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Principles of Human Teratology:
Drug, Chemical, and Infectious Exposure

Abstract
This consensus has been reviewed by the Genetics Committee Objective: To provide a teratology update for prescription and
and the Maternal Fetal Medicine Committee and approved by the non-prescription drugs and infections during pregnancy.
Executive of the Society of Obstetricians and Gynaecologists of Options: Limited to teratology principles and possible common
Canada. exposures during pregnancy.
PRINCIPAL AUTHOR Evidence: A search of Medline and textbooks was conducted for

information published to June 2006 on teratology exposure risks.
This document represents an abstraction of the information.
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INTRODUCTION

eratology is the study of anomalous fetal development.

The categories of teratogenic exposures during preg-
nancy include drug and chemical agents, infectious agents,
physical agents (e.g., ionizing radiation, mechanical factors,
and heat), and maternal or metabolic factors (e.g., diabetes
and phenylketonuria). This consensus summarizes fetal and
maternal factors relating to common drug/chemical (Table 1)
and infectious agent (Table 2) exposure during pregnancy; it
is not designed to be exhaustive, but it aims to be a rapid
resource for clinical use and education.

Approximately 50% of all pregnancies in North America
are unplanned,! and women whose pregnancies are unin-
tended and unexpected are more likely to be exposed to a
wide range of potential teratogens.? A recent survey of
pregnant women showed that unintended pregnancies are
associated with a higher risk for teratogenic exposures dur-
ing pregnancy than planned pregnancies (alcohol RR 1.9;
95% CI 1.5-2.5; medications RR 3.0; 95% CI 2.0-4.5; ciga-
rette smoking RR 1.5; 95% CI 1.0-2.3; X-rays 2.9; 95% CI

Key Words: Teratogens, pregnancy, birth defects, disruption,
medications, drugs, viral infections, risk

1.1-7.2; any exposure RR 2.0; 95% CI 1.6-2.4).4

Rubella, rubeola, and mumps susceptibility in pregnant
women was shown to be 9.4%, 16.5%, and 16.3%,

This guideline reflects emerging clinical and scientific advances as of the date issued and is subject to change. The information
should not be construed as dictating an exclusive course of treatment or procedure to be followed. Local institutions can dictate
amendments to these opinions. They should be well documented if modified at the local level. None of these contents may be
reproduced in any form without prior written permission of the SOGC.
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respectively. Susceptibility to at least one virus was 32.6%,
but only 1.7% were at risk for all three viruses.> The back-
ground risk of major fetal anomalies identified at birth is
estimated at 3%. At five years of age, the risk of major
anomalies increases to 4.5%. The etiology of these birth
defects is unknown in greater than 50% of anomalous cases.
Itis not uncommon for a pregnancy to be exposed to multi-
ple teratogenic risk agents, and therefore precise risk advice
becomes complicated. This consensus focuses on fetal
structural effects/anomalies and does not consider the
complications of infectious etiologies or obstetrical out-
comes such as premature rupture of membranes and
preterm labour or delivery.

PRINCIPLES OF HUMAN TERATOLOGY

1. Characterization of teratogenic exposures involves the
specific agent, the dose of the agent, the gestational age,
and other factors such as genetic susceptibility (Table 3).0

2. Characterization of teratogenic effects includes general
effects such as alterations of morphogenesis or CNS
function, death, prenatal onset growth deficiency, spe-
cific effects like carcinogenesis and recognizable syn-
dromes, magnitude of risk (absolute, relative), and
prenatal diagnosis (invasive and non-invasive tech-
niques) (Table 4).6

3. Five categories of maternal benefit to fetal risk with
respect to drug exposures have been developed by the
USFDA. (A, B, C, D, X).” The manufacturer’s literature

ABBREVIATIONS

CHD  congenital heart disease

Cl confidence interval

CL+CP cleft lip plus/minus cleft palate
CMV  cytomegalovirus

CNS central nervous system

DES diethylstilbestrol

FAES
Gl gastrointestinal

fetal alcohol effect spectrum

GU genitourinary
IUGR
MR mental retardation
NTD neural tube defect
PCB polychlorinated biphenyls

Intrauterine growth restriction (birth weight <5th percentile)

RR relative risk

SSRI  selective serotonin reuptake inhibitor

TORCH toxoplasmosis, rubella, cytomegalovirus, herpes simplex
USFDA United States Food and Drug Administration

WHO  World Health Organization
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for some drugs in all categories contains warnings with
b

respect to fetal exposure; this is indicated by “m” in
Table 1.

* Category A: Controlled studies in women failed to
demonstrate a risk to the fetus in the first trimester,
and the possibility of fetal harm appeared remote.

* Category B: Either animal reproductive studies
have not demonstrated fetal risks but no controlled
studies in pregnant women have been reported, or
animal reproductive studies have shown an adverse
effect that was not confirmed in controlled studies in
women in the first trimester.

* Category C: Either studies in animals have revealed
adverse effects in the fetus but no controlled studies
have been reported, or studies in women and
animals are not available. Drugs should be given
only if potential benefit justifies the potential risk to
the fetus.

e Category D: Positive evidence of human fetal risk
exists but the benefits for use in pregnant women
may be acceptable despite the risk.

* Category X: Contraindicated in pregnancies: studies
in animals or human beings have demonstrated fetal
anomalies or evidence exists of fetal risks based on
human experience or both, and the fetal risk clearly
outweighs any possible benefit.

4. Any drug or chemical given to the mother will cross the
placenta to some extent unless it is destroyed or altered
during placental passage or its molecular size or lipid sol-
ubility limits transplacental transfer. The onset of this
placental transfer starts at the fifth embryonic week or
seventh gestational week. For drugs or chemicals with
low molecular weight, the transmission from placenta to
fetus is based on the concentration gradient.?

5. Fetal anatomical anomalies may represent malformations
or disruptions when obvious physical changes are identi-
fied, but functional or behavioural changes in the fetus,
newborn, or child will be more difficult to link to the
teratogenic risks.

6. Recreational, non-prescription, and prescription drug
use in pregnancy is common. A WHO survey found that
86% of women took medications during their preg-
nancy, with an average of 2.9 (range 1-15) prescriptions.’
Andrade et al.l found that 64% of pregnant women
received a drug prescription, not including vitamins or
minerals, within 270 days of delivery. Approximately
50% of these prescriptions were in the risk categories C,
D, or X. (A: 2.4%, B: 50%, C: 37.8%, D: 4.8%, X: 4.6%)
Over-the-counter medications commonly used in preg-
nancy include acetaminophen (65%), ibuprofen (10%),
and pseudoephedrine (15%).!1
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Table 1. Drugs/chemicals

(enalapril, captopril,
lisinopril)

oligohydramnios, fetal morbidity,
30% joint contractures, pulmonary
hypoplasia

3rd trimester exposure
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Risk
Agent/Drug/Chemical category Fetal effects Fetal risks Maternal risks
Prescribed or street drugs
Ethanol®® 1820 D/X FAES:IUGR, MR, microcephaly, 40% risk of FAES -
characteristic facies, CHD, joint, 6 drinks/day
skeletal, dermal
Cocaine®®"® CIX IUGR, cerebral infarction, bowel Fetal death Abruption placenta
atresia, heart, limb, facial, GU tract,
vascular disruption
Toluene® X Toluene embryopathy similar to FAS = Maternal inhalation 10-100 -
times occupational exposure
Antimicrobial D Tooth enamel hypoplasia, Risk in 2nd and 3rd trimester -
Tetracycline6*8*18 discoloration of deciduous teeth
Amnioglycoside®®®
Streptomycin Dm Hearing loss-in rare cases with Risk is mainly in 2nd -
. prolonged high dose exposure and 3rd trimester
Kanamycin D
Gentamycin C
Vancomycin Bm
Fluconazole®®?! Cm Brachycephaly, cleft palate, Risk in 1st trimester Treatment of
arthrogryposis, CHD cocecidiodomycosis, high dose
Efavirenz®® Cm/D  Anencephaly, spina bifida Risk in 1st trimester -
Metronidazole® No evidence for anomalies - -
Fluoroquinolones® Impaired cartilage formation in Throughout pregnancy -
animal studies
Trimethoprim-sulam Impaired bilirubin conjugation 3rd trimester -
ethoxazole®
Anticancer
Folic Acid Xm Increased spontaneous abortion, 30% risk with 1st trimester -
Antagonist®”'® craniofacial anomalies, skeletal exposure (methotrexate) 3
Methotrexate X anomalies, limb reduction defects, probable increased risk with
ectrodactyly, IUGR, stillbirth, 1st trimester exposure
Aminopterin Dm neonatal death
Alkylating agents®® Dm IUGR, microphthalmia, cleft palate,
Busulfan Dm GU anomalies, limb reduction
defects
Chlorambucil
Cyclophosphamide
Anticonvulsants
Phenytoin D IUGR, mental retardation, 10% syndrome 30% Genetic predis
(hydantoin)®®1822 microcephaly, facial, heart, exposure effect position affects metabolism.
hypoplastic nails/distal phalanges,
neuroblastoma (increased risk)
Carbamazepine®®'®?  Dm Lumbo-sacral NTD (1%), facial, 1st trimester exposure -
fingernail hypoplasia, microcephaly,
IUGR, developmental delay
Valproic acid®® 822 Dm Lumbo-sacral NTD (1%) possible 1st trimester exposure Maternal drug metabolism
fetal valproate syndrome modifies risk
Trimethadione®®'® D IUGR, CL+CP, microcephaly, facial, =~ 60-80% risk with -
Paramethadione Dm mental retardation, ophthalmologic, 1st trimester exposure
limb, GU
Antihypertensive
ACE inhibitors®®'®#  Cm/Dm  IUGR, renal tubular dysplasia, Increased risk with 2nd and -

Table 1 continued
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Table 1. Drugs/chemicals (continued)

Risk
Agent/Drug/Chemical  category Fetal effects Fetal risks Maternal risks
Endocrine
Danazol®®® Xm Female virilization Dose and gestational -
age dependent
DES®®18 Xm Female vaginal, cervical, uterine effects, clear-cell - -
adenocarcinoma
Letrozole® D Bone, cardiac, and gastrointestinal malformation - -
(abstract: limited information)
Antithyroid's'8 D Hypothyroidism, cutis aplasia, methimazole embryopathy - -
. ) (choanal atresia, esophageal atresia, hypoplastic nipples,
(prop_ylthlouracn, scalp defect, developmental delay)
methimazole,
carbimazole)
Oral Xm Female masculinization, neonatal hyperbilirubin Risk 0.3% -
contraceptives®®
Psychiatric
Lithium®®18.2° D Congenital heart disease (Ebstein anomaly), neonatal - -
SSR6818.26-31 Ccm CNS, anq neurqmuscular cpmphcanons are increased Risk/benefit with cautionary _
no associated birth anomalies reported recommendation
(Paroxetine) D (Paxil: cardiac malformations 2%) inconsistent i ) ) -
vl D fetal effects small studies show no risk Risk/benefit with cautionary _
Tricyclic .
; 8.32 recommendation
antidepressants
Bupropion®? Bm B
Heavy metals/
environmental - Reduced fetal growth - Increased
6,8,18,33 .
Lead - Cerebral atrophy, microcephaly, mental retardation, Exposure in any spontageotl_J”sbgrt:gmon
Organic _ seizures, blindness, spasticity trimester and stifibt
68,18
mercury Intrauterine growth restriction, dermal pigmentation, - Mtatgrptal ith
pPCB® developmental delay neurotoxicity wi
fish and grain
contamination
Miscellaneous
Statin (HMG-CoA Xm No associated birth anomalies established - -
reductase (hypothetical risk)
inhibitors)®3*
Methyl blue® Cm/D Intra-amniotic exposure associated with possible bowel Dose dependent -
atresia
misoprostol®®3® Xm Moebius syndrome, terminal transverse limb defects, - -
arthrogryposis, CNS
Penicillamine®® D Cutis laxa/connective tissue anomaly - -
Thalidomide®® X Bilateral limb deficiency, anotia, microtia, cardiac, Gl 20% risk with exposure -
at 35-50 gestational
days.
Vitamin A%88
(retinol, Vitamin Aq) ~ Cm Microtia, craniofacial, microphthalmia, CL + CP Vitamin A risk may -
Isotretinoin®18:3 Xm microtia,microphthalmia,craniofacial, cardiac, CL + CP require > 30 000 IU/day -
nasal hypoplasia, stippled bone epiphyses, IUGR, topical use appears to
(Accutane) D/X ophthalmologic, CNS, developmental delay have no risk -
Warfarin®® 183738 5-25% risk with
(Coumadin) 1st trimester exposure
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Table 2. Infections

Agent Fetal effects Fetal Risk Maternal Risks
Bacteria® 8% Severe: hydrops, fetal death mild: skin, teeth, or bone penicillin treatment given early  complex diagnosis and treat-
Syphilis anomalies neonatal: rhinitis, rash, liver in pregnancy will prevent ment—refer to appropriate
dysfunction, thrombocytopenia, pneumonia congenital infection references and an expert
Parasite®'®*°**  Microcephaly, ventriculomegaly, cerebral Primary infection -
.. calcification, chorioretinitis 9% 1st trimester
Toxoplasmosis 60% 2nd trimester can be
prevented with early diagnosis
and therapy
Viral
Rubella®'®4**"  Microcephaly, cataracts, deafness, mental retardation, Primary infection -
CM\/8 184851 congenital heart disease, certain deficits may not be 50% 1st trimester _
_ apparent in the neonatal period 6% 2nd trimester congenital:
gj‘g‘é%z‘f!;’g“s Microcephaly, ventriculomegaly, cerebral ggz’ prlmaré/ exposure -
calcifications, mental retardation, IUGR, deafness, inf °tsz(;°pf atryde_:xposure -
Varicella®®%%  ocular, hepatitis, thrombocytopenia, late diagnosis in 205/0 edrariected: _
H 10-15% but 90% of infected infants are asymptomatic o primary exposure
erpes t birth 8% secondary exposure
Simplexs,61—65 at ol .

Severe anemia, hydrops which can result in death,

cardiomyopathy

Microcephaly, cataracts, chorioretinitis, skin scarring,

hypoplasia hands/feet, muscle atrophy, IUGR

transplacental transmission is rare, CNS,
ophthalomologic, IUGR, skin lesions

1-2% with < 20 week exposure

7. Lo et al.’? found that teratogenic risks were undeter-
mined for 91.2% of drug treatments approved in the
United States from 1980 to 2000. There was inadequate
information to determine whether the benefits exceed
the teratogenic risks for most drug treatments intro-
duced in the past 20 years. Marcus and Snodgrass'? rec-
ommend that obstetricians advise women not to expose
their fetuses to the risks of herbal medications. The qual-
ity control is variable and there is inadequate information
regarding toxicity. Friedman!'4 emphasizes that dietary
supplements cannot be assumed to be safe for the
embryo or fetus. Dietary supplements should not be
labelled for use in pregnancy unless they have been
shown to be safe by standard scientific methods.

. Recognized effects of certain fetal infections include
death, intrauterine growth restriction, congenital defects,
and mental retardation. The pathogenesis of these anom-
alies can generally be ascribed to direct fetal infection,
which may be associated with inflammation of fetal tis-
sues and cellular death.¢

9. Serological studies in the mother and infant may be help-
ful, but TORCH screening alone is usually insufficient in
newborns with suspected congenital infection, since
diagnosis of in utero infection requires time-sensitive
serologic studies, evaluation of seroconversion, and,
potentially, identification of the infectious agent.!

Table 3. Characterization of teratogenic exposures*

Agent
Nature of the chemical, physical or infectious agent
Inherent developmental toxicity
Capacity to produce other kinds of toxicity in the mother
Dosage to embryo or fetus
Single, repeated, or chronic exposure
Duration of exposure
Maternal dose
Maternal route of exposure
Maternal absorption
Maternal metabolism and clearance
Placental transfer
Period of pregnancy
Between conception and onset of embryogenesis
Embryogenesis
Fetal period
Other factors
Genetic susceptibility of mother
Genetic susceptibility of the fetus
Other concurrent exposures
Maternal illness or other condition associated with exposure
Availability of tests to quantify the magnitude of maternal exposure

*adapted from Friedman and Hanson®
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Table 4. Characterization of teratogenic effects*

General effects
Alterations of morphogenesis
Alterations of CNS function
Other functional impairments
Death of the conceptus, embryo, or fetus
Prenatal-onset growth deficiency
Carcinogenesis

Specific effects
Recognizable syndrome
Other distinctive features

Magnitude of risk
Absolute
Relative

Prenatal diagnosis
Detailed ultrasound examination
Amniocentesis or other invasive method

Availability
Reliability
Utilty

*adapted from Friedman and Hanson®

Additional perinatal consultations with an infectious dis-
ease specialist may be required.

10. There is no specific constellation of fetal/neonatal signs
and symptoms that is pathognomonic of infection. Each
infectious agent, depending on time of exposure and
viral host interactions, can result in a diverse range of
manifestations.¢

11. Routine screening for teratogenic risk from infectious
agents is currently limited to rubella, syphilis, hepatitis B,
human immunodeficiency virus, and varicella (history or
serology). Additional screening should be individualized.!6-18
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