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Objective. Millions of patients worldwide are taking medications that alter hemostasis and decrease the risk for
thromboembolic events. This systematic review is intended to provide recommendations regarding optimal
management of such patients undergoing invasive dental procedures. The primary focus of this report is on warfarin
therapy, although issues related to heparin and aspirin are briefly discussed because of the frequency with which they
are encountered in dental practice.
Study design. The review of literature and development of recommendations was based on the Reference Manual for
Management Recommendations for the World Workshop in Oral Medicine IV (WWOM IV). A total of 64 publications
were identified for initial review. From these publications, the following types of articles were critically analyzed using
WWOM standard forms: randomized controlled trials (RCT), non-RCT studies that assess effects of interventions, and
studies that assess modifiable risk factors. Development of recommendations was based on the findings of these
reviews as well as expert opinion.
Results. The following evidence-based recommendations were developed: (1) For patients within the therapeutic range of
International Normalized Ratio (INR) below or equal to 3.5, warfarin therapy need not be modified or discontinued for
simple dental extractions. Nevertheless, the clinician’s judgment, experience, training, and accessibility to appropriate
bleeding management strategies are all important components in any treatment decision. Patients with INR greater than 3.5
should be referred to their physician for consideration for possible dose adjustment for significantly invasive procedures. (2)
A 2-day regimen of postoperative 4.8% tranexamic acid mouthwash is beneficial after oral surgical procedures in patients
on warfarin. (3) It is not necessary to interrupt low-dose aspirin therapy (100 mg/day or less) for simple dental extractions.
Conclusion. For most patients undergoing simple single dental extractions, the morbidity of potential thromboembolic
events if anticoagulant therapy is discontinued clearly outweighs the risk of prolonged bleeding if anticoagulant

therapy is continued. (Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2007;103(suppl 1):S45.e1-S45.e11)
The aim of oral anticoagulant therapy (OAT) is to
reduce blood coagulability to an optimal therapeutic
range within which the patient is provided some
degree of protection from thromboembolic events.
This is achieved at the cost of a minor risk of
spontaneous bleeding. When patients on anticoagu-
lant therapy present for an invasive dental procedure
expected to cause bleeding, the question arises as to
whether the anticoagulant therapy should be contin-
ued, modified, or discontinued at some point before
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dental treatment. In such situations, clinicians must
assess the patient’s ability to achieve hemostasis
following a procedure if anticoagulation is continued
versus the risk of thromboembolism if anticoagulant
therapy is decreased or discontinued. To avoid these
potential complications, several alternative peripro-
cedural anticoagulation strategies have been pro-
posed; however, each of these techniques may be
problematic (Fig. 1).

This topic was selected as 1 of 10 to be reviewed at the
Fourth World Workshop in Oral Medicine (WWOM IV).
Recommendations for the optimal management of pa-
tients taking hemostasis-altering medications put forth in
this document are based on the results of a systematic
review of the published literature as well as the experience
of a panel of experts (consultants). Furthermore, review
articles from recent years were consulted.1-15 The primary
focus of this report will be on warfarin, given the relative
strength of the literature base for this subject. Issues spe-
cifically related to heparin and aspirin will only be briefly
discussed, in view of the more limited data available from
randomized clinical trials (RCTs) regarding use of these

agents in patients in the dental setting.
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METHODS
A research librarian performed literature searches

using the following online databases: Medline/PubMed,
EMBASE, Cochrane Library, and Best Evidence. The
period searched was from 1966 to 2005. Search terms
included anticoagulants, dentistry, oral health, mouth and
mouth diseases, blood coagulation disorders, embolism
and thrombosis, platelet aggregation inhibitors, fibrino-
lytic agents, oral surgical procedures, surgery, oral, mouth
surgery. Searches were limited to studies involving human
subjects and in the English language. Further, the review-
ers identified additional studies from citations in reviewed
literature. Publication types included were meta-analyses,
systematic reviews, randomized controlled trials (RCT),
nonrandomized studies, case studies, and opinion docu-
ments.

The review of literature and development of recom-
mendations were based on the Reference Manual for
Management Recommendations for the WWOM IV. A
total of 53 publications related to warfarin or heparin
and 11 related to aspirin were identified for initial
review. From these, the following types of studies were
critically analyzed using WWOM standard forms:
RCTs, non-RCT studies that assess effects of interven-
tions, and studies that assess modifiable risk factors. A
total of 23 such studies (RCT and non-RCT studies)
related to warfarin, 3 studies related to aspirin, and no
studies related to heparin were identified. Each of these
26 studies was independently evaluated by 2 of the
authors (D.J.A., R.V.L.). The development of recom-
mendations was based on the findings of these studies
as well as expert opinion. In addition, we incorporated
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RESULTS
Warfarin

Mechanism of action. Warfarin, a 4-hydroxycouma-
rin derivative, is one of the most commonly used oral
anticoagulants worldwide. It is a vitamin K antagonist,
which acts by inhibiting the posttranslational carboxy-
lation of glutamic acid residues that are found at several
sites at the N-terminal end of coagulation factors II,
VII, IX, and X.16 Warfarin also inhibits glutamate
carboxylation on the amino terminus of the proteins C
and S.17 Warfarin is rapidly and completely absorbed
and peak plasma concentrations can be seen within 1
hour of ingestion. Its half-life is approximately 37
hours. Circulating warfarin is almost completely bound
to albumin. It is metabolized in the liver into inactive
compounds excreted primarily in urine. The measured
anticoagulant effect of warfarin results predominantly
from reduction in factor II (prothrombin) rather than a
cumulative effect of lowering all 4 vitamin K–depen-
dent factors. Prothrombin has a considerably longer
half-life, 96 hours, than do the other vitamin K–depen-
dent factors.16

Epidemiology. Continuous OAT with warfarin has
been used for more than 40 years to decrease the risk for
thromboembolism and more than 1 million patients in the
United States are currently taking daily warfarin. Based on
prescription-centric data reported by the NDC(R) Phar-
maceutical Audit Suite (PHAST) monthly audit, warfarin
sodium was the 41st most prescribed drug in the United
States in 2004 with 16,581,657 prescriptions (http://
www.rxlist.com/top200.htm). Many of these patients are
taking anticoagulants for varying periods; in some cases,
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Dose. The international normalized ratio (INR) level
to be achieved depends on the condition placing the
patient at risk for thromboembolism. The American
College of Chest Physicians has recommended an INR
of 2.0 to 3.0 for most indications18-20 with some ex-
ceptions requiring higher levels (up to 3.5) (Table I).
The basis for development and use of INR is described
in the next section.

Diagnosis and testing. The prothrombin time ratio
(PTR), defined as the patient’s prothrombin time
(PT) divided by a laboratory control value, was used
to monitor warfarin therapy for many years. How-
ever, the PTR has been shown to be imprecise and
variable for the following reasons: (1) There may be
little comparability of PT values performed in dif-
ferent laboratories; (2) The variability of PT values is
attributable to differences in the source of thrombo-
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Table I. Recommended Therapeutic Range for Warfa-
rin Therapy*
Low-intensity (INR* goal 2.5 with a range of 2.0 to 3.0)

Prophylaxis of venous thrombosis (high-risk surgery)
Treatment of venous thrombosis
Treatment of pulmonary embolism
Prevention of systemic embolism
Tissue heart valves
Acute myocardial infarction
Atrial fibrillation
Valvular heart disease

High-intensity (INR goal 3.0 with a range of 2.5 to 3.5)
Most mechanical prosthetic heart valves
Prevention of recurrent myocardial infarction

INR � International Normalized Ratio.
*Modified from Little et al. 2002,8 Lockhart et al. 2003,9 Carter et al.
d from: Herman et al. 1997,23 Lockhart et al. 20039).
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plastin (human brain, rabbit brain), the brand of
thromboplastin, and the type of instrumentation used.
This variability has contributed to hemorrhagic
events in OAT patients and has historically been a
source of concern about invasive dental procedures
in these patients.

In 1985, the International Committee on Throm-
bosis and Homeostasis requested that all lots of
thromboplastin have an indication of their interna-
tional sensitivity index (ISI). The ISI establishes the
reference standard of 1.0 based on human brain–
derived thromboplastin. An ISI greater than 1.0 des-
ignates a less sensitive thromboplastin, whereas a
value less than 1.0 indicates a more sensitive throm-
boplastin. This allows uniformity of the results from
different laboratories by the introduction of the INR,
which is calculated by the formula INR � (PTR)ISI,
where the PTR corresponds to the patient’s PT di-
vided by that of reference control plasma. Conse-
quently, INR value should be used to assess the level
of PT.22

Management recommendations. Several strategies
have been proposed over the years for managing
patients on OAT before, during, and after invasive
dental procedures (Fig. 1). Before the initiation of
dental treatment, specific consideration must be
given to the issue of whether OAT should be unal-
tered, modified, or stopped (Fig. 2). If warfarin is
stopped, the coagulation status for almost all patients
returns to near normal in about 4 days.24 However,
there is some evidence that suggests a rebound hy-
percoagulability effect owing to increased thrombin
production or platelet activation if warfarin is
abruptly discontinued.25

The 23 studies related to warfarin that were critically
reviewed were graded according to the potential for
bias as follows:

Grade A � low risk of bias (2 articles)

Table II. Grade A warfarin studies: Randomized place
mouthwash in warfarin-treated patients undergoing ora

Source
No. of patients

(M/F; age)
Comparison

group
No.
(me

Sindet-Pedersen
et al, 198926

19 (11/8; mean 58) Placebo TA(1
Pl
14

Carter and
Goss, 200327

43 (22/21; med. 65.2) TA5d Rang

Carter and
Goss, 200327

42 (32/10; med. 65.7) TA2d Rang

TA, tranexamic acid; med, median; 2d, 2 days; 5d, 5 days; 7d, 7 da
Grade B � low to moderate risk of bias (10 articles)
Grade C � moderate to high risk of bias (6 articles)

Grade D � high risk of bias (5 articles)

The 12 studies rated as Grade A and Grade B are
summarized in Tables II and III, respectively, and were
used to support management recommendations.

Evidence from these studies indicates that for pa-
tients whose INR is within the therapeutic range,
bleeding after a simple dental extraction can typi-
cally be controlled with local hemostatic measures.
In contrast, there have been documented episodes of
thromboembolic events when warfarin was discon-
tinued for a dental procedure. In a retrospective
review of 197 patients presenting over a 12-month
period with nonfatal cardioembolic cerebral infarc-
tion, 14 (7.1%) of the infarcts were related to dis-
continuation of warfarin therapy for invasive medical
procedures (one of which was a dental procedure).1

The average INR at admission for these 14 patients
was 1.4 (range 1.0-2.0), and all had been on chronic
anticoagulation for over a year. Although we could
find no data concerning the overall risk of thrombo-
embolic events from withholding or reducing the
dose of warfarin for surgical procedures, there is a
clear risk with this practice.

Recommendation. For patients within the therapeu-
tic range of INR of 3.5 or below, warfarin therapy
need not be modified or discontinued for simple
single dental extractions. More complicated and in-
vasive oral surgical procedures would represent an
exception to this recommendation for patients with
an INR on the high end of the scale, and they should
be discussed with the physician managing the con-
dition requiring warfarin. Nevertheless, the clini-
cian’s judgment must always be considered for all
treatment decisions (Fig. 2). Since the benefit of
preventing a thromboembolic episode clearly out-
weighs the risk of a significant bleeding episode, this

ntrolled trials evaluating the effect of tranexamic acid
ery
action
ange)
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(range) Treatment algorithm Complications
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Table III. Grade B warfarin studies

Source
No. of subjects

(M/F, age)
Comparison

group
No. of extractions

(mean, range)
INR mean

(range)
Treatment
Algorithm Complications

Blinder et al.,
199928

Grp I: 50 (35/15,
40-86 yrs)

Grp II: 50 (33/
17, 35-79 yrs)

Grp III: 50 (18/
32, 40-93 yrs)

I: 119
II: 117
III: 123

I: 2.38
II: 2.70
II: 2.19

I: gelatin sponge
and sutures

II: gelatin sponge,
sutures and TA
MW

III: fibrin glue,
gelatin sponge
and sutures

Post-op bleeding in:
3 subjects from I
6 subjects from II
4 subjects from III.

Al-Belasy et al.,
200329

Study grp: 15
subjects on
AC (10/5,
50-64 yrs)

Control: 15 subjects
on AC (6/9,
53-65 yrs)

Negative control
(never on AC):
10 subjects (5/5,
49-67 yrs)

Range per subject
5-7 for all
grps. Mean: 6
for study grp,
6.33 for
control, 6.5 for
negative
control)

Study grp: 2.5
(1.9-4.3)

Control grp: 2.4
(1.7-4.1)

Neg control: 1.0
(0.9-1.3)

Study grp:
Histoacryl glue
and sutures

Control and neg
control: Gelatin
sponge and
sutures

5 post-op bleeding
cases in control
grp, none in study
grp or neg control
grp.

Carter et al.,
200330

Grp A: 26 (16/
10, 24-85)

Grp B: 23 (15/8,
40-83)

Grp A: 71 (1-13
per subject)

Grp B: 81 (1-18
per subject)

Grp A: 3.0
(2.3-4.3)

Grp B: 3.1
(2.1-4.0)

Grp A: 4.8% TA
MW qid � 7
days
postoperatively.

Grp B: Fibrin glue
intraoperatively

Post-op bleeding:
None in Grp A, 2
in Grp B. Both
had unexplained
elevated INR on
day of bleeding.

Evans et al.,
200231

AC grp: 57 (36/
21, 36-92)

Control grp: 52 (37/
15, 30-93)

AC grp: (2, 1-7)
Control: (3, 1-9)

AC: 2.5 (1.2-4.7)
Control: 1.6

(1.2-2.3)

AC: warfarin
continued

Control: warfarin
stopped 2 days
before extraction

Bleeding
complications: AC
grp: 15 cases,
26%, Control grp:
7 cases, 14%
(p � 0.1)

Gaspar et al.,
199732

AC withheld: 15
(7/8, 35-72)

AC continued: 32
(17/15, 34-85)

AC withheld: 15
AC continued: 32

AC withheld: 1.4
(1.3-1.9)

AC continued:
2.5 (1.9-3.5)

AC withheld:
Stopped warfarin
3 days before
surgery.

AC continued: no
reduction.

Post-op bleeding:
AC withheld: 1 case
AC continued: 2

cases
(no significant

difference)
Halfpenny et al.,

200133
Study grp: 20

(13/7, 33-83)
Control grp: 26 (17/

9, 38-79)
Study: (2, 1-6)
Control: (1.5,

1-4)

Study: 2.7
(2.0-4.1)

Control: 2.9
(2.1-4.1)

Study: Fibrin
adhesive dressing
(Beriplast C)

Control:
Oxycellulose
dressing
(Surgicel)

Post-op bleeding: 1
case in study grp,
0 in control.

Bodner et al.,
199834

69 subjects (age,
sex not given)

none (2.87, 1-7) Low: 1.0-2.0 (20
subjects)

Medium: 2.1-3.0
(26 subjects)

High: 3.1-5.0 (23
subjects)

No change in
warfarin, gelatin
sponge and
sutures

Minor bleeding: 2 in
medium grp, 1 in
high grp.

Zanon et al.,
200335

Study grp: 250
(59/191, 44-
88)

Control: 250 (84/
166, 42-92)

Study: 525
Control: 513

Study grp:
1.8-4.0

Control grp: not
given

Study grp: Warfarin
continued,
oxidized cellulose
and silk suture.

Control grp: never
on warfarin,
suture in some

Bleeding
complications: 4 in
study grp, 3 in
control grp
(p � 0.7)
cases.
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is supported by multiple RCTs and is based on Level
of Evidence A. This recommendation was also sup-
ported by the expert consultants.

The high end of the therapeutic range of INR is 3.5.
Therefore, patients with INR above the therapeutic
range are at increased risk of prolonged bleeding. For
this reason, patients with INR greater than 3.5 should
be referred to their physician for dose adjustment be-
fore invasive dental procedures.

Expert opinion suggests that INR values should be
obtained within 24 hours before the dental procedure.
Portable INR monitors are now available that can mea-
sure INR from a finger-stick sample of whole blood and
provide results within seconds. Such devices may be
useful in cases when INR values are known to fluctuate
significantly. Recently, a study by Brennan et al.38

evaluated the role of a portable INR monitor and found
that 18% of OAT patients were above their therapeutic

Table III. Continued

Source
No. of subjects

(M/F, age)
Comparison

group
No. of e

(mean

Souto et al.,
199636

Grps G0-G4: 64
(30/34, mean
age 59.7)

Grp G5: 28 (12/16,
mean age 56.3)

82 singl
extrac
cases
of 2 a
teeth.

Ramstrom et al.,
199337

TA grp: 44 (25/
19, 53-87 yrs)

Placebo grp: 45
(28/17, 35-83
yrs)

Mean 1.
grps

AC, Anticoagulant; TA, Tranexamic acid; MW, Mouthwash; EACA
available; Post-op, postoperative.
range for INR and 50% were below, emphasizing the
beneficial use of such devices (from the abstract by
Brennan et al.39). Therefore, 68% of patients were
outside their target range.

An algorithm for managing patients on OAT is
listed in Fig. 2. An accurate medical history is es-
sential to assess the general health status of OAT
patients and to ensure that the condition for which
the patient is being anticoagulated is stable. Comor-
bid conditions that may potentiate an existing bleed-
ing problem include liver disease, bone marrow dis-
orders, biliary tract obstruction, malabsorption, renal
disease, and cancers such as leukemia. Increased
inflammation of the oral tissues in patients on OAT
can contribute to excessive bleeding even with minor
procedures. The use of concomitant medications,
including antibiotics,40 antifungals,41 nonsteroidal
anti-inflammatory drugs (NSAIDs), and other plate-
let aggregation inhibitors (e.g., clopidrogel) may af-

ns
)

INR mean
(range)

Treatment
Algorithm Complications

0
on

G0: 2.5
G1: 2.9
G2: 2.5
G3: 3.3
G4: 3.5
G5: 2.8

G0: AC reduced,
heparin, EACA
systemic, water
irrigation post op.

G1: AC reduced,
heparin, TA MW,
water irrigation
post op.

G2: AC reduced,
heparin, EACA
MW, water
irrigation post op.

G3: AC not
changed, no
heparin, TA MW,
water irrigation
post op.

G4: AC not
changed, no
heparin, EACA
MW, water
irrigation post op.

G5: AC not
changed, no
heparin, EACA
MW, TA
irrigation post op.

INR adjusted odds
ratio for
hemorrhagic risk:

G1: 4.95 G2: 3.17
G3: 0.88 G4: 1.64
G5: 0.12

th 2.1 to 4.0 in both
grps

No change in AC
for both grps. TA
or placebo MW
qid for 7 days
postoperatively

Bleeding requiring
treatment: 10 in
placebo grp, 0 in
TA grp (p � 0.01)

-amino caproic acid (Amicar); Grp, group; Neg, negative; N/A, not
xtractio
, range

e tooth
tions, 1
extracti
djacent

5 in bo

, epsilon
fect a patient’s ability to achieve adequate hemosta-
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sis after a routine dental procedure. According to the
expert consultants, a single dose of prophylactic an-
tibiotics will not impair a patient’s ability to achieve
adequate hemostasis after a routine dental procedure.
However, prolonged therapy with certain antibiotics
creates the potential for increased bleeding because
of vitamin K deficiency secondary to effects on gas-
trointestinal flora.

Surgical management recommendations from the ex-
pert consultants include minimizing trauma and mini-
mizing the size of the surgical field. For example,
removing a limited number of teeth at each visit would
allow for an evaluation of the coagulation status.

Tranexamic acid
Several studies have examined the use of tranexamic

acid mouthwash in anticoagulated patients undergoing
oral surgery, including the 2 grade A warfarin studies in
this review.

Sindet-Pedersen et al.26 conducted a placebo-con-
trolled, double-blind, randomized study on the use of
4.8% tranexamic acid mouthwash after oral surgery
(extractions, removal of retained teeth, periapical sur-
gery) in patients on warfarin (INR range 2.5-4.8) (Table
II). Nineteen subjects were randomized to tranexamic
acid and 20 to placebo. After the surgical procedure, the
operated field of surgical intervention was irrigated
with 4.8% tranexamic acid mouthwash or placebo for 2
minutes followed by suturing if needed. Thereafter,
patients rinsed their mouths for 7 days, 4 times a day,
for 2 minutes with 4.8% tranexamic acid mouthwash or
placebo. Eight patients in the placebo group experi-
enced a total of 10 postoperative bleeding episodes,
while only 1 subject in the tranexamic acid group had
a bleeding episode (P � .01).26 This study and similar
studies30,37 have established the efficacy of tranexamic
acid mouthwash in this setting.

Carter et al.27 compared the efficacy of a 2-day and
a 5-day regimen of 4.8 % tranexamic acid mouthwash
postoperatively after dental extractions in anticoagu-
lated patients with INR between 2 and 4 (mean 2.7 and
2.8 corresponding to the 2-day group and the 5-day
group, respectively). After the surgical procedure, the
operative field was irrigated with 4.8% tranexamic acid
mouthwash. Thereafter, an oxidized cellulose mesh was
soaked with 4.8% tranexamic acid and placed in the
base of each tooth socket followed by suturing. At
home patients continued rinses with 4.8% tranexamic
acid mouthwash for 2 minutes, 4 times a day, for 2 or
5 days. Eighty-two of the 85 subjects had no postoper-
ative bleeding. Two subjects in the 2-day group and 1
subject in the 5-day group had minor postoperative
bleeding that required minimal intervention to control.

The common factor in these 3 cases was severe peri-
odontitis. These results indicate that a 2-day regimen of
postoperative 4.8% tranexamic acid mouthwash is as
effective as a 5-day regimen.27

Recommendation. For patients on OAT, the use of a
2-day regimen of postoperative 4.8% tranexamic acid
mouthwash is beneficial to achieve adequate hemosta-
sis after simple oral surgery procedures. Since the ben-
efit to patients (preventing postoperative bleeding)
clearly outweighs any risk, this is a Class I recommen-
dation. This recommendation is supported by multiple
RCTs; therefore, it is based on Level of Evidence A.

Other hemostatic agents including gelatin sponge,
fibrin glue or fibrin adhesive dressing, oxidized cellu-
lose, or epsilon-amino caproic acid (EACA) mouth-
wash can also be used (Table III). This is a Class I
recommendation and is based on data derived from a
single randomized trial or nonrandomized studies and is
therefore Level of Evidence B.

Although there is no evidence base, there is strong
opinion that aspirin prescription for pain control in
these patients is contraindicated and caution should be
taken with other NSAIDs also because of the risk for
bleeding.

Prolonged inter- or postoperative bleeding following
oral surgery is an uncommon phenomenon and it rarely
requires anything more than local measures. This situ-
ation is corrected by transfusing fresh frozen plasma,
which contains all of the coagulation proteins, includ-
ing factors II, VII, IX, and X, and can be used to rapidly
lower the INR. Recombinant activated factor VIIa can
also lower INR quickly and effectively.17

It is important to emphasize that recommendations
for management of OAT during invasive dental proce-
dures have also been disseminated among the profes-
sional groups of physicians who manage the diseases
for which warfarin therapy is indicated. The American
Heart Association and American College of Cardiology
Scientific Statement states that for patients undergoing
dental procedures, tranexamic acid or EACA mouth-
wash can be applied without interrupting anticoagulant
therapy.18 In addition, the Sixth American College of
Chest Physicians (ACCP) Consensus Conference on
Antithrombotic Therapy made several limited recom-
mendations (risk/benefit unclear) as follows42: (1) For
patients undergoing dental procedures who are not con-
sidered to be at high risk for bleeding, ACCP recom-
mends that warfarin therapy not be discontinued. In
patients at high risk for bleeding, ACCP recommends
that warfarin therapy be discontinued. (2) For patients
undergoing dental procedures who need local bleeding
to be controlled, tranexamic acid or EACA mouthwash
can be administered without interrupting anticoagulant

therapy.
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Standard heparin and low molecular weight
heparin

Overview. Treatment with standard heparin (unfrac-
tionated) usually involves intravenous infusion and
therefore is used primarily as a rapid onset anticoagu-
lation management technique for hospitalized patients.
An increasing proportion of dental patients who would
have required admission to the hospital for bridging
therapy with intravenous heparin infusions may now be
treated with subcutaneous injections of low molecular
weight (fractionated) heparin (LMWH) as outpatients.
The introduction of fractionated heparins with molec-
ular weights in the range of 5,000 daltons, compared
with the average 15,000-dalton molecular weight of
unfractionated heparin, has produced another effective
management strategy to prevent thromboembolism. Al-
though the risk of spontaneous bleeding is assumed to
be less with the LMWH, this does not mean that an oral
surgical procedure will result in less bleeding than with
standard heparin therapy. These patients are anticoag-
ulated and should also be evaluated for the risk of
impaired hemostasis as one would evaluate a patient on
warfarin therapy.

Indications for the use of heparin include the treat-
ment of venous thrombosis or thromboembolism, acute
myocardial infarction, and for patients undergoing car-
diopulmonary bypass, vascular surgery, and percutane-
ous coronary and peripheral vascular procedures.17

Unfractionated heparin binds to antithrombin III by
unique pentasaccharide chains randomly distributed
throughout the molecule.43 While only about one third
of circulating heparin binds to antithrombin, this frac-
tion is enough to produce heparin’s anticoagulant ef-
fect.44 The heparin-antithrombin complex inactivates
thrombin, as well as factors IIa, Xa, IXa, XIa, and XIIa.
However, of all these, thrombin is the most sensitive to
inactivation. The inactivation of thrombin requires a
complex between heparin, antithrombin, and thrombin.
The mechanism of action of the LMWH is the same as
that of heparin.

Over the past 20 years LMWH has been used to
prevent deep venous thrombosis and pulmonary em-
boli, angina, myocardial infarctions, and graft throm-
bosis in vascular surgery. LMWH is now the treatment
of choice for patients undergoing total hip or knee
replacement because of its superior efficacy compared
with subcutaneous standard heparin in the prevention of
thromboembolism.

Enoxaparin is the most widely used LMWH but there
are 5 other LMWH preparations: ardeparin, dalteparin,
nadroparin, reviparin, and tinzaparin.

LMWHs possess several advantages compared to
unfractionated heparin. These include its relatively

longer half-life allowing for more predictable dosing
regimens. Moreover LMWHs cause less in the way of
bleeding complications than standard heparin.45

LMWHs are also more bioavailable (90% compared
with 30% to 40% for standard heparin) and they have a
reduced binding affinity to plasma proteins. Addition-
ally, LMWHs have been associated with a lower fre-
quency of idiosyncratic and autoimmune-mediated
thrombocytopenia.

Administration and dose. The LMWHs are adminis-
tered subcutaneously in the abdomen. The dose is based
on body weight and no laboratory monitoring is nec-
essary. The half-life of the LMWHs is approximately 2
to 4 hours. Treatment with the LMWHs can occur on an
outpatient basis.

Monitoring heparin levels. The anticoagulant effect
of intravenous infusion of unfractionated heparin is
monitored by the activated partial thromboplastin time
(aPTT) test. Laboratory monitoring of LMWH therapy
is usually not necessary because they do not signifi-
cantly influence platelet aggregation or affect global
clotting tests (i.e., PT or aPTT). Monitoring is advised
for selected patient populations such as those with
morbid obesity or renal failure. The recommended
monitoring assay is the level of anti-Xa factor, since
LMWH has more anti-Xa activity than antithrombin III
activity.

Management recommendations. Risk of bleeding
during and following invasive dental procedures in
patients on LMWH and the risk of thromboembolism as
a result of stopping the LMWH temporarily is not well
established in the dental literature; therefore, no evi-
dence-based management recommendations for
LMWH and dental procedures can be made. Expert
consensus opinion (Evidence level C) suggests that
when a patient on LMWH is to undergo invasive dental
procedures, it is advisible to consult with the patient’s
physician regarding continuing, altering, or stopping
the medication.

Since the half-life is relatively short, the LMWH can
usually be discontinued 4 to 6 hours before dental
treatment. For the typical patient on twice-daily subcu-
taneous injection, this means withholding the morning
dose on the day of the dental procedure and resuming
with the evening dose. The plan will vary depending on
the patient’s risk for thromboembolism. If intravenous
unfractionated heparin is used, then appropriate labo-
ratory testing (aPTT) should be done after discontinu-
ation of the drug and before the procedure.13 Alterna-
tively, normal clotting can be expected 6 to 8 hours
after heparin is administered because of its 6-8 hour
half-life.

Although there is no evidence base, there is expert
opinion that aspirin prescription for pain control in

these patients is contraindicated and caution should be
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taken with other NSAIDs also because of the risk for
bleeding.

Aspirin
Aspirin is the most commonly used preventive and

therapeutic agent for vascular ischemic events.46 More-
over, aspirin is indicated in other conditions such as
inflammatory joint diseases.

Overview. In the United States, the 3 doses of aspirin
most frequently recommended for the prevention of
stroke and myocardial infarction are 81, 160, and 325
mg per day. In Europe and other countries, 75, 150, or
300 mg per day are commonly recommended.47

Aspirin acts by irreversibly inactivating, for the life-
span of the platelet, the enzyme cyclooxygenase. The
enzyme is responsible for formation of prostaglandins
and thromboxane A2, which are involved in platelet
activation and aggregation. Aspirin is rapidly absorbed
from the proximal intestine and stomach and converted
to salicylate, which has peak circulating levels within 2
hours after ingestion.17 The half-life of salicylate is 2 to
15 hours, depending on the dosage.

Clinical evaluation, diagnosis, and testing. Labora-
tory monitoring is not typically recommended for pa-
tients taking aspirin. The bleeding time test is not at all
useful to assess oral bleeding after invasive dental
procedures. A pilot study of 30 patients undergoing
dental extraction showed that cutaneous bleeding time
did not correlate with oral bleeding time or any mea-
sures of postoperative hemostasis.38

Management recommendations. Ardekian et al.48

randomized 39 patients, receiving 100 mg aspirin daily
and scheduled for dental extractions, into 2 groups: 1
group continued aspirin therapy while the other group
stopped aspirin 7 days before extractions and resumed
it the day after surgery. Although the bleeding time was
higher in the group that continued aspirin, for both
groups the bleeding time was within the normal range.
No episodes of uncontrolled intraoperative bleeding or
postoperative bleeding were noted.48

Madan et al.49 examined the effects of continuing
aspirin therapy (75-100 mg per day) in 51 subjects
receiving oral surgical procedures. Only one case (third
molar surgery) had increased intraoperative bleeding
that was controlled by local measures. There was no
postoperative bleeding in any of the 51 cases.49

In an abstract presented at the American Academy of
Oral Medicine meeting in 2006, Valerin50 reported
results regarding 36 patients randomized to 325 mg
aspirin or placebo 2 days before and 2 days after a
single tooth extraction. There were no differences in
any bleeding outcomes between the 2 treatment groups.
This appears to be the first randomized, double-blind,

placebo-controlled trial evaluating the impact of aspirin
on bleeding complications from invasive dental proce-
dures. In contrast, Schrodi et al.51 had demonstrated
increased bleeding on probing in patients who received
325 mg aspirin daily for 7 days.

Recommendation. We recommend that low-dose as-
pirin therapy (100 mg per day or less) should not be
interrupted for outpatient dental procedures. When in-
traoperative or postoperative bleeding does occur, local
hemostatic methods are generally effective.48,49 Be-
cause the benefit to patients (preventing a thromboem-
bolic episode) clearly outweighs the risk (bleeding ep-
isode), this is a Class I recommendation. This
recommendation is supported by 1 RCT and a nonran-
domized study; therefore, it is based on Level of Evi-
dence B. This recommendation is also supported by the
expert consultants.

AREAS FOR FUTURE RESEARCH
Heparins

Data are lacking to support any evidence-based rec-
ommendations for dental patients on LMWHs. The risk
of excessive bleeding secondary to dental procedures in
patients on LMWH, as well as the risk of thromboem-
bolism if LMWH is stopped for a dental procedure is
not well established.

Antifibrolytic drugs to support hemostasis
Although a 4.8% tranexamic acid mouthwash proved

beneficial in small trials of subjects on warfarin ther-
apy, it has not been approved by the US Food and Drug
Administration for use in the United States. Additional
clinical trials are thus needed to support the approval of
this formulation in the United States. An alternative
topical antifibrinolytic agent to tranexamic acid solu-
tion is 25% epsilon-aminocaproic acid (EACA) elixir.
Additional studies to confirm the positive findings of
Souto et al.36 are needed to assess the effectiveness of
25% EACA elixir in patients maintained on therapeutic
anticoagulation with warfarin.

Aspirin
Recent data from RCTs indicate that the optimal

dose of aspirin to prevent myocardial infarction and
stroke is 160 mg per day.47 Therefore, more trials with
daily aspirin doses greater than 100 mg per day should
be conducted to examine bleeding secondary to dental
procedures. Such studies will allow the future develop-
ment of evidence-based guidelines for the management
of these patients.

Nonaspirin antiplatelet drugs and the
glycoprotein IIb/IIIa antagonists

It is anticipated that there will be increasing use of

platelet antiaggregation (antiplatelet) agents for pa-
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tients with a history of noncardioembolic stroke or
transient ischemic attack, such as ticlopidine, clopi-
dogrel, dipyridamole, extended-release dipyridamole
and aspirin, and triflusal.52 These agents are also used
to maintain cardiac stent patency following angio-
plasty. No studies have been published on postopera-
tive bleeding risk or dental surgery management for
patients taking these drugs. Studies are needed to pro-
vide data on the proper management for surgical pro-
cedures for those patients. Regardless of the initial
stimulus, binding of activated glycoprotein IIb/IIIa
complex, a platelet surface integrin, to fibrinogen is the
final step leading to platelet aggregation. Thus, many
researchers have focused on development of drugs that
would antagonize this integrin. Currently 3 intravenous
glycoprotein IIb/IIIa antagonists are marketed for the
prevention of myocardial infarction in patients under-
going percutaneous intervention: abciximab, eptifi-
batide, and tirofiban, and orally delivered agents are
under investigation.53 No studies have been conducted
to assess the bleeding risk among patients on these
drugs during invasive dental procedures.
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