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Teratology and Developmental Pharmacology:
Why Should Paediatricians Care?

BHY CHUNG, P IP, CB CHOW, R CHIN, YL LAU, G KOREN

Abstract It is important to adopt an evidence-based approach to support rational use of drugs during pregnancy
and lactation, both to prevent malformations and to correct misperceptions about drug use during this
critical period of life. To demonstrate the clinical effectiveness of a teratology information service and its
relevance to the local child health practice, we use five clinical scenarios to illustrate the spectrum of
issues commonly encountered by medical professionals of different disciplines from paediatricians,
obstetricians to family practitioners. We discuss the service gap that exists in Hong Kong and the key
issues, the necessary steps to introduce and sustain a local teratology information and drug counselling
service to pregnant or breast-feeding women and their health care providers regarding the risks to the
growth and development of their babies.
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Background

Paediatricians are often involved in the counselling of
women who are exposed to drugs during pregnancy. The
risk-to-benefit ratio is often difficult to determine due to

lack of evidence or even paucity of information regarding
the long-term impact of fetal drug exposure. The deleterious
effects of a drug on the fetus depend on the chemical and
physical nature of the drug, the extent of fetal exposure
and importantly the stage of embryological development
at the time of exposure. Typically there are no data on fetal
effects of drugs at the time of marketing and data from
animal studies may therefore constitute the initial
guidelines. Understandably these data are difficult to be
extrapolated to humans. Sometimes the first accounts of
adverse fetal outcomes are published as case reports while
in some situation, literature search often results in studies
with design pitfall1 including inadequate sample size to
draw conclusion, unaccounted confounding effects of
maternal diseases, pharmaco-genetic modifiers for drug
disposition and significant recall bias in retrospective
studies.2 Often pregnancy safety data provided by the Food
and Drug Administration (FDA) risk categories are
insufficient to guide clinical decisions in pregnancy.3 Law,
Bozzo, Koren, and Einarson reported that 91% of
medication approved by FDA between 1980 and 2000 were
classified as "undetermined" in terms of safety for
pregnancy use.4 Furthermore the FDA categories are
intended to guide drug choice before fetal exposure, rather
than how to manage pregnancy after drug exposure.
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most common type of employee is telephone counselors
who are physicians or pharmacists by training, in
consultation with paediatricians, epidemiologists,
obstetricians/gynaecologists, clinical geneticists and
infectious disease specialists.

The clinical effectiveness of TIS has been studied in great
details. Information disseminated from TIS has been shown
to improve maternal and neonatal health in the following
aspect (Table 1).15 Up to date, an economic evaluation of
TIS that weighs the costs of the program against potential
health benefits has not been conducted. Five common
clinical scenarios are used in the following sections to
demonstrate the clinical effectiveness of a teratology
information service and its relevance to child health
practice. Some of these issues have been addressed by
Dr Koren and his team in the Motherisk Update published
monthly as educational column in Canadian Family
Physician since 1995. Over 150 topics have been published
in this format by the Toronto's Motherisk Program as a form
of knowledge transfer to family physicians.16

Use of Anticonvulsants During Pregnancy −−−−−
Using Valproic Acid as an Example

Motherisk performed a meta-analysis on controlled
cohort studies that reported the use of valproic acid during
the first trimester of pregnancy from 1978 to 2005.17 Women
exposed to valproic acid during the first trimester have more
than 2.5 times the risk of having babies with malformations
compared to other anticonvulsants (Relative Risk [RR]
2.59, 95% confidence interval [CI] 2.11 to 3.17), untreated
epilepsy (RR 3.16, 95% CI 2.17 to 4.60) and healthy
controls (RR 3.77, 95% CI 2.18 to 6.52). When valproic
acid was being used as part of the anticonvulsant
polytherapy, the RR also increased significantly over that
of other anticonvulsants despite that the polytherapy
regimens varied greatly. There is compelling evidence that
the risk is dose dependent. The risks appear to begin to
increase at doses of 600 mg/d and become more prominent
at doses above 1000 mg/d. From various reports and case
series, it was suggested that valproic acid causes
malformations including neural tube defects, limb and
cardiovascular anomalies. Children shall be followed up in
terms of his neurodevelopment as developmental delay and
cognitive deficit have been reported to be associated with
valproic acid use in pregnancy. In future pregnancy, it is
advised that the mothers be managed by the joint care of
obstetricians and neurologists if valproic acid treatment is
deemed to be required for her seizure control. It shall be

It is well known that a significant proportion of
pregnancies worldwide are unplanned.5,6 And with the
societal changes and medical advances, more women with
chronic medical conditions may get pregnant and require
pharmaceutical treatment during pregnancy. We are now
taking care of more children with fetal exposure to
prescribed or recreational drugs, born by assisted
reproductive technologies, or have mothers who are organ
transplant recipients or long-term survivors of cancers.
Paediatricians working in this era need to have knowledge
in teratology/developmental pharmacology, because we are
involved in the risk management of pregnant women with
drug exposures and importantly we also act as the health
advocates of children who may be affected with the long-
term impact of exposure of medications during fetal
development.7,8 There is a need for accurate, evidence-based
teratogenic information for physicians to provide effective
management of maternal medical conditions without
causing long-term negative impact to the unborn children.

Teratology Information Service −−−−− A Global
Perspective

Teratology Information Service (TIS) provides health
care professionals and the public with information regarding
the safety and/or risk of exposures during pregnancy and
lactation. As TIS are relatively new health services,
operations vary among different centres. Counselling
usually occurs over the telephone but it may also include
in-person counselling at clinics.

Information on TIS in North America can be found in
the website of Organization of Teratology Information
Specialists9 while those in Europe can be found in European
Network of Teratology Information Services.10 Among
them, the Toronto's Motherisk Program11 is the largest TIS
in North America. It provides telephone counselling service
>200 women/week and their website is visited 200,000
times/month. The program has published over 900
manuscripts in medical journals and 15 medical books. It
has trained 65 doctors from 35 countries and helped
initiating TIS service in 6 countries. To our knowledge,
there are TISs in Asia including the Korean Motherisk
Program based in the Sungkyunkwan University School of
Medicine in Seoul.12

Surveys of the practices in the provision of teratology
information have been conducted in North America13 as
well as internationally.14 Majority of TIS are located in
teaching hospitals within departments of paediatrics,
obstetrics, and clinical pharmacology and toxicology. The
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Table 1 Clinical effectiveness of Teratology Information Services (TIS)

Scope of the problem Effectiveness of TIS

Prevention of About 86% pregnant women are Primary prevention: prevention of birth defect before it develops
congenital exposed to >1 medication59 and about by peri-conceptional counselling (not fully quantified).
malformations 1% birth defects are attributable to Secondary prevention: prevention of birth defect after it has

medication use in pregnancy.60 occurred by pregnancy interruption or surgical correction
following prenatal diagnosis. Evidence from Motherisk showed
that 5 major malformations out of 94 pregnancies are secondarily
prevented per year.61

Prevention of Only about 20 medications currently A study from Motherisk showed 78% of their counselees had a
unnecessary on the market have been universally significant change of their tendency to continue pregnancy after
pregnancy acknowledged to be teratogenic.60 their counselling experience from a VAS score of 34.3  to 84.5
termination Numerous women are inappropriately (p<0.00001)/ [NB. VAS stands for a 100-point visual analogue

advised, or decide themselves to scale from 0 (absolute tendency to terminate pregnancy) -100
terminate otherwise wanted pregnancies (absolute tendency to continue the pregnancy)].63 This finding was
due to the perception of risk associated duplicated in a study by an Italian TIS.64

with apparently safe medications e.g.
antihistamines.62

Support of Many women do not supplement with Randomised trial by Robbins et al showed a brief counselling
optimal vitamin and folate regimens. Folate session, supply of folate tablets and a reminder phone call
nutritional deficiency is associated with neural tube significantly increased folate intake compared to no-intervention
supplement to defects and other birth defects including group and estimated a decrease of NTD by 11%.65

improve child cardiovascular, limb, urinary tract defects A Motherisk study showed that counselling increased the folate
health and oral clefting. Women at high risk update from 17% (not counseled) to 71% (counseled).66

include those with diabetes, obesity,
intake of folate antagonist or presence
of family history of spina bifida.

Support of Untreated maternal conditions during A Motherisk study of women who have stopped taking
optimal drug pregnancy e.g. depression, diabetes, anti-depressants or benzodiazapines after knowing they were
therapy during hypertension, asthma can lead to pregnant were counseled regarding the safety and risk associated
pregnancy increased fetal risk including with their medications and 61% resumed their medication.67

malformations, intrauterine growth Empowering health professionals is as important as empowering
restriction and stillbirth. the women as a study in Canada found that physicians,

pharmacists, nurses rate a sample of 4 medications as unsafe in
pregnancy despite a scientifically reassuring text on the medical
label.68

Support of Avoiding breast-feeding due to The vast majority of medications are safe during lactation and
breast-feeding misconceptions about the risk may many women are discouraged from breast-feeding or decide not

cause loss of demonstrated health to breastfeed themselves due to misperception of risk.69

benefits of breast milk in babies.

Knowledge TIS are utilised by health care A study by Viguera et al showed that 45% of 70 women with
transfer and providers as well as patients. As bipolar disorder had been advised to avoid pregnancy. After
translation excellent research resources, TIS appropriate counselling following risk-benefit assessment, 63%

perform and report evidence-based women went on to persue a pregnancy.70 Many women have been
studies that can be applied to wrongfully advised to terminate pregnancies following other
patient care. non-teratogenic exposures. A Motherisk study found that 91%

health care providers reported repeating the information they had
received from TIS to their patients.71 This has improved the
dissemination of knowledge in the field of teratology.
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given in the lowest effective dose and folic acid supplement
shall be commenced 3 months prior to conception and
continued for at least the first 12 weeks of pregnancy. Fetal
ultrasound, measurement of maternal serum alpha-
fetoprotein, and if necessary, fetal echocardiography
between 16 and 18 weeks gestation shall be arranged to
rule out major malformations.

Use of Antidepressants During Pregnancy −−−−−
Using Selective Serotonin Reuptake Inhibitors
(SSRIs) as an Example

The post marketing reports as well as several earlier
epidemiological studies did not detect any increased risk
for major malformations among children exposed in utero
to fluoxetine.18-20 A prospective collaborative study by
Motherisk collected and followed up 128 women exposed
to fluoxetine in the first trimester of pregnancy.18 Pregnancy
outcome was compared to two control groups, one exposed
to tricyclic antidepressants and one exposed to non-
teratogens. The rate of major malformations was similar in
the three groups and did not exceed the baseline risk in the
general populations. The results also did not show an
increased risk for perinatal complications or low birth
weight in the fluoxetine exposed group. Motherisk
conducted another prospective controlled study of 55
mother child pairs exposed to fluoxetine compared to 80
pairs exposed to tricyclic antidepressants and to 84 women
exposed to non-teratogens.21 Neurodevelopmental
assessment in the offspring did not show differences in
global IQ and language scores between the three groups of
children ranging from 16 to 86 months of age. It shows
that maternal depressive syndromes, and not medications,
affect adversely child achievements. A meta-analytical
review of all published epidemiological reports in
pregnancy was not able to detect an increased risk for
malformations.22 There are several reports of poor neonatal
adaptability (including jitteriness, poor feeding and
breathing problems) in offspring of mothers who took
SSRIs in the third trimester.23, 24 In a Motherisk cohort study,
third-trimester exposure to paroxetine was associated with
neonatal distress (Odds Ratio [OR] 9.53, 95% CI 1.14 to
79.3).25 Therefore, infants exposed to SSRIs near term
should be observed carefully after birth. A case-control
study compared 377 women whose infant had persistent
pulmonary hypertension of newborn (PPHN) and 836
matched control women and their infants and found that
14 infants with PPHN had been exposed to an SSRI after

completion of the 20th week as compared to 6 control
infants (OR 6.1, 95% CI 2.2 to 16.8).26 In contrast, neither
the use of SSRIs before 20th week of gestation nor the use
of non-SSRI antidepressant drugs at any time during the
pregnancy was associated with increased risk of PPHN.
When counselling patients, the risk of these adverse effects
must be weighed against the risk associated with untreated
depression during pregnancy.27

Radiation Exposure Risk During Pregnancy

Since many pregnancies are unplanned, women may not
be aware that they are pregnant during routine radio-
diagnostic evaluation.28 They perceive that to be associated
with very high risk of fetal malformations because of the
reported adverse biological effects of the atomic bombs
dropped on Hiroshima and Nagasaki during the Second
World War29 and the nuclear accident at the Chernobyl.30

Radiation is a dose-dependent teratogen. Below a certain
threshold, pregnant women with exposure will have similar
pregnancy outcome compared to those with background
radiation exposure, which is usually less than 0.1 rad (or
1 mGy since 1 rad=0.01 Gy) during the 9 months' gestations.
A fetus is most vulnerable to radiation-induced central
nervous system damage 8 to 15 weeks post-conception. Most
diagnostic imaging centres can specify the amount of
radiation used for each patient and the fetal dose is calculated
as that of the ovarian or uterine dose. The United States
National Council on Radiation Protection and Measurement
states that the risk of miscarriages, malignancies, or major
congenital malformations in embryos or fetuses exposed to
doses of 5 rad or less is negligible compared with the
spontaneous risk in non-exposed fetuses. Spontaneous risk
includes a 15% chance of spontaneous abortion, a 3% risk
of major malformations, and a 4% possibility of intrauterine
growth retardation. Most radio-diagnostic examinations
expose fetuses to less than 5 rad of radiation (Table 2), e.g.
an abdominal CT scan is associated with a fetal radiation
dose of <3 rad and it is not associated with any significant
increase in major malformations in pregnant women. These
women should be reassured and counseled appropriately.
Relevant evidence has been summarised as policy statements
issued by various professional bodies including American
College of Obstetricians and Gynaecologists, American
College of Radiology, International Commission on
Radiological Protection, and as stated above, National
Council on Radiation Protection and Measurements.31

Interestingly, despite the fact that all common radio-
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diagnostic procedures are not associated with an increased
risk of fetal malformation, the perceived risk is often much
higher. A survey done by Motherisk program showed that
women who underwent diagnostic imaging procedures
assigned a 25.5% teratogenic risk for major malformations,
and a non-exposed control group assigned a 15.7%
teratogenic risk associated with diagnostic imaging
procedures in pregnancy, which is much higher than the
3% baseline risk of major malformation in general
population.32 Studies of physicians also showed a higher
perceived risk of teratogenicity associated with diagnostic
imaging. Using the example of an abdominal CT, a study
has shown that 61% of surveyed family physicians and 34%
surveyed obstetricians estimated the risk associated with a
CT scan to be 5% or greater. Importantly, 6% of family
physicians and 5% obstetricians would recommend an
abortion after a CT scan during early pregnancy.33 This high
risk perception in both women and physicians could lead to
unnecessary increase in stress and anxiety in the pregnant
women, delays in appropriate management in pregnant
women and even inappropriately informed choice of
termination of pregnancy.

Maternal  Substance Misuses During
Pregnancy −−−−− Using Methadone as an Example

A comprehensive review of existing literature since
1970s showed that amount of methadone in breast milk
appeared to be very small and such results contribute to
the recommendation of breastfeeding for methadone-
maintained women.34 Previous studies have not just reported
that the concentrations of methadone in breast milk are low,
but they would also remain stable over time.35-37 A study by
Meites38 published in the Motherisk Update reported
that methadone doses of 25 to 180 mg/d produced
concentrations in milk ranging from 27 to 260 ng/mL,
leading to an average daily methadone ingestion of
0.05 mg. This was based on an infant's estimated milk intake
of approximately 500 mL/d. And the ingested amount
would be equal in a 5-kg baby, to the ingestion of less than
1% of the maternal weight-adjusted dose, as typical adult
dose is 40 to 180 mg/d. Neonates have slower clearance
rates of methadone in comparison to adults, even after
adjustment the relative infant dose would not exceed 5%
of the maternal weight-adjusted dose.

Methadone offers significant therapeutic benefits to the
population of opiate-dependent pregnant women which far
outweighed the potential risk of minimal excretion of the
drug into breast milk. In 1983, the American Academy of
Pediatrics (AAP) initially recommended that methadone
was only compatible with breastfeeding at maternal doses
below 20 mg/d.39 Since September 2001, the AAP revised
its recommendation based on more updated evidence and
concluded that methadone is considered to be compatible
with breastfeeding at any maternal dose in the new
statement.40

Breast milk is optimal for infant nourishment. The
practice of breastfeeding promotes positive early infant
attachment experiences41 and reduces maternal stress
responses.42 Malpas et al43 suggested that breastfeeding may
well be beneficial in the treatment of neonatal abstinence
syndrome. Previous research found that the intake of breast
milk was associated with reduced neonatal abstinence
syndrome severity in infants born to drug-dependent
mothers.36 However, it is uncertain that if this is purely of
the beneficial effects of breastfeeding or because of the
low concentrations of methadone present in breast milk
which reduced the withdrawal. In regard to methadone
exposure during lactation, women undergoing methadone
treatment regardless of the dose should not be discouraged
from breastfeeding, provided that she is not taking any
heroin or psychotropic drugs.

Table 2 Estimated radiation doses from common diagnostic

imaging procedures

Test, area Fetal dose, rad

Radiograph
Upper extremity <0.001
Lower extremity <0.001
Upper gastrointestinal series (barium) 0.048-0.360
Cholecystography 0.005-0.060
Lumbar spine 0.346-0.620
Pelvis 0.040-0.238
Hip and femur series 0.051-0.3070
Chest (2 views) <0.010
Retropyelography 0.800
Abdomen (kidneys, ureter and bladder) 0.200-0.245
Urography (intravenous pyelography) 0.358-1.398
Barium enema 0.700-3.986

CT scan
Head <0.050
Chest 0.100-0.450
Abdomen (10 slices) 0.240-2.600
Abdomen and pelvis 0.640
Pelvis 0.730
Lumbar spine 3.500

Other
Ventilation-perfusion scan 0.06-1.00

Potentially teratogenic dose 5.00
Adapted from Ratnapalan S, Bentur Y, Koren G. "Doctor, will that
X-ray harm my unborn child?". Can Med Assoc J 2008;179:1293-6.72
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Use of Folic Acid During Pregnancy

Since 1960s, epidemiological studies have shown that
a protective effect was found for folate supplementation
against the development of Neural tube defects (NTDs),
which are malformations of the cranium, spine and
nervous system. Types of NTDs include spina bifida,
anencephaly, meningocele and encephalocele. The
Medical Research Council in the UK (1991) conducted
a multicentre, randomised, double-blind trial in
address ing the  benefic ia l  effects  of  fol ic  acid
supplementation in decreasing the risk of NTDs.44 The aim
of the study was to evaluate the efficacy of 4-mg doses of
folic acid in preventing recurrent NTDs in women who had
previously delivered children with NTDs. It was found that
women randomised to take folic acid supplementation had
a 1.0% chance of having children with NTDs (RR 0.28,
95% CI 0.12 to 0.71). However, there was no decrease in
the risk of NTDs (3.49%) (RR 0.8, 95% CI 0.37 to 1.72) for
women in the group without folic acid supplementation.44, 45

In support of the above evidence, a review of four
t r i a l s  has  shown tha t  pe r iconcep t iona l  fo la te
supplementation reduced the incidence of NTDs
(RR 0.28, 95% CI 0.13 to 0.58).46 The US Preventive
Services Task Force47 found convincing evidence that
supplements containing 0.4 to 0.8 mg (400 to 800 mcg)
of folic acid in the periconceptional period reduce the
risk of neural tube defects. This recommendation applies
to women who are planning or capable of pregnancy,
but it does not apply to women who have had a previous
pregnancy affected by neural tube defects or women
taking certain antiepileptics.

The recommended daily dose of folate supplementation
has been 0.4 mg/d for almost 20 years.48 Prenatal
multivitamins invariably contain 0.8 to 1.1 mg of folic
acid, and this had led to the assumption that daily
supplementation with this dose is sufficient to prevent
NTDs. Wald et al49 systematically reviewed all reports of
the correlation between ingested dose of folate and resultant
serum concentrations, they concluded that the current
recommended daily dose of folate will render only partial
protection against NTDs. According to Wald et al's
analysis, 5 mg/d of folate would be necessary to render
90% protection within the populations. Folic acid might
increase the risk of certain cancers for individuals with
a history of or predisposition to cancer.50 However, this
would result from by long-term exposure to folate over
many years, and not from several months of dosing
during pregnancy.

Relevance of TIS to Paediatrics and Child
Health in Hong Kong

Hong Kong follows the trends observed in the West and
couples tend to get married and deliver their children at a
more advanced age than decades ago. In 2010, the median
age at first marriage was 31.1y for males and 28.7y for
females.51 As a consequence, child-bearing women
nowadays are more likely to be affected by chronic
conditions like obesity, diabetes, and cardiovascular
diseases. Since many of the pregnancies are unplanned, this
can be translated into increased fetal exposure to
uncontrolled maternal medical conditions, medications,
infections and other sources of potential teratogenicities.
With advances in medicine, survivors of oncologic
conditions and recipients of organ transplant can also
become pregnant, when more intensive counselling and
monitoring of drug use becomes critical. Together with
other groups of "high-risk" pregnancies including teen
pregnancies, pregnancies with assisted reproductive
technologies and use of illegal drugs during pregnancy etc,
these all create emerging challenges for physicians taking
care of the mothers and their children.

The above scenarios illustrate the wide spectrum of
clinical issues related to teratology and developmental
pharmacology that are commonly encountered by
paediatricians, obstetricians and family physicians. Use of
anticonvulsants during pregnancy is probably an "older"
clinical problem in which we have more evidence-based
information. Use of antidepressants during pregnancy
represents one of the newer challenges to us due to changes
in the medico-social context of our society. The discussion
on radiation exposure risk during pregnancy illustrates
nicely that effective teratology information is often beyond
the information itself but the effective communication and
management of risk perception of our patients, as well as
"ourselves" − the physicians. The discussions on maternal
substance misuses and use of folic acid during pregnancy
demonstrate that TIS must extend beyond the current
pregnancy to the lactation period and must involve
counselling of risk in future pregnancies, using 2 scenarios
that are seen more commonly in Hong Kong nowadays.

Hong Kong is well known to be an international city
with accommodation of residents from different cultural
background and ethnic groups, where the risk perception,
health-seeking behaviours, medicinal use related to cultural
habit and tradition in care of pregnancy vary a lot and would
be expected to be quite different from the experience
reported elsewhere in the western world. For example, the
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use of herbs, alternative therapies, and other traditional
medicines, either alone or in combination of traditional
western medicine, are far more prevalent in pregnancies in
Hong Kong and different parts of Asia.52 Therefore the issue
of lacking TIS, drug information and counselling service
during pregnancy and the perinatal period is particularly
relevant and important in Hong Kong. Hence a local
teratology information and drug counselling service
focusing on pregnancy and subsequent child development
would be really necessary. The Hong Kong Poison
Information Centre (HKPIC) is a professional body
established by the Hospital Authority, the Department of
Health, and Chinese University of Hong Kong in the year
2005. The HKPIC collects data from voluntary reporting
of all actual or potential poisoning cases from the accident
and emergency department of six major hospitals in Hong
Kong and answers toxicology consultations from healthcare
professionals in Hong Kong.53 However, the service mainly
focuses on emergent poisoning events in general population
and could not provide tailor-made teratology and
developmental pharmacology information concerning
pregnancy and lactation. Development of local TIS in Hong
Kong would bridge this important gap and serve as a
complimentary partner with the existing drug poison
information service.

Although use of medicinal and natural drugs among
mothers during pregnancy and lactation has become more
common, there is still a lack of data on its safety and effects
on the health and development of the fetus.54 In recent few
decades, there is emerging evidence on the variable effects
of common medicinal drugs on children with exposure
during fetal stage.55,56 It is believed by many families and
women that natural health products, being commonly used
during pregnancy and lactation are safe. Tiran (2003)
reported a prevalence of using herbal medicine during
pregnancy of 7%-55%.57 For many women, the use of
natural health products may become a reasonable alternative
to pharmaceutical drugs, as those natural drugs are often
portrayed by mass media as safe products to use. In a study
on the pharmaceutical drug use of 295 pregnant women,
37% of these women reported noncompliance with their
existing drug regimens due to hesitations about drug use
during pregnancy.58

Conclusions

In the past few decades, several large-scaled TIS have
been developed successfully in many developed countries.

"Treating the mother - protecting the unborn" is the motto
of the Toronto Motherisk Program. Their mandate, as well
as that of many other TIS worldwide, is to provide evidence-
based information and guidance to pregnant or lactating
patients and their health care providers regarding the fetal
risks associated with drug, chemical, infection, disease
and radiation exposure(s) during pregnancy. It is by
empowerment of the mother by information and counselling
that we can protect the "unborn" not only from harmful
exposures but also to misconception, which may eventually
lead to unnecessary termination of pregnancy or adverse
long-term developmental outcomes. Much of the damage
inflicted on children during fetal life or soon after birth by
drugs, chemicals and infections can be prevented through
public education, counselling and research. We need a TIS
in Hong Kong to address important issues that are emerging
worldwide and unique to the socio-cultural context and the
changing epidemiology of our locality. This involves careful
planning (Appendix 1) and strategic collaboration with
international and local experts in order to ensure success
and sustainability (Appendix 2). If we as paediatricians can
take action based on currently available information, we
can rescue generations of children from lives of illness and
wasted potential.

References

1. Einarson A. Studying the safety of drugs in pregnancy: and the
gold standard is? J Clin Pharmacol Pharmacoepidemiol 2008;1:
3-8.

2. Jacqz-Aigrain E, Koren G. Effects of drugs on the fetus. Semin
Fetal Neonatal Med 2005;10:139-47.

3. Law R, Bozzo P, Koren G, Einarson A. FDA pregnancy risk
categories and the CPS. Do they help or are they a hindrance?
Can Fam Physician 2010;56:239-41.

4. Lo WY, Friedman JM. Teratogenicity of recently introduced
medications in human pregnancy. Obstet Gynecol 2002;100:465-
73.

5. World Health Organization. Unsafe abortion: global and regional
estimates of incidence of unsafe abortion and associated mortality
in 2000. Geneva: World Health Organization 2004.

6. Guttmacher Institute. Facts on abortion and unintended
pregnancy in Asia. New York: Guttmacher Institute 2009;
Available from: http://www.guttmacher.org/pubs/IB_AWW-
Asia.pdf.

7. Bianca S. Drug use during pregnancy: are risk classifications
more dangerous than the drugs? Lancet 2003;362:329.

8. Nordeng H, Ystrom E, Einarson A. Perception of risk regarding
the use of medications and other exposures during pregnancy.
Eur J Clin Pharmacol 2010;66:207-14.

9. Organization of Teratology Information Specialists. http://www.
otispregnancy.org/. Accessed 11th July 2011.

10. European Network of Teratology Information Services. http://
www.entis-org.com/. Accessed 11th July 2011.



Chung et al 271

11. Toronto's Motherisk Program. http://www.motherisk.org/.
Accessed 11th July 2011.

12. Han JY, Nava-Ocampo AA, Koren G. Unintended pregnancies
and exposure to potential human teratogens. Birth Defects
Research A Clin Mol Teratol 2005;73:245-8.

13. Hancock RL, Ungar WJ, Einarson A, Goodstadt M, Koren G.
Providing information regarding exposures in pregnancy: a
survey of North American Teratology Information Services.
Reprod Toxicol 2008;25:381-7.

14. Hancock RL, Ungar WJ, Einarson A, Koren G. International
practices in the provision of teratology information: a survey of
international teratogen information programmes and comparisons
with the North American model. J Eval Clin Pract 2010;16:
957-63.

15. Hancock RL, Koren G, Einarson A, Ungar WJ. The effectiveness
of Teratology Information Services (TIS). Reprod Toxicol 2007;
23:125-32.

16. Einarson A, Portnoi G, Koren G. Update on motherisk updates.
Seven years of questions and answers. Can Fam Physician
[Research Support, Non-U.S. Gov't]. 2002;48:1301-4.

17. Koren G, Nava-Ocampo AA, Moretti ME, Sussman R,
Nulman I. Major malformations with valproic acid. Can Fam
Physician 2006;52:441-2, 4, 7.

18. Pastuszak A, Schick-Boschetto B, Zuber C, et al. Pregnancy
outcome following first-trimester exposure to fluoxetine (Prozac).
JAMA 1993;269:2246-8.

19. Goldstein DJ. Effects of third trimester fluoxetine exposure on
the newborn. J Clin Psychopharmacol 1995;15:417-20.

20. McElhatton PR, Garbis HM, Elefant E, et al. The outcome of
pregnancy in 689 women exposed to therapeutic doses of
antidepressants. A collaborative study of the European Network
of Teratology Information Services (ENTIS). Reprod Toxicol
1996;10:285-94.

21. Nulman I, Rovet J, Stewart DE, et al. Neurodevelopment of
children exposed in utero to antidepressant drugs. N Engl J Med
1997;336:258-62.

22. Addis A, Koren G. Safety of fluoxetine during the first trimester
of pregnancy: a meta-analytical review of epidemiological
studies. Psychol Med 2000;30:89-94.

23. Stiskal JA, Kulin N, Koren G, Ho T, Ito S. Neonatal paroxetine
withdrawal syndrome. Arch Dis Child Fetal Neonatal Ed 2001;
84:F134-5.

24. Nordeng H, Lindemann R, Perminov KV, Reikvam A. Neonatal
withdrawal syndrome after in utero exposure to selective
serotonin reuptake inhibitors. Acta Paediatr 2001;90:288-91.

25. Costei AM, Kozer E, Ho T, Koren G. Perinatal outcome following
third trimester exposure to paroxetine. Arch Pediatr Adolesc Med
2002 ;156:1129-32.

26. Chambers CD, Hernandez-Diaz S, Van Marter LJ, et al. Selective
serotonin-reuptake inhibitors and risk of persistent pulmonary
hypertension of the newborn. N Engl J Med 2006;354:
579-87.

27. Kalra S, Einarson A, Koren G. Taking antidepressants during
late pregnancy. How should we advise women? Can Fam
Physician 2005;51:1077-8.

28. Ratnapalan S, Bona N, Koren G. Ionizing radiation during
pregnancy. Can Fam Physician 2003;49:873-4.

29. Wood JW, Johnson KG, Omori Y. In utero exposure to the
Hiroshima atomic bomb. An evaluation of head size and mental
retardation: twenty years later. Pediatrics 1967;39:385-92.

30. Dolk H, Nichols R. Evaluation of the impact of Chernobyl on
the prevalence of congenital anomalies in 16 regions of Europe.
EUROCAT Working Group. Int J Epidemiol 1999;28:941-8.

31. McCollough CH, Schueler BA, Atwell TD, et al. Radiation

exposure and pregnancy: when should we be concerned?
Radiographics 2007;27:909-17; discussion 17-8.

32. Bentur Y, Horlatsch N, Koren G. Exposure to ionizing radiation
during pregnancy: perception of teratogenic risk and outcome.
Teratology 1991;43:109-12.

33. Ratnapalan S, Bona N, Chandra K, Koren G. Physicians'
perceptions of teratogenic risk associated with radiography and
CT during early pregnancy. AJR Am J Roentgenol 2004;182:
1107-9.

34. Jansson LM, Velez M, Harrow C. Methadone maintenance and
lactation: a review of the literature and current management
guidelines. J Hum Lact 2004;20:62-71.

35. Wojnar-Horton RE, Kristensen JH, Yapp P, Ilett KF, Dusci LJ,
Hackett LP. Methadone distribution and excretion into breast
milk of clients in a methadone maintenance programme. Br J
Clin Pharmacol 1997;44:543-7.

36. Abdel-Latif ME, Pinner J, Clews S, Cooke F, Lui K, Oei J. Effects
of breast milk on the severity and outcome of neonatal abstinence
syndrome among infants of drug-dependent mothers. Pediatrics
2006;117:e1163-9.

37. Liu AJ, Nanan R. Methadone maintenance and breastfeeding in
the neonatal period. Pediatrics 2008;121:869; author reply -70.

38. Meites E. Opiate exposure in breastfeeding newborns. J Hum
Lact 2007;23:13.

39. American Academy of Pediatrics, Committee on Drugs. The
transfer of drugs and other chemicals into human breast milk.
Pediatrics 1983;72:375-83.

40. American Academy of Pediatrics, Committee on Drugs. Transfer
of drugs and other chemicals into human milk. Pediatrics 2001;
108:776-89.

41. Center for Substance Abuse Treatment. Improving Treatment for
Drug-Exposed Infants. Rockville, MD: Substance Abuse and
Mental Health Services Administration1993.

42. Mezzacappa ES, Kelsey RM, Katkin ES. Breast feeding, bottle
feeding, and maternal autonomic responses to stress. J Psychosom
Res 2005;58:351-65.

43. Malpas TJ, Meates J, Horwood J, Darlow BA. How safe is
antenatal transfer between level 3 units? Aust N Z J Obstet
Gynaecol 1997;37:258-60.

44. MRC Vitamin Study Research Group. Prevention of neural tube
defects: results of the Medical Research Council Vitamin Study.
MRC Vitamin Study Research Group. Lancet 1991;338:131-7.

45. Czeizel AE, Dudas I. Prevention of the first occurrence of neural-
tube defects by periconceptional vitamin supplementation.
N Engl J Med [Clinical Trial Randomized Controlled Trial] 1992;
327:1832-5.

46. Lumley J, Watson L, Watson M, Bower C. Periconceptional
supplementation with folate and/or multivitamins for preventing
neural tube defects. Cochrane database of systematic reviews.
2001(3):CD001056.

47. Anonymous. U.S. Preventive Services Task Force: Folic acid for
the prevention of neural tube defects: recommendation statment.
Am Fam Physician 2010;82:53.

48. Koren G, Goh YI, Klieger C. Folic acid: the right dose. Can Fam
Physician 2008;54:1545-7.

49. Wald NJ, Law MR, Morris JK, Wald DS. Quantifying the effect
of folic acid. Lancet 2001;358:2069-73.

50. Kim YI. Does a high folate intake increase the risk of breast
cancer? Nutr Rev 2006;64(10 Pt 1):468-75.

51. Hong Kong Census Data. http://www.censtatd.gov.hk/
hong_kong_statistics/statistical_tables/index.jsp?tableID=004.
Accessed 11th July 2011.

52. Gallo M, Einarson A, Koren G. Herbal medicine use in
pregnancy: a new frontier in clinical teratology. Birth Defects



Teratology and Developmental Pharmacology272

Res B Dev Reprod Toxicol 2003;68:499-500.
53. Hospital Authority, Hong Kong. Enhancing Pre-Hospital

Poisoning Consultation and Treatment Services2010: Available
from: http://www.hkpcn.org.hk/.

54. Andrade SE, Gurwitz JH, Davis RL, et al. Prescription drug use
in pregnancy. Am J Obstet Gynecol 2004;191:398-407.

55. Goldstein DJ, Corbin LA, Fung MC. Olanzapine-exposed
pregnancies and lactation: early experience. J Clin
Psychopharmacol 2000;20:399-403.

56. Nulman I, Rovet J, Stewart DE, et al. Child development
following exposure to tricyclic antidepressants or fluoxetine
throughout fetal life: a prospective, controlled study.
A J Psychiatry 2002;159:1889-95.

57. Tiran D. The use of herbs by pregnant and childbearing women:
a risk-benefit assessment. Complement Ther Nurs Midwifery
2003;9:176-81.

58. van Trigt AM, Waardenburg CM, Haaijer-Ruskamp FM, de Jong-
van den Berg LT. Questions about drugs: how do pregnant women
solve them? Pharm World Sci 1994;16:254-9.

59. Clementi M, Di Gianantonio E, Ornoy A. Teratology information
services in Europe and their contribution to the prevention of
congenital anomalies. Community Genet 2002;5:8-12.

60. Webster WS, Freeman JA. Is this drug safe in pregnancy? Reprod
Toxicol [Review] 2001;15:619-29.

61. Koren G, Pastuszak A. Teratogen Information Service. In: Koren
G, editor. Maternal-fetal toxicology: a clinician's guide. 2nd ed.
New York: Marcel Dekker; 1994. p.683-705.

62. Einarson A, Bailey B, Jung G, Spizzirri D, Baillie M, Koren G.
Prospective controlled study of hydroxyzine and cetirizine in
pregnancy. Annals of allergy, asthma & immunology : official
publication of the American College of Allergy, Asthma, &
Immunology. [Research Support, Non-U.S. Gov't] 1997;
78:183-6.

63. Koren G, Pastuszak A. Prevention of unnecessary pregnancy
terminations by counselling women on drug, chemical, and
radiation exposure during the first trimester. Teratology 1990;
41:657-61.

64. De Santis M, Straface G, Cavaliere A, Cinque B, Carducci B,
Caruso A. Teratological risk evaluation and prevention of
voluntary abortion. Minerva Ginecol 2006;58:91-9.

65. Robbins JM, Cleves MA, Collins HB, Andrews N, Smith LN,
Hobbs CA. Randomized trial of a physician-based intervention
to increase the use of folic acid supplements among women. Am
J Obstet Gynecol 2005;192:1126-32.

66. Pastuszak A, Bhatia D, Okotore B, Koren G. Preconception
counseling and women's compliance with folic acid
supplementation. Can Fam Physician 1999;45:2053-7.

67. Einarson A, Selby P, Koren G. Abrupt discontinuation of
psychotropic drugs during pregnancy: fear of teratogenic risk
and impact of counselling. J Psychiatry Neurosci 2001;26:44-8.

68. Pole M, Einarson A, Pairaudeau N, Einarson T, Koren G. Drug
labeling and risk perceptions of teratogenicity: a survey of
pregnant Canadian women and their health professionals. J Clin
Pharmacol 2000;40:573-7.

69. Ito S, Lieu M, Chan W, Koren G. Continuing drug therapy while
breastfeeding. Part 1. Common misconceptions of patients. Can
Fam Physician 1999;45:897-9.

70. Viguera AC, Cohen LS, Bouffard S, Whitfield TH, Baldessarini
RJ. Reproductive decisions by women with bipolar disorder after
prepregnancy psychiatric consultation. A J Psychiatry 2002;159:
2102-4.

71. Einarson A, Park A, Koren G. How physicians perceive and utilize
information from a teratogen information service: the Motherisk
Program. BMC Med Educ 2004;4:6.

72. Ratnapalan S, Bentur Y, Koren G. "Doctor, will that X-ray harm
my unborn child?". Can Med Assoc J 2008;179:1293-6.

A proposed health promotion model would include 1) telephone helpline, 2) clinics and 3) brochures, booklets, websites and other

educational materials and include the following components:

(1) Telephone counselling for both general public and health care providers.

(2) Clinic assessment to provide counselling to mothers and postnatal assessment of the children with prenatal drug/disease

exposure.

(3) Knowledge exchange for mothers and professionals by means of printed educational material, seminars/lectures for

professionals/general population and publications in peer-reviewed journals.

(4) Program website with regular information update.

(5) Development of computerised patient database for patient tracking and longitudinal follow-up and supporting research.

(6) Development of strategic collaboration with other TISs, local community service and the mass media.

(1) Resources and manpower

(2) Collaboration with major TIS overseas and Training of staff to provide adequate counselling

(3) Preparation of updated and evidence-based information for education and counselling

(4) Cultural adaptation of existing educational materials and medical information

(5) Development of local database and ongoing research to generate evidence and recommendations with regards to local scenario,

e.g. use of herbs among Chinese pregnant women

(6) Support from professionals and integration with the community

Appendix 1. Steps in establishing a local teratology information and drug counselling service

Appendix 2. Success and sustainability of a local teratology information and drug counselling service − key elements


