These	latter	flaps	allow	for	
the	osteointegration	of	implants	for	dental	rehabilitation	
[22].	In	cases	of	combined	midface	and	lip	resection,	oral	
competency	can	be	restored	by	using	local	flaps,	such	as	
the	Abbe	lip-switch	flap,	in	combination	with	free	tissue	
transfer.

 Fig. 26.15a–d:	Type	II	defect.	Lateral	mandibular	resection	with	a	through	and	through	defect	of	the	neck	after	resection	of	an	
adenocarcinoma	of	the	submandibular	gland:	osteocutaneous	RFFF	with	two	skin	paddles.	a	Skin	paddle	inset	to	the	floor	of	mouth.	
b	Skin	paddle	 inset	 to	 the	cervical	cutaneous	defect.	c	Frontal	view:	18	months	post-surgery.	d	Oblique	view	of	cutaneous	skin	
paddle:	18	months	post-surgery
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    Take Home Messages

→	 Alloderm	 as	 an	 onlay	 graft	 is	 the	 simplest	 and	
least	 morbid	 option	 to	 potentially	 decrease	 the	
risk	of	Frey’s	syndrome.

→	 A	cervicofacial	or	cervicodeltopectoral	flap	is	an	
ideal	option	for	cheek	or	neck	cutaneous	recon-
struction	 after	 radical	 resection	 of	 a	 parotid	 or	
submandibular	tumor.

→	 For	parotidectomy	defects	which	involve	a	large	
loss	 of	 midface	 volume	 (i.e.,	 after	 resection	 of	
cheek	 skin,	 parotid,	 lateral	 mandible,	 and	 mus-
cles	of	mastication),	a	rectus	abdominis	free	flap	
can	restore	the	missing	volume.

→	 For	 a	 parotidectomy	 defect	 with	 an	 extensive	
skin	 resection,	 an	 anterolateral	 thigh	 flap	 is	 a	
reconstructive	 option	 with	 minimal	 donor	 site	
morbidity.

→	 Malignant	salivary	tumors	that	result	in	through	
and	 through	 mandibular	 defects	 can	 often	 be	
reconstructed	with	a	single	osteocutaneous	 free	
flap	designed	with	two	skin	paddles.

→	 In	addition	to	nerve	grafting,	consider	placing	a	
midface	static	sling	and	upper	eyelid	gold	weight	
at	the	time	of	facial	nerve	resection.
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    Core Features

•	 Discussion	 of	 the	 role	 of	 adjuvant	 radiotherapy	
in	the	treatment	of	salivary	gland	tumors

•	 Definitive	 conventional	 radiotherapy	 for	 the	
treatment	of	salivary	gland	tumors

•	 The	unique	 role	of	neutron	 radiotherapy	 in	 the	
treatment	of	salivary	gland	tumors

•	 The	role	of	radiotherapy	in	the	treatment	of	pleo-
morphic	adenomas

		

Complications	to	Avoid
The	risk	of	osteoradionecrosis	of	the	mandible	can	
be	reduced	with	appropriate	dental	prophylaxis	
prior	to	starting	radiotherapy.
The	risk	of	xerostomia	can	be	reduced	by	using	3D	
conformal	or	IMRT	techniques	to	minimize	the	
radiation	dose	to	contralateral	salivary	glands.
The	risk	of	normal	tissue	complications	can	be	
minimized	by	adhering	to	safe	tolerance	doses	as	
specified	in	the	literature.

Introduction

The	primary	treatment	for	benign	and	malignant	tumors	
of	the	salivary	gland	is	usually	surgery	with	radiotherapy	
being	 used	 in	 an	 adjuvant	 setting.	 Radiotherapy	 may	
also	be	used	as	the	definitive	treatment	when	the	patient	
either	 presents	 with	 an	 inoperable	 tumor	 or	 when	 the	
morbidity	 associated	 with	 a	 complete	 surgical	 extirpa-
tion	is	unacceptable.	Like	surgery,	radiation	therapy	is	a	
local/regional	form	of	treatment	and	would	be	expected	
to	impact	survival	mainly	in	circumstances	where	the	tu-
mor	 has	 not	 already	 metastasized.	 Local/regional	 treat-
ments	may	also	 impact	 survival	 for	certain	already	dis-
seminated	tumors	where	the	biological	aggressiveness	of	
the	metastatic	disease	is	less	than	that	of	the	primary	site.	
An	example	of	this	is	adenoid	cystic	carcinoma	where	the	
biological	behavior	of	lung	metastases	is	generally	more	
indolent	than	that	of	the	primary	cancer	and	hence,	ag-
gressive	 local/regional	 therapy	 is	 warranted	 even	 in	 the	
setting	of	disseminated	disease.

Tumors	of	the	salivary	glands	are	relatively	rare	com-
pared	to	the	more	common	squamous	cell	tumors	of	the	
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head	and	neck	and	there	have	been	few,	if	any,	random-
ized	 trials	evaluating	 the	efficacy	of	adjuvant	 radiother-
apy.	Hence,	current	concepts	of	the	role	of	radiotherapy	
in	 the	 management	 of	 tumors	 of	 the	 salivary	 glands	
have	evolved	over	time	based	upon	“comparative	analy-
ses”	often	dealing	with	patients	 treated	over	 time	spans	
measured	 in	 decades.	 This	 introduces	 a	 “confounding	
factor”	relating	to	changes	in	imaging	and	diagnostic	tu-
mor	markers	which	can	result	 in	“stage	migration”	over	
time.	Technological	advances	in	treatment	might	also	be	
expected	 to	 improve	 outcomes	 over	 time.	 Series	 of	 pa-
tients	 generally	 include	 several	 histological	 varieties	 of	
tumors,	a	variety	of	stages,	and	a	multiplicity	of	sites	of	
origin.	Unless	there	are	future,	multicenter	clinical	trials	
dealing	 with	 these	 tumors,	 it	 is	 unlikely	 that	 this	 situa-
tion	will	change	guaranteeing	that	lively	debates	will	con-
tinue	at	head	and	neck	tumor	boards.	However,	there	is	
an	emerging	consensus	that	radiotherapy	both	improves	
local/regional	control	in	selected	adjuvant	settings	and	is	
a	potentially	curative	treatment	in	other	settings	provided	
that	adequate	doses	are	delivered.	In	this	chapter	we	will	
attempt	to	provide	a	synopsis	of	the	relevant	clinical	data	
and	point	out	their	limitations.

Tumors	of	the	salivary	glands	comprise	a	diverse	spec-
trum	 of	 histological	 types	 often	 with	 greatly	 different	
malignant	 potential	 and	 patterns	 of	 spread.	 For	 a	 thor-
ough	discussion	of	their	behavior,	the	reader	is	referred	
to	earlier	chapters	in	this	text.	In	this	chapter	when	con-
sidering	specific	radiation	therapy	recommendations,	we	
will	generally	use	the	working	model	of	the	World	Health	
Organization	[41]	and	group	malignant	tumors	into	two	
categories:	(1)	 low	grade	consisting	of	 low-grade	muco-
epidermoid	carcinoma,	the	occasional	low-grade	adeno-
carcinoma,	and	acinic	cell	carcinoma,	and	(2)	high	grade	
consisting	 of	 high-grade	 mucoepidermoid	 carcinoma,	
most	 adenocarcinomas,	 carcinoma	 ex-pleomorphic	 ad-
enoma,	 adenoid	 cystic	 carcinoma,	 malignant	 mixed	 tu-
mors,	and	squamous	cell	carcinoma.	In	terms	of	patient	
survival,	low-grade	cancer	has	a	more	favorable	outcome	
than	 high-grade	 cancer	 [44].	 Local/regional	 forms	 of	
cancer	 spread	 can	 be	 either	 via	 direct	 extension,	 lym-
phatic	spread,	and/or	perineural	invasion.	Different	sites	
and	histological	types	of	cancer	have	varying	patterns	of	
spread	and	 thus	are	 treated	using	 individually	designed	
radiotherapy	fields.	Although	this	chapter	will	mainly	be	
concerned	 with	 the	 treatment	 of	 malignant	 neoplasms,	
we	will	also	include	a	short	section	on	the	role	of	radio-
therapy	in	the	treatment	of	benign	pleomorphic	adeno-
mas.

Postoperative Radiotherapy

Often	the	radiation	oncologist	is	presented	with	the	situa-
tion	in	which	the	surgeon	has	operated	on	the	primary	site	
and	has	not	addressed	the	draining	neck	nodes.	One	ques-
tion	to	consider	is	when	the	neck	nodes	should	be	treated?	
There	is	some	indication	as	to	the	risk	of	nodal	metastases	
for	the	various	histological	types	from	the	older	surgical	
literature	dealing	with	parotid	tumors	[27].	This	is	sum-
marized	in	Tables	27.1	and	27.2,	respectively,	for	clinically	
positive	nodes	and	occult	nodal	disease	as	a	 function	of	
histology.	Clearly	when	positive	nodes	are	found	during	a	
neck	dissection,	treatment	of	the	neck	is	warranted	in	the	
postoperative	setting.	Perhaps	of	more	interest	is	the	infor-
mation	shown	in	Table	27.2	which	shows	the	risk	of	there	
being	occult	nodal	disease	even	in	the	patient	with	a	clini-
cally	negative	neck.	 In	patients	who	have	 squamous	cell	
carcinoma	 and	 high-grade	 mucoepidermoid	 carcinoma,	
prophylactic	neck	irradiation	appears	warranted	whereas	
it	 does	 not	 appear	 warranted	 in	 patients	 with	 adenoid	
cystic	 carcinoma,	 acinic	 cell	 carcinoma,	 and	 malignant	
mixed	 tumors.	 For	 adenocarcinomas	 where	 the	 overall	
incidence	of	occult	disease	was	about	9%,	it	seems	reason-
able	to	offer	this	treatment	for	high-grade	cancer	and	not	
for	low-grade	cancer.	It	should	be	noted	that	much	of	the	
data	in	these	tables	are	from	the	pre-MRI	and	pre-PET	era	
and	so	newer	imaging	modalities	may	be	more	effective	in	
identifying	 nodal	 metastases	 from	 salivary	 gland	 cancer	
just	as	they	have	been	for	the	more	common	cancers	of	the	
head	and	neck	of	epithelial	origin.

While	 there	 have	 been	 no	 randomized	 clinical	 trials	
testing	the	efficacy	of	pre-	or	postoperative	radiotherapy,	
there	 is	 ample	 comparative	 data	 in	 the	 literature	 argu-
ing	 for	 improved	 local/regional	 control	 for	 postopera-
tive	 radiotherapy.	 A	 selection	 of	 such	 data	 is	 shown	 in	
Table	27.3.	The	criteria	for	patient	selection	as	to	who	did	
or	 did	 not	 receive	 postoperative	 radiotherapy	 are	 often	
not	well	specified	in	the	original	articles	nor	are	the	cri-
teria	for	follow-up	and	assessment	of	outcome.	However,	
it	is	probably	safe	to	assume	that	a	greater	percentage	of	
patients	 who	 received	 postoperative	 radiotherapy	 had	
worrisome	prognostic	factors	than	those	who	did	not.	It	
also	 appears	 significant	 that	 in	 all	 of	 the	 articles	 except	
one,	the	local/regional	control	was	better	in	the	group	of	
patients	treated	postoperatively.	Summing	all	of	the	series	
together,	the	net	local/regional	control	rate	is	66%	for	the	
group	 treated	 with	 surgery	 alone	 compared	 to	 82%	 for	
the	group	that	also	received	postoperative	radiotherapy.	
This	difference,	assuming	comparable	groups	of	patients,	
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would	be	significant	at	the	P	<	0.0001	level	using	a	two-
sided	Fisher	exact	test.

A	 selection	 of	 comparative	 survival	 data	 is	 similarly	
shown	in	Table	27.4.	While	not	as	compelling	as	the	data	
for	 improved	 local/regional	 control,	 the	 summed	 series	
seem	 to	 show	 a	 small	 improvement	 in	 overall	 survival:	

61%	for	the	patients	treated	with	surgery	alone	compared	
to	 68%	 for	 the	 group	 treated	 with	 surgery	 and	 postop-
erative	 radiotherapy.	 Certainly	 this	 does	 not	 qualify	 as	
a	meta-analysis	but	if	one	where	to	compare	the	overall	
data	 using	 a	 two-sided	 Fisher	 exact	 test,	 this	 difference	
would	be	significant	at	the	P	=	0.02	level.

Table 27.1.	Incidence	of	clinically	positive	lymph	node	metas-
tases	at	presentation	in	surgically	staged	patients	as	a	function	
of	tumor	histology	for	parotid	tumors	[27].	The	total	number	of	
patients	in	this	review	was	648

Histological subtype Percent with 
positive nodes

High-grade	mucoepidermoid 44

Adenocarcinoma 25

Adenoid	cystic	carcinoma 5

Malignant	mixed	tumor 21

Squamous	cell	carcinoma 37

Undifferentiated	carcinoma 23

Acinic	cell	carcinoma 13

Table 27.2.	 Occult	 nodal	 disease	 found	 at	 time	 of	 surgery	 as	
function	of	tumor	histology	for	parotid	tumors	[27].	The	total	
number	of	patients	in	this	review	was	177

Histological subtype Percent with 
positive nodes

High-grade	mucoepidermoid 16

Adenocarcinoma 9

Adenoid	cystic	carcinoma 0

Malignant	mixed	tumor 0

Squamous	cell	carcinoma 40

Acinic	cell	carcinoma 6

Table 27.3.	Comparative	local	regional	control	data	for	patients	treated	with	surgery	±	postoperative	radiotherapy

Surgery Surgery + postoperative radiotherapy

Tran	et	al.	[47] 	 36/68	(53%) 	 43/57	(75%)

North	et	al.	[33] 	 13/23	(58%) 	 62/67	(92%)

Armstrong	et	al.	[1] 	 30/46	(66%) 	 36/46	(73%)

Reddy	and	Marks	[38] 	 	 0/12	(0%) 	 	 6/8	(75%)

Bisset	and	Fitzpatrick	[5] 	 	 9/30	(30%) 	 37/54	(68%)

Molinari	et	al.	[32] 	 31/36	(85%) 	 22/32	(68%)

Frankenthaler	et	al.	[22] 	 73/91	(80%) 	 56/64	(88%)

Fitzpatrick	and	Theriault	[21] 	 30/110	(27%) 174/239	(73%)

Shidnia	et	al.	[42] 	 22/38	(58%) 	 21/30	(70%)

Migliancio	et	al.	[31] 	 17/38	(44%) 	 33/43	(78%)

Fu	et	al.	[23] 	 39/52	(75%) 	 24/29	(83%)

Borthne	et	al.	[6] 	 51/96	(53%) 	 34/52	(66%)

Pohar	et	al.	[35] 	 35/56	(63%) 	 81/91	(89%)

Terhard	et	al.	[46] 	 85/112	(76%) 351/386	(91%)

Overall 501/770	(66%) 980/1198	(82%)
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Frankenthaler	et	al.	[22]	have	analyzed	the	relative	risk	
factors	for	 local/regional	control,	survival,	and	develop-
ment	of	distant	metastases	for	patients	with	cancer	of	the	
parotid	gland	treated	with	surgery	and	postoperative	ra-
diotherapy.	They	found	that	presence	of	lymph	node	me-
tastasis,	primary	tumor	size	>	3	cm,	and	deep	lobe	tumor	
origin	 were	 adverse	 factors	 for	 local/regional	 control;	
high-grade	histology,	presence	of	lymph	node	metastasis,	
primary	tumor	size	>	3	cm,	and	perineural	invasion	were	
adverse	factors	for	survival;	while	only	high-grade	histol-
ogy	and	primary	tumor	size	>	3	cm	were	adverse	factors	
for	the	development	of	distant	metastases.

Garden	et	al.	[24]	have	specifically	addressed	the	role	
of	postoperative	radiotherapy	in	the	treatment	of	adenoid	
cystic	carcinomas	of	the	parotid.	This	was	a	retrospective	
study	on	166	patients	who	were	cleared	of	gross	disease	
during	a	surgical	resection.	For	patients	with	negative	or	
“uncertain”	 margins	 the	 10-year	 local	 control	 rate	 was	
90%.	 For	 patients	 with	 microscopically	 positive	 mar-
gins	there	was	evidence	of	a	dose	response	with	the	local	
control	rate	being	88%	if	a	radiation	dose	of	greater	than	
5,600	cGy	was	given	compared	to	only	40%	for	doses	less	
than	5,600	cGy.	Presence	of	positive	cervical	lymph	nodes	
and	 failure	 to	 sacrifice	 the	 facial	 nerve	 were	 associated	
with	higher	risk	of	local	failure	on	multivariate	analysis.	
Subgroup	 analysis	 by	 delivered	 radiation	 dose	 showed	
a	 crude	 failure	 rate	 of	 29%	 for	 microscopically	 positive	
margins	and	60%	for	invasion	of	a	major	“named	nerve”	

if	 less	 than	 6,000	cGy	 was	 given.	 In	 spite	 of	 their	 quite	
good	local	control	rate,	the	overall	rate	of	distant	failures	
was	37%	as	is	typical	for	adenoid	cystic	carcinoma.

An	issue	of	possible	concern	 in	considering	whether	
to	offer	postoperative	radiotherapy	relates	 to	 the	risk	of	
damage	to	a	facial	nerve	graft	or	to	a	surgically	impaired	
nerve.	Brown	et	al.	 [7]	have	reported	retrospectively	on	
66	patients	treated	at	the	Mayo	Clinic	for	parotid	tumors	
and	who	had	a	cable	nerve	graft.	Fourteen	patients	who	
had	a	tumor	recurrence	within	a	year	of	treatment	were	
excluded	 from	 the	 analysis.	 Facial	 nerve	 function	 was	
scored	 using	 the	 House-Brackmann	 grading	 system.	
Twenty-eight	 patients	 received	 postoperative	 radiother-
apy	to	a	median	dose	of	6,000	cGy	with	the	median	time	
between	nerve	grafting	and	initiation	of	radiotherapy	be-
ing	5.1	weeks	and	24	patients	received	no	postoperative	
radiotherapy.	Median	follow-up	time	for	the	entire	group	
of	patients	was	10.8	years.	In	spite	of	the	postoperative	ra-
diotherapy	group	having	a	greater	proportion	of	patients	
with	pathological	evidence	of	perineural	invasion	and	an	
“unfavorable”	type	of	nerve	graft,	functional	outcome	was	
equivalent	between	the	two	groups	of	patients.	The	me-
dian	 time	 to	“best”	 recovery	of	 function	was	 somewhat	
longer	in	the	irradiated	group	(13.1	versus	10.8	months)	
but	this	was	not	statistically	significant.	The	general	con-
sensus	in	the	radiation	oncology	community	is	that	while	
postoperative	 radiotherapy	 may	 delay	 nerve	 regenera-
tion,	 it	 should	not	prevent	 it	 from	ultimately	occurring	

Table 27.4.	Comparative	survival	data	for	patients	treated	with	surgery	±	postoperative	radiotherapy

Surgery Surgery + postoperative radiotherapy 

Tran	et	al.	[47] 	 49/68	(72%) 	 47/57	(82%)

North	et	al.	[33] 	 13/23	(59%) 	 50/67	(75%)

Armstrong	et	al.	[1] 	 25/46	(55%) 	 32/46	(69%)

Bisset	and	Fitzpatrick	[5] 	 11/30	(37%) 	 28/54	(52%)

Molinari	et	al.	[32] 	 30/36	(84%) 	 21/32	(66%)

Frankenthaler	et	al.	[22] 	 67/91	(74%) 	 41/64	(64%)

Fitzpatrick	and	Theriault	[21] 	 69/110	(63%) 174/239	(73%)

Miglinaico	et	al.	[31] 	 18/38	(49%) 	 23/43	(54%)

Eapen	et	al.	[17] 	 26/35	(76%) 	 14/19	(75%)

Shidnia	et	al.	[42] 	 22/38	(58%) 	 21/30	(70%)

Pohar	et	al.	[35] 	 21/56	(38%) 	 50/91	(55%)

Overall 351/571	(61%) 501/742	(68%)
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and	therefore,	facial	nerve	grafting	should	not	be	consid-
ered	a	relative	contraindication	for	delivering	postopera-
tive	radiotherapy.

Postoperative	radiotherapy	is	indicated	whenever:	(1)	
the	cancer	is	high	grade	(any	histology	except	low-grade	
mucoepidermoid,	 low-grade	 adenocarcinoma,	 or	 acinic	
cell	carcinoma	with	clear	margins)	regardless	of	the	sur-
gical	margins;	(2)	the	surgical	margins	are	“close”	or	mi-
croscopically	positive	(which	will	include	most	deep	lobe	
tumors	where	the	facial	nerve	was	not	sacrificed)	regard-
less	of	the	grade	of	the	lesion;	(3)	the	resection	has	been	
performed	for	recurrent	disease	regardless	of	the	margin	
status	 or	 tumor	 histology;	 (4)	 tumor	 has	 invaded	 skin,	
bone,	nerve,	or	extraglandular	tissue;	(5)	regional	nodes	
are	confirmed	positive	on	a	neck	dissection;	or	(6)	there	
is	gross	residual	or	unresectable	disease.

For	any	histology	except	low-grade	mucoepidermoid	
tumors,	adenoid	cystic	carcinoma,	acinic	cell	carcinoma,	
or	 low-grade	adenocarcinoma,	 the	clinically	N0	neck	 is	
generally	 treated	 to	 5,000–5,500	cGy.	 In	 the	 case	 of	 ad-
enoid	cystic	carcinoma	which	has	a	propensity	to	spread	
along	cranial	nerves,	the	initial	radiation	fields	must	cover	
the	courses	of	the	cranial	nerves	adjacent	(or	traversing)	
the	tumor	to	the	point	where	they	enter	the	base	of	the	
skull	and	the	region	treated	to	a	dose	appropriate	for	mi-
croscopic	disease	 (5,000–5,400	cGy).	Daily	 fraction	 size	
is	180–200	cGy	per	day.	The	use	of	chemotherapy,	radio-
sensitizers,	 and	 hyperfractionation	 or	 accelerated	 frac-
tionation	 schedules	 must	 be	 regarded	 as	 investigational	
at	the	present	time.

Depending	upon	the	radiation	fields	treated,	the	criti-
cal	structures	likely	to	be	encountered	are	the	spinal	cord,	
optic	nerves	and	chiasm,	retina,	and	lens.	The	dose	to	the	
spinal	 cord	 should	 be	 limited	 to	 4,500	cGy,	 the	 dose	 to	
the	optic	nerves,	chiasm,	and	retina	limited	to	5,400	cGy,	
and	 the	 dose	 to	 the	 lens	 limited	 to	 500	cGy.	 The	 major	
expected	 late	 effect	 is	xerostomia	 relating	 to	 irradiation	
of	 the	parotid	glands.	This	will	generally	occur	at	doses	
between	2,500	and	3,000	cGy	and	is	one	reason	why	ag-
gressive	dental	prophylaxis	should	be	undertaken	prior	to	
initiating	 radiotherapy.	 Appropriate	 choice	 of	 radiation	
fields	 and	 the	 use	 of	 intensity	 modulated	 radiotherapy	
(IMRT)	 may	 allow	 one	 to	 exclude	 the	 contralateral	 pa-
rotid	gland	from	the	high	radiation	dose	region	and	allow	
for	some	return	of	salivary	function.	There	are	mixed	data	
on	the	long-term	effectiveness	of	amifostine	as	an	agent	
to	help	prevent	xerostomia	in	the	treatment	of	the	more	
common	epithelial	tumors	of	the	head	and	neck	but	there	
have	been	no	specific	studies	using	this	agent	in	the	treat-

ment	 of	 cancer	 of	 the	 salivary	 glands.	 On	 occasion,	 ir-
radiation	of	the	vestibular	apparatus	of	the	inner	ear	may	
result	in	Meniere’s	syndrome;	the	radiation	dose	at	which	
this	may	occur	is	not	well	defined	but	has	been	reported	
to	be	in	the	range	of	6,000–7,000	cGy.

With	 modern	 radiotherapy	 techniques,	 the	 risk	 of	
treatment-related	 sequelae	 can	 be	 minimized.	 Electron	
beams	 have	 limited	 penetration	 and	 so	 can	 be	 used	 to	
lateralize	 the	 radiation	 dose	 and	 spare	 contralateral	
structures.	 Newer	 three-dimensional	 (3D)	 conformal	
and	IMRT	techniques	accomplish	this	in	a	more	elegant	
manner.	 Figure	27.1	 shows	 an	 IMRT	 isodose	 plan	 for	 a	
patient	treated	postoperatively	following	resection	of	an	
intermediate-grade	 mucoepidermoid	 carcinoma	 of	 the	
left	parotid	gland.	The	operative	bed	is	shown	in	red	and	
the	isodose	lines	are	as	indicated	for	a	transverse	cross-
section	through	the	center	of	the	parotid	bed	(Fig.	27.1a)	
and	a	coronal	cross-section	(Fig.	27.1b).	Note	the	lateral-
ization	of	the	isodose	lines.	Figure	27.2	shows	dose	vol-
ume	histograms	(DVHs)	which	are	ways	of	representing	
the	details	of	the	radiation	dose	distributions	through	the	
tumor	and	selected	normal	tissues.	The	mean	dose	to	the	
primary	target	volume	is	6,515	cGy	while	the	mean	dose	
to	the	contralateral	parotid	gland	was	only	1,337	cGy.	The	
mean	mandibular	dose	was	2,745	cGy	with	about	10%	of	
the	mandible	receiving	more	than	6,000	cGy.

Definitive Radiotherapy 
with Photons and/or Electrons

With	 the	 exception	 of	 the	 randomized	 trial	 comparing	
low	linear	energy	transfer	(LET)	photon	and/or	electron	
radiotherapy	 with	 high	 LET	 fast	 neutron	 radiotherapy	
(to	be	discussed	in	the	next	section),	there	have	been	no	
programs	which	deliberately	set	out	to	treat	a	significant	
number	of	patients	with	cancer	of	the	salivary	glands	with	
definitive	 radiotherapy.	 Rather,	 in	 many	 of	 the	 reports	
primarily	concerned	with	radiotherapy	as	an	adjuvant	to	
surgery,	 there	are	reported	results	 for	small	numbers	of	
patients	 treated	 with	 radiotherapy	 alone.	 Often	 the	 cri-
teria	 for	 this	 choice	 in	 therapy	are	not	well	defined	but	
most	often	this	treatment	was	given	in	situations	where	
the	cancer	was	too	large	and/or	located	such	that	a	cancer	
operation	was	not	felt	to	be	feasible.	For	a	small	number	of	
patients,	the	cancer	may	have	been	technically	resectable	
but	medical	conditions	made	the	patient	a	poor	operative	
risk.	Table	27.5	 summarizes	data	 for	definitively	 treated	
patients	over	a	wide	 range	of	 treatment	eras.	Given	 the	
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different	patient	populations,	evolution	of	 imaging,	and	
evolution	 of	 radiotherapy	 equipment	 and	 techniques	 it	
is	not	possible	to	compare	one	series	with	another.	Data	
from	 some	 of	 the	 these	 articles	 have	 also	 been	 used	 in	
Table	27.3	 which	 allows	 one	 to	 make	 a	 crude	 compari-
son	between	local	control	rates	for	definitively	treated	pa-
tients	versus	surgery	and	postoperative	radiotherapy	for	
the	same	institution.	The	overall	local	control	rate	is	30%	
compared	to	82%	for	the	surgery	and	postoperative	radio-
therapy	group	but	again	it	should	be	noted	that	these	are	
not	comparable	patient	cohorts.	Except	 for	some	of	 the	
patients	 reported	by	Mendenhall	 et	al.	 [30],	all	patients	
were	treated	using	a	traditional	once-a-day	fractionation	
scheme	 to	 doses	 in	 the	 range	 of	 6,500–7,000	cGy.	 The	
only	publication	showing	comparable	local	control	rates	
for	the	two	groups	of	patients	is	that	of	Pohar	et	al.	[35]	
which	shows,	respectively,	89%	versus	85%.

Mendenhall	et	al.	[30]	reported	on	a	group	of	patients	
with	 adenoid	 cystic	 carcinomas	 with	 61	 patients	 being	
treated	 with	 surgery	 and	 adjuvant	 radiotherapy	 and	 40	
patients	being	treated	with	radiation	alone.	At	the	10-year	
point	the	local	control	rate	was	43%	for	the	group	treated	
with	 radiation	 alone	 compared	 to	 91%	 for	 the	 group	
treated	with	surgery	and	radiotherapy.	The	10-year	abso-

Fig. 27.1:	Radiation	 isodose	curves	 for	a	patient	with	a	parotid	 tumor	receiving	postoperative	radiotherapy.	a	Transverse	cross-
section	through	the	center	of	the	parotid	bed.	b	Coronal	cross-section.	The	primary	target	volume	is	shown	in	the	red	color	wash.	
(Thanks	to	Thomas	Arbuckle	RT,	RTT,	CMD,	and	Patty	Sponseller	RT,	RTT,	CMD,	for	their	help	in	preparing	this	figure)

Fig. 27.2:	Dose	volume	histograms	for	the	isodose	plan	shown	
in	Fig.	27.1.	The	structures	for	which	the	curves	were	calculated	
are	as	indicated.	Note	the	flat	curve	for	the	target	and	the	sharp	
fall	 off	 which	 indicates	 a	 homogeneous	 dose	 distribution	 and	
the	low	doses	achieved	for	the	avoidance	structures.	(Thanks	to	
Thomas	Arbuckle	RT,	RTT,	CMD,	and	Patty	Sponseller	RT,	RTT,	
CMD	for	their	help	in	preparing	this	figure)
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lute	survival	rate	was	42%	for	the	radiation	along	group	
compared	to	55%	for	the	surgery	and	radiotherapy	group.	
The	authors	note	that	the	disconnect	between	local	con-
trol	and	survival	may	be	attributable	to	the	high	rate	of	
distant	metastases	for	this	tumor	type,	something	that	has	
been	noted	as	well	by	other	investigators.

Based	upon	the	available	data,	 it	 seems	preferable	 to	
offer	 surgery	 rather	 than	 standard	 radiotherapy	 as	 the	
primary	treatment	when	a	resection	is	possible	and	when	
the	anticipated	morbidity	is	acceptable	to	the	patient.

Neutron Radiotherapy

Unlike	high-energy	photons	and	electrons	which	primar-
ily	 interact	 with	 the	 electrons	 in	 matter,	 fast	 neutrons	
primarily	 interact	with	 the	atomic	nuclei	producing	 re-
coil	protons	and	charged	nuclear	fragments.	These	heavy,	
charged	particles	create	a	dense	ionization	chain	as	they	
traverse	matter	and	thus	effectively	deposit	more	energy	
along	their	paths	than	do	the	scattered	electrons	produced	

by	standard	radiotherapy.	In	particular,	fast	neutrons	ef-
fectively	deposit	in	the	range	of	20–100	kiloelectron	volts	
per	 micron	 (keV/μ)	 whereas	 the	 electrons	 produced	 by	
60Co	radiation	deposit	in	the	range	of	0.2–2	keV/μ.	This	
difference	 in	 LET	 gives	 rise	 to	 different	 radiobiological	
properties,	a	detailed	discussion	of	which	is	beyond	the	
scope	 of	 this	 chapter;	 the	 interested	 reader	 is	 referred	
to	the	text	by	Hall	[25].	However,	in	general	the	type	of	
radiation	damage	induced	by	high	LET	radiation	is	 less	
readily	 repairable	 than	 that	 induced	 by	 low	 LET	 radia-
tion	and	therefore	certain	tumors	that	are	considered	to	
be	“radioresistant”	may	be	more	susceptible	to	treatment	
with	fast	neutrons.	The	first	radiobiological	evidence	that	
fast	neutrons	offered	a	therapeutic	advantage	in	the	treat-
ment	of	cancer	of	the	salivary	glands	is	attributed	to	Bat-
termann	 et	 al.	 [3]	 who	 measured	 the	 relative	 biological	
effectiveness	(RBE)	of	fast	neutrons	relative	to	60Co	radia-
tion	for	human	tumors	metastatic	to	lung.	Using	tumor	
growth	delay	as	an	endpoint,	 they	 found	 that	 the	high-
est	RBE	gain	occurred	for	adenoid	cystic	carcinomas,	an	
RBE	of	8.0	compared	to	3.0–3.5	as	would	be	expected	for	
late	effects	in	most	tissues.

To	put	this	 in	perspective,	 if	one	were	to	give	a	dose	
of	2,000	cGy-neutrons	to	a	parotid	tumor,	the	biological	
effect	in	terms	of	an	equivalent	photon	dose	to	the	tem-
poromandibular	joint	and	mucosa	would	be	in	the	range	
of	 6,000–7,000	cGy	 which	 is	 well	 tolerated	 whereas	 the	
equivalent	 dose	 to	 the	 tumor	 would	 be	 approximately	
16,000	cGy.	This	is	a	therapeutic	gain	factor	between	2.3	
and	 2.6.	 This	 information,	 coupled	 with	 the	 relatively	
poor	 results	 of	 standard	 radiotherapy	 (Table	27.5)	 and	
the	relatively	superficial	location	of	cancer	of	the	salivary	
glands	 which	 made	 them	 easily	 treatable	 with	 the	 low	
energy	neutron	beams	produced	by	 the	early	 treatment	
facilities,	 made	 them	 a	 natural	 tumor	 system	 for	 study.	
Early	neutron	single	 institution	data	seemed	to	support	
this	 hypothesis.	 Control	 rates	 for	 inoperable	 and/or	 re-
current	salivary	gland	tumors	treated	on	the	early,	phys-
ics	 laboratory-based	 facilities	 is	 shown	 in	 Table	27.6.	
Patients	treated	with	strictly	palliative,	low-dose	neutron	
radiotherapy	are	not	included	nor	are	patients	treated	for	
microscopic	residual	disease.	What	is	remarkable	is	that	
even	with	the	primitive	neutron	facilities	that	were	avail-
able	at	that	time,	the	overall	local	control	rate	of	67%	was	
more	than	twice	that	expected	with	standard	radiother-
apy	and	there	is	a	general	consistency	to	the	data.

While	 intriguing,	 comparing	 the	 data	 shown	 in	 Ta-
bles	27.5	 and	 27.6	 is	 not	 definitive	 in	 terms	 of	 the	 im-
proved	 efficacy	 of	 fast	 neutron	 radiotherapy	 due	 to	 the	

Table 27.5.	Local	 control	 rates	 for	patients	 treated	definitively	
with	low	LET	photon	and/or	electron	irradiation.	The	number	
of	patients	in	each	report	is	indicated	in	the	second	column	of	
the	table

Local control

Fitzpatrick	and	Theriault	[21] 	 	 6/50	(12%)

Vikram	et	al.	[48] 	 	 2/49	(4%)

Borthne	et	al.	[6] 	 	 8/35	(23%)

Rafla	[36] 	 	 9/25	(36%)

Fu	et	al.	[23] 	 	 6/19	(32%)

Stewart	et	al.	[45] 	 	 9/19	(47%)

Ellis	et	al.	[20] 	 	 5/17	(29%)

Dobrowsky	et	al.	[15] 	 	 7/17	(41%)

Shidnia	et	al.	[42] 	 	 6/16	(38%)

Elkon	et	al.	[19] 	 	 2/13	(15%)

Ravasz	et	al.	[37] 	 	 3/12	(25%)

Rossman	[39] 	 	 6/11	(54%)

Mendenhall	et	al.	[30] 	 22/40	(56%)

Pohar	et	al.	[35] 	 11/13	(85%)

Overall 102/336	(30%)
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uncontrolled	nature	of	the	treated	patients	in	terms	of	tu-
mor	location,	histologies,	and	spectra	of	follow-up	times.	
Based	 upon	 this	 information	 in	 these	 reported	 series,	
the	 Radiation	 Therapy	 Group	 (RTOG)	 in	 the	 USA	 and	
the	 Medical	 Research	 Council	 (MRC)	 in	 UK	 launched	
a	phase	III,	 randomized	clinical	 trial	 (80-01)	 to	directly	
compared	 fast	 neutron	 radiotherapy	 with	 conventional	
photon/electron	 radiotherapy	 for	 patients	 with	 inoper-
able	 salivary	 gland	 tumors	 [28].	 Patients	 were	 stratified	
according	 to	 surgical	 status	 (inoperable	 primary	 ver-
sus	 recurrent	 unresectable),	 tumor	 size	 (>	5	cm	 versus	
<	5	cm),	 and	 histology	 (squamous	 or	 malignant	 mixed	
versus	other).	An	interim	analysis	at	2	years	showed	that	
the	 fast	 neutron	 group	 achieved	 significantly	 improved	
local	control	both	at	 the	primary	site	and	 in	 the	 lymph	
nodes	(67%	versus	17%,	P	<	0.005)	and	there	was	a	trend	
toward	 improved	 survival	 (62%	 versus	 25%,	 P	=	0.1).	
Hence	the	study	was	closed	early	for	ethical	reasons	after	
only	25	patients	had	been	enrolled.	The	final	local	control	
and	survival	curves	for	this	study	are	shown	in	Figs.	27.3	
and	 27.4.	 These	 continue	 to	 show	 a	 statistically-signifi-
cant	 benefit	 to	 fast	 neutrons	 in	 terms	 of	 local/regional	
control.	The	suggestion	of	an	improved	survival	benefit	at	
the	2-year	point	can	still	be	seen	in	terms	of	a	difference	

Table 27.6.	Local/regional	control	 rates	 for	malignant	 salivary	
gland	tumors	treated	using	high	LET	fast	neutron	radiotherapy.	
These	are	early	data	for	patients	treated	largely	on	physics	labo-
ratory-based	 facilities	 published	 before	 the	 RTOG/MRC	 ran-
domized	 clinical	 trial.	 The	 number	 of	 patients	 at	 risk	 in	 each	
series	is	indicated	in	the	second	column

Control rate

Saroja	et	al.	[40] 	 71/113	(63%)

Catterall	and	Errington	[9] 	 50/65	(77%)

Buchholz	et	al.	[8] 	 40/52	(77%)

Batterman	and	Mijnheer	[4] 	 21/32	(66%)

Duncan	et	al.	[16] 	 12/22	(55%)

Maor	et	al.	[29] 	 	 6/9	(67%)

Ornitz	et	al.	[34] 	 	 3/8	(38%)

Eichhorn	[18] 	 	 3/5	(60%)

Skolyszewski	et	al.	[43] 	 	 2/3	(67%)

Overall 208/309	(67%)

Fig. 27.3:	 Actuarial	 local/regional	 failure	 curves	 for	 patients	
with	unresectable	salivary	gland	tumors	who	were	treated	on	the	
randomized	clinical	trial	RTOG/MRC	study	80–01.	The	neutron	
curve	is	shown	as	the	dashed line	and	the	photon	curve	is	shown	
as	 the	solid line.	The	difference	between	the	 two	curves	 is	 sig-
nificant	at	the	P	=	0.009	level.	(Reprinted	with	permission	from	
Laramore	et	al.	[28])

Fig. 27.4:	Actuarial	survival	curves	for	patients	with	unresect-
able	 salivary	 gland	 tumors	 who	 were	 treated	 on	 the	 random-
ized	clinical	trial	RTOG/MRC	study	80–01.	The	neutron	curve	
is	 shown	as	 the	dashed line	 and	 the	photon	curve	 is	 shown	as	
the	solid line.	There	is	no	significant	difference	between	the	two	
curves	(P	=	0.5).	(Reprinted	with	permission	from	Laramore	et	
al.	[28])
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in	median	survivals	of	2.97	years	vs.	1.23	years	but	at	lon-
ger	times	the	two	curves	have	come	together.	It	appears	
that	the	longer	median	survival	allowed	for	a	greater	in-
cidence	of	distant	metastases	on	the	neutron	arm	and	pa-
tients	succumbed	to	these	distant	metastases	rather	than	
to	local	failure.	The	local	control	rates	of	the	two	patient	
groups	closely	 approximate	 the	overall	 control	 rates	 for	
photon	and	neutron	single	 institutional	series	shown	in	
Tables	 27.5	 and	 27.6,	 respectively.	 There	 were	 no	 fatal	
complications	on	either	arm.	There	were	two	grade	4	tox-
icities	on	the	neutron	arm	and	1	on	the	photon	arm.

Modern	neutron	treatment	centers	have	rotating	iso-
centric	 gantries,	 sophisticated	 field-shaping	 capabilities	
through	the	use	of	multileaf	or	multirod	collimators.	This	
allows	for	a	3D	conformal	approach	and	has	resulted	in	
further	improvement	of	outcome	both	in	terms	of	tumor	
control	and	reduced	toxicity.	Figure	27.5	shows	radiation	
isodose	curves	at	two	different	levels	for	a	patient	with	an	
adenoid	cystic	carcinoma	of	the	nasopharynx	and	para-
nasal	sinuses	who	was	treated	with	neutron	radiotherapy	
at	the	University	of	Washington.	The	radiation	dose	dis-
tribution	 is	 comparable	 to	 that	 which	 can	 be	 delivered	
with	standard	3D	conformal	radiotherapy.

An	analysis	of	148	patients	with	major	salivary	gland	
tumors	treated	at	the	University	of	Washington	by	Doug-
las	et	al.	[13]	showed	a	local	control	rate	at	9	years	of	78%	
for	tumors	<	4	cm	in	size	compared	with	approximately	
40%	 for	 tumors	 >	4	cm.	 All	 histological	 types	 were	 in-
cluded	in	this	analysis.	Besides	size,	tumor	location	(pa-
rotid	versus	 submandibular/sublingual)	was	a	 factor	af-
fecting	local	control	and	survival.	Results	for	a	different	
group	of	151	patients	with	adenoid	cystic	carcinomas	of	
both	major	and	minor	 salivary	glands	 showed	an	over-
all	5-year	local	control	rate	of	59%	and	a	5-year	survival	
rate	of	72%	[12].	Patients	in	this	series	had	gross	disease	
present	at	the	time	of	treatment.	Involvement	of	the	base	
of	 the	 skull	 and	biopsy	only	versus	an	attempted	 surgi-
cal	resection	were	found	to	be	adverse	prognostic	factors	
for	both	local/regional	control	and	survival.	The	adverse	
effect	 of	 extension	 of	 the	 cancer	 through	 the	 skull	 base	
is	 understandable	 in	 that	 CNS	 structures	 are	 especially	
sensitive	to	high	LET	irradiation	and	hence	normal	tissue	
tolerance	considerations	precluded	giving	a	full	radiation	
dose	to	the	most	superior	extent	of	tumor.

In	an	attempt	to	circumvent	this	difficulty,	the	Univer-
sity	of	Washington	group	is	now	advocating	a	stereotac-

Fig. 27.5:	Radiation	isodose	curves	for	a	patient	with	an	adenoid	cystic	carcinoma	of	the	nasopharynx	and	paranasal	sinuses	who	
received	neutron	radiotherapy	at	the	University	of	Washington.	a	Isodose	lines	through	the	nasopharynx.	b	Isodose	lines	along	the	
skull	base.	The	heavy black lines	show	the	extent	of	gross	disease	in	each	transverse	section.	(Thanks	to	Thomas	Arbuckle,	RT,	RTT,	
CMD,	for	his	help	in	preparing	this	figure)
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tic	radiosurgery	boost	to	cancer	at	the	skull	base	follow-
ing	 completion	 of	 neutron	 radiotherapy	 [14].	 Although	
only	8	patients	were	included	in	this	analysis	to	date	and	
follow-up	time	is	short,	it	appears	that	this	procedure	is	
safe	and	that	there	is	an	improved	local/regional	control	
of	 80%	 at	 2	years	 compared	 to	 patients	 with	 skull	 base	
disease	 who	 did	 not	 receive	 a	 stereotactic	 radiosurgery	
boost.	Location	of	cancer	in	the	trachea	was	also	found	to	
be	an	adverse	factor	for	local/regional	control	and	retro-
spectively	this	is	felt	due	to	an	inadvertent	underdosing	of	
the	portion	of	tumor	protruding	into	the	tracheal	lumen	
where	the	air-tissue	interface	build-up	region	resulted	in	a	
lower	surface	dose.	In	an	attempt	to	rectify	this	situation,	
the	University	of	Washington	group	is	now	recommend-
ing	an	endotracheal	brachytherapy	boost	to	the	high-risk	
regions	 following	 completion	 of	 neutron	 radiotherapy.	
Analysis	 of	 the	 outcome	 of	 this	 procedure	 is	 pending.	
Distant	metastases	in	patients	with	adenoid	cystic	carci-
noma	remains	a	problem	[12].	At	the	10-year	point	ap-
proximately	50%	of	patients	had	developed	distant	me-
tastases.	It	is	interesting	that	median	time	to	development	
of	distant	metastases	was	about	4	years	for	node-negative	
patients	but	only	0.75	years	for	node-positive	patients.	It	
would	appear	that	a	reliable	form	of	systemic	therapy	is	
needed	for	this	group	of	patients.

The	 majority	 of	 institutions	 using	 neutron	 radiother-
apy	to	treat	cancer	of	the	salivary	glands	attempt	to	give	
as	much	of	the	dose	with	neutrons	as	possible	in	order	to	
take	advantage	of	the	high	RBE	gain.	However,	to	reduce	
the	 side	 effects	 associated	 with	 the	 low-energy	 neutron	
beams	produced	in	the	early	neutron	facilities,	treatments	
were	often	executed	using	a	combination	of	neutrons	and	
photons	(mixed	beam).	Huber	et	al.	[26]	reported	on	pa-
tients	with	adenoid	cystic	carcinoma	treated	at	the	Heidel-
berg	facility	and	found	a	5-year	local	control	rate	of	75%	
for	 the	 neutron-treated	 group	 compared	 to	 35%	 for	 pa-
tients	treated	with	either	photons	or	mixed	beam.	It	thus	
appears	advantageous	to	use	the	more	effective	modality,	
neutrons,	 throughout	 the	entire	 treatment	provided	that	
this	can	be	done	safely.	These	investigators	also	found	that	
a	high	rate	of	distant	metastases	prevented	improved	local	
control	from	being	translated	into	improved	survival.

Radiotherapy for Pleomorphic Adenomas

Pleomorphic	adenoma	is	the	most	common	tumor	aris-
ing	 in	 the	 parotid	 gland.	 Fortunately,	 they	 rarely	 infil-

trate	 the	 facial	 nerve	 and	 so	 the	 “treatment	 of	 choice”	
is	 a	 nerve-sparing	 parotidectomy	 with	 long-term	 local	
control	 rates	 being	 in	 the	 range	 of	 95%.	 There	 is	 a	 role	
for	postoperative	radiotherapy	in	situations	where	there	
is	either	spillage	of	the	tumor	or	gross	disease	left	behind.	
The	former	situation	can	lead	to	recurrences	in	the	form	
of	 multiple	 nodules	 throughout	 the	 surgical	 bed	 which	
can	be	difficult	to	deal	with.	Recurrences	can	be	quite	late,	
often	in	the	range	of	10–20	years	pointing	to	the	need	for	
long-term	follow-up.	Dawson	and	Orr	[10]	have	reported	
on	 311	 patients	 with	 a	 minimum	 follow-up	 of	 10	years	
who	were	treated	with	a	local	excision	and	postoperative	
radiotherapy.	The	majority	of	these	patients	were	treated	
with	a	radium	needle	implant	delivering	5,500–6,000	cGy	
to	a	distance	of	0.5	cm	over	6	days.	The	recurrence	rate	
was	1%	in	the	0-	to	5-year	period,	1.5%	in	the	5-	to	10-
year	period,	and	4%	in	the	15-	to	20-year	period.	Ten	pa-
tients	had	a	benign	recurrence	while	four	patients	devel-
oped	malignant	 tumors	 in	the	treated	parotid	bed.	One	
of	 the	 malignant	 tumors	 was	 a	 soft	 tissue	 sarcoma	 and	
was	most	likely	radiation	induced,	while	the	other	three	
tumors	were	compatible	with	a	malignant	degeneration	
of	a	pleomorphic	adenoma	and	therefore	were	only	pos-
sibly	induced	by	the	radiotherapy.	Barton	et	al.	[2]	report	
on	 187	 patients	 treated	 postoperatively	 with	 the	 earlier	
patients	in	the	series	being	treated	with	a	radium	needle	
implant	 and	 the	 later	 patients	 being	 treated	 with	 exter-
nal	beam	radiotherapy.	One	hundred	and	fifteen	patients	
were	treated	immediately	following	their	first	surgery	fol-
lowing	an	 incomplete	extirpation	or	 tumor	spillage	and	
with	a	median	follow-up	of	14	years,	there	was	only	one	
recurrence	 in	 this	 group.	 Seventy-two	 patients	 did	 not	
have	 radiotherapy	 until	 one	 or	 more	 recurrences	 had	
been	 surgically	 treated	 and	 there	 were	 9	 recurrences	 in	
this	group	with	1	being	malignant.	There	was	one	radia-
tion-induced	second	primary	occurring	25	years	follow-
ing	 the	radium	implant.	 If	 radiation	 is	 to	be	given,	 it	 is	
recommended	 that	 the	 fields	 be	 closely	 tailored	 to	 the	
parotid	bed	and	that	6,000–6,500	cGy	be	given.

There	may	also	be	a	role	for	neutron	radiotherapy	in	
the	setting	of	very	high	risk	patients.	Douglas	et	al.	[11]	
reported	on	a	group	of	16	patients	treated	with	neutron	
radiotherapy	 after	 multiple	 recurrences.	 The	 median	
number	of	prior	surgical	procedures	was	three	(range	one	
to	 six)	and	 it	was	 felt	 that	additional	 surgery	entailed	a	
high	risk	of	facial	nerve	dysfunction.	The	median	neutron	
dose	 was	 1,890	cGy-neutron	 (range	 1,700–2,200	cGy-
neutron)	 and	 the	 median	 period	 at	 risk	 was	 96	months	
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from	completing	neutron	radiotherapy	 to	data	analysis.	
At	15	years	 the	 local	control	 rate	was	100%	for	patients	
with	 microscopic	 disease	 versus	 76%	 for	 patients	 with	
gross	residual	disease	at	the	time	of	treatment.	In	terms	of	
the	pattern	of	recurrence,	the	local	control	rate	at	15	years	
was	100%	for	patients	with	unifocal	disease	compared	to	
72%	 for	 patients	 with	 multinodular	 disease.	 Using	 the	
joint	 RTOG/EORTC	 scoring	 schema,	 2	 patients	 had	
grade	III/IV	toxicities	(one	had	an	osteoradionecrosis	of	
the	mandible	and	the	other	developed	carotid	artery	ste-
nosis	on	 the	 treated	 side	 requiring	an	endarterectomy).	
In	addition	4	patients	developed	some	degree	of	hearing	
loss	or	 tinnitus.	No	malignant	 tumors	developed	 in	 the	
treated	region.

    Take Home Messages

•	 The	 primary	 treatment	 for	 malignant	 salivary	
gland	 tumors	 is	usually	 surgery	with	radiother-
apy	being	used	in	an	adjuvant	setting.

•	 Postoperative	radiotherapy	appears	to	reduce	the	
risk	of	 local/regional	 recurrence	 in	many	 situa-
tions	and	may	also	offer	a	small	improvement	in	
overall	survival.

•	 Adequate	radiation	doses	and	radiotherapy	tech-
niques	 are	 required	 to	 optimize	 cancer	 control	
with	acceptable	morbidity.

•	 Postoperative	 radiotherapy	 may	 delay	 return	 of	
facial	nerve	function	but	should	not	preclude	it.

•	 In	 the	 patients	 with	 gross	 cancer,	 fast	 neutron	
radiotherapy	 appears	 to	 be	 more	 effective	 than	
standard	radiotherapy	and	should	be	considered	
for	selected	patients.

•	 Adjuvant	or	definitive	radiotherapy	is	warranted	
for	multiply	recurrent	pleomorphic	adenomas	or	
in	situations	where	there	is	clearly	defined	spill-
age	of	the	tumor.
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    Core Features

•	 There	are	insufficient	data	to	support	the	routine	
use	of	adjuvant	or	neoadjuvant	chemotherapy.

•	 Chemotherapy	should	be	reserved	for	the	pallia-
tion	of	disease-related	symptoms	and	for	patients	
at	risk	of	developing	such	symptoms	due	to	rapid	
progression	of	locally	recurrent	or	metastatic	dis-
ease.

•	 In	 patients	 with	 indolent	 disease	 and	 without	
symptoms,	 watchful	 waiting	 is	 acceptable,	 and	
may	be	the	preferred	approach.

•	 The	different	histological	subtypes	of	malignant	
tumors	of	salivary	gland	origin	may	have	differ-
ing	responsiveness	to	chemotherapeutic	agents.

•	 The	published	 literature	on	 the	role	of	 systemic	
therapy	in	malignancies	of	the	salivary	glands	is	
inadequate	and	limits	the	generation	of	evidence-
based	recommendations.

•	 All	patients	should	be	considered	 for	participa-
tion	in	clinical	trials	to	help	define	the	role	of	sys-
temic	therapies	in	these	tumors.

•	 As	the	understanding	of	the	underlying	molecu-
lar	 abnormalities	 of	 these	 tumors	 grows,	 there	
will	 be	 opportunities	 for	 the	 development	 and	
testing	of	novel,	targeted	agents.
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Complications	to	Avoid
Ensure	a	definitive	histological	diagnosis
Weigh	the	potential	benefits	of	symptom	improve-
ment	against	the	potential	risks	and	toxicities	of	
therapy
Consider	measures	other	than	chemotherapy	to	
control	symptoms
There	appears	to	be	little	likelihood	of	benefit	of	
additional	chemotherapy	in	those	patients	who	
have	received	first-line	treatment
Avoid	empiric	use	of	targeted	agents	outside	a	
clinical	trial,	given	their	unproven	benefit,	poten-
tial	toxicities,	and	cost
Avoid	assuming	disease	stabilization	is	an	indica-
tion	of	effectiveness	of	therapy

Introduction

Malignant	 tumors	originating	 in	 the	salivary	glands	are	
diverse	 and	 are	 classified	 into	 over	 twenty	 recognized	
histological	subtypes	[10].	These	rare	tumors	vary	widely	
in	 their	 molecular	 phenotypes,	 biological	 behavior,	 and	
responsiveness	to	chemotherapy.	The	vast	majority	of	pa-
tients	 for	 whom	 systemic	 therapy	 is	 usually	 considered	
will	 have	 either	 adenoid	 cystic	 carcinoma	 (ACC),	 mu-
coepidermoid	 carcinoma	 (MEC),	 or	 adenocarcinoma,	
as	 these	 are	 the	 most	 common	 histologies	 and	 are	 the	
ones	which,	along	with	salivary	ductal	carcinoma	(SDC),	
have	 the	 greatest	 tendency	 to	 recur	 and/or	 metastasize.	
Accordingly,	most	of	the	data	regarding	the	role	of	che-
motherapy	in	advanced	salivary	gland	cancers	relates	to	
these	subtypes.

At	 the	 present	 time,	 chemotherapy	 is	 reserved	 for	
the	palliation	of	patients	with	metastatic	disease	or	with	
locoregional	 recurrence	 that	 is	 not	 amenable	 to	 further	
surgery	and/or	radiation.	There	is	no	established	role	for	
chemotherapy	 in	 the	 adjuvant	 or	 neoadjuvant	 setting.	
This	chapter	will	provide	a	review	of	the	evidence	for	the	
role	of	classic	cytotoxic	chemotherapy	in	the	treatment	of	
salivary	gland	cancer,	as	well	as	an	overview	of	the	poten-
tial	of	newer	agents	that	target	specific	molecular	abnor-
malities	which	may	be	of	relevance	in	these	malignancies	
(Fig.	28.1,	Fig.	28.2).













Histological and Molecular 
Characteristics of Malignant Tumors 
of Salivary Gland Origin

Cancers	of	the	salivary	glands	can	be	divided	into	those	
believed	to	arise	from	the	intercalated	ducts	(such	as	ACC	
and	 adenocarcinoma)	 and	 those	 believed	 to	 originate	
from	the	secretory	ducts	(which	include	MEC	and	SDC).	
A	higher	tumor	grade	appears	to	correlate	with	more	ag-
gressive	behavior	in	MEC	and	adenocarcinoma	not	oth-
erwise	specified	[36,	67,	78],	but	the	relevance	of	grade	to	
other	subtypes,	such	as	ACC,	is	unclear	[64,	79,	94].

As	agents	targeting	the	molecular	abnormalities	pres-
ent	 in	 other,	 more	 common,	 malignancies	 have	 shown	
promise,	there	has	been	an	interest	in	evaluating	salivary	
gland	cancers	for	the	presence	of	these	targets.	Table	28.1	
lists	the	molecular	abnormalities	that	have	been	described	
in	salivary	gland	malignancies,	along	with	agents	target-
ing	 these	abnormalities	 that	have	been	 studied	 in	 these	
cancers	 (Fig.	28.2).	 Possible	 explanations	 for	 the	 wide	
variation	 in	 reported	 rates	 of	 expression	 of	 the	 various	
targets	between	studies	of	the	same	histological	subtype	
include	 small	 numbers,	 different	 methodologies,	 use	 of	
archival	 tissue	and	problems	with	antigen	retrieval,	and	
intrinsic	biological	variability.

Given	 the	 histological	 similarities	 between	 certain	
salivary	malignancies,	in	particular	SDC,	and	carcinoma	
of	 the	 breast,	 and	 given	 the	 observation	 that	 ACC	 may	
occasionally	arise	in	the	breast,	many	investigators	have	
evaluated	salivary	gland	cancers	for	the	presence	of	hor-
monal	receptors.	In	general,	the	majority	of	salivary	gland	
cancers	are	negative	for	androgen,	estrogen,	and	proges-
terone	receptors.	Positivity	is	seen	in	less	than	10%	cases	
of	ACC	[19,	21,	44,	56,	62,	63,	65,	73]	and	of	MEC	[44,	
63,	65],	and	usually	the	staining	is	weak.	SDC,	while	usu-
ally	not	expressing	estrogen	or	progesterone	receptors	[9,	
40,	 49,	 63,	 93],	 commonly	 strongly	 expresses	 androgen	
receptors	[28,	63,	65].	There	are	reports	of	expression	of	
hormonal	receptors	in	other	histological	subtypes	of	sali-
vary	gland	cancers	[56,	65],	but	 the	number	of	cases	 in	
the	literature	is	too	small	to	determine	the	true	frequency	
of	positivity.	Although	there	are	anecdotal	reports	of	the	
use	of	antiandrogen	therapies	in	SDC	and	adenocarcino-
mas,	 no	 prospective	 clinical	 studies	 with	 antiandrogens	
have	been	performed	(see	section	on	Adenocarcinoma).

The	epidermal	growth	factor	receptor	(EGFR),	a	trans-
membrane	 receptor	 involved	 in	 signal	 transduction,	 is	
commonly	overexpressed	and/or	constitutively	activated	
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in	 a	 number	 of	 malignancies,	 and	 has	 been	 associated	
with	aggressive	malignant	behavior.	Agents	which	inhibit	
this	receptor,	both	monoclonal	antibodies	 that	compete	
for	ligand	binding	at	the	extracellular	domain	and	small	
molecule	 inhibitors	 of	 the	 intracellular	 tyrosine	 kinase	
domain,	have	 shown	benefit	 in	 the	 treatment	of	 a	vari-
ety	of	cancers,	including	non-small	cell	lung	cancer	[72]	

and	squamous	cell	carcinoma	of	the	head	and	neck	[12,	
13].	Expression	of	EGFR	is	common	(>	50%	frequency)	
in	both	MEC	[32,	47]	and	SDC	[29,	56],	but	less	common	
in	ACC	[32,	47,	56,	74].

HER-2,	 another	 member	 of	 the	 EGFR	 family	 of	 re-
ceptors,	is	also	expressed	or	overexpressed	in	a	variety	of	
malignancies.	Although	having	no	known	natural	ligand,	

479Chemotherapy of Salivary Cancers Chapter 28

Fig. 28.1:	Schematic	drawing	of	a	transmembrane	growth	receptor,	which	has	an	extracellular	ligand-binding	domain,	a	transmem-
brane	domain,	and	an	intracellular	tyrosine	kinase	domain.	When	bound	by	its	ligand,	a	receptor	dimerizes	with	another	of	the	same	
receptor	(homodimerization)	or	another	member	of	the	same	receptor	family	(heterodimerization),	leading	to	phosphorylation	of	
the	tyrosine	kinase	domain,	which	in	turn	activates	downstream	members	of	the	signal	transduction	pathway,	ultimately	leading	to	
growth	and	survival	signals	delivered	to	the	cells	nucleus



the	receptor	may	undergo	heterodimerization	with	other	
members	 of	 the	 EGFR	 family	 of	 receptors,	 including	
EGFR,	and	in	this	way	is	involved	in	signal	transduction.	
Trastuzumab,	a	monoclonal	antibody	targeting	the	HER-
2	receptor,	is	effective	in	breast	cancer	that	overexpresses	
HER-2	[75].	Overexpression	of	HER-2	 is	more	 likely	 in	
cancers	of	excretory	duct	origin.	It	is	commonly	observed	
in	SDC	[25,	34,	40]	and	occasionally	 seen	 in	MEC	[32,	
34,	67],	with	some	suggestion	that	overexpression	may	be	
negatively	prognostic	in	these	subtypes	[31,	67].	Overex-
pression	is	rare	in	tumors	originating	in	the	intercalated	
ducts,	including	ACC	[34,	56].

The	c-kit	proto-oncogene	encodes	a	transmembrane	
cell	surface	receptor	(KIT)	that	is	related	to	platelet-de-

rived	 growth	 factor	 receptor	 [57].	 When	 bound	 by	 its	
ligand,	stem	cell	factor,	KIT	is	involved	in	transduction	
of	signals	which	regulate	cell	growth	and	development.	
Activating	 mutations	 of	 c-kit	 have	 been	 described	 in	
gastrointestinal	 stromal	 tumors	 (GIST),	 and	 imatinib,	
a	 small	 molecule	 inhibitor	 of	 KIT,	 has	 demonstrated	
significant	activity	in	this	malignancy	[18].	KIT	is	com-
monly	expressed	or	overexpressed	in	ACC	[7,	23,	42,	45,	
56],	but	gain-of-function	mutations	have	not	been	de-
tected	[42,	45].	KIT	protein	expression	is	rare	in	other	
histological	 subtypes,	 including	MEC	[7,	45],	with	 the	
exception	of	polymorphous	low-grade	adenocarcinoma	
[7,	23],	a	tumor	with	a	very	low	risk	of	recurrence	and	
metastasis.
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Fig. 28.2:	Schematic	drawing	of	mechanisms	of	action	of	targeted	therapies	that	have	been	studied	in	salivary	gland	cancers



As	 the	 molecular	 understanding	 of	 salivary	 cancers	
grows,	the	number	of	potential	targets	and	therapies	in-
creases.	For	example,	 it	has	 recently	been	 reported	 that	
MEC	often	displays	the	specific	chromosomal	rearrange-
ment	t(11;19),	that	results	in	a	fusion	gene	product	[24,	
84].	This	fusion	product	is	felt	to	mediate	tumorigenicity	
by	 altering	 NOTCH	 signaling	 pathways	 and	 aberrantly	
activating	 cyclic-AMP-responsive	 element	 binding	 pro-
tein	 (CREB)	 signaling	 pathways	 [14];	 inhibitors	 of	 this	
fusion	product	may	be	a	future	target	in	MEC.	In	ACC,	
both	microvessel	density,	a	measure	of	tumor	angiogen-
esis,	and	tumor	levels	of	vascular	endothelial	growth	fac-
tor	(VEGF)	[54,	96]	and	nuclear	factor	κB	(NF-κB)	[96],	
potent	 pro-angiogenic	 factors,	 have	 been	 shown	 to	 be	
prognostic	 of	 survival.	 Inhibitors	 of	 angiogenesis	 may	
therefore	 have	 a	 role	 in	 the	 treatment	 of	 salivary	 gland	
cancers.	 Other	 described	 molecular	 abnormalities	 in-
clude	occasional	mutations	in	H-ras	in	MEC	[95],	as	well	
as	altered	expression	of	members	of	 the	 retinoblastoma	
gene	family	[26,	68].

Overview of the Evidence 
for the Role of Systemic Therapies

Due	to	the	rarity	of	these	tumors,	there	is	little	published	
literature	on	the	role	of	chemotherapy	in	their	manage-
ment.	The	greatest	amount	of	data	is	available	for	ACC,	
for	 which	 there	 are	 clinical	 trials	 specific	 to	 this	 histo-
logical	subtype.	However,	a	review	of	all	reports	of	che-
motherapy	 in	 advanced	 ACC	 spanning	 over	 20	years	
revealed	 less	 than	 300	 patients	 [48].	 There	 are	 no	 trials	
in	 the	 literature	 specific	 to	any	of	 the	other	histological	
types.

Many	reports	include	case	series	and/or	retrospective	
reviews	 of	 institutional	 experience	 with	 heterogeneous	
treatments,	rather	than	prospectively	performed	clinical	
trials	 [48].	 Published	 case	 reports	 are	 inherently	 biased	
toward	positive	results	(i.e.,	responses	to	treatment),	lead-
ing	to	a	likely	overestimation	of	the	benefit	of	a	therapy.	
Objective	 response	 criteria	 in	 many	 reports	 are	 poorly	
defined.	Many	studies	report	rates	of	stabilization	of	dis-
ease,	but	do	not	state	whether	clear	evidence	of	disease	
progression	was	a	criterion	for	study	entry.	Disease	sta-

Table 28.1.	Potential	molecular	targets	and	agents	for	salivary	gland	cancers

Molecular target Agents

Name Postulated function Rates of expression in 
salivary cancers

Name Mechanism 
of action

c-kit Signal	transduction ACC:	common	
Other	histologies:	rare

Imatinib TKI

EGFR Signal	transduction;		
promotes	growth,	survival

MEC	and	SDC:	common	
Other	histologies:	rare

Gefitinib TKI

Lapatinib TKI

Cetuximab MoAb

HER-2 Dimerizes	with	other	EGFR		
members	for	signal	transduction

SDC:	common	
Other	histologies:	rare

Trastuzumab MoAb

Lapatanib TKI

VEGF Angiogenesis,	increases	vascular		
permeability

ACC:	overexpression	common	
Other	histologies:	no	data

Bevacizumab MoAb

VEGF	
receptor

Transduces	signals	from	VEGF No	data Sunitinib TKI

Sorafenib TKI

Proteasome Diverse	effects	due	to	inhibition	
of	protein	degradation

No	data Bortezomib Proteasome	
inhibition

VEGF	vascular	endothelial	growth	factor,	EGFR	epidermal	growth	factor	receptor,	TKI	tyrosine	kinase	inhibitor,	MoAb	monoclonal	
antibody,	ACC	adenoid	cystic	carcinoma,	MEC	mucoepidermoid	carcinoma,	SDC	salivary	ductal	carcinoma
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bilization	 may	 reflect	 only	 the	 variable	 biology	 of	 these	
often	 indolent	 tumors,	 rather	 than	 efficacy	 of	 therapy.	
Moreover,	most	studies	are	small	and	have	included	pa-
tients	who	are	often	heterogeneous	with	 respect	 to	his-
tology,	 the	number	and	type	of	prior	 therapies,	and	the	
proportion	of	patients	with	only	locoregionally	recurrent	
disease	 without	 distant	 metastasis.	 Often,	 the	 results	 of	
therapy	are	not	reported	separately	for	the	different	histo-
logical	subtypes.	Additionally,	there	have	been	revisions	
of	 the	 classification	 of	 salivary	 gland	 cancers	 [10,	 70],	
leading	 to	difficulties	 in	determining	which	histological	
subtype	is	being	described	in	older	trials;	this	is	especially	
relevant	to	adenocarcinoma	and	its	variants.	All	of	these	
issues	 hinder	 the	 ability	 to	 interpret	 the	 results	 and	 to	
compare	across	trials.	Finally,	the	methodological	quality	
of	trials	is	often	suboptimal	[48],	and	there	is	some	sug-
gestion	that	clinical	trials	of	poorer	methodological	qual-
ity	 may	 be	 more	 likely	 to	 produce	 positive	 results	 than	
those	of	more	rigorous	design	[58].	Both	the	evidence	for	
the	role	of	any	treatment	and	the	true	effectiveness	of	that	
treatment	need	to	be	 interpreted	bearing	 in	mind	these	
limitations.

Systemic Therapy for Metastatic 
or Unresectable Locoregionally 
Recurrent Disease

The	majority	of	patients	referred	for	consideration	of	pal-
liative	chemotherapy	will	have	one	of	 three	histological	
types:	 ACC,	 MEC,	 or	 high-grade	 adenocarcinoma.	 Ag-
gregate	response	rates	of	these	histological	types	to	differ-
ent	chemotherapeutic	agents	and	regimens	from	patients	
in	the	published	literature	are	summarized	in	Tables	28.2	
(single	 agents)	 and	 28.3	 (combination	 regimens),	 and	
for	 novel	 agents	 targeting	 molecular	 abnormalities	 in	
Table	28.4.

The	natural	history	of	recurrent	or	metastatic	cancer	
of	 the	salivary	glands	can	be	highly	variable,	and	many	
patients	will	have	indolent	disease	with	few	or	no	symp-
toms.	For	example,	the	median	survival	following	the	de-
velopment	of	metastatic	ACC	is	3	years	[59,	61,	80,	88],	
and	10%	will	live	for	more	than	10	years	from	the	devel-
opment	of	metastases	[80,	83].	Patients	with	lung	metas-
tases	only	 from	ACC	have	a	 longer	 survival	 than	 those	
with	other	sites	of	disease	[81,	88].	Others,	however,	will	
have	 a	 more	 rapidly	 progressive	 course,	 with	 one	 third	
dying	within	2	years	[61,	80,	83].

As	 there	are	no	data	as	 to	whether	chemotherapy	al-
ters	the	natural	history	of	these	cancers	or	prolongs	sur-
vival,	the	goal	of	therapy	is	the	palliation	of	disease-related	
symptoms.	Consideration	should	be	given	 to	 local	mea-
sures	(either	surgery	or	radiation)	for	patients	with	single	
sites	 of	 symptomatic	 metastases.	 Asymptomatic	 patients	
at	 risk	 for	 the	 development	 of	 symptoms	 due	 to	 rapid	
disease	progression,	or	due	to	the	presence	of	metastases	
that	are	 threatening	 important	organ	 function,	could	be	
considered	 for	chemotherapy.	Attempts	 should	be	made	
to	review	prior	radiological	imaging	for	a	retrospective	as-
sessment	of	rate	of	disease	progression.	For	those	without	
symptoms	and	slowly	progressive,	indolent	disease,	watch-
ful	waiting	is	an	appropriate	recommendation.	Finally,	the	
participation	of	patients	with	salivary	gland	malignancies	
in	clinical	trials	should	be	strongly	encouraged.

Adenoid Cystic Carcinoma

Standard	 cytotoxics	 that	 have	 been	 studied	 as	 single	
agents	 in	 adequate	 numbers	 of	 patients	 with	 ACC	 are	
mitoxantrone,	 vinorelbine,	 epirubicin,	 paclitaxel,	 and	
cisplatin;	the	studies	of	cisplatin,	vinorelbine,	and	pacli-
taxel	 also	 enrolled	 patients	 with	 other	 histological	 sub-
types.	Mitoxantrone	has	been	studied	in	a	total	of	54	pa-
tients	 with	 ACC	 in	 two	 studies	 [60,	 92].	 The	 European	
Organization	for	the	Research	and	Treatment	of	Cancer	
(EORTC)	group	conducted	a	 trial	 that	enrolled	36	che-
motherapy-naïve	patients	with	symptomatic	and/or	pro-
gressive	 ACC	 not	 suitable	 for	 surgery	 or	 radiotherapy.	
Mitoxantrone	 was	 administered	 at	 a	 dose	 of	 14	mg/m2	
every	 3	weeks	 [92].	 Toxicity	 was	 generally	 mild.	 There	
were	four	partial	responses	(objective	response	rate	12%,	
95%	confidence	interval	(CI)	4–29%)	with	a	response	du-
ration	 of	 3–13	months;	 an	 additional	 22	 patients	 (69%)	
had	 stabilization	 of	 disease	 for	 a	 median	 of	 7.6	months	
(range	2.5–30.5	months).	Less	activity	was	seen	in	a	sec-
ond	study	that	used	a	somewhat	lower	dose	of	mitoxan-
trone	of	12	mg/m2	in	a	cohort	of	18	patients,	the	major-
ity	of	whom	had	previously	received	chemotherapy	[60].	
Only	 one	 major	 objective	 response	 was	 seen	 (response	
rate	 6%)	 in	 a	 patient	 who	 had	 not	 previously	 received	
cytotoxic	 chemotherapy.	 Twelve	 of	 18	 patients	 had	 sta-
ble	disease	for	a	median	of	6	months,	but	it	is	not	stated	
whether	evidence	of	progression	of	disease	was	required	
for	study	entry,	and	so	the	contribution	of	the	therapy	to	
this	disease	stabilization	is	unclear.
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The	EORTC	has	also	performed	a	phase	II	trial	of	epi-
rubicin	in	20	eligible	patients	with	advanced	or	recurrent	
ACC	[91].	Only	three	patients	had	received	prior	chemo-
therapy.	 Epirubicin	 was	 administered	 at	 a	 starting	 dose	
of	30	mg/m2	per	week;	non-responders	were	switched	to	
a	dose	of	90	mg/m2	or	higher	given	once	every	3	weeks.	
Overall,	 treatment	was	well	 tolerated,	with	no	evidence	
of	clinical	cardiotoxicity	 in	any	patient.	There	were	 two	
objective	responses	 (ORR	10%,	95%	CI	4.5–35.5%),	but	
several	 patients	 without	 an	 objective	 response	 had	 im-
provement	in	disease-related	symptoms.	No	data	on	dis-
ease	stabilization	were	reported.

The	activity	of	cisplatin	in	ACC	has	been	reported	in	
three	manuscripts,	including	a	prospective	phase	II	trial	
in	which	all	patients	 received	100	mg/m2	every	3	weeks	
[50],	and	two	retrospective	case	series	of	patients	treated	
at	doses	ranging	from	50	to	120	mg/m2	every	3–6	weeks	
[17,	 69].	 Two	 objective	 responses	 were	 observed	 in	 13	
patients	in	the	prospective	trial,	lasting	5	and	8	months,	
respectively;	several	other	patients	had	disease	stabiliza-
tion,	however,	disease	progression	was	not	a	requirement	
for	treatment	on	study.	Responses	were	reported	in	7	of	
10	patients	in	one	case	series	[69],	and	in	none	of	10	in	
the	 second	 [17].	 This	 highlights	 the	 risk	 of	 relying	 on	
retrospective	series	 in	attempting	 to	determine	 the	 true	
activity	of	an	agent.	Minimal	toxicity	data	are	presented	
in	 these	manuscripts,	however,	cisplatin	 is	known	to	be	
associated	with	significant	nausea,	neurotoxicity,	ototox-
icity,	and	renal	toxicity.

The	 Eastern	 Cooperative	 Oncology	 Group	 (ECOG)	
conducted	 a	 phase	II	 trial	 in	 which	 paclitaxel,	 admin-
istered	at	200	mg/m2	over	3	h	every	3	weeks,	was	given	
to	patients	with	advanced,	chemotherapy-naïve	 salivary	
gland	cancers	[33].	No	objective	responses	were	observed	
in	the	14	patients	with	ACC	that	were	enrolled,	while	7	
patients	had	stable	disease	as	their	best	response.	Despite	
the	lack	of	responses,	the	5-year	survival	for	these	patients	
was	32%,	and	the	median	survival	25	months.	However,	
disease	progression	was	not	a	requirement	for	enrollment	
and	no	details	are	available	on	subsequent	therapies,	and	
so	the	exact	contribution	of	paclitaxel	to	these	results	is	
unclear.

Single-agent	 vinorelbine,	 administered	 at	 30	mg/m2	
weekly,	 was	 assessed	 in	 14	 patients	 with	 progressive	
ACC	as	part	of	a	randomized	phase	II	trial	(discussed	in	
greater	 detail	 below)	 [4].	 Treatment	 was	 well	 tolerated,	
with	 no	 significant	 toxicities	 seen.	 Two	 patients,	 both	
previously	 treated	 with	 chemotherapy,	 had	 an	 objective	

response	(ORR	15%,	95%	CI	4.7–43%).	Moreover,	symp-
tom	relief	was	observed	even	in	the	absence	of	an	objec-
tive	response.

In	a	brief	report	of	a	prospective	phase	II	trial,	single-
agent	gemcitabine	did	not	lead	to	any	responses	in	16	pa-
tients	with	salivary	gland	cancers,	of	which	8	had	ACC	
[37].	 Retrospective	 reviews	 and/or	 single	 case	 reports	
have	suggested	that	both	5-fluorouracil	and	doxorubicin,	
given	as	monotherapy,	have	induced	responses	in	patients	
with	metastatic	ACC	[46,	82,	90].	However,	there	are	no	
prospective	data	of	the	effectiveness	of	these	agents,	and	
the	true	rate	of	efficacy	cannot	be	determined.

Taken	 together,	 these	 data	 suggest	 that	 some	 antitu-
mor	activity	and	symptom	palliation	are	seen	with	single	
agents,	 including	 mitoxantrone,	 vinorelbine,	 and	 epiru-
bicin	in	previously	untreated	patients.	There	are	no	data	
showing	that	patients	previously	treated	with	chemother-
apy	derive	any	benefit	from	further	chemotherapy.

A	number	of	studies	have	reported	results	with	com-
bination	chemotherapy	regimens	in	ACC.	The	most	com-
monly	 studied	 combination	 regimens	 include	 cisplatin	
and/or	 anthracycline;	 the	 combination	 of	 cisplatin	 and	
doxorubicin	has	been	examined	in	seven	reported	trials,	
together	 with	 cyclophosphamide	 (the	 “CAP”	 regimen)	
[11,	 15,	 22,	 52],	 5-fluorouracil	 [89],	 both	 [20],	 or	 bleo-
mycin	[17].	The	dose	and	schedule	of	administration	of	
the	CAP	regimen	varied	between	studies	(see	Table	28.3).	
The	aggregate	response	rate	for	CAP	in	these	studies	was	
9	of	36	patients	 (ORR	25%,	95%	CI	11–39%).	Expected	
toxicities	 for	 cisplatin	 and	 doxorubicin	 were	 common	
and	occasionally	severe.	There	are	no	data	on	the	role	of	
this	(or	any)	combination	regimen	in	previously	treated	
patients.	Other	regimens	containing	cisplatin	and	an	an-
thracycline	 other	 than	 doxorubicin	 have	 also	 reported	
objective	 responses,	 but	 these	 trials	 have	 enrolled	 6	 or	
fewer	patients	with	ACC	[2,	86].

As	 both	 single-agent	 vinorelbine	 and	 cisplatin	 may	
have	 activity	 in	 salivary	 gland	 malignancies,	 the	 com-
bination	 of	 cisplatin	 (80	mg/m2	 day	1)	 and	 vinorelbine	
(25mg/m2	days	1	and	8,	both	recycled	every	3	weeks)	was	
compared	with	single-agent	vinorelbine	in	a	randomized	
phase	II	trial	that	enrolled	36	patients	with	salivary	gland	
malignancies	(22	with	ACC),	the	majority	of	which	had	
not	 received	 any	 prior	 chemotherapy	 [4].	 Documenta-
tion	 of	 progressive	disease	 was	 a	 requirement	 for	 study	
entry.	 Toxicity,	 in	 particular	 nausea/vomiting	 and	 my-
elosuppression,	 was	 more	 frequent	 in	 the	 combination	
arm.	In	patients	with	ACC,	vinorelbine	resulted	in	a	15%	
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response	 rate	 (2/13)	 versus	 44%	 (4/9)	 for	 cisplatin	 plus	
vinorelbine.	No	previously	treated	patient	responded.	Re-
lief	of	symptoms	was	reported,	even	in	some	patients	who	
did	not	have	objective	tumor	shrinkage.

Antitumor	 activity	 in	 ACC	 has	 been	 observed	 with	
other,	 but	 not	 all,	 platinum-based,	 non-anthracycline-
containing	regimens	tested	in	small	numbers	of	patients	
[3,	30,	41].	Overall,	the	response	rate	for	cisplatin-based	
combination	 regimens	 in	 published	 reports	 is	 approxi-
mately	25%,	with	a	very	wide	range	of	reported	response	
durations.	 However,	 due	 to	 small	 sample	 sizes,	 the	 re-
ported	response	rates	to	any	agent	or	combination	regi-
men	have	wide,	overlapping	confidence	intervals.	There-
fore,	 there	 is	 no	 conclusive	 evidence	 that	 combination	
therapy	is	superior	to	single-agent	therapy.	The	likelihood	
of	additional	toxicities	of	a	cisplatin-based	regimen,	over	
a	single	agent,	also	needs	to	be	considered	when	choosing	
a	therapy.	If	combination	therapy	is	chosen,	the	greatest	
amount	of	data	exists	for	a	CAP	regimen.

Targeted	agents,	including	gefitinib	[35],	trastuzumab	
[38],	imatinib	[43,	76],	lapatinib	[1],	cetuximab	[53],	and	
bortezomib	 [8],	 have	 been	 studied	 in	 prospective	 clini-
cal	 trials	 in	 patients	 with	 ACC	 (see	 Table	28.4).	 Many	
patients	 enrolled	 in	 these	 trials	 had	 been	 previously	
treated	with	cytotoxic	chemotherapy.	Two	clinical	stud-
ies	evaluated	imatinib,	an	agent	that	targets	KIT	which	is	
frequently	 expressed	 in	 ACC	 [43,	 76].	 Nevertheless,	 no	
objective	responses	were	observed	in	a	total	of	27	patients	
who	received	imatinib	alone	[43,	76].	There	are,	however,	
case	reports	of	patients	with	ACC	responding	to	doses	of	
this	agent	similar	to	those	used	in	the	above-mentioned	
studies	[6,	27].	Possible	explanations	for	these	disparate	
findings	include	the	degree	of	overexpression	of	KIT	and	
the	proliferative	rate	of	the	tumors	of	the	enrolled	patients	
[27];	additional	study	of	this	agent	in	selected	patients	ap-
pears	warranted,	but	its	routine	use	outside	of	a	clinical	
trial	is	not	supported	by	the	data	at	this	time.

No	objective	responses	have	been	observed	with	agents	
targeting	EGFR	or	HER-2	[1,	35,	38,	53].	Overexpression	
of	HER-2	is	extremely	unusual	 in	ACC	[34],	suggesting	
that	this	 is	unlikely	to	be	a	relevant	target	 in	this	histo-
logical	type.

Bortezomib,	a	selective	inhibitor	of	the	26S	proteasome	
which	 is	central	 for	 the	ubiquitin-proteasome	degrada-
tion	pathway,	was	investigated	in	a	phase	II	clinical	trial	
that	has	reported	preliminary	results	[8].	Twenty-five	pa-
tients	with	advanced,	incurable	ACC	who	had	evidence	
of	disease	progression	within	the	previous	9	months	and	

had	received	any	number	of	prior	therapies	were	treated	
with	bortezomib	1.3	mg/m2	intravenously	on	days	1,	4,	8,	
and	11	every	21	days	until	disease	progression,	at	which	
time	 doxorubicin	 at	 20	mg/m2	 given	 intravenously	 on	
days	1	and	8	was	added	 to	 the	bortezomib.	There	were	
no	 objective	 responses	 to	 single-agent	 bortezomib,	 but	
17	patients	(68%)	had	stabilization	of	disease	with	a	me-
dian	 duration	 of	 8.2	months.	 The	 progression-free	 sur-
vival	 (PFS)	 at	 6	months	 was	 67%	 and	 the	 median	 PFS	
was	8.4	months.	Preliminary	data	showed	that	one	of	4	
evaluable	patients	had	a	partial	response	with	the	addi-
tion	 of	 doxorubicin.	 Overall,	 bortezomib	 therapy	 was	
well	tolerated	with	rare	occurrence	of	serious	neuropa-
thy	and	fatigue.

Although	recent	phase	II	trials	with	a	number	of	novel	
agents	including	gefitinib	[35],	trastuzumab	[38],	imatinib	
[43,	 76],	 lapatinib	 [1],	 cetuximab	 [53],	 and	 bortezomib	
[8]	in	salivary	gland	malignancies,	predominantly	ACC,	
reported	no	objective	response	rates,	the	rate	of	stable	dis-
ease	generally	exceeded	50%.	For	example,	Hotte	et	al.	re-
ported	that	60%	(9/15)	of	patients	with	ACC	treated	with	
imatinib	had	stable	disease	as	best	response	[43];	Glisson	
et	 al.	 reported	 that	 53%	 (10/19)	 patients	 with	 adenoid	
cystic	 carcinoma	 treated	 with	 gefitinib	 had	 stable	 dis-
ease	which	was	maintained	for	16	weeks	or	more	in	26%	
(5/19)	[35];	and	Argiris	et	al.	observed	that	68%	(17/25)	
of	patients	with	ACC	treated	with	bortezomib	had	stable	
disease	[8].	Moreover,	the	median	PFS	of	8.4	months	with	
single-agent	 bortezomib	 was	 encouraging.	 It	 is	 possible	
that	PFS	is	a	more	meaningful	endpoint	than	the	objec-
tive	response	rate	for	the	evaluation	of	novel,	non-cyto-
toxic	agents	in	ACC.	However,	whether	prolonged	stable	
disease	represents	a	true	drug	effect	or	a	manifestation	of	
the	natural	history	of	an	indolent	malignancy	is	difficult	
to	discern.	A	randomized	study	of	a	novel	agent	versus	no	
therapy	has	yet	to	be	performed	in	patients	with	cancer	of	
the	salivary	gland.

In	 conclusion,	 there	 are	 no	 data	 to	 support	 the	 rou-
tine	use	of	any	 targeted	agent	outside	of	a	clinical	 trial.	
Too	 few	 patients	 have	 been	 studied,	 and	 much	 of	 the	
data	has	been	presented	only	in	abstract	form.	The	trials	
suffer	 from	 many	 of	 the	 concerns	 discussed	 above	 that	
limit	 their	 evaluation.	 Nevertheless,	 the	 evaluation	 of	
novel	agents	should	continue	 in	patients	with	 incurable	
ACC.	Indeed,	a	number	of	clinical	trials	are	ongoing	or	
planned.	For	example,	the	ECOG	has	proposed	a	phase	II	
trial	of	sorafenib,	an	inhibitor	of	multiple	kinases,	includ-
ing	VEGFR,	in	incurable	ACC.
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Mucoepidermoid Carcinoma

Although	not	explicitly	stated	in	published	reports,	most	
patients	with	MEC	likely	have	high-grade	lesions,	as	these	
are	much	more	likely	to	recur	and/or	metastasize	[36,	77].	
There	are	no	trials	specific	to	this	histological	type,	and	
there	are	less	than	50	patients	in	the	literature	for	which	
the	outcome	of	treatment	in	those	with	MEC	is	reported	
separately	[11,	20,	33,	38,	46,	51,	66,	89];	only	one	trial	has	
enrolled	more	than	5	patients	with	this	histology.

The	largest	reported	experience	of	patients	treated	with	
the	same	chemotherapy	regimen	is	from	a	phase	II	study	
with	 single-agent	 paclitaxel	 200	mg/m2	 administered	
over	 3	h	 every	 21	days,	 conducted	 by	 the	 ECOG	 [33].	
In	a	total	of	14	patients	with	MEC,	3	patients	(21%)	had	
objective	responses,	and	4	additional	patients	had	stable	
disease.	Most	other	patients	have	received	cisplatin-based	
combination	chemotherapies,	either	in	conjunction	with	
an	 anthracycline	 [11,	 15,	 20,	 52,	 89]	 or	 bleomycin	 and	
methotrexate	[16,	66],	and	objective	responses	have	been	
reported.	However,	the	regimens	used	are	variable,	many	
are	case	reports	not	prospective	clinical	trials,	and	so	the	
true	response	rate	cannot	be	determined.	Of	five	patients	
with	MEC	enrolled	to	a	trial	of	single-agent	cisplatin,	only	
one	patient	had	an	objective	response	[50].	Based	on	the	
above	data,	if	single-agent	therapy	is	chosen,	paclitaxel	is	
a	reasonable	choice.

There	have	been	only	two	and	three	reported	patients	
treated	with	the	targeted	agents	gefitinib	[35]	and	trastu-
zumab	 [34,	 38],	 respectively.	 One	 patient	 with	 a	 tumor	
strongly	overexpressing	HER-2	had	a	durable	partial	re-
sponse	to	trastuzumab.	No	responses	were	seen	with	gefi-
tinib.	Clearly	there	are	insufficient	data	regarding	the	role	
of	 these	 agents	 in	 MEC,	 and	 further	 study	 is	 required.	
An	 ongoing	 phase	II	 study	 by	 the	 Southwest	 Oncology	
Cooperative	Group	examines	the	role	of	trastuzumab	in	
high-grade,	non-ACC	salivary	gland	cancers	 (including	
MEC	 and	 adenocarcinoma)	 that	 overexpress	 HER-2	 by	
immunohistochemistry	and/or	gene	amplification	as	as-
sessed	by	fluorescence	in	situ	hybridization.

Adenocarcinoma

It	 is	 likely	 that	 most	 reported	 cases	 of	 adenocarcinoma	
are	 high-grade	 lesions	 not	 otherwise	 specified,	 as	 these	
are	 most	 likely	 to	 recur	 and	 metastasize.	 Other	 lesions	
classified	as	 subtypes	of	adenocarcinoma	(such	as	basal	

cell	 carcinoma	 or	 polymorphous	 low-grade	 adenocar-
cinoma)	 are	 exceedingly	 rare	 and/or	 highly	 unlikely	 to	
metastasize.	 In	a	phase	II	 study	with	single-agent	pacli-
taxel	that	included	other	histological	subtypes	of	salivary	
gland	 malignancies	 and	 was	 also	 discussed	 in	 previous	
sections	[33],	5	objective	responses	were	observed	in	17	
enrolled	 patients	 with	 adenocarcinoma	 (29%).	 Vinorel-
bine,	administered	as	a	single-agent,	led	to	two	responses	
in	five	patients	 [4];	while	 reportedly	well	 tolerated,	 fur-
ther	study	of	this	agent	is	needed	given	the	small	number	
of	 patients.	 Cisplatin-anthracycline-based	 combination	
regimens	have	also	been	utilized,	in	particular	CAP,	with	
a	number	of	objective	responses	reported.	This	is	similar	
to	the	situation	for	MEC,	discussed	above,	and	the	same	
caveats	 apply:	 small	 numbers	 of	 patients	 treated	 with	
heterogeneous	regimens	preclude	a	 true	estimate	of	 the	
effectiveness	of	 therapy.	Outside	of	 a	 clinical	 trial,	both	
single-agent	paclitaxel	and	cisplatin-anthracycline	com-
bination	chemotherapy	are	acceptable	options,	with	 the	
choice	determined	by	the	patient’s	medical	and	functional	
status	and	acceptance	of	potential	toxicities.

With	respect	to	targeted	agents,	it	has	been	noted	that	
these	 cancers	 often	 express	 the	 androgen	 receptor	 [56,	
65].	While	there	are	no	prospective	clinical	trials	of	anti-
androgens,	there	have	been	two	case	reports	of	significant	
objective	responses	to	androgen-deprivation	therapy	[55,	
87],	indicating	that	this	is	worthy	of	further	study.	Over-
expression	of	HER-2	is	uncommon	in	these	tumors	[34,	
56],	and	no	patient	(of	three	enrolled)	with	adenocarci-
noma	responded	to	trastuzumab	in	a	small	phase	II	trial	
[38];	 as	 mentioned	 above,	 there	 is	 an	 ongoing	 phase	II	
trial	of	this	agent	in	HER-2-overexpressing	salivary	gland	
cancers.	It	is	reported	that	two	patients	treated	with	ge-
fitinib	 had	 stabilization	 of	 their	 disease	 [35],	 but	 as	 the	
information	 is	 only	 in	 abstract	 form	 to	 date,	 details	 re-
garding	duration	of	stabilization	and	whether	the	disease	
was	progressing	prior	 to	 initiation	of	 study	 therapy,	are	
not	available.

Other Histological Types

Reports	of	outcomes	with	chemotherapy	in	other	histo-
logical	types	are	scarce,	relating	to	both	their	rarity	and,	
for	most	subtypes,	the	infrequency	of	recurrence.	In	ad-
dition,	several	of	these	subtypes	are	variants	of	adenocar-
cinoma,	 and	 are	 not	 separated	 out	 from	 this	 histology.	
These	 reports	 include	 poorly	 differentiated	 carcinoma	
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(12	 patients),	 acinic	 cell	 carcinoma	 (7	 patients),	 malig-
nant	 myoepithelioma	 (3	 patients),	 malignant	 mixed	 tu-
mor/carcinoma	ex-pleomorphic	adenoma	 (13	patients),	
and	salivary	duct	carcinoma	(2	patients)	[2,	3,	5,	46,	50,	
52,	 66].	 As	 cyclophosphamide-doxorubicin-cisplatin	 is	
the	 regimen	 most	 commonly	 studied	 in	 salivary	 gland	
cancers,	most	reports	of	objective	responses	in	these	his-
tological	types	have	been	obtained	with	this	combination,	
and	in	the	absence	of	a	clinical	trial,	it	would	be	reason-
able	to	offer	this	regimen	to	suitable	patients.

As	 salivary	 duct	 carcinoma	 commonly	 overexpresses	
both	EGFR	and	HER-2,	 studies	of	agents	 targeting	 these	
receptors	should	be	considered.	To	date	there	are	only	three	
patients	enrolled	in	a	trial	of	gefitinib	and	all	had	progres-
sion	of	disease	as	their	best	response	[35],	while	two	pa-
tients	treated	with	trastuzumab	had	stabilization	of	disease	
for	24	and	40	weeks	[34].	There	are	no	reports	of	the	use	of	
any	other	targeted	agents	in	this	histological	type.

Neoadjuvant and Adjuvant 
Systemic Therapy

There	 are	 very	 few	 data	 regarding	 the	 role	 of	 chemo-
therapy	given	before	or	after	definitive	local	therapy,	ei-
ther	surgery	or	radiation,	in	the	management	of	salivary	
gland	 malignancies.	 There	 are	 case	 reports	 of	 patients	
with	bulky,	unresectable	tumors	who	responded	to	che-
motherapy	and	subsequently	underwent	a	complete	sur-
gical	resection.	Regimens	to	which	such	responses	have	
been	reported	in	case	reports	include	cyclophosphamide	
and	 doxorubicin	 [66],	 cyclophosphamide,	 doxorubicin,	
cisplatin	[11,	22],	and	intra-arterial	cisplatin	[71].	There	
is	 only	 one	 reported	 prospective	 trial	 of	 neoadjuvant	
chemotherapy	in	patients	with	locally	advanced	salivary	
gland	cancer	[89].	This	study	enrolled	patients	with	bulky	
tumors	that	were	felt	to	be	technically	difficult	to	resect,	
and	administered	a	regimen	of	cisplatin-doxorubicin-5-
fluorouracil.	Of	nine	patients,	there	were	three	with	ACC,	
three	with	adenocarcinoma,	two	with	MEC,	and	one	with	
a	 poorly	 differentiated	 carcinoma.	 Objective	 responses	
were	observed	only	in	those	with	adenocarcinoma	histol-
ogy,	although	several	of	the	other	patients	received	only	
one	cycle	of	therapy.	Surgery	was	performed	in	eight	of	
nine	patients,	with	two	patients	having	incomplete	resec-
tions;	the	remaining	patient	received	radiotherapy.	With	
relatively	short	follow-up,	ranging	from	2	to	26	months,	
all	 but	 two	 patients	 had	 recurrent	 disease.	 The	 authors	

themselves	caution	that	it	is	unclear	if	the	chemotherapy	
impacted	on	the	course	of	the	disease.

Similarly,	there	is	only	one	reported	trial	in	which	ad-
juvant	chemotherapy	was	administered	 to	patients	with	
ACC	[85].	 Subjects	were	eligible	 if	 they	had	no	clinical	
evidence	of	disease	following	postoperative	radiotherapy	
for	an	incomplete	resection	of	either	a	first	presentation	
or	a	locoregional	recurrence.	Fourteen	patients	were	en-
rolled;	11	had	tumors	that	originated	in	the	minor	sali-
vary	 glands.	 Six	 cycles	 of	 chemotherapy	 consisting	 of	
5-fluorouracil,	 cyclophosphamide,	 and	 vincristine	 were	
administered.	 While	 chemotherapy	 was	 reported	 to	 be	
well	tolerated,	when	these	14	patients	were	compared	to	
15	matched	historical	controls	from	the	same	institution	
who	did	not	receive	adjuvant	chemotherapy,	no	difference	
in	the	median	time	to	recurrence	was	observed.	Given	the	
lack	of	evidence,	and	the	uncertainty	regarding	the	ben-
efit	of	systemic	therapy	in	the	setting	of	metastatic	cancer,	
patients	 with	 localized	 disease	 who	 undergo	 definitive	
therapy	of	their	primary	site	should	not	receive	adjuvant	
chemotherapy.	 Due	 to	 the	 rarity	 of	 these	 cancers,	 their	
protracted	natural	course,	and	the	intrinsic	variability	in	
their	natural	history,	it	would	be	very	difficult	to	conduct	
a	trial	to	determine	if	adjuvant	chemotherapy	improved	
survival	in	these	patients.

In	 resectable	 patients,	 clinical	 trials	 of	 neoadjuvant	
therapy,	particularly	newer,	 targeted	agents,	would	offer	
a	 valuable	 opportunity	 to	 perform	 translational	 studies	
on	the	surgical	specimen	following	exposure	to	the	inves-
tigational	agent.	Paired,	pre-	and	post-treatment	biopsy	
samples	would	then	be	available,	as	many	patients	would	
have	a	diagnostic	biopsy.	Enrolling	patients	with	earlier	
stage,	resectable	disease	would	also	increase	the	number	
of	potential	subjects	for	study,	and	therefore	help	to	iden-
tify	active	agents	for	use	in	the	palliation	of	patients	with	
advanced	disease.	Routine	administration	of	chemother-
apy	to	patients	with	resectable	disease	outside	the	setting	
of	a	clinical	trial	is	not	recommended.

Concurrent Chemoradiation

Radiotherapy	as	primary	treatment	for	localized	salivary	
gland	malignancies	is	usually	reserved	for	those	patients	
with	 locally	 advanced,	 unresectable	 disease.	 As	 such,	
there	is	a	significant	selection	bias	and	as	one	would	ex-
pect	these	patients	to	do	worse,	with	higher	rates	of	 lo-
coregional	recurrence.	As	concurrent	chemotherapy	and	
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radiation	has	become	a	standard	primary	or	postopera-
tive	treatment	for	squamous	cell	carcinomas	of	the	head	
and	neck,	there	is	a	potential	interest	in	applying	similar	
principles	 in	 the	 management	 of	 salivary	 gland	 malig-
nancies.	 Postoperative	 chemoradiotherapy	 for	 high-risk	
patients	 is	 sometimes	 employed	 in	 clinical	 practice	 but	
without	supporting	literature,	whereas	the	role	of	concur-
rent	chemotherapy	and	radiation	as	primary	therapy	for	
locally	advanced	cancer	of	the	salivary	gland	has	not	been	
studied	prospectively.	A	case	series	of	five	patients	with	
advanced,	unresectable	ACC	treated	with	radiation	with	
concurrent	weekly	paclitaxel	and	carboplatin	has	been	re-
ported	[39].	Four	patients	had	extension	into	the	base	of	
the	skull	from	a	primary	cancer	in	the	paranasal	sinus.	All	
patients	have	had	a	radiographic	response	to	therapy,	and	
no	patient	has	had	a	local	failure,	with	a	median	duration	
of	 follow-up	of	36	months.	These	data,	while	encourag-
ing,	require	confirmation	in	future	studies.	A	prospective	
clinical	 trial	 of	 chemoradiation	 in	 patients	 with	 locally	
advanced,	unresectable	ACC	is	warranted.

Conclusions and Future Directions

Chemotherapy	 has	 a	 potential	 role	 in	 the	 palliation	 of	
symptomatic	 patients	 with	 advanced	 locoregionally	 re-
current	and/or	metastatic	disease	that	is	not	amenable	to	
local	therapies.	At	present	the	greatest	amount	of	experi-
ence	is	with	cisplatin	or	anthracycline-based	combination	
regimens,	especially	in	ACC,	which	result	in	objective	re-
sponses	in	up	to	one	third	of	patients.	However,	single-
agent	 therapy	 is	an	acceptable	option	 for	 those	patients	
who	cannot	 tolerate	or	who	wish	 to	avoid	 the	potential	
toxicities	 associated	 with	 cisplatin-based	 regimens.	 To	
date,	 there	 are	 insufficient	 data	 to	 support	 the	 routine	
use	of	any	molecularly	targeted	agent.	For	patients	with	
asymptomatic,	 indolent	 disease,	 watchful	 waiting	 is	 the	
preferred	approach,	with	the	option	of	chemotherapy	re-
served	until	symptoms	are	imminent	due	to	progression.	
Adjuvant	 or	 neoadjuvant	 chemotherapy	 is	 not	 recom-
mended	outside	of	a	prospective	clinical	trial.

The	 lack	 of	 high-quality	 data	 regarding	 the	 role	 of	
systemic	 therapy	 in	 the	 management	 of	 cancer	 of	 the	
salivary	gland	emphasizes	the	importance	of	conducting	
clinical	 trials	 in	 these	 rare	 tumors.	 The	 different	 histo-
logical	 subtypes	 of	 salivary	 gland	 malignancies	 need	 to	
be	considered	and	studied	separately,	as	there	is	evidence	
that	 responsiveness	 to	 therapies,	 biology,	 and	 underly-
ing	molecular	abnormalities	differ	considerably.	Studies	

of	neoadjuvant	therapy,	particularly	in	the	more	aggres-
sive	histological	subtypes,	should	be	considered,	and	this	
will	require	the	close	collaboration	between	surgical	and	
medical	oncologists.	It	is	encouraging	that	in	recent	years	
there	have	been	a	number	of	reports	of	multi-institutional	
clinical	trials	of	novel	agents	in	the	treatment	of	cancer	of	
the	salivary	glands,	demonstrating	that	there	is	the	ability	
and	interest	to	study	this	disease.

    Take Home Messages

→	 Watchful	 waiting	 is	 an	 appropriate	 recommen-
dation	for	some	patients;	reserve	chemotherapy	
for	palliation	of	those	patients	with	progressive,	
symptomatic	 disease	 for	 whom	 local	 therapy	 is	
not	an	option.

→	 Single-agent	 therapy	 is	 a	 reasonable	 option	 for	
patients	who	wish	to	minimize	potential	toxici-
ties,	as	combination	regimens	are	not	clearly	su-
perior	 in	 terms	 of	 response	 rates;	 the	 choice	 of	
single	agent	will	vary	with	 the	histological	 sub-
type.

→	 If	 combination	 therapy	 is	 chosen,	 the	 greatest	
amount	of	data	exists	for	the	regimen	of	cispla-
tin-doxorubicin-cyclophosphamide.

→	 There	are	no	data	to	support	the	use	of	systemic	
therapy	in	previously	treated	patients.

→	 Enrollment	 in	 prospective	 clinical	 trials	 should	
be	considered	for	all	patients	with	cancer	of	the	
salivary	glands,	including	those	patients	with	re-
sectable,	early-stage	disease.
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Quality	of	life	(QOL)	generally	refers	to	the	patient’s	per-
ception	 of	 the	 effects	 of	 the	 disease	 and	 treatment,	 and	
their	impact	on	daily	functioning	and	general	feeling	of	
well	being.	QOL	has	two	fundamental	foundations.	First,	
it	 is	 multidimensional,	 incorporating	 physical,	 psycho-
logical,	 social,	 emotional,	 and	 functional	 domains.	 Sec-
ondly,	it	 is	subjective	and	must	be	based	on	self-report-
ing,	according	to	the	patient’s	own	experiences.

Quality	of	life	is	recognized	as	an	important	endpoint	
in	clinical	research,	in	addition	to	the	conventional	end-
points	such	as	disease-related	and	global	survival.	QOL	is	
particularly	relevant	for	patients	with	tumors	of	the	head	
and	 neck	 because	 social	 interaction	 and	 expression	 de-

pend	largely	on	the	structural	and	functional	integrity	of	
the	head	and	neck	area.

Thus,	data	from	QOL	questionnaires	are	becoming	an	
important	 supplement	 to	 information	 pertaining	 to	 the	
treatment	outcome.	There	are	now	a	variety	of	well-vali-
dated	 QOL	 instruments	 available	 for	 use	 in	 the	 field	 of	
head	and	neck	surgery	and	oncology.	These	include	the	ge-
neric	type	such	as	the	Short	Form-36	(SF-36),	the	cancer-
specific	type,	such	as	the	Functional	Assessment	of	Cancer	
Treatment	(FACT-G)	and	the	European	Organization	for	
Research	and	Treatment	of	Cancer	Quality	of	Life	Ques-
tionnaire	(EORTC	QLQ-C30),	and	the	cancer	site-specific	
type,	such	as	the	University	of	Washington	Quality	of	Life	
(UW-QOL)	questionnaire	or	the	FACT-HN,	EORTC	Head	
and	Neck	Module	(QLQ-H&N35)	[1,	10,	19,	26].

Initially,	QOL	studies	were	problematic	in	numerous	
respects	 [26].	 QOL	 is	 not	 universally	 defined	 and	 may	
vary	among	cultures	and	even	among	patients	of	differ-
ent	 socioeconomic	 levels.	 Not	 only	 are	 there	 dozens	 of	
suggested	head	and	neck	related	QOL	questionnaires	but	
they	also	vary	to	an	extent	in	domains	assessed.	Overall	
in	the	literature,	many	studies	are	cross-sectional	rather	
than	longitudinal	and	most	are	retrospective.	Few	reports	
include	a	sample	size	of	over	100	patients,	fewer	yet	were	
interventional	and	many	contain	information	pertaining	
to	 survivors	 only.	 Another	 inherent	 drawback	 in	 most	
global	QOL	questionnaires	stems	from	what	was	defined	
by	Weymuller	et	al.	[31]	as	the	“cancellation	effect.”	This	
relates	to	the	lack	of	effect	on	the	total	score	if	one	domain	
improved	 while	 another	 deteriorated.	 Moreover,	 results	
are	subjectively	compared	to	the	pretreatment	phase	dur-
ing	which	function	is	obviously	hampered	by	pain,	tumor	
mass,	 swelling,	 trismus,	 etc.	 although	 these	 symptoms	
may	be	mild.	The	focal	point	is	on	recording	the	subjec-
tive	 experience	 of	 the	 patient	 and	 indeed,	 surprisingly	
high	levels	of	QOL	may	be	seen	despite	significant	func-
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tional	impairment	[24].	Good	relationship	with	the	treat-
ing	 physician	 along	 with	 support	 of	 family	 and	 friends	
can	also	favorably	influence	results	of	QOL	studies.	Fur-
thermore,	patients	with	poor	QOL	are	less	likely	to	coop-
erate	in	filling	out	questionnaires	and	even	when	comply-
ing,	the	quality	of	their	replies	is	affected	[28,	31].	Further	
confounding	the	issue	of	data	accumulation	is	that	results	
have	been	shown	to	significantly	vary	between	what	pa-
tients	define	as	“good”	versus	“bad”	days	[6].

In	recent	years,	however,	more	and	more	longitudinal	
studies	 are	 published	 with	 larger	 patient	 cohorts	 using	
well-validated	 instruments	 and	 some	 of	 the	 drawbacks	
described	 are	 minimized	 or	 eliminated	 altogether.	 The	
number	of	QOL-related	papers	in	the	literature	has	nearly	
doubled	in	the	past	five	years	compared	to	the	previous	
five.	One	must	bear	in	mind	that	while	the	measurement	
of	QOL	 is	evolving,	 the	 importance	of	QOL	 is	 “here	 to	
stay”	 even	 when	 addressing	 benign	 disease	 or	 tumors.	
Assessing	QOL	is	beneficial	not	only	in	having	advance	
knowledge	of	the	course	of	treatment	and	post-treatment	
patient-related	 well	 being,	 but	 also	 is	 helpful	 in	 decid-
ing	which	treatment	regimen	or	even	which	surgical	ap-
proach	is	preferable	when	outcome	is	similar.

Naturally,	 as	 a	 majority	 of	 salivary	 gland	 procedures	
are	for	benign	disease,	a	shift	in	considerations	regarding	
QOL	may	ensue.	Factors	that	may	seem	insignificant	to	a	
person	with	malignant	disease	even	after	deemed	cured,	
may	appear	 important	 to	a	basically	healthy	 individual.	
This	was	not	however	found	to	be	the	case	in	a	QOL	study	
of	parotidectomy	[22].

Salivary	 gland	 tumors	 comprise	 approximately	 2%	
of	 head	 and	 neck	 neoplasms;	 80%	 of	 these	 tumors	 are	
encountered	in	the	parotid	gland.	Parotidectomy	is	per-
formed	 for	 benign	 or	 malignant	 primary	 or	 metastatic	
disease	 and	 for	 selected	 benign	 inflammatory	 and	 au-
toimmune	 conditions.	 Excision	 of	 the	 submandibular	
salivary	 glands	 is	 performed	 for	 benign	 and	 malignant	
tumors,	 as	 part	 of	 neck	 dissection,	 for	 some	 inflamma-
tory	 and	 autoimmune	 conditions,	 for	 sialadenitis	 not	
amenable	to	endoscopic	treatment,	for	sialorrhea,	and	for	
purposes	 of	 access.	 Excision	 of	 the	 sublingual	 glands	 is	
uncommon	and	may	be	performed	for	tumor	removal	or	
excision	of	ranula.

Sialorrhea	adversely	influences	QOL	in	affected	indi-
viduals	by	distancing	them	from	their	 immediate	social	
circle.	Chronic	sialadenitis	or	sialolithiasis	may	also	influ-
ence	QOL	prior	to	surgery.

Complete	 excision	 of	 one	 or	 both	 submandibular	
glands	 and	 superficial,	 total,	 or	 radical	 parotidectomy	
may	be	performed	with	possible	consequential	morbidity	

and	 associated	 complications.	 Other	 than	 transient	 im-
mediate	or	perioperative	complications,	recognized	com-
plications	or	 sequelae	of	parotidectomy	are	 facial	nerve	
paralysis,	 scarring	 with	 possible	 keloid	 formation	 and	
depression	 where	 glandular	 tissue	 is	 removed,	 salivary	
fistula,	 auriculotemporal	 syndrome	 (gustatory	 sweat-
ing	or	Frey’s	syndrome),	and	anesthesia	of	the	ear	from	
severing	the	greater	auricular	nerve.	Recurrent	tumor	is	
clearly	a	major	complication.	Recognized	complications	
of	 surgery	 of	 the	 submandibular	 and	 sublingual	 glands	
are	 trauma	 to	 the	 hypoglossal	 and	 lingual	 nerves	 or	 to	
the	mandibular	branch	of	the	facial	nerve.	Scarring	and	
change	in	facial	contour	are	also	a	concern.

By	meticulous	technique,	the	majority	of	complications	
can	 be	 minimized	 or	 avoided	 altogether.	 Other	 sequelae	
associated	with	parotidectomy	may	be	obviated	by	specific	
techniques.	 Scarring	 may	 be	 minimized	 by	 modification	
of	the	incision	[11,	29]	and	depression	at	the	operative	site	
can	be	prevented	to	an	extent	by	transposition	of	the	ster-
nocleidomastoid	muscle	[4,	11].	Terris	et	al.	[29]	described	
a	 modified	 face-lift	 incision	 that	 resulted	 in	 improved	
patient	 satisfaction	compared	 to	 the	modified	Blair	 inci-
sion.	A	retrotragal	incision	curving	posteriorly,	close	to	the	
hairline	and	curving	back	if	necessary	along	a	skin	crease	
is	far	more	cosmetically	pleasing	than	the	modified	Blair	
incision	(Fig.	29.1a,	b).	A	standard	face-lift	incision	is	even	
more	cosmetic	although	wide	access	may	be	limited.

Reducing	 the	 incidence	 of	 Frey’s	 syndrome	 by	 natu-
ral	or	synthetic	implants	with	good	results	was	suggested	
Dulguerov	 et	 al.	 [7]	 although	 in	 a	 commentary	 on	 this	
report,	 Kornblut	 [13]	 strongly	 contested	 the	 use	 of	 im-
plants.	While	the	sternocleidomastoid	muscle	(SCM)	flap	
was	useful	for	preventing	the	depression	in	the	face	cre-
ated	by	the	parotid	surgery	[14],	it	was	shown	in	one	study	
to	be	ineffective	in	preventing	the	occurrence	of	gustatory	
sweating	[15].	Only	23	of	the	70	patients	in	this	study	had	
subjective	 complaints	 related	 to	 Frey’s	 syndrome,	 none	
of	whom	were	incapacitated	or	required	additional	care	
[15].	Gooden	et	al.	[9]	stated	that	the	use	of	the	SCM	flap	
does	not	alter	the	incidence	of	Frey’s	syndrome	that	was	
31%	 in	 their	 series,	 and	 further;	 it	 did	 not	 significantly	
improve	facial	contour.

The	face	is	the	center	of	expression	and	any	defect	or	
dysfunction	are	readily	observed	and	noted.	Despite	pre-
ventive	techniques,	complications	and	sequelae	do	occur	
and	 may	 affect	 patients’	 QOL.	 We	 have	 retrospectively	
studied	QOL	in	patients	following	parotidectomy	for	be-
nign	and	malignant	disease	[22].	A	QOL	instrument	was	
created	specifically	for	the	purpose	of	this	study,	concep-
tually	 based	 on	 the	 University	 of	 Washington	 QOL	 in-
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strument	[30]	with	domain	importance	ratings	and	free	
text	options.	The	UW-QOL	is	short,	simple,	and	can	eas-
ily	be	completed	by	the	patient.	Scoring	for	 importance	
of	each	domain	is	a	key	issue	and	the	option	of	free	text	
allows	for	patient	comments	addressing	concerns.

While	 the	 concept	 and	 scoring	 system	 of	 the	 UW-
QOL	was	preserved,	the	content	was	adapted	to	specific,	
parotid	surgery	oriented	questions.	In	addition	to	general	
QOL	domains,	it	included	questions	which	addressed	re-
cognized	complications	of	parotid	surgery	that	can	affect	
patient	well	being,	function,	and	QOL.	These	included	ap-
pearance	addressing	both	scarring	and	changes	in	facial	
contour	 and	 asymmetry,	 local	 sensation,	 symptoms	 as-
sociated	with	Frey’s	syndrome,	salivary	fistula,	and	facial	
nerve	function.	A	computerized	database	search	identified	
173	 patients	 who	 underwent	 parotidectomy	 during	 the	
study	period.	One	hundred	and	twenty-five	patients	met	
the	study	criteria	and	had	questionnaires	mailed	to	their	
known	address.	Nine	patients	could	not	be	 located	and	
53	of	116	(46%)	fully	replied	to	the	questionnaire.	Global	
health	score	was	3.5	in	a	scale	of	1–5	corresponding	with	
“good”	to	“very	good”	and	compared	to	one	year	formerly	
the	 mean	 was	 between	 “the	 same”	 and	 “better.”	 Except	
for	local	sensation	with	a	score	of	50,	all	other	domains	
scored	 above	 76.	 The	 highest	 score	 was	 85.4	 indicating	
near	lack	of	significance	of	pain	and	80	signifying	a	low	
importance	of	salivary	fistulae.	Pain	was	reported	by	16	
patients	(30%)	and	37	patients	(70%)	reported	change	in	

their	appearance	although	specific	scarring	and	local	in-
dentation	were	reported	by	60%.	Long-term	pain	was	not	
formerly	reported	nor	expected	following	parotidectomy.	
As	in	other	instances,	responding	to	QOL	questionnaires	
may	raise	to	the	surface	formerly	unnoted	or	unforeseen	
issues.	It	may	be	considered	to	inform	patients	undergo-
ing	parotidectomy	of	 the	possibility	of	prolonged	albeit	
mild	pain.	Pain	following	parotidectomy	after	 the	acute	
early	 stage	 could	 be	 attributed	 to	 neuroma	 formation	
of	 the	 greater	 auricular	 nerve	 stump	 [27].	 While	 rarely	
seen	 after	 neck	 dissection	 with	 nerve	 sacrifice,	 we	 have	
several	patients	with	a	neuroma	of	the	greater	auricular	
nerve	 after	 parotidectomy	 and	 these,	 possibly	 affecting	
QOL,	 should	 be	 treated	 including	 by	 resection	 if	 indi-
cated.	Importance	attributed	to	all	domains	except	facial	
function	was	low.	Loss	of	sensation	was	noted	in	all	but	
three	patients.	Two	patients	defined	loss	of	sensation	as	
“unbearable”	and	the	overall	score	was	lowest	at	50	with	
importance	of	3.1.	It	should	be	noted	however,	that	these	
patients	did	not	complain	of	their	own	accord,	nor	were	
so	determined	during	routine	follow-up	visits.

Fourteen	 patients	 reported	 facial	 nerve	 impair-
ment.	Four	patients	had	 facial	paralysis	 independent	of	
the	 index	procedure.	This	was	noted	either	prior	 to	 the	
procedure	in	three	or	one	year	following	surgery	due	to	
recurrent	tumor	in	one	patient.	Overall,	including	these	
four	 patients,	 facial	 nerve	 function	 scored	 76.3	 with	 an	
importance	 level	 of	 4.2	 (high).	 Three	 of	 the	 remaining	

Fig. 29.1:	 a	 Modified	 Blair	 incision.	 b	 Retrotragal	 posteriorly	
curving	incision
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ten	 patients	 had	 parotidectomy	 for	 malignant	 disease	
with	intentional	sacrifice	of	one	or	more	branches	of	the	
facial	nerve,	one	had	surgery	for	recurrent	pleomorphic	
adenoma	and	two	others	were	referred	to	our	service	for	
revision	parotidectomy	for	a	second	recurrence	of	pleo-
morphic	adenoma.

According	to	follow-up	notes,	three	of	the	seven	patients	
with	primary	or	recurrent	benign	tumor	had	minimal	man-
dibular	or	 temporal	branch	paresis.	 In	three	patients,	re-
cords	explicitly	note	normal	facial	function	although	some	
paresis	was	noted	in	two	patients	in	the	early	postoperative	
period.	These	patients	conceived	their	postoperative	facial	
function	more	critically	or	at	least,	differently	from	the	fol-
low-up	team.	This	concept	of	facial	function	led	us	to	now	
indicate	 in	 the	 charts	 not	 only	 our	 findings	 but	 also	 the	
patient’s	perception.	These	findings	are	in	support	of	Kahn	
et	al.	who	developed	and	validated	a	patient-based	instru-
ment	to	measure	both	facial	impairment	and	disability,	the	
Facial	Clinimetric	Evaluation	(FaCE)	Scale	[12].	Overall,	
the	 FaCE	 Scale	 showed	 significant	 correlation	 with	 the	
House-Brackmann	Grading	System	and	the	Facial	Grad-
ing	System.	The	FaCE	Scale	contains	domains	 that	allow	
for	separation	and	analysis	of	aspects	of	facial	dysfunction	
that	are	not	available	from	physician-graded	scales	or	from	
more	global	health	status	QOL	instruments.

Kwok	et	al.	 [17]	 studied	QOL	after	parotid	and	 tem-
poral	bone	surgery	for	cancer.	Global	QOL	in	23	patients	
with	 cancer	 of	 the	 parotid	 gland	 or	 temporal	 bone	 cor-
related	 with	 communication	 difficulty,	 physical	 symp-
toms,	 and	 social	 disturbances	 but	 surprisingly,	 not	 with	
impaired	facial	nerve	function	or	facial	disfigurement.	In	
this	study,	the	cosmetic	variables	correlated	with	the	UW-
QOL	disfigurement	item	but	not	with	the	EORTC	instru-
ment.	 The	 authors	 speculate	 that	 a	 possible	 explanation	
for	this	may	be	due	to	the	fact	that	on	the	one	hand	the	
UW-QOL	item	leans	toward	objectivity	while	on	the	other	
hand	the	EORTC	item	leans	toward	subjectivity	by	asking	
the	patients	to	rate	how	much	they	are	bothered	by	their	
appearance.	This	paper	coauthored	by	Morton,	a	pioneer	
in	QOL	research	in	head	and	neck	surgery,	serves	well	to	
indicate	 the	 different	 perception	 between	 the	 objective	
findings	and	patients’	perception	of	their	appearance.

Thirty	of	our	patients	(57%)	reported	local	erythema	
and/or	sweating	during	eating.	Overall	score	was	77	and	
importance	 was	 2.7	 only.	 Two	 patients	 defined	 these	
symptoms	 as	 intolerable	 but	 no	 patient	 received	 treat-
ment	 nor	 was	 interested	 in	 seeking	 treatment	 of	 this	
problem	with	Botox.

Scores	for	appearance	were	significantly	better	for	the	
younger	age	group	compared	with	those	over	45	years	of	

age.	As	incisions	are	similar,	we	would	have	expected	the	
younger	patients	to	be	more	concerned	with	changes	in	
their	appearance.	Perhaps	reduced	facial	tone	in	the	older	
age	group	serves	to	amplify	the	effect	of	scarring.

There	 was	 no	 significant	 difference	 between	 QOL	
scores	 in	patients	with	benign	versus	malignant	disease	
except	for	a	trend	in	general	health	as	may	be	expected.

Reduced	 salivary	 flow	 expressed	 as	 xerostomia	 is	
known	 to	 adversely	 affect	 QOL.	 While	 complaints	 re-
garding	this	issue	are	common	due	to	disease	processes	or	
treatment	affecting	the	major	salivary	glands,	such	com-
plaints	related	to	salivary	gland	tumors	are	uncommon.	
Chaushu	 et	 al.	 [3]	 studied	 salivary	 flow	 dynamics	 and	
sialochemistry	 in	 patients	 undergoing	 parotidectomy.	
None	of	 the	patients	complained	of	“dry	mouth”	before	
or	 after	 surgery.	 Analysis	 of	 the	 individual	 results	 re-
vealed	three	patterns	of	pre-	and	postoperative	response,	
compatible	with	an	either	preoperative	or	postoperative	
compensatory	mechanism	in	the	contralateral	gland.	The	
postoperative	 decrease	 in	 flow	 rate	 corresponded	 with	
the	amount	of	parotid	gland	 removed.	Salivary	electro-
lyte	composition	was	unchanged.	Severely	reduced	sali-
vary	flow	may	lead	to	severe	symptomatology	including	
candidiasis	 and	 pain	 [2]	 but	 even	 if	 there	 is	 temporary	
flow	reduction,	no	such	problems	are	incurred	even	after	
removal	of	more	than	one	major	salivary	gland.	Some	pa-
tients	show	concern	regarding	the	effect	of	removal	of	the	
parotid	gland	on	salivary	flow	and	should	be	assured	that	
this	is	not	expected.

Nahlieli	is	one	of	the	pioneers	of	the	use	of	sialoendos-
copy	 for	 treatment	 of	 salivary	 gland	 disease.	 In	 a	 study	
of	salivary	gland	sialolithiasis	[21]	the	authors	found	189	
of	 the	217	patients	 followed	 for	40	months	with	 sialoli-
thiasis	 to	be	completely	 symptom-	and	stone-free,	both	
endoscopically	and	by	radiographs	(overall	success	rate,	
87%)	with	an	89%	and	83%	success	in	the	submandibular	
gland	and	the	parotid,	respectively.	No	severe	complica-
tions	were	noted.	This	technique	is	successfully	used	for	
sialadenitis	as	well	[20].	Obviating	the	need	for	removal	
of	 the	 salivary	gland	 in	many	cases	of	 sialolithiasis	 and	
sialadenitis	is	naturally	contributory	to	QOL	and	should	
be	used	whenever	applicable.

While	 global	 QOL	 issues	 in	 parotid	 surgery	 have	
largely	been	overlooked,	 individual	 sequelae	or	compli-
cations	have	been	selectively	addressed.

Faber	 and	 Pedersen	 [8]	 reported	 in	 the	 Danish	 liter-
ature	a	 study	of	114	patients	with	parotid	 tumors,	95	of	
whom	completed	a	questionnaire.	Twenty-four	reported	
various	 degrees	 of	 pain	 at	 the	 time	 of	 the	 investigation,	
and	 57	 reported	 numbness	 or	 uncomfortable	 sensations	
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of	 the	 skin.	 Twenty	 patients	 with	 clinically	 significant	
complaints	were	interviewed	and	examined.	Five	patients	
had	a	neuroma	in	the	parotid	region	and	hypoesthesia	was	
found	in	18.	The	authors	suggest	sparing	of	the	posterior	
branch	of	the	great	auricular	nerve.	Patel	et	al.	[23]	studied	
the	 effect	 of	 greater	 auricular	 nerve	 sacrifice	 during	 pa-
rotidectomy	in	53	patients.	Thirty	patients	(57%)	reported	
experiencing	at	 least	one	abnormal	symptom	decreasing	
significantly	with	time.	Even	among	patients	experiencing	
symptoms,	 23	 (77%)	 reported	 only	 a	 little	 or	 no	 bother	
caused	 by	 the	 symptoms,	 and	 27	 (90%)	 reported	 no	 in-
terference	or	almost	none	with	their	daily	activities.	The	
authors	conclude	that	their	results	indicate	no	significant	
effect	on	QOL.	Preservation	of	the	posterior	branch	of	the	
greater	 auricular	 nerve	 was	 advocated	 and	 reported	 as	
“successful”	in	70.5%	of	procedures	[5]	and	Yokoshima	et	
al.	[32]	preserved	the	posterior	branch	of	the	great	auricu-
lar	nerve	in	65%	of	cases.	This	was	reported	to	favorably	
affect	 QOL	 assessed	 at	 two	 and	 six	 months	 postopera-
tively.	Ryan	and	Fee	[25]	found	that	the	impact	of	sacrifice	
of	the	greater	auricular	nerve	on	patient	quality	of	life	is	
tolerable	and	improves	during	the	first	postoperative	year	
although	patients	did	have	difficulty	using	the	telephone,	
shaving,	combing	their	hair,	wearing	earrings,	and	sleep-
ing	on	the	operative	side	because	of	both	anesthesia	and	
paresthesia.	The	authors	feel	that	greater	auricular	nerve	
morbidity	may	be	bothersome	enough	to	warrant	efforts	
to	preserve	the	posterior	branch.

Laccourreye	et	al.	[18]	reviewed	their	25-	year	experi-
ence	 with	 229	 parotidectomies	 for	 benign	 pleomorphic	
adenoma.	The	overall	 incidence	of	Frey’s	syndrome	was	
66%.	 Immediate	 complications	 listed	 were	 hemorrhage,	
hematoma,	 wound	 infection,	 seroma,	 partial	 skin	 ne-
crosis,	 and	 phlebitis	 while	 long-term	 complications	 in-
cluded	 keloid	 scar	 in	 8.3%	 and	 neuroma	 formation	 in	
16%.	A	62%	incidence	of	Frey’s	syndrome	in	a	cohort	of	
69	patients	was	reported	by	Kuttner	et	al.	[16].	Nineteen	
patients	felt	their	QOL	had	been	decreased	by	the	symp-
toms.	Botulinum	toxin	was	shown	to	be	effective	in	treat-
ing	these	symptoms.

Other	 than	 intracutaneous	 injections	 of	 botulinum	
toxin,	 a	 number	 of	 noninvasive	 methods	 are	 suggested	
for	 symptomatic	 patients	 who	 require	 treatment.	 These	
include	topical	applications	of	scopolamine	or	glycopyr-
rolate,	 aluminum	 chloride	 hexahydrate,	 or	 diphemanil	
methylsulfate	[13].

Quality	 of	 life	 studies	 related	 to	 surgery	 of	 the	 sub-
mandibular	and	sublingual	gland	have	not	been	reported.	
Prevention	of	associated	complications	and	cosmetically	
oriented	incisions	will	probably	minimize	QOL	changes	

following	 these	 procedures.	 The	 classic	 curved	 incision	
“two	 finger	 breadths”	 under	 the	 mandible	 should	 be	
replaced	 by	 a	 non-curved	 incision	 along	 a	 nearly	 pres-
ent	neck	crease	that	even	if	is	a	bit	lower	than	the	origi-
nal	 suggested	 line	 will	 be	 more	 pleasing	 cosmetically	
(Fig.	29.2a–c).	 Utilization	 of	 endoscopic	 procedures	 re-
duces	 the	 indications	 for	 open	 procedures	 and	 further	
will	prevent	deleterious	effects	on	QOL.

    Take Home Messages

→	 Quality	of	life	(QOL)	is	a	subjective	measure	not	
necessarily	corresponding	with	performance	sta-
tus.

→	 Health-related	QOL	reflects	an	individual’s	over-
all	sense	of	well	being	reflecting	in	essence	a	per-
son’s	overall	enjoyment	of	life.

→	 In	medical	studies,	QOL	is	measured	using	stan-
dardized	questionnaires	to	rating	factors	as	pain,	
treatment	side	effects,	mood,	energy	level,	family	
and	social	interactions,	sexual	function,	ability	to	
work,	 and	 ability	 to	 keep	 up	 with	 routine	 daily	
activities.

→	 Salivary	 gland	 surgery	 and	 parotid	 surgery	 in	
particular	 may	 have	 potentially	 devastating	 ef-
fects	on	QOL	mainly,	facial	nerve	paralysis.

→	 Other	factors	to	consider	are	damage	to	the	hypo-
glossal	and	lingual	nerves,	local	contour	changes	
and	scarring,	 loss	of	sensation,	pain,	and	gusta-
tory	sweating	(Frey’s	syndrome).

→	 Overall	salivary	flow	is	not	affected	by	removal	of	
one	parotid	gland	and	no	xerostomia	is	expected	
following	excision	of	a	major	salivary	gland.

→	 Postoperative	 sequelae	 were	 noted	 in	 a	 major-
ity	 of	 patients	 undergoing	 parotidectomy.	 The	
dominant	were	altered	sensation,	change	 in	ap-
pearance,	 Frey’s	 syndrome,	 and	 pain.	 A	 degree	
of	permanent	postoperative	facial	nerve	impair-
ment	was	reported	by	some.	Yet,	overall,	paroti-
dectomy	does	not	seem	to	severely	affect	QOL.
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5-fluorouracil	 372,	380,	484,	486,	489

A
Abbe	lip-switch	flap	 458
aberrant	regeneration	theory	 112,	113
abscess	 243

in	the	neck	 243
ACC.	see	adenoid	cystic	carcinoma	(ACC)
accessory	lobe	 285
ACE.	see	angiotensin-converting	enzyme
acetylcholine	(ACh)	 12,	113,	119,	231
acetylcholinesterase	 13
acinar	cell	 186
acinar	hypertrophy	 42
acinic	cell	carcinoma	 67,	71,	72,	76,	223,	464

in	children	 223
acoustic	neurinoma	 414
Actinomyces	israelii	 173
actinomycosis	 173
acupuncture	 160
adenocarcinoma	 223,	329,	330,	331,	394,	478,	488

chemotherapy	 329,	478,	488
in	children	 223
of	the	base	of	the	tongue	 331
systematic	therapy	 488

adenocarcinoma	or	undifferentiated	carcinoma	 70
adenoid	cystic	carcinoma	(ACC)	 22,	27,	49,	59,	

70,	74,	325,	326,	327,	329,	330,	334,	348,	350,	362,	
365,	371,	394,	413,	425,	429,	463,	464,	478,	482
chemotherapy	 329,	478,	482
excision	 365
imaging	 350
of	the	nasopharynx	 334
recurrence	 348
systematic	therapy	 482

adenoid	cystic	carcinoma,	see also	cylindroma	 59
adenomatoid	hyperplasia	 42
adenomyoepithelioma	 72
adenosquamous	carcinoma	 64
adenovirus	 172

–

–

–
–
–
–

–
–
–
–
–
–

ADH.	see	antidiuretic	hormone
albumin	 119
alloderm	 440,	450
ALT.	see	anterolateral	thigh
amelanotic	melanoma	 80,	379
ameloblastoma	 62
amifostine	 190,	467
amma-linolenic	acid	(GLA)	 211
amputation	neuroma	 370
amyloidosis	 42
anaplastic	carcinoma	 424
anaplastic	lymphoma	 80
anastomosis	 410
angiotensin-converting	enzyme	(ACE)	 174
angular	cheilitis	 203,	215
anomaly	of	the	first	branchial	cleft	 226,	242
ansa	hypoglossi	 416
anterolateral	thigh	(ALT)	flap	 446
anthracycline	 484,	486,	488,	490
antibiotics	 172,	256
antidiuretic	hormone	(ADH)	 13
arterial	stenosis	 397
arteriogram	 319
arteriovenous	(AV)	fistula	 318
arteriovenous	malformation	(AVM)	 310,	319
arthralgia	 204
arthritis	 204
arthropathy	 204
artificial	salivas	 211
artificial	tears	 213
aspiration	of	carcinoma	or	lymphoma	 163

DAB	technique	 163
atrophy	of	the	tongue	 413
atropine	 13
AU-SMAS	flap	 150
auricular	nerve	 499
auriculotemporal	nerve	 112,	113,	118,	252
auriculotemporal	syndrome	 496
autoimmune	exocrinopathy,	see also	Sjögren’s	

syndrome	 202

–
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autoimmune	sialadenitis	 30
AVM.	see	arteriovenous	malformation
azathioprine	 212

B
bacterial	diseases	 172
Bartholin’s	duct	 8,	36,	178
Bartonella	henselae	 173,	228
basal	cell	adenocarcinoma	 73
basal	cell	adenoma	 47,	61,	73
basal	cell	carcinoma	(BCC)	 378,	394
basaloid	cell	 58
BCC.	see	basal	cell	carcinoma	(BCC)
Bell’s	palsy	 205
Bell	phenomenon	 264
benign	mixed	tumor.	see	pleomorphic	adenoma
betadine	 116
betamethasone	 312
bicarbonate	 9,	11
Bichat’s	fat	pad	 282
bilateral	proptosis	 332
biopsy	 107

of	labial	salivary	gland	 107
Blair	incision	 238,	302,	496,	497
BMS.	see	burning	mouth	syndrome
BMT.	see	bone	marrow	transplantation
bone	marrow	transplantation	(BMT)	 206
bortezomib	 485,	487
botox	 498
botulinum	toxin	 113,	264,	499
botulinum	toxin	injection	 120

side	effects	 120
botulinum	toxin	A	 118,	119,	231,	232

in	children	 232
breast	carcinoma	 78
buccal	fat	pad	 282
buccal	mucosa	 49,	178,	277,	286
buccal	space	 282,	283,	288,	289,	290

anatomy	 282
characteristic	radiographic	feature	 288
lesion	 283,	288
surgical	approach	 289,	290

bulimia	nervosa	 229
burning	mouth	syndrome	(BMS)	 215

C
C-ANCA	 39
c-erbB-2	 431
calculus	 29,	130,	132,	135,	141,	156

–

–

–

–
–
–
–

in	the	submandibular	duct	 29
removal	 141,	149

surgical	approach	 150
retrieval	 135,	156

calponin	 51
cAMP	 13
canalicular	adenoma	 49,	325
cancellation	effect	 495
Cancer	Care	Ontario	Practice	Guidelines	

(CCOPG)	 192
cancer	metastatic	 377

carcinoma/cancer	 377
to	the	parotid	 377

candida	albicans	 214
canine	smile	 457
canthoplasty	 263
carboplatin	 389,	490
carcinoma/cancer	 189,	194,	195,	274,	393,	397,	425,	

437,	464,	472
at	the	skull	base	 472
carcinoma/cancer	 397
ex-pleomorphic	adenoma	 274,	425,	437,	464
in	the	trachea	 472
metastatic	 377
of	the	external	auditory	canal	 397
of	the	head	and	neck	 194
of	the	nasopharynx	 189
of	the	oropharynx	 195
of	the	temporal	bone	 393
of	the	tonsillar	region	 194
staging	system	 397
to	the	parotid

	 377
carcinoma	ex-pleomorphic	adenoma	(CEPA)	 65,	425
cariogenic	microflora	 187
Castleman	disease	 227
cat-scratch	disease	 173,	228
cellular	debris	 130
cellular	pleomorphic	adenoma	 61
central	mucoepidermoid	carcinoma	 64
central	nervous	system	(CNS)	 205,	407
CEPA.	see	Carcinoma	ex-pleomorphic	adenoma
cerebral	palsy	 230,	232
cerebrospinal	fluid	(CSF)	 400
cervical	fascia	 6
cervical	lymphadenopathy	 422
cervical	lymph	node	metastase	 346
cervical	metastasis	 79
cervical	plexus	sparing	 386

–
–

–
–

–
–

–
–
–
–
–
–
–
–
–
–
–
–
–

–

504 Subject Index  



cervicodeltopectoral	flap	(CDP)	 441,	457,	458
cervicofacial	flap	 385,	441,	457
cetuximab	 485,	487
cevimeline	 212
cevimeline	hydrochloride	 193
cheek	flap	 368
cheek	reconstruction	 443
cheilitis	glandularis	 107
chemoradiotherapy	 490
chewing	gums	 193
chlorhexidine	gluconate	 191
chloride	 9,	11
chondromyxoid	stroma	 45,	163
chorda	tympani	nerve	 7,	233
chromatin	 60
chromogranin	 74
chromosome	13	 49
chronic	obstructive	sialadenitis	(COS)	 15
cisplatin	 371,	372,	389,	483,	484,	486,	488,	489,	490
clear	cell	myoepithelioma	 72
closed-suction	drain	 242
clostridium	botulinum	 118,	231
clotrimazole	 215
CMV.	see	cytomegalovirus
CNS.	see	central	nervous	system
Common	Terminology	Criteria	for	Adverse	Events	

v3.0	(CTCAE	v3.0)	 188
computed	tomography	(CT)	 15,	18
congenital	branchial	cyst	 226
conic	dilator	 133
contour	defect	 387
corneal	ulceration	 204
cranial	nerve	 403,	409,	410

damage	 403
craniotomy	 400
CREB	 481
cryotherapy	 380
CSF.	see	cerebrospinal	fluid
CT.	see	computed	tomography

PCT	-	sialography	 15
cutaneous	melanoma	 378,	382
cutaneous	perforator	 446
cutaneous	reconstruction	 384
cutaneous	squamous	cell	carcinoma	 381

staging	system	 381
cyclophosphamide	 372,	484,	489
CYLD1	gene	locus	 49
cylindroma	(Brooke-Spiegler	syndrome)	 47,	48,	49,	59
cylindroma.	see also	adenoid	cystic	carcinoma	 59

–

–

–

cystadenocarcinoma	 54,	58,	69,	75,	79
cystadenoma	 54,	58,	64,	76
cystic	fibrosis	 107
cytokeratin	 60,	64,	72
cytomegalovirus	(CMV)	 36,	172

sialadenitis	 36
cytoplasm	 60,	71,	72,	325
CytoRich	Red	solution	 163,	164,	165

D
dehydroepiandrosterone	(DHEA)	 212
demilunes	of	Gianucci	 35
dental	caries	 203,	207,	215,	234
dental	rehabilitation	 454
dermal	cylindroma	 73
desmoplasia	 425
diphemanil	methylsulfate	 118
diplopia	 333
disease-specific	survival	(DSS)	 324
disposable	dilator	 135
diversification	 412,	417
Dormia	basket	 140
dose	volume	histogram	(DVH)	 467,	468
doxorubicin	 372,	484,	486,	489
drooling	 234
dry	eye.	see also	keratoconjunctivitis	sicca	 213
dry	mouth.	see	xerostomia
dryness	of	the	skin.	see	xerosis
DSS.	see	disease-specific	survival
ductal	hyperplasia	 78
ductal	papilloma	 57,	58
duct	of	Bartholin	 342
duct	of	Rivinus	 11,	178,	342
ductoplasty	 366
ductoplasty	patch	 152
ductotomy	 156
dumbbell	tumor	 254
dysgenetic	polycystic	disease	 44
dysphagia	 189,	204,	225
dyspnea	 324

E
EAC.	see	external	auditory	canal
Eastern	Cooperative	Oncology	Group	(ECOG)	 486
Ebner’s	gland	 11
ECOG.	see	Eastern	Cooperative	Oncology	Group
ectasia	 314
efamol	 212
electrocautery	 239,	368

–
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EMC.	see	epithelial-myoepithelial	carcinoma	(EMC)
encephalitis	 229
end-to-end	anastomosis	 410,	413,	417
endocrine	gland	 9
entanercept	 213
EORTC.	see	European	Organization	for	the	

Research	and	Treatment	of	Cancer
epidermal	growth	factor	receptor	(EGFR)	 431,	478
epineurium	 410
epirubicin	 483,	486
epithelial-myoepithelial	carcinoma	(EMC)	 52,	71
epitympanum	 398
Epstein-Barr	virus	(EBV)	infection	 40,	54
erythema	 349,	498
erythematous	candidiasis	 203
European	Organization	for	Research	and	

Treatment	of	Cancer	(EORTC)	Quality	of	Life	
Questionnaire	 189

European	Organization	for	the	Research	and	
Treatment	of	Cancer	(EORTC)	 482

European	Sialendoscopy	Training	Center	(ESTC)	 144
evaluation	of	parotid	masses	 255
external	auditory	canal	(EAC)	 394
external	carotid	artery	 250,	261
extraglandular	tumor	 369
extratemporal	facial	nerve	plexus	 409

hypoglossal-facial	anastomosis	(HFA)	 409
hypoglossal-facial	jump	anastomosis	(HFJA)	 409
reconstruction	 409

ex	utero	intrapartum	treatment	(EXIT)	 182

F
facial	artery	 342,	357,	364
Facial	Clinimetric	Evaluation	(FaCE)	Scale	 498
facial	flap	 257
facial	nerve	 4,	22,	77,	237,	239,	242,	244,	259,	262,	

263,	273,	291,	292,	305,	370,	384,	407,	411,	425,	
454,	455,	467,	497
damage	 407
grafting	 455,	467
identification	 259
injury	 305,	370
mobilization	 259,	262,	263
paralysis	 77,	237,	244,	263,	292,	425,	497
paresis	 77,	263
plexus	 411

reconstruction	 411
reconstruction	 407,	455
resection	 242,	454,	455

–
–
–

–
–
–
–
–
–
–
–

–
–
–

Schwannoma	 22
stimulator	 291
weakness	 273

facial	notch	 8
facial	paresis	 381
facial	vein	 8
facio-facial	anastomosis	 417
fascia	lata	 446
fascia	lata	sling	 457
fasciocutaneous	flap	 458
fatty	infiltration	 42
FFF.	see	fibular	free	flap
fiberoptic	endoscopic	evaluation	of	swallowing	

(FEES)	 403
fibrosis	 37,	42,	408
fibrous	stroma	 75
fibular	free	flap	(FFF)	 454
fine-needle	aspiration	(FNA)	 255
fine-needle	aspiration	biopsy	(FNAB)	 159,	161,	

238,	287,	395,	423
basic	procedure	 161
buccal	space	masse	 287
temporal	bone	tumor	 395

fine-needle	aspiration	cytology	 424
intraoperative	frozen	section	analysis	 424

fine-needle	sampling	 160
without	syringe	 160

first	bite	syndrome	 305
first	branchial	cleft	anomaly	 242
fissure	of	Santorini	 394
flap	 441,	442,	443,	446,	448,	454,	457,	458

Abbe	lip-switch	 458
anterolateral	thigh	 446
cervicodeltopectoral	 441,	457,	458
cervicofacial	 441,	457
fasciocutaneous	 458
fibular	free	 454
free	 443
free	osteocutaneous	 454
internal	oblique-iliac	crest	osteomyocutaneous	 454
jejunal	 458
latissimus	dorsi	 443
osteocutaneous	free	 458
osteocutaneous	radial	forearm	free	 454
parascapular	 448
pectoralis	major	 443
radial	forearm	free	 448
rectus	abdominis	free	 454
rectus	abdominis	free	musculocutaneous	 448

–
–
–

–
–
–

–

–

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

506 Subject Index  



scapular	 448
scapular	osteocutaneous	 454
superficial	musculoaponeurotic	system	(SMAS)	 442

flexible	endoscopic	evaluation	of	sensory	testing	
(FEESST)	 403

floating	mucous	plug	 138
flow	cytometry	 67,	166,	268
FNA.	see	fine-needle	aspiration	(FNA)
foramen	of	Huschke	 394
forcep	 133,	135
Fordyce	granules	 58
free	flap	 443
free	nerve	transplantation	 411
free	osteocutaneous	flap	 454
free	tissue	reconstruction	 384
Frey’s	syndrome	 4,	5,	111,	114,	154,	238,	244,	264,	

276,	295,	438,	440,	496,	497,	499
alloderm	 440
etiology	 114
reconstruction	of	the	concavity	 438

fungal	infection	 203

G
gadolinium	 18
gammalinolenic	acid	(GLA)	 211
gastrointestinal	stromal	tumor	(GIST)	 480
gastroscopy	 204
gefitinib	 485,	487,	489
GFAP.	see	glial	fibrillary	acidic	protein
GFR.	see	glomerular	filtration	rate
gingivitis	 188
GIST.	see	gastrointestinal	stromal	tumor
glandular	odontogenic	cyst	 64
glassy	eosinophilic	cytoplasm	 75
glial	fibrillary	acidic	protein	(GFAP)	 46
glomerular	filtration	rate	(GFR)	 389
glossectomy	 366,	368
glossopharyngeal	nerve	 4,	118
glycoprotein	 130
glycopyrrolate	 231
goblet	cell	 63
graft-versus-host	disease	(GVHD)	 107,	202,	206,	208

Involvement	of	the	esophagus	 208
liver	biopsy	 208
target	organ	 208

granulomatous	cheilitis	 107
gross	tumor	volume	(GTV)	 195
GTV.	see	gross	tumor	volume
gustatory	flushing	 113,	115

–
–
–

–
–
–

–
–
–

gustatory	neuralgia	 115
gustatory	otorrhea	 114,	115
gustatory	sweating	 113,	115,	117,	244,	255,	264,	

295,	496
anticholinergic	medication	 117
radiotherapy	 117
treatment	modality	 117

gustatory	sweating	and	flushing	 112
GVHD.	see	graft-versus-host	disease	(GVHD)

H
harmonic	scalpel	 240
Hayes	Martin	maneuver	 357,	362
Heerfordt’s	disease	 174
Helicobacter	pylori	 204
hemangioma	 224,	309,	310,	311,	312,	320,	343,	348

in	childhood	 224
in	children	 348
laser	therapy	 312
observation	 311
progressive	proliferation	 311
steroid	therapy	 312
surgery	 312

hematoma	 244,	264,	292
Hemophilus	influenzae	 227
hemorrhage	 110,	244,	401
hemostasis	 182,	239,	259,	262,	291,	360

meticulous	 262
hemostat	 162
Hemostatix	scalpel	 240
hemovac	drain	 291
hepatitis	 205,	208
HER-2	 479
herpes	simplex	virus	(HSV)	 206
HFA.	see	hypoglossal-facial	anastomosis
HFJA.	see	hypoglossal-facial	jump	anastomosis		(HFJA)
hidradenoma	papillferum	 58
histoplasma	 172
HIV.	see	human	immunodeficiency	virus	(HIV)
HIV	infection	 22
Hodgkin’s	disease	 351
hollow	rigid	bougies	 133,	135
holmium:YAG	laser	 140
hormonal	receptor	 478
Horner	syndrome	 113
House-Brackmann	Grading	System	 273,	466,	498
House-Brackmann	scale	 401
human	immunodeficiency	virus	(HIV)	 37,	172,	

179,	230

–
–
–

–
–
–
–
–
–
–

–
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human	lymphocyte-associated	(HLA)	antigen	 106
Hürthle	cell	thyroid	carcinoma	 57
hyaline	eosinophilic	cytoplasm	 50
hyaline	stroma	 48
hyalinization	 65
hydroxyapatite	crystal	 38
hydroxychloroquine	 212
hypergammaglobulinemia	 202
hypernasality	 403
hypocomplementemia	 202
hypoesthesia	 499
hypoglossal-facial	anastomosis	(HFA)	 409
hypoglossal-facial	jump	anastomosis		(HFJA)	 409,	415

technique	 415
hypoglossal-facial	nerve	anastomosis	(HFA)	 412,	

413,	415
extended	 415

hypoglossal-facial	nerve	anastomosis	with	“jump”	
anastomosis	(HFJA)	 414

hypoglossal	nerve	 8,	341,	345,	415,	417

I
IAC.	see	internal	auditory	canal
ICA.	see	internal	carotid	artery	(ICA)
imaging	technique	 17
imatinib	 62,	485,	487
immunophenotyping	 166

by	flow	cytometry	 166
infection	of	the	salivary	gland	 170
infectious	parotitis	 229

in	children	 229
infliximab	 213
infratemporal	fossa	 250
injection	sialography	 30
inositol	trisphosphate	 12
inspection	 14

extraoral	 14
intraoral	 14

intensity	modulated	radiotherapy	(IMRT)	 467
interferon	 312
interferon-alpha	 213,	390
interleukin-2	 390
internal	auditory	canal	(IAC)	 398
internal	carotid	artery	(ICA)	 251,	301,	398,	400
internal	jugular	vein	 251
internal	oblique-iliac	crest	osteomyocutaneous	

flap	 454
interposition	graft	 411
interstitial	nephritis	 205
intraparotid	lymphadenitis	 227

–

–

–

–

–
–

intraparotid	metastasis	 427
iodine-sublimated	paper	histogram	(ISPH)	 116
iodine	solution	 116
ipsilateral	scalp	melanoma	 422
iritis	 212

J
Jacobsen’s	nerve	 4,	112
jejunal	flap	 458
Jones	scissors	 257,	258
jugular	lymph	node	 383

K
kallikrein	 12
kaposiform	hemangioendothelioma	(KHE)	 313
Kasabach-Merritt	syndrome	 313
keratin	 82
keratinization	 63
keratoconjunctivitis	sicca	 106,	203,	207,	213,	229
keratocystoma	 82
KHE.	see	kaposiform	hemangioendothelioma
Kimura’s	disease	 38,	39
KIT	 480,	487
Kocher	clamp	 258,	259
Kuttner	tumor	 38

L
labiomandibuloglossotomy	 331
lactobacillus	 188
lactoferrin	 11
lamivudine	 213
lapatinib	 485,	487
large	cell	carcinoma	 79
laryngofissure	 334
laser-sialolithotripsy	 140
laser	fragmentation	 142
laser	photocoagulation	 314
latissimus	dorsi	flap	 443
LET	irradiation	 471
leukocytopenia	 172
leukoplakia	 186
LGCC.	see	low-grade	cribriform	cystadenocarcinoma
lichenoid	reaction	 207
Ligasure	Precise	 240
linear	energy	transfer	(LET)	 467
lingual	artery	 8
lingual	lipase	 11
lingual	nerve	 7,	9,	155,	341,	345,	359,	370

injury	 370
lipoma	 282
–
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of	the	buccal	space	 282
lithotripsy	 131
loss	of	heterozygosity	 54,	67
low-grade	cribriform	cystadenocarcinoma	(LGCC)	 78
lymphadenectomy	 290
lymphadenocarcinoma	 55

sebaceous	 55
lymphadenoma	 55

non-sebaceous	 55
sebaceous	 55

lymphadenopathy	 43,	228,	254,	260
lymphangioma	 348

in	children	 348
lymphatic	channel	 251,	342
lymphatic	malformation	 224,	315,	316

cervicofacial	 316
in	children	 224
treatment	 316

lymph	node	metastasis	 62,	465,	466
lymphocytosis	 172
lymphoepithelial	cyst	 43,	44

human	immunodeficiency	virus-associated	 44
lymphoid	stroma	 54,	55
lymphoma	 351

in	the	salivary	parenchyma	 351

M
macroglossia	 316
magnetic	resonance	(MR)	sialogram	 170
magnetic	resonance	imaging	(MRI)	 15,	18
malformation	suprahyoid	disease	 225
malignant	fibrous	histiocytoma	 276
malignant	lymphoma	 81
malignant	melanoma	 253
malignant	mixed	tumor	 425
malignant	myoepithelioma.	see	myoepithelial	carcinoma
MALT	lymphoma	 40,	204
mandible	reconstruction	 449
mandibular	defect	 449
mandibular	nerve	 345
mandibular	ramus	 262
mandibulectomy	 366,	368,	449,	451

Type	II	lateral	defect	 451
mandibulotomy	 301,	304
marsupialization	 136,	149,	180,	358
masseter	muscle	 249,	262
mass	in	the	buccal	space	 281,	286

imaging	 286
surgical	approaches	 287

mastication	 186

–

–

–
–

–

–
–
–

–

–

–

–
–

mastoidectomy	 239,	242,	263,	398
maxillary	defect	 438
maximum	phonation	time	(MPT)	 403
McCabe	dissector	 240
MEC.	see	mucoepidermoid	carcinoma	(MEC)
mecholine	 113
Meckel’s	cave	 23,	24
megavoltage	linear	acceleratore	 275
melanoma	 378,	381,	382,	386,	389,	450

chemoimmunotherapy	 389
radiotherapy	 389
recurrence	 386
staging	 381

Melkersson-Rosenthal	syndrome	 107
Memorial	Symptom	Assessment	Scale	 189
Meniere’s	syndrome	 467
meningitis	 229
meningoencephalitis	 172
Merkel	cell	carcinoma	 81,	378,	379
MESA.	see	myoepithelial	sialadenitis	(MESA)
metastasizing	mixed	tumor	 67
metastatic	carcinoma/cancer

to	the	parotid	 378
metastatic	melanoma	 380
metastatic	prostate	carcinoma	 78
metastatic	squamous	cell	carcinoma	 82
MIB-1	 69
microvascular	free	flap	 320
mimic	training	 413
minor	salivary	gland	 27,	105,	108,	210,	324,	458

biopsy	 210
of	the	lip	 105
retention	cyst	 27
tumor	 108,	324,	458

minor	salivary	gland,	see also	salivary	gland	 324
minor	test	 116
mitoxantrone	 372,	482,	483,	486
modified	barium	swallow	test	(MBS)	 403
Moraxella	catarrhalis	 227
Morbus	Recklinghausen	 414
mosquito	hemostat	 108
MPT.	see	maximum	phonation	time
MRI.	see	magnetic	resonance	imaging
MR	sialography	 30
mucicarmine	 63
mucin	 63
mucinous	acini	 9
mucocele	 110,	178,	180,	181,	182

hydrodissection	 182
marsupialization	 180

–
–
–
–

–

–
–
–
–

–
–
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removal	 181
transoral	excision	 181

mucoepidermoid	 329,	330
chemotherapy	 329

mucoepidermoid	carcinoma	(MEC)	 22,	41,	62,	68,	
72,	78,	82,	223,	265,	325,	327,	345,	348,	350,	354,	
394,	423,	424,	429,	464,	478,	488
chemotherapy	 478,	488
imaging	 350
in	children	 223
recurrence	 348
systematic	therapy	 488

mucopolysaccharide	 130
mucosa	 106
mucosa-associated	lymphoid	tissue	(MALT)	

lymphoma	 40,	253
mucosal	cancer	 194
mucous	plug	 139
mucus-filled	pseudocyst	 178
mucus	extravasation	cyst	 106
mucus	retention	cyst	 106
Muir-Torre	syndrome	 59
mumps	 13,	170,	171,	229
muscle	flap	 387
muscular	flap	 264
myalgia	 204
Mycobacterium	avium	 228
Mycobacterium	tuberculosis	 174
mylohyoid	muscle	 6,	178,	357,	360,	364
myoepithelial	carcinoma	 74
myoepithelial	cell	 9
myoepithelial	sialadenitis	(MESA)	 38,	40,	44

carcinoma	 40
myoepithelioma	 50,	51,	330

clear	cell	type	 51
epithelioid	cell	type	 50
hyaline	/	plasmacytoid	cell	type	 50
spindle	cell	type	 50

myxoid	stroma	 48,	49
paucicellular	 49

N
N+	neck	 429

treatment	 429
N0	neck	 428

radioation	therapy	 428
surgical	treatment	 428

nasopharyngeal	cancer	 378
neck	dissection	 242,	256,	276,	353,	355,	369,	380,	

382,	383,	424,	437,	438,	496

–
–

–

–
–
–
–
–

–

–
–
–
–

–

–

–
–

elective	 383
level	I	 355
quality	of	life	 496
supraomohyoid	 276

neck	metastasis	 345,	422
necrosis	factor	alpha	(TNFα)	 213
necrotizing	sialometaplasia	(NSM)	 40,	41,	82
neonatal	ranula	 182

ex	utero	intrapartum	treatment	(EXIT)	 182
neonatal	suppurative	parotitis	 227
neoplastic	acinic	cell	 68
nerve	plexus	 408
nerve	sheath	tumor	 23
neumocystis	carinii	 172
neurilemoma	 296
neurofibromatosis	 351

of	submandibular	region	 351
neuroma	 499
neurotrophic	cancer	 381
neutron	radiotherapy	 276,	327,	357,	469,	470

control	rate	 470
nGTV.	see	nodal	gross	tumor	volume
NHL.	see	non-Hodgkin’s	lymphoma
NICH.	see	non-involuting	congenital	hemangioma
nodal	gross	tumor	volume	(nGTV)	 195
nodal	metastasis	 381,	428
non-contact	YAG	laser	treatment	 315
non-Hodgkin’s	lymphoma	(NHL)	 206
non-involuting	congenital	hemangioma	(NICH)	 313
non-tuberculous	mycobacterial	infection	 228

in	children	 228
nonspecific	interstitial	pneumonia	(NSIP)	 204
norepinephrine	 13
NOTCH	signaling	pathway	 481
NSIP.	see	nonspecific	interstitial	pneumonia
NSM.	see	necroting	sialometaplasia
nuclear	medicine	 18
nystatin-triamcinolone	 215

O
obstructed	duct	 29
obstructing	calculus	 29
occult	metastasis	 369,	424,	425,	429
OK-432	sclerotherapy	 225,	317
Omega-6	essential	fatty	acid	 214
oncocytoma	 18,	22,	56
oncocytosis	 56
oral	cavity	 106
oral	homeostasis	 186
oral	motor	training	 230

–
–
–
–

–

–

–

–
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orbicularis	oculi	 256
orbicularis	oris	 256
orchitis	 172
ORFFF.	see	osteocutaneous	radial	forearm	free	flap
oropharyngeal	cancer	 378
osteocutaneous	free	flap	 458
osteocutaneous	radial	forearm	free	flap	(ORFFF)	 454
osteonecrosis	of	the	temporal	bone	 276
osteoradionecrosis	 188,	402
osteosarcoma	of	the	mandible	 276
osteotomy	 400
otic	ganglion	 4
otitis	 244
otomicroscopy	 402
otosclerosis	 112

P
paclitaxel	 483,	490
palatal	tumor	 75
palpation	 14

bimanual	 14
extraoral	 14

pancreatitis	 172
Papanicolaou	stain	 159,	165
papillary	cystadenoma	lymphomatosum.	see	

Warthin’s	tumor	 52
papillomatosis	 58
paraganglioma	 23
paramyxovirus	 172
parapharyngeal	space	 6,	296,	297,	298,	300,	301,	

304,	350
anatomical	boundaries	 297
fine-needle	aspiration	biopsy	(FNAB)	 300
poststyloid	 296
prestyloid	 296,	298

imaging	 298
tumor	 298

surgical	approach	 301
tumor	 299,	300,	301,	304

complication	 304
fine-needle	aspiration	biopsy	 300
surgical	approach	 301

parapharyngeal	tumor	 249
parascapular	flap	 448
parasympathomimetic	 214
parenchyma	 9,	249
paresthesias	 255
parotid	 19

malignant	tumor	 19
parotid-sparing	irradiation	techniques	 193

–
–

–
–
–
–

–
–

–
–

–
–
–

–

parotid	duct	 232,	233,	252
bilateral	ligation	 233
ligation	 233
relocation	 232

parotidectomy	 3,	5,	113,	116,	118,	131,	153,	224,	
233,	237,	243,	247,	249,	252,	253,	255,	261,	264,	
290,	303,	317,	357,	380,	382,	383,	387,	411,	438,	
440,	454,	496,	497
complication	 243
deep	lobe	 252,	261
elective	 383
imaging	 255
pain	 497
quality	of	life	 496
subtotal	 249
superficial	 237,	252
total	 247,	253

hospitalization	 264
wound	care	 264

with	plantaris	static	sling	 387
parotid	fascia	 285
parotid	fistula	 292
parotid	gland	 2,	3,	5,	6,	10,	15,	24,	52,	128,	202,	

263,	285,	296,	377,	382,	383,	388,	428,	438
ablative	surgery	 382
accessory	 3,	285
anatomy	 2
biopsy	 202
blood	supply	 5
cancer	 428

neck	dissection	 428
carcinoma	 24
computed	tomography	(CT)	 15
lymphatic	drainage	 6
magnetic	resonance	imaging	(MRI)	 15
metastatic	cancer	 377,	383,	388

ablative	surgery	 383
adjuvant	therapy	 388
reconstructive	surgery	 384,	388

parapharyngeal	space	 6
removal	 263
swelling	 128
tumor	 438
venous	drainage	 6
Warthin’s	tumor	 52

parotid	masseteric	fascia	 3,	282
parotid	neoplasm	 250
parotid	parenchyma	 44,	252
parotid	sialadenitis	 237
parotid	surgery	 248,	255

–
–
–

–
–
–
–
–
–
–
–
–

–
–

–

–
–
–
–
–
–

–
–
–
–
–
–

–
–
–

–
–
–
–
–
–
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parotid	swelling	 171
differential	diagnosis	 171

parotid	tumor	 22,	67,	380
investigation	 380
perineural	spread	 23

parotitis	 14,	37,	114,	170,	173,	226
in	children	 170,	173,	226

PAS-positive	diastase-resistant	zymogen	granules	 69
PCNA.	see	proliferating	cell	nuclear	factor
PCR.	see	polymerase	chain	reaction	(PCR)
pectoralis	major	flap	(PMF)	 443
Penrose	drain	 181
pericarditis	 205
perifacial	lymph	node	 383
periodic	acid-Schiff	(PAS)	reaction	 55
periodontitis	 188
periumbilical	perforator	 448
perlèche	 203
peroxidase	 131
pes	anserinus	 4,	252,	411,	416
PET.	see	positron	emission	tomography
pharyngobasilar	fascia	 296
pharyngotomy	 334
phlebolith	 314
phosphotungstic	acid–hematoxylin	(PTAH)	 53
photophobia	 204
pilocarpine	 113,	192,	212,	213
plain	film	 18
platysma	muscle	 29,	285,	341,	357
pleomorphic	adenoma	 19,	20,	21,	31,	45,	46,	65,	67,	

223,	252,	254,	267,	268,	269,	270,	271,	272,	273,	
274,	285,	297,	325,	350,	353,	356,	472
bare	area	 270
capsular	perforation	 269
computed	tomography	(CT)	 268
cytopathologic	diagnosis	 353
enucleation	 270
fine-needle	aspiration	cytology	 268
imaging	 350
implantation	of	tumor	cell	 271
magnetic	resonance	imaging	(MRI)	 268
metastasizing	 274
multiple	recurrence	 356

treatment	 356
myoepithelial-rich	 46
postoperative	radiotherapy	 271
pseudocapsule	 271
radiotherapy	 472
recurrence	 267,	272,	273,	274

excisional	biopsy	 272

–

–
–

–

–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–

–

facial	nerve	injury	 273
radiotherapy	 274
treatment	 272

rupture	 270
tumor	capsule	 269

pleomorphism	 45,	69,	72,	74
PLGA.	see	polymorphous	low-grade	

adenocarcinoma	(PLGA)
plunging	ranula	 179,	182,	226,	344

excision	 182
in	children	 226

plunging	ranula,	see also	ranula	 179
PMF.	see	pectoralis	major	flap
Pneumocystis	carinii	 172
polymerase	chain	reaction	(PCR)	 130,	166
polymorphous	low-grade	adenocarcinoma	

(PLGA)	 61,	70,	76,	108,	325
port-wine	stains	(PWS)	 314
positron	emission	tomography	(PET)	 18
POST	study	 388
potassium	 11
PPD.	see	purified	protein	derivative	skin	test
PPS.	see	parapharyngeal	space
prednisone	 212
prestyloid	compartment	 6
prestyloid	parapharyngeal	space	(PPS)	 6,	21,	23,	

295,	297
prestyloid

masses	 295
primary	squamous	cell	carcinoma	 81
primordial	anlage	 2
proliferating	cell	nuclear	factor	(PCNA)	 328
proptosis	 333
pseudocyst	 178,	180,	343,	358
pseudolumen	 60
pseudopodia	 47,	269
PSSC.	see	primary	squamous	cell	carcinomas
pterygopalatine	fossa	 27,	28

obliteration	 28
ptyalin	 11
pulsed	dye	laser	 312
purified	protein	derivative	(PPD)	skin	test	 174
PWS.	see	port-wine	stains

Q
quality	of	life	(QOL)	 495

R
radial	forearm	free	flap	(RFFF)	 448
radiation	 187,	188,	471

–
–
–

–
–

–
–

–
–

–
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caries	 188
isodose	curve	 471
sialadenitis	 38
xerostomia	 187

radionecrosis	 276
radiotherapy	 193,	274,	464,	467,	472

intensity-modulated	(IMRT)	 193,	467
pleomorphic	adenoma	 472
postoperative	 464
recurrent	pleomorphic	adenoma	 274
tumors	of	the	salivary	gland	 464

ranula	 9,	22,	25,	26,	178,	179,	180,	181,	182,	183,	
226,	343,	358,	360,	361
computed	tomography	(CT)	 180
excision	 360,	361
in	children	 226
magnetic	resonance	imaging	(MRI)	 179
marsupialization	 180,	183
neonatal	 182
OK-432	sclerotherapy	 180
surgical	treatment	 183

complication	 183
transcervical	excision	 182
transoral	excision	 181
treatment	 358

rapidly	involuting	congenital	hemangioma	(RICH)	 313
Raynaud’s	phenomenon	 204
RBE.	see	relative	biological	effectiveness
rectus	abdominis	free	flap	 454
rectus	abdominis	free	musculocutaneous	flap	 448
relative	biological	effectiveness	(RBE)	 469
renal	cell	carcinoma	 57,	378
renal	tubular	acidosis	 205
respiratory	distress	 225
restasis	 214
retroauricular	lymph	node	 383
retromolar	trigone	 43
RFFF.	see	radial	forearm	free	flap
rhabdomyosarcoma	 223
rhytidectomy	 257,	290,	292,	440

complication	 292
RICH.	see	rapidly	involuting	congenital	hemangioma
rituximab	 213
Romanowsky	stain	 166

S
“steal”	syndrome	 319
saline-adrenaline	infiltration	 150
saliva	 105,	178,	185,	191

extravasation	 178

–
–
–
–

–
–
–
–
–

–
–
–
–
–
–
–
–

–
–
–
–

–

–

substitutes	 191
xanthan	gum-based	 191

salivary	cyst	 27
salivary	duct	carcinoma	 76,	77

micropapillary	 77
mucin-rich	 77
sarcomatoid	 77

salivary	duct	cyst	 43
salivary	fistula	 154,	244,	276,	496,	497
salivary	gland	 2,	5,	17,	34,	169,	202,	207,	268,	309,	

324,	325,	352,	368,	421,	422,	424,	430,	436,	463,	478
biopsy	 202
cancer	 421,	422,	424,	430

evaluation	 422
management	of	the	neck	 421
radiation	therapy	 430
radiographic	imaging	 424

development	 2
disorders	in	children	 222
GVHD	 207
imaging	modality	 17
infection	 169
lesion	 34
neoplasm	 268,	324
parasympathetic	supply	 5
reconstruction	 436
Sjögren’s	syndrome	 207
tumor	 268,	324,	325,	368,	436,	463,	478

chemotherapy	 478
neck	dissection	 437
preoperative	assessment	 437
radiotherapy	 463
surgical	excision	 436
treatment	 463
treatment	of	the	neck	 368

tumorigenesis	 430
tumor	staging	 352
vascular	lesion	 309

salivary	gland	lesion	 423
management	of	the	neck	 423

salivary	neoplasm	 348
in	children	 348

salivary	probe	 132,	133
salivary	secretion	 112
salivary	tumor	 222,	223,	329

in	children	 222,	223
salivon	 10
SANS.	see	subacute	necrotizing	sialadenitis
sarcoidosis	 39,	174
scant	cytoplasm	 74,	354

–
–

–
–
–

–
–

–
–
–
–

–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–

–
–
–

–

–
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scapular	flap	 448
scapular	osteocutaneous	flap	 454
scar	camouflage	 256
SCC.	see	squamous	cell	carcinoma	(SCC)
Schirmer’s	test	 106
Schneiderian	papilloma	 58
Schwann	cell	 408
schwannoma	 45
scleroderma	 208
sclerosing	polycystic	adenosis	 59
sclerotherapy	 180,	316,	317
scopolamine	 118,	231
scrofula	 228
sebaceous	adenoma	 58
sebaceous	cyst	 270
seroma	 439
serous	acini	 9
sex	hormone	 212
sialadenitid	 38

autoimmune	 38
sialadenitis	 36,	37,	38,	39,	43,	55,	130,	173,	174,	

253,	355,	370,	496,	498
acute	 36
bacterial	 36
chronic	non-autoimmune	 37
chronic	sclerosing	 39
granulomatous	 173,	174
HIV-associated	 43
quality	of	life	 498
tuberculous	 38
viral	 37

sialadenoma	papilliferum	 57,	58
sialadenosis	 42
sialectasia	 37
sialectasis	 173
sialendoscope	 132,	133,	134,	135,	136,	150

all-in-one	 132,	133
Marchal	 135
multipurpose	 134,	136

sialendoscopy	 15,	128,	136,	137,	140,	143,	144,	145,	
149,	154,	170
complication	 143
diagnostic	 136
interventional	 140
local	anesthesia	 137
training	 144
video-conference	 145

sialoadenitis	 108
sialocele	 22,	244,	292

–

–
–
–
–
–
–
–
–
–

–
–
–

–
–
–
–
–
–

sialocysts.	see also	salivary	duct	cyst	 43
sialodochoplasty	 131
sialoendoscopy	 498
sialography	 14,	15,	18,	30,	136,	209,	350
sialolith	 43,	130
sialolithectomy	 15
sialolithiasis	 14,	15,	37,	38,	128,	130,	138,	145,	355,	

496,	498
quality	of	life	 496,	498

sialometaplasia	 41
sialometry	 208
sialorrhea	 13,	230,	231,	232,	496

biofeedback	therapy	 231
in	children	 230
pharmacotherapy	 231
quality	of	life	 496

sialosis	 31,	237
Sjögren’s	disease	 22,	30,	31
Sjögren’s	syndrome	 13,	38,	39,	106,	192,	193,	195,	

202,	205,	209,	215,	229
extraglandular	manifestations	 215
heart	disease	 205
in	children	 229
liver	disease	 205
lymphocytic	proliferation	 205
renal	involvement	 205
sialogram	 209

skin	 382
resection	 382

skin-flap	necrosis	 244
skin	cancer	 237,	427
skin	graft	 440
skin	resection	 438
small	cell	carcinoma	 80,	81

of	the	lung	 81
SMAS.	see	superficial	musculoaponeurotic	system
smear	 163

air	drying	 163
gross	examination	of	 163

smear	preparation	 162
SNAP.	see	synaptosome-associated	protein
soft	tissue	reconstruction	 451
SOHND.	see	supraomohyoid	neck	dissection
sonic	hedgehog	(Shh)	 2
Southern	blot	technique	 166
spindle	cell	tumor	 380
squamous	cell	carcinoma	(SCC)	 41,	189,	254,	345,	

378,	388,	389,	394,	422,	427,	464
adjuvant	therapy	 388

–

–
–
–
–

–
–
–
–
–
–
–

–

–

–
–

–
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chemotherapy	 389
dermal	metastasis	 427
radiotherapy	 389

squamous	cell	tumor	 463
squamous	metaplasia	 53,	82
stapedectomy	 112
Staphylococcus	aureus	 36,	227
static	sling	 456
stenosis	 138,	142,	143,	154

cosmetic	result	 154
of	the	duct	 138,	142
treatment	 143

stenotic	process	 132
Stensen’s	duct	 3,	4,	10,	36,	128,	139,	140,	150,	152,	

153,	227,	282,	285
ligation	 153

Stensen’s	papilla	 171
Steri-Strips	 292
sternocleidomastoid	 303
sternocleidomastoid	muscle	 238,	240,	243,	250,	257
sternocleidomastoid	muscle	(SCM)	flap	 438,	496
steroid	 312
stratum	corneum	 204
Streptococcus	 130,	188,	227

pneumoniae	 227
pyogenes	 225,	227
viridans	 227

striated	duct	 36
stroma	 9
styloglossus	muscle	 258
stylohyoid	muscle	 259
styloid	process	 298,	302
stylomandibular	foramen	 251
stylomandibular	ligament	 3
stylomandibular	tenotomy	 304
stylomastoid	foramen	 248,	290,	398
stylopharyngeus	muscle	 259
subacute	necrotizing	sialadenitis	(SANS)	 41
sublingual	caruncles	 7
sublingual	gland	 2,	8,	10,	25,	340,	343,	344,	347,	

349,	350,	429
anatomy	 340
benign	neoplasm	 344
imaging	 350
neoplasm	 429
ranula	 343
tumor	 25,	347,	349

examination	 349
submandibular	duct	 232,	342

–
–
–

–
–
–

–

–
–
–

–
–
–
–
–
–

–

relocation	 232
submandibular	gland	 2,	6,	7,	8,	15,	25,	128,	190,	

233,	276,	340,	343,	344,	345,	347,	349,	350,	355,	
357,	358,	360,	366,	370,	371,	428,	457
anatomic	landmark	 7
anatomy	 6,	340
arterial	supply	 8
autotransplantation	 190
benign	neoplasm	 344
bilateral	excision	 233
cancer	 428

neck	dissection	 428
computed	tomography	(CT)	 15
excision	 357,	358,	366,	370

complication	 370
imaging	 350
lymphatic	drainage	 8
magnetic	resonance	imaging	(MRI)	 15
mucoepidermoid	carcinoma	 345
neoplasm	 25
neural	anatomy	 7
perineural	spread	 25
pleomorphic	adenoma	 343
recurrent	tumor	 276
resection	 457
squamous	cell	carcinoma	 345
swelling	 128,	345
tumor	 25,	340,	345,	347,	349,	355,	360,	371

chemotherapy	 371
examination	 349
radiotherapy	 371
recurrence	 371
spread	pattern	 360
treatment	 355

venous	drainage	 8
submandibular	swelling	 14,	170,	171

differential	diagnosis	 171
submandibular	triangle	 366
submaxillary	gland,	see also	submandibular	gland	 340
submucosa	 106
suctorial	fat	pad	 282
superficial	gland	 260

removal	 260
superficial	lobe	parotidectomy,	see also	

parotidectomy	 237
superficial	musculoaponeurotic	system	

(SMAS)	 282,	291,	439,	442
flap	 439,	442

superior	cervical	ganglion	 4

–

–
–
–
–
–
–
–

–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–

–

–

–

–
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supraomohyoid	neck	dissection	(SOHND)	 363,	369
Surveillance,	Epidemiology	and	End	Results	(SEER)	

database	 344,	362
sweat	production	 116
synaptophysin	 74
synaptosome-associated	protein	(SNAP)	 119
synovial	fistula	 276
syringe	 161

holder	 161
syringocystadenoma	papilliferum	 58

T
tarsorrhaphy	 263,	387
taste	acuity	 188
technetium	pertechnetate	(Tc99m)	 210
telecanthus	 333
temporal	bone	 393,	398,	399,	401

neoplasm	 393
resection	 393,	398,	399,	401

complication	 401
Surgical	approach	 399

tumor	 402
chemotherapy	 402
radiation	 402

temporal	bone	tumor	 395,	397
audiometric	testing	 396
clinical	presentation	 395
diagnosis	 395
imaging	 396
tumor	 397

staging	system	 397
surgical	management	 397

temporalis	muscle	rotation	flap	 400
tendon	sling	 387
terminal	duct	adenocarcinoma	 330
thalidomide	 213
thermoregulation	 115
thyroid	transcription	factor	 81
TMMT.	see	True	malignant	mixed	tumors
tobacco	smoking	 131
tonsillectomy	 232
tooth	decay	 188
tracheotomy	 224
tragus	 256
transforming	growth	factor	alpha	(TGF-alpha)	 431
transmembrane	growth	receptor	 479
transoral	laser	surgery	 334
trastuzumab	 480,	485,	487,	488,	489
triamcinolone	 312

–

–
–

–
–

–
–
–

–
–
–
–
–

–
–

trichoepithelioma	 47,	48,	73
trigeminal	nerve	 4,	112,	379
trismus	 244
trisomy	8	 49
true	cyst	 361
true	malignant	mixed	tumors	(TMMT)	 66
tumor	 3,	249,	298,	300,	303,	329,	330,	331,	332,	

334,	340,	394,	495
dumbbell-shaped	 3
in	the	larynx	 334
in	the	nose	and	paranasal	sinuse	 332
in	the	oral	cavity	 329
in	the	palate	 330
of	the	deep	lobe	of	the	parotid	gland	 300
of	the	head	and	neck	 298,	495

quality	of	life	 495
of	the	nasopharynx	 332
of	the	oropharynx	 331
of	the	parapharyngeal	space	 303
of	the	parotid	gland	 249
of	the	submandibular	gland	 340
of	the	temporal	bone	 394

TUNEL	assay	 431
TUNEL	labeling	 49
tympanic	neurectomy	 118,	233
tympanic	plexus	 4

U
ultrasound	 18
upper	eyelid	gold	weight	 456,	457
urolithiasis	 140
uveoparotid	fever.	see	Heerfordt’s	disease
uvulopalatopharyngoplasty	 43

V
VAMP.	see	vesicle-associated	membrane	protein
vascular	endothelial	growth	factor	(VEGF)	 431,	481
vascular	lesion	 310

classification	 310
vascular	malformation	 309,	320
vasculitis	 204
venous	malformation	 314,	315

sclerotherapy	 315
venular	malformation	 314
vesicle-associated	membrane	protein	(VAMP)	 119
Vidian’s	canal	 27
vimentin	 51,	64
vincristine	 312,	489
vinorelbine	 372,	483,	486

–
–
–
–
–
–
–

–
–
–
–
–
–
–

–

–
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viral	infection	 171
VitalStim	 230
von	Ebner’s	gland	 35

W
Waldenström’s	hyperglobulinemic	purpura	 204
wallerian	degeneration	 414
Warthin-Starry	stain	reaction	 229
Warthin’s	tumor	 18,	22,	52,	55,	68,	82,	163,	237,	

249,	268,	353,	394
cytopathologic	diagnosis	 353

Wegener’s	granulomatosis	 38,	39
Wharton’s	duct	 7,	8,	10,	36,	128,	129,	139,	154,	157,	

178,	340,	358,	360,	364
papilla	 128

Wharton’s	papilla	 156,	157
wire	basket

for	calculus	removal	 141

X
xanthan	gum-based	saliva	substitute	 191
Xenon-CT	 397

–

–

–

xerosis	 204
xerostomia	 11,	13,	37,	106,	108,	185,	186,	190,	191,	

192,	194,	203,	208,	211,	229,	233,	403,	467,	498
drug	induced	 187
gene	therapy	 191
in	Sjögren’s	syndrome	 203
opioid-induced	 192
pharmacologic	options	 191
QOL	scale	 194
questionnaire	(XQ)	 194
radiation-induced	 186,	190,	192

management	 190
treatment	 211

xylo-adrenalin	 154,	155

Y
Y	chromosome	 54

Z
zinc	finger	gene	 47
zygoma	 3,	250,	282

–
–
–
–
–
–
–
–

–
–
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