Drug therapy during pregnancy:
Implications for dental practice
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IN BRIEF

® Discusses the physiological changes
during pregnancy and their effects on the
pharmacokinetics of drugs.

® Suggests that while the commonly
used drugs in dentistry are safe during
pregnancy, dentists must carefully
evaluate the risks versus the benefits of
prescribing or administering any drug to a
pregnant patient.

Pregnancy is accompanied by various physiological and physical changes, including those found in the cardiovascular, respira-
tory, gastrointestinal, renal and haematological systems. These alterations in the pregnant patient may potentially affect drug
pharmacokinetics. Also, pharmacotherapy presents a unique matter due to the potential teratogenic effects of certain drugs.
Although medications prescribed by dentists are generally safe during pregnancy, some modifications may be needed. In this
article we will discuss the changes in the physiology during pregnancy and its impact on drug therapy. Specific emphasis will
be given to the drugs commonly given by dentists, namely, local anaesthetics, analgesics, antibiotics and sedatives.

INTRODUCTION

Pregnancy is a normal and healthy condi-
tion. Many physiological changes occur dur-
ing that time in order to support the needs
of the developing fetus. It is reported that
the average pregnant patient takes two to
three prescription medications during her
pregnancy.'® Understanding these changes
and their profound impact on the pharma-
cokinetic properties of drugs in pregnancy
is essential for dentists in order to optimise
maternal and fetal health.! The aim of this
article is to summarise the physiological
changes during pregnancy and their effects
on the pharmacokinetics of drugs, as well as
review the current recommendations for the
use of drugs commonly given by dentists,
namely local anaesthetics, analgesics, anti-
microbials and sedatives.

PHYSIOLOGICAL CHANGES DURING
PREGNANCY

Pregnancy is accompanied by various physi-
ological changes that may affect multiple
organs. These changes are important for
adaptation and to facilitate fetal growth
and survival. These physiological changes
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should not be mistaken with pathological
ones and thus dentists must recognise them.
The most important alterations involve the
cardiovascular system (CVS), haematological
system, gastrointestinal (GI) system, respira-
tory system and renal system. In this section
we will review these changes and link them
to the effects on drug pharmacokinetics.

CVS CHANGES

The CVS undergoes significant changes
at the time of pregnancy. Blood volume
increases to meet maternal and fetal met-
abolic demands.* The cardiac chambers
enlarge and myocardial hypertrophy is often
seen on an echocardiogram. Moreover, the
heart is pushed upwards and rotates for-
wards.* Cardiac output is increased up to
50% as a result of increased heart rate, and
increased stroke volume.* Decrease in blood
pressure usually occurs in the second and
third trimesters. Hypotension may occur
when the patient is placed in the supine
position because of compression of the infe-
rior vena cava and aorta by the developing
fetus.” Therefore, the patient may need to lie
on her left side in order to prevent the weight
of the gravid uterus from blocking this blood
flow. Also, changes in the positioning of
the dental chair from reclining to upright
should be done slowly.” In regard to the
pharmacokinetics of drugs, the increase in
total body water, blood volume and capillary
hydrostatic pressure increases the volume of
distribution of hydrophilic substrates, which
may require an increased dose of hydrophilic
drugs to obtain therapeutic plasma concen-
trations."® Conversely, the decrease in serum
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albumin and other drug-binding proteins
during pregnancy may result in the need for
lower doses secondary to higher free levels
of many drugs, and thus higher bioactivity.'

RESPIRATORY SYSTEM CHANGES

Major respiratory changes occur during preg-
nancy. To compensate for the enlarging fetus
the diaphragm is displaced 3 to 4 cm upwards.
Also, oxygen consumption increases by 15 to
20%. Minute ventilation increases by 50% dur-
ing the first trimester." This is thought to be the
result of the increase in circulating progester-
one. Also, progesterone is known to directly
stimulate ventilation by sensitising the cen-
tral respiratory centre to carbon dioxide.! As a
consequence, the pregnant woman takes larger
tidal volumes to eliminate carbon dioxide and
this causes the increase in minute volume."**
Moreover, the increase in oestrogen produc-
tion during pregnancy causes the engorgement
of nasal capillaries which may result in nasal
stuffiness and nasal congestion and in some
cases epistaxis."® Also, with these changes,
nasal breathing may become difficult and thus
mouth breathing may occur and as a result
there is an increased chance of xerostomia.'*

HAEMATOLOGICAL CHANGES

During pregnancy, there is an overall increase
in plasma, white blood cells (WBC), red blood
cells and total blood volume.* The increase in
WBC count can sometime mimic infections;
however, to distinguish this from pregnancy in
the case of the latter, the increase is normally
associated with no change in other immature
WBC forms.! Moreover, pregnancy is asso-
ciated with an increase in all coagulation
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factors except for factor XI and XIII, which
are decreased.” Although these changes may
predispose to deep vein thrombosis and pul-
monary ooedema, nonetheless, to date there
is no evidence of an increase in deep vein
thrombosis during dental treatment.”

GASTROINTESTINAL CHANGES

Increased progesterone levels during preg-
nancy cause lower oesophageal tone, delayed
gastric emptying and a decrease in intesti-
nal motility.! The delay in gastric emptying
may cause an increase in gastric pressure
which may in turn result in gastro-oesoph-
ageal reflux during pregnancy."® There is
an increased incidence of nausea, vomiting
and pyrosis. Moreover, excessive salivation
is often seen in pregnant patients who suffer
from nausea and vomiting.* This is because
the vomiting process is controlled by the vom-
iting centre within the hindbrain which is in
close proximity to the centre of salivation.*'®
Also, the increase in oestrogen in pregnancy
leads to increases in serum concentrations
of cholesterol, thyroid binding globulin, and
cortisol binding globulin.! These physiologi-
cal changes may alter the pharmacokinetics
of many drugs. For instance, drug absorption
may be delayed during pregnancy which may
result in lower plasma drug concentrations."*8
Also, in many patients gastric pH may
increase during pregnancy and this may cause
an increase in ionisation of weak acids, reduc-
ing drug absorption.' Furthermore, all of these
alterations in the GI system, may change the
bioavailability of many drugs.'® Finally, drug
biotransformation is also altered in pregnancy
partly due to the increased levels of sex hor-
mones.' It has been suggested that pregnancy
influences drug metabolism in a metabolic
enzyme-specific manner." Elimination rates
of drugs metabolised by CYP 2A6, 2D6, 2C9,
3A4 are increased, whereas those of CYP 1A2
and CYP 2C19 substrate drugs are decreased."
For instance, the decreased rates of elimina-
tions or increased metabolic ratios of caffeine,
theophylline, olanzapine and clozapine may
be due to the decrease in 1A2 subtype of the
CYP P450 enzymes. On the other hand, the
increased clearances or decreased metabolic
ratio of fluoxetine, citalopram and metoprolol
may be because of the increase in 2D6 iso-
form of the CYP P450."-13

CHANGES IN THE RENAL SYSTEM

The increase in oestrogen and progesterone
levels may also have implications on the renal
system. Kidney size increases by 1to 1.5 cm in
length.* Also, both renal blood flow and glo-
merular filtration rate increase by 50-60%."8
Moreover, creatinine clearance increases by
25% at four weeks and by 50% at nine weeks.*
The reduction in systemic vascular resistance,
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which is probably due in part to insensitivity
to vasoactive hormones, may lead to activation
of the renin-aldosterone-angiotensin system.'*
The increase in serum aldosterone results in a
net gain of approximately 1 gram of sodium.™
All of these changes may alter the elimination
of drugs. For instance, the increase in renal
blood flow and glomerular filtration rate will
lead to enhanced elimination of drugs that are
normally excreted unchanged.®

In summary, major alterations occur in the
various systems during pregnancy. Many of
these changes can profoundly affect the differ-
ent phases of pharmacokinetics. Table 1 sum-
marises the normal physiological changes that
occur during pregnancy. Table 2 summarises
the changes in pharmacokinetics.

DRUG THERAPY IN PREGNANCY

When treating the pregnant patient, special
considerations may be needed. These include
changes that may be required in administering
and prescribing drugs.'*'® The concern that all
clinicians have is the potential adverse terato-
genic effects that some drugs display. In preg-
nancy, it is assumed that all drugs can cross
the placenta and thus affect the developing
fetus.'® During the first 90 days (first trimes-
ter), organogenesis occurs and thus the fetus
is most susceptible to teratogenesis. Therefore,
avoiding medications during this time is desir-
able, although not always possible. Similarly,
the approach of not prescribing any drugs to
the pregnant patient carries its own risks. For
instance, inadequately managed persistent

Table 1 Normal physiological changes during pregnancy'#*8

CVS

AN cardiac output, A stroke volume, /N heart rate, WV blood pressure

Gl system

WV in gastric emptying, ¥ Gl motility, AN heartburn

Respiratory System

A tidal volume, W vital capacity, M residual volume

Renal System

A renal blood flow, AN glomerular filtration, AN creatinine clearance

Haematological System

N plasma volume, A red blood cells, AN white blood cell, AN coagulation

Table 2 Normal physiological changes during pregnancy’**-8

/N Gastric emptying may cause \v absorption N Gl motility may cause N

A ion .
bsorptio absorption
/N adipose tissue may cause N volume of distribution
Distribution /N Plasma volume may cause ¥ volume of distribution

\V in albumin may cause A free drug concentrations

Biotransformation

Some Enzymes of the CYP P450 are induced which may cause N metabolism
Some enzymes of the CYP P450 are inhibited which may cause N metabolism
AN CYP 2A6, 1 CYP 2D6, N CYP 2C9, N CYP 3A4

W CYP 1A2, v CYP 2C19

\ Cholinesterase activity

Excretion

N renal blood flow may cause A of clearance of the drugs
N GFR may cause M of clearance of the drugs

Table 3 FDA pregnancy risk factors definitions's-'8

Category A

Controlled studies in women fail to demonstrate a risk to the foetus in the first trimester
(and there is no evidence of a risk in later trimesters), and the possibility of foetal harm
appears

Category B

Either animal-reproduction studies have not demonstrated a foetal risk but there are no
controlled studies in pregnant women, or animal-reproduction studies have shown an
adverse effect (other than a decrease in fertility) that was not confirmed in controlled stud-
ies in women in the first trimester (and there is no evidence of a risk in later trimesters).

Category C

Either studies in animals have revealed adverse effects on the foetus (teratogenic or
embryocidal, or other) and there are no controlled studies in women, or studies in women
and animals are not available. Drugs should be given only if the potential benefit justifies
the potential risk to the foetus.

Category D

There is positive evidence of human foetal risk, but the benefits from use in pregnant
women may be acceptable despite the risk (eg, if the drug is needed in a life-threatening
situation or for a serious disease for which safer drugs cannot be used or are ineffective).

Category X

Studies in animals or human beings have demonstrated foetal abnormalities, or there is
evidence of foetal risk based on human experience, or both, and the risk of the use of the
drug in pregnant women clearly outweighs any possible benefit. The drug is contraindicated
in women who are or may become pregnant
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pain may be harmful. Likewise, an untreated
apical abscess may lead to systemic infection.
Thus, failure to manage these conditions may
harm the mother and/or the fetus. In preg-
nancy, drugs should be prescribed when the

Table 4 Summary of medication use in the pregnant dental patient>”'>'¢

Local anaesthetics (injectable)

benefit to the mother is maximised and when s C ves
the risk to the developing fetus is minimal. To Bupivacaine C Yes
determine the risks associated with the use of Mepivacaine C Vies
drugs in pregnancy, the United States Food - -
.. . . Lignocaine B Yes
and Drug Administration (FDA) has classified
drugs based on the level of risks they pose  Prilocaine B Yes
to the fetus.'*® Drugs in category A and B |ocal anaesthetics (topical)
are considered safe as no adverse effects have ) )
R X Lignocaine B Yes
been shown in humans. Drugs in category C
are ones in which adverse effects on the fetus | Benzocaine C Use with caution
have been shown in some animal studies, but Tetracaine € Use with caution
there are no adequate and well-controlled -
Lo . Analgesics
studies in humans. In this category drugs may
still be used if the benefits outweigh the risks. ~_Faracetamol B Yes
Drugs in category D should be avoided as  Aspirin C/D! Do not use in third trimester
some S.tudles demonstrated Cle.ar teratf)genlc Dilfunisal C/D Do not use in third trimester
effects in humans. Nonetheless, in rare circum-
Flubiprofen C/D Do not use in third trimester

stances, drugs in this category may be used.'>'®
Finally, drugs in category X clearly should be lbuprofen B/D Do not use in third trimester
avoided as studies in humans or animals have

Ketorolac B/D Do not use in third trimester
demonstrated fetal abnormalities and posi- o
tive evidence of human fetal risk.’>'® Table 3 Ketoprofen B/D Do not use in third trimester
summarises the FDA pregnancy risks factors Naproxen B/D Do not use in third trimester
definitions. Codeine C Use with caution (low dose)
Medications prescribed ‘to pregnant Oxycodone B Yes (low does, short duration)

patients often require modification in dos-
age, duration of the prescription, and the Meperidine B Yes (low does, short duration
frequency with which they are taken. Here Antimicrobials
we will discuss medications commonly given
in daily dental practice, namely, local anaes-
thetics, analgesics, antimicrobials and seda-
tives. Table 4 summarises the rating given  Amoxicillin + clavulanic acid B Yes
to drugs commonly used in dentistry and

Penicillin B Yes

Amoxicillin B Yes

. Erythromycin B (do not use estolate form) Yes
whether or not they are safe to be given.
Clindamycin B Yes
LOCAL ANAESTHETICS Clarithromycin C Use with caution
Local anaesthetics are the most frequently used Azithromycin B Yes
pharmaceutical agents in clinical dentistry. It = ; 5 y
is estimated that the average dentist admin- Siee Al °
isters approximately 1,700 cartridges of local ~ Doxycycline D No
anaesthetics per year.'””® Local anaesthetics | \etronidazole B Use with caution
administered with adrenaline are considered :
. .. . Nystatin B Yes
safe during pregnancy; this is assuming that
careful aspiration is carried out to minimise | Ketoconazole C Use with caution
the potential risk of intravascular injection.”?"  Fluconazole C Use with caution
Lignocaine and prilocaine are given a FDA cat- Bt e glieaie B Yes

egory B ranking and, thus, may be considered
the safest local anaesthetics to give to a preg-
nant patient. Of these two agents, lighocaine | Nitrous oxide not ranked Use with caution
may be considered ideal because of its lower D
concentration (2%) compared to prilocaine

(4%), with the result of less drug being admin- .

istered per injection. Mepivacaine, articaine  Triazolam X Use with caution”
and bupivacaine are given an FDA category C, D

making them a less favourable choice during
pregnancy. Among topical preparations, ligno-
caine is the preferred choice since it has FDA

Sedatives

Diazepam Use with caution

Lorazepam Use with caution

Midazolam Use with caution

Hydroxyzine C Use with caution

‘where B/D or C/D is listed, the first letter refers to the category for 1st and 2nd trimester and the second letter refers to the

category in the 3rd trimester. "Although Triazolam is given a category ‘X' risk factor ratings, there is no data to support an asso-
category B as OppOSEd to benzocaine which ciation between this drug and foetal malformations and thus this drug may be used with caution =
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has an FDA category C ranking.?! Although
high doses of adrenaline, as used in the man-
agement of hypotension, may be problematic,
adrenaline used in the dental setting is of very
low concentration, and therefore is unlikely
to affect uterine blood flow.?! Moreover, its
use in local anaesthetics is beneficial as it will
decrease their uptake systemically, helping to
minimise the likelihood of toxicity. Moreover,
adrenaline increases the duration of local
anaesthetics and decreases bleeding at the site
of administration and thus its administration
is important and justified.”* Furthermore,
Gurbet et al. investigated the effects of adren-
aline added to local anaesthetics used for
epidural anaesthesia as an analgesic during
labour.”? The authors of this study randomly
assigned patients who were 37 weeks into
pregnancy to five groups receiving different
dosages of adrenaline. Their research showed
no significant side effect differences between
the groups.” In summary, in the pregnant
patient, any amide local anaesthetic is con-
sidered safe with the ideal agent being 2%
lignocaine with 1:100,000 adrenaline.>!

ANALGESICS

The pregnant patients should not have to suffer
from dentally-related pain. It is important to
note that if a pregnant patient presents with
pain, its origin should be identified and sub-
sequently eliminated. Then, if symptomatic
relief is needed, an analgesic should be given
as an adjunctive measure. In general, if used
properly, the analgesics used commonly in
dental practice are safe. The most common
analgesic prescribed during pregnancy is par-
acetamol which has an FDA rating of B. It has
been labelled as the safest analgesic during
pregnancy as it is not associated with any
teratogenicity. However, recent studies dem-
onstrated that taking paracetamol during preg-
nancy may increase the future risk of attention
deficit hyperactivity disorder (ADHD) in the
newborn.?** Although definite conclusions
were not drawn and other factors might have
affected the outcome of these studies, none-
theless, prolonged used of paracetamol may
have a very small risk associated with it. Thus,
taking paracetamol as advised, 500-1000 mg
every four hours to a maximum of four grams
per day is considered safe in the pregnant
patient.7,15,16,26

Another group of commonly used analge-
sics are the nonsteroidal anti-inflammatory
drugs (NSAIDs), which include drugs such as
ibuprofen and naproxen. These drugs have
anti-inflammatory and analgesic properties
and although their use in dentistry is very
advantageous, their application during preg-
nancy is less favourable.”* For instance, ibu-
profen is given a Category B ranking in the
first and second trimesters; however, in the
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Table 5 General recommendations for the use of analgesics during pregnancy

General

Eliminate the source of pain, if at all possible.

For paracetamol

Paracetamol is the analgesic of choice in the otherwise healthy pregnant patient.
Use a dose of 500-1,000 mg every 4 hours to a maximum of 4 grams per day.

NSAIDs can be used cautiously in first and second trimesters.
NSAIDs should be avoided during the third trimester.

o B8 If NSAIDs are used in the pregnant patient, it is recommended to use the lowest
effective dose for as short a period of time as possible.
For opioids Opioid analgesics can be cautiously prescribed to the pregnant dental patient.

If opioid analgesics are prescribed, low dose and short duration are recommended.

third trimester it is given category D and thus
should not be prescribed during that time. This
is because it has been shown that the use of
NSAIDs late in pregnancy may prolong the
length of the pregnancy through ineffective
contractions during labour. There are also con-
cerns of increased bleeding during delivery and
premature closure of the ductus arteriosus.”**
Also, although these drugs were not shown to
cause fetal malformations or increased risk of
birth defects, they have been implicated with
an increase incidence of miscarriage, particu-
larly when prescribed during the first trimes-
ter.’**! [n summary, if needed, ibuprofen can be
prescribed in the first and second trimesters but
should be avoided during the third trimester.

In some cases, where pain is moderate to
severe and cannot be managed with par-
acetamol alone (or NSAIDs in the first and
second trimesters), opioids can be given. In
this category, commonly prescribed drugs
include codeine and oxycodone, usually
given in combination with paracetamol or
acetylsalicylic acid (ASA). Oxycodone is the
safest as it has a category B ranking, whereas
codeine has a category C ranking since its use
has been reported to cause increased risk of
congenital malformations including cleft lip
and palate and other cardiac and circulatory
malformations.'™'® Nonetheless, prescribing
codeine (preferably in the second or third tri-
mesters) for a short duration, when needed, is
acceptable.”™'® Also, it should be noted that
chronic opioid use has been associated with
fetal dependence, premature delivery, neonatal
respiratory depression and delayed growth.?”
If there is severe chronic pain, an interprofes-
sional approach is best. General recommenda-
tions for the use of analgesics in the pregnant
patient are outlined in Table 5.

ANTIMICROBIALS

As a general rule, antimicrobials used in the
dental practice are safe during pregnancy. One
exception to this is tetracycline and its deriva-
tives. These antimicrobials are contraindicated
during pregnancy and are given category D,
and thus any of these, whether administered
orally or applied subgingivally, should not
be prescribed during pregnancy.>’ In general,
it should be noted that antibiotics are not a
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substitute to incision and drainage and thus,
if a patient presents with an infection, the first
line of treatment should be drainage of the
infected site. If, however, the patient presents
with extensive swelling and/or other systemic
involvement (for example, fever) an antibiotic
should be prescribed. Specifically, penicillin
and amoxicillin are category B drugs and thus
can be prescribed safely. If a patient is aller-
gic to penicillin, clindamycin can be given
as it is also in category B. Erythromycin is
given category B ranking, nonetheless, it is no
longer considered a preferred alternative and
is best avoided. Furthermore, it has been rec-
ommended not to use the estolate form of this
drug as it has been associated with cholestatic
hepatitis.** Another antibiotic commonly used
as an adjunct to control periodontal disease is
metronidazole. Although the FDA ranking of
metronidazole is B, its use during pregnancy
is controversial. Specifically, some authors
reported that this drug has been associated
with increased risk for preterm birth, tera-
togenesis and fetal harm?**" while others did
not find any association between first tri-
mester use of metronidazole and congenital
anomalies.”®* Thus, metronidazole can be
used cautiously and when absolutely needed.
Chlorhexidine gluconate mouth rinse can be
safely used during pregnancy as it is given
category B ranking. Among the antifungals,
nystatin is the safest as it is given category
B ranking. Ketoconazole and fluconazole are
less favourable as they both have category C
ranking, nonetheless, it is acceptable to pre-
scribe these drugs when necessary.'

SEDATIVES

In common with many patients, the pregnant
patient may have fear and anxiety of dentistry
that will require the use of sedation. If this fear
is significant enough, sedation can be justified
in order to minimise the risks of undue stress.
The most common sedatives applied for this
purpose are nitrous oxide (N,0) and the ben-
zodiazepines. N,O is not given any rating by
the FDA; however, its use during pregnancy
is considered acceptable. There is some con-
troversy as N,0 has been shown to inhibit
methionine synthase, which can affect DNA
synthesis, in animal studies.*” The anomalies
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associated with N,O were previously thought
to occur from inhibition of this enzyme, how-
ever, studies failed to demonstrate this effect
in humans.”'® Moreover, studies examining
the literature on the safety of N,O found that
adverse consequences of N,O were associated
with large doses (concentration higher than
50%) and long duration exposures.”* Thus,
because in the dental setting the administra-
tion of N,0 is of short term, no adverse con-
sequences have been found and therefore its
administration is considered safe. Nonetheless,
as with any drug, N,0 should only be given
if it is indicated. It is ideal to avoid N,0O in the
first trimester if possible, and if given at all in
pregnancy, it should be administered for less
than 30 minutes and with at least 50% oxy-
gen."” For dental personnel, a relevant issue is
that chronic occupational exposure to N,0 was
linked to infertility and spontaneous abortions
in offices where scavenging was not used.**
Therefore, scavenging is mandatory whenever
N,0 is used and, provided that it is in place,
dental personnel will not be exposed to poten-
tial toxicity.*

Benzodiazepines are commonly admin-
istered for patients with anxiety requiring
sedation. These drugs, when taken during
pregnancy, were linked to fetal malforma-
tions, fetal abortion and craniofacial defects
such as cleft lip and palate,”' yet further
review showed that the link with cleft lip
and palate was not valid.”> When prescribed
chronically in the third trimester, these drugs
were shown to cause fetal dependence and
withdrawal,'®**** a situation that is avoided
by the single use administration as occurs in
sedation in dentistry. Thus, benzodiazepines
may be used with caution when sedation for
dentistry is indicated.

CONCLUSION

Fortunately, the commonly used drugs in
dentistry are safe in pregnancy. Nevertheless,
dentists must evaluate carefully the risks
versus the benefits of prescribing or admin-
istering any drug to a pregnant patient.
As always, it is important to note that if a
patient presents with pain or infection, the
first line of treatment should be removal of
its source. If pharmacotherapy is initiated,
prescribe the lowest dose for the shortest
duration required.

1. Maged M C. Physiologic and pharmacokinetic
changes in pregnancy. front Pharmacol 2014; 5: 1-5.

2. Mitchell AA, Hernadez-Diaz S, Louik C et al. Medi-
cation use in pregnancy. Pharmacoepidemiol 2001;
10: S146.

3. Andrade S E, Gurwitz J H, Davis R L et al. Prescrip-
tion drug use in pregnancy. AmJ Obstet Gynecol
2004; 191: 398-407.

4. Yanamandra N, Chandraharan E. Anatomical and
physiological changes in pregnancy and their implica-
tions in clinical practice. /n Chandraharan E, Arulku-
maran S (eds) Obstetric and Intrapartum Emergencies.
Cambridge: Cambridge University Press, 2012.

BRITISH DENTAL JOURNAL VOLUME 220 NO.8 APR 22 2016

20.

21.

22.

23.

24.

25.

26.

28.

29.

30.

31

32.

Giglio, J A, Lanni S M, Laskin D M et al. Oral health
for the pregnant patient. JCDA 2009; 75: 43-48.
Dawes M, Choienczyk P J. Pharmacokinetics in
pregnancy. Clin Obst Gyna 2001; 15: 819-826.
Cengiz S B. The pregnant patient: Considerations
for dental management and drug use. Quintessence
Int 2007; 38: 133-142.

Hill C C, Pickinpaugh J. Physiologic Changes in
Pregnancy. Clinics of North America 2008; 88:
391-401.

Debasis Pramanik. Principals of Physiology. 2nd ed.
Academic Publishers, 2007.

Babic, T, Browning K N. The role of vagal neurocir-
cuits in the regulation of nausea and vomiting. Eur
JPharmacol 2014; 722: 38-47.

Jeong H. Altered drug metabolism during preg-
nancy: Hormonal regulation of drug-metabolizing
enzyme. Expert Opin Drug Metab Toxicol 2010; 6:
689-699.

Anderson G D. Pregnancy-induced changes in
pharmacokinetic: a mechanistic-base approach.
Clin Pharmacokinet 2005; 44: 989-1008.

Hodge LS, Tracy T'S. Alterations in drug disposition
during pregnancy: implications for drug therapy.
Expert Opin Drug Metab Toxicol 2007; 3: 557-571.
Cheung K L, Lafayette R A. Renal physiology of
pregnancy. Adv Chronic Kidney Dis 2013; 20:
209-214.

Haas, D A, Pynn B R, Sands T D. Drug use for the
pregnant or lactating patient. Gen Dent 2000; 48:
54-60.

Donaldson M, Goodchild J H. Pregnancy,
breast-feeding and drugs used in dentistry. JADA
2012; 143: 858-871.

US. Food and Drug Administration. Drug safety and
availability. Available online at www.fda.gov/Drugs/
DrugSafety/default.htm (accessed April 2016).
Physician Desk Reference. Ed 56. pp 342 Montvale,
NJ: Medical economics, 2002.

Haas D A, Lennon D. Local anaesthetic use by
dentists in Ontario. J Can Dent Assoc 1995; 61:
297-304.

Gaffen M, Haas D. Survey of local anaesthetic use
by Ontario dentists. J Can Dent Assoc 2009; 75:
649a-649g.

Haas D A. An update on local anaesthetics in
dentistry. J Can Dent Assoc 2002; 68: 546-551.
Malamed S F. Handbook of local anesthesia. 6th ed.
St Louis: Mosby, 2012.

Gurbet A, Turker G, Kose D O, Uckunkaya N. Intra-
thecal epinephrine in combined spinal-epidural
analgesia for labor: dose-regimen relationship

for epinephrine added to a local anaesthetic-opi-
oid combination. IntJ Qbstet Anesth 2005; 14:
121-125.

Liew Z, Ritz B, Rebordosa C et al. Acetaminophen
use during pregnancy, behavioral problems, and
hyperkinetic disorders. JAMA Pediatr 2014; 168:
313-320.

Brandlistuen R E, Ystrom E, Nulman |, Koren G, Nor-
deng H. Prenatal paracetamol exposure and child
neurodevelopment: a sibling-controlled cohort
study. IntJ Epidemiol 2013; 42: 1702-1713.

Scialli AR, Ang R, Breitmeyer J, Royal M A. A review
of the literature on the effects of acetaminophen
on pregnancy outcome. Reprod Toxicol 2010; 30:
495-507.

Haas D. An update on analgesics for the manage-
ment of acute postoperative dental pain. J Can
Dent Assoc 2002; 68: 476-482.

Collins E, Turner G. Maternal effects of regularly
salicylate ingestion in pregnancy Lancet 1975; 2:
335-337.

Stuart MJ. Aspirin and maternal or neonatal hae-
mostasis. N Eng J Med 1983; 308: 281-282.
Nielsen G L, Sorensen HT, Larsen H, Pedersen L.
Risk of adverse birth outcome and miscarriage in
pregnant users of non-steroidal anti-inflammatory
drugs: population based observational study and
case-control study. BMJ2001; 322: 266-270.

Li DK, Liu L, Odouli R. Exposure to non-steroidal
anti-inflammatory drugs during pregnancy and risk
of miscarriage: population based cohort study. BMJ
2003; 327: 368.

Niesters M, Overdyk F, Smith T, Aarts L, Dahan A.
Opioid-induced respiratory depression in paedi-

© 2015 British Dental Association. All rights reserved

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

atrics: a review of case reports. BrJAnaesth 2013;
110: 175-182.

McCormack W M, Geroge H, Donner H et al.
Hepatotoxicity of erythromycin estolate during
pregnancy. Antimicrob Agents Chemother 1977; 12:
630-635.

Andrews W W, Sibai B M, Thom E A et al. Random-
ized clinical trial of metronidazole plus erythro-
mycin to prevent spontaneous preterm delivery

in foetal fibronectin-positive women. National
Institute of Child Health & Human Development
Maternal-Foetal Medicine Units Network. Obstet
Gynecol 2003; 101: 847-855.

Klebanoff M A, Carey J C, Hauth J C et ol. Failure of
metronidazole to prevent preterm delivery among
pregnant women with asymptomatic Trichomonas
vaginalis infection. National Institute of Child
Health and Human Development Network of
Maternal-Foetal Medicine Units. N Engl J Med 2001;
345:487-493.

Cantu J M, Garcia-Cruz D. Midline facial defect as
a teratogenic effect of metronidazole. Birth Defects
Orig Artic Ser 1982; 18: 85- 88.

Greenberg F. Possible metronidazole teratogenicity
and clefting. AmJ Med Genet 1985; 22: 825.
Burtin P, Taddio A, Ariburnu O, Einarson TR,

Koren G. Safety of metronidazole in pregnancy:

a meta-analysis. Am J Obstet Gynecol 1995; 172:
525-529.

Caro-Patén T, Carvajal A, Martin de Diego |, Mar-
tin-Arias L H, Alvarez Requejo A, Rodriguez Pinilla
E. Is metronidazole teratogenic? A meta-analysis.
BrJ Clin Pharmacol 1997; 44: 179 -182.

Piper J M, Mitchel E F, Ray W A. Prenatal use of
metronidazole and birth defects: no association.
Obstet Gynecol 1993; 82: 348 -352.

Koss, CA, Baras, D C, Lane S D et al. Investiga-
tion of metronidazole use during pregnancy and
adverse birth outcomes. Anti Agen Chemothe 2012;
56: 4800-4805.

Koblin D D, Tomerson B W. Methionine synthase
activities in mice following acute exposure to eth-
anol and nitrous oxide. Biochem Pharmacol 1989;
38:1353-1358.

Rooks J P. Safety and risks of nitrous oxide labour
analgesia: a review. J Midwifery Women's Health
2011; 56: 557-565.

Collado V, Nicolas E, Faulks D, Hennequin M. A
review of the safety of 50% nitrous oxide/oxygen
in conscious sedation. Expert Opin Drug Saf 2007;
6:559-571.

Cohen E N, Brown BW, Wu M L et al. Occupational
disease in dentistry and chronic exposure to trace
anaesthetic gases. JADA 1980; 101: 21-31.
Rowland A'S, Baird D D, Weinberg CR et al.
Reduced fertility among women employed as
dental assistants exposed to high levels of nitrous
oxide. N Eng J Med 1992; 327: 993-997.

Meshkin LH. No laughing matter. JADA 1993; 124:
8-11.

Haas D A, Yagiela J A. Agents used in general
anaesthesia, deep sedation and conscious sedation.
In Yagiela J A, Dowd FJ and Neidle E A (eds)
Pharmacology and Therapeutics for Dentistry. 5th
edition. pp 287-306. St. Louis: Mosby, 2011.
Bellantuono, C, Tofani S, Di Sciascio G et al. Benzo-
diazepine exposure in pregnancy and risk of major
malformations: a critical overview. Gen Hosp Psych
2013;35: 3-8.

Dolovich L R, Addis A, Vaillancourt J M R, Power
JD B, Koren G, Einarson T R. Benzodiazepine use in
pregnancy and major malformations or oral cleft:
meta-analysis of cohort and case-control studies.
BMJ 1998; 317: 839-843.

Enato E, Moretti M, Koren G. The fetal safety of
benzodiazepines: an updated meta-analysis.

J Obstet Gynaecol Can 2011; 33: 46-48.

Koren G, Pastuszak A, Ito S. Drugs in pregnancy.
NEJM 1998; 338: 1128-1137.

Igbal M M, Sobhan T, Ryals T. Effects of commonly
used benzodiazepines on the foetus, the neonate, and
the nursing infant. Psychiatr Serv 2002; 53: 39-49.

. Jauniaux E, Jurkovic D, Lees C, Campbell S, Gulbis B.

In-vivo study of diazepam transfer across the first
trimester human placenta. Hum Report 1996; 11:
889-892

417


http://www.fda.gov/Drugs/DrugSafety/default.htm
http://www.fda.gov/Drugs/DrugSafety/default.htm



