International Journal of Reproduction, Contraception, Obstetrics and Gynecology
Sarada M et al. Int J Reprod Contracept Obstet Gynecol. 2022 Oct;11(10):2797-2808

www.ijrcog.org pISSN 2320-1770 | elSSN 2320-1789

DOI: https://dx.doi.org/10.18203/2320-1770.ijrcog20222480 .
P : 1eo9 Meta-analysis

Ondansetron exposure during pregnancy is not associated with risk of
congenital malformations: evidence from a meta-analysis

Sarada M.}, Rita Bakshi?*, Devidas Vadgaonkar?, Mugdha Agarwal?,
Kiran Shah®, Jyoti Dekate®, Renuka Tripathi’

Yyashoda Hospitals, Hyderabad, Telangana, India

2IVF Program at International Fertility Centre, New Delhi, India

3Prathamesh Maternity and Nursing Home, Mumbai, Maharashtra, India

4)C Diagnostic Centre, Worli, Mumbai, Maharashtra, India

SShrey Maternity and Nursing Home/Aditya Orthopaedic, Ahmedabad, Gujarat, India
®Rainmist Healthcare, Wakad, Pimpri-Chinchwad, Maharashtra, India

Children Health Care and Maternity Clinic, Gorakhpur, Uttar Pradesh, India

Received: 17 August 2022
Accepted: 07 September 2022

*Correspondence:
Dr. Rita Bakshi,
E-mail: ritabakshi.ifc@gmail.com

Copyright: © the author(s), publisher and licensee Medip Academy. This is an open-access article distributed under
the terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial
use, distribution, and reproduction in any medium, provided the original work is properly cited.

ABSTRACT

Ondansetron is widely used drug for treatment of morning sickness and hyperemesis gravidarum. However, whether
exposure to ondansetron during pregnancy is associated with risk of congenital malformations or not remains debatable.
The present meta-analysis was performed for published cohort/registry-based studies which evaluated the association
between ondansetron exposure and risk of congenital malformations. Major congenital malformations were considered
as the primary outcome measure. Specific abnormalities like cardiac malformation, septal defect, cleft lip/palate,
hypospadias, and genitourinary abnormalities were considered as secondary outcome measures along with spontaneous
abortion/miscarriage, stillbirth, preterm delivery, and low birth weight babies. Pooled analysis was done using the
Mantle-Hanzle method, random effect model and were expressed as odds ratio (OR) with 95% CI. Fourteen studies
were included in systematic review. There was no significant difference for major congenital malformations [n=12; OR:
1.12 (95% CI: 0.93-1.36), 12=96], septal defect [n=5; OR: 1.39 (95% CI: 1.01-1.91), 1>=48%)], cleft lip/palate [n=3; OR:
1.11 (95% CI: 0.80-1.53), 1>=41%] between ondansetron exposed and control arms. However, a greater number of
events were found in control arm than intervention arm for cardiac defect [n=7; OR: 1.26 (95% Cl: 1.09-1.45), 1°>=71%;
p=0.002]. We also observed a greater number of events for stillbirth and pre-term labour in control arm than in
intervention arm with OR: 1.57 (95% ClI: 1.24-1.97); p=0.0001 and OR: 1.33 (95% CI: 1.05-1.69); p=0.02, respectively.
This meta-analysis concludes that ondansetron exposure during pregnancy is not associated with any increased risk of
major congenital malformations, septal /cardiac defect, cleft lip/palate, spontaneous abortion/miscarriage, stillbirth, pre-
term labour and low birth weight babies.

Keywords: Antiemetic drugs, Ondansetron, Teratogenicity, Morning sickness, Pregnancy, Fetal outcome, Hyperemesis
Gravidarum

INTRODUCTION gravidarum) affect less than 1% of pregnant females which

can be debilitating.! Ondansetron is 5-HT3 receptor
The most common medical condition during gestation is antagonist that has been used widely to treat morning
nausea and vomiting affecting up to 80% of all sickness and hyperemesis gravidarum. Ondansetron has
pregnancies. Severe nausea and vomiting (hyperemesis been assigned category B1 in Australia and category B by
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US FDA for its use in pregnancy.>® The 2018 clinical
guidelines from the American College of Gynecology
(ACOG), recommended ondansetron, doxylamine and
pyridoxine,  metoclopramide,  promethazine, and
methylprednisolone, prochloroperazine, chlorpromazine,
and trimethobenzamide for the treatment of NVP.* Due to
heterogeneity in study populations, methodological
limitations, and small sample sizes prior studies on the
fetal safety of ondansetron have produced varied results.
Studies done by Einarson et al, Asker et al, Colvin et al,
Pasternak et al, and Parker et al found no increased risk of
major birth defects, while Danielsson et al and Anderka
et al found increased risks of cardiac defects and cleft
palates, respectively.t?510 Ondansetron was found
superior to the combination of pyridoxine and doxylamine
in morning sickness. It is similar to metoclopramide for
hyperemesis gravidarum with better safety profile.
However, there is concern regarding placental drug
transfer and possible increase in risk of major congenital
malformations in off springs.!! Conflicting data leave
clinicians unsure with respect to the appropriate risk-
benefit for ondansetron use in pregnancy.*? Thus, dilemma
for use of ondansetron in pregnancy continues. This
conflicting data formed the basis for conducting
systematic review of available literature till date. The
objective of this study was to check for the association
between exposure of ondansetron during the pregnancy
and risk of congenital malformations in off springs in
comparison to the pregnancies not exposed to antiemetic
drugs or other antiemetic drugs.

METHODS
Search strategy

MeSH terms like congenital abnormalities (birth defects,
congenital defects, congenital deformities, fetal anomalies,
fetal malformations) and ondansetron were used as search
terms. PubMed and Google Scholar were searched for
literature by two authors independently. Following search
strategy was used, congenital malformations or birth
defects or congenital deformities or fetal anomalies or fetal
malformations or congenital defects and ondansetron.
Relevant articles from bibliography of manuscript were
also evaluated. The final search was run on 26th January,
2022. Two authors independently did the preliminary
screening for eligible articles based on the title and abstract
of articles. Final screening was done for full text articles
by same authors and doubtful articles were included after
discussion and consensus between the authors. Articles
published in English at any time point was considered.

Selection of studies

Screened studies were included in the review based on the
following criteria.
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Inclusion criteria

Abstract or full-text articles reporting outcome of interest
with following criteria were included.

Randomized controlled clinical trials (open labelled or
blinded studies) which followed up pregnant females till
delivery and outcome of interest have been noted.
Comparative studies with ondansetron and any other
interventions (no exposure or other anti-emetic drugs)
which measure the association between exposure and risk
of congenital malformations.

Exclusion criteria

Non-comparative studies, case-controlled studies, non-
research articles (e.g., review articles, meta-analysis),
duplicate publications and articles published in other than
English language.

Intervention and comparators

Ondansetron  exposure amongst pregnant women
irrespective of dose and duration was considered as an
intervention arm. Pregnant women without any treatment,
exposed to known non-teratogen or treated with
antiemetics other than ondansetron was considered in
control arm.

Risk of bias assessment of included studies

Quality of included studies were assessed independently
by two authors using “Tool to Assess Risk of Bias in
Cohort Studies”.™® Individual observations were discussed
and any observed discrepancy was solved by discussion
until consensus among the authors is achieved.

Data collection

The included studies were identified with the name of first
author and year of publication. Data of study design,
population covered, intervention and comparator (dose,
frequency, duration of exposure), outcome measures
(congenital malformations, specific defects, pregnancy
related issues) were extracted from the literature and
entered in Microsoft Excel sheet which was cross-checked
by another author for accuracy of data. Any data
discrepancy was resolved through a discussion and
consensus amongst authors.

Outcome measures

Incidence of congenital malformations was considered as
the primary outcome whereas, specific abnormalities like
cardiac malformations, septal defect, cleft lip/palate,
hypospadias, genitourinary abnormalities and pregnancy
related complications like spontaneous
abortion/miscarriage, stillbirth, pre-term labour and low
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birth weight babies were considered as secondary
outcomes.

Data synthesis

All outcome variables were the dichotomous variables
mentioned as number of events and were summarized as
odds ratio (OR) with 95% CI for pooled analysis. The
pooled statistical analysis was performed using the
Mantle-Hanzle method with random effect model to
estimate the meta-analytic summary. The heterogeneity
across the studies was assessed using 12 test and interpreted
as low, moderate and high when it was <25%, >25 to <75%
and >75%, respectively. The funnel plot was plotted for
primary outcome parameter and visually inspected for
publication bias.

Sensitivity analysis was performed for major congenital
malformations based on category of risk of bias
assessment. Meta-analytic summary was re-checked after

removing studies with high and moderate risk of bias.
Review Manager Version 5.4 was used to perform meta-
analysis.

RESULTS
Study characteristics

Based on search strategy, 153 articles were retrieved, of
which 41 full text articles were assessed for possible
inclusion. Fourteen comparative studies met the selection
criteria and included in the analysis (Figure 1). In 14
included studies, in intervention arm, 2,87,223 pregnant
women were exposed to ondansetron whereas, in control
arm, 65,55,465 pregnant women were exposed to non-
teratogenic drugs or antiemetic drugs other than
ondansetron or were not exposed. Table 1 represents the
general characteristics of all included studies in this
review.

c) Septal defect (n=5)

e) Miscarriage (n=6)
f) Stillbirth (n=6)

d) Cleft lip/Palate (n=3)

g) Preterm labour (n=4)
h) Low birthweight babies (n=3)
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Figure 1: PRISMA flow in present systematic review.
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Table 1: General characteristics of the included studies.

Confirmation
method of

Exposure
Period

Baseline
characteristics
considered in

Outcome of
interest studied

Confirmation of
outcome

Exposure of

comparator group

Sample
size
exposed/

Prospective

exposure

study

Major
malformations,

Verification of

(disease status)

unexposed

Adrienne . Teratogen 5-9 weeks More smokers in  Cardiac defect, information . .
. comparative Canada . . . Other anti-emetics, 176/
Einarson, . - Information First non-teratogen Hypospadias, through
observational ~ Australia . . SoAPe Y , Nonteratogen group 352
2004 Services trimester group Genitourinary, participant’s
study - .
Abortion, physician
Stillbirth
Major congenital
Denmark  National malformations,
Andersen, Cohort stud 1997- Prescription First Not available Heart defect, National Unexposed 1248/
2013* y crip trimester Septal defect* Hospital Register P 31357
2010 Register *
number of
events not given
More tobacco and
alcohol Unexposed,
Anick Quebec Canada _— . dependence in . . . . Other anti-emetics
Validation of First . - Major congenital  Confirmation .
Berard, Pregnancy 1998- L - antiemetic : - (Doxylamine- 31/46581
2019 Cohort 2015 prescription trimester exposed along malformations with database oyridoxine,
with metoclopramide)
comorbidities
Major birth V_arlable for
. . different
Bjorn Denmark  National First defects, abortion, Medical Birth Unexposed to outcome as
Pasternak, Cohort study 2004- Prescription trimester Comparable stillbirth, pre- Regiistr on dagsetron or
2013 2008 Registry term labor, Low gistry. P .
. . propensity
birth weight .
matching
Canada Major congenital Unexposed, other
. province malformations, X anti-emetics
gg:}:}u th Multicenter April Database First Comparable Septal defect, CrI;Rz:c (doxylamine with 163 810/
' cohort study 2002 and trimester P heart defect, preg y pyridoxing, 306 766
2021 . register .
March abortion, metoclopramide, or
2016 stillbirth promethazine)
S Major congenital  Medical Birth
Danielsson Register based f&eg_en :\:;Sr\l\\//ilzsvs First Not available malformations, Register, Birth ;Jnr}[?_épr)::;(géOther 1349/
Bengt, 2014  study S trimester Septal defect, Defect Register, : 1500085
2012 Swedish - (Meclozine)
Heart defect discharge
Continued.
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Confirmation
method of
exposure

Exposure
Period

Baseline
characteristics
considered in

Outcome of
interest studied

Confirmation of
outcome

Exposure of

comparator group

(disease status)

Sample
size
exposed/

stud

unexposed

Prescription diagnoses from
Register hospitalizations
. April Electronic . More smoker and . .
SizEloElT 2014 health record FUlSEAD co-morbidities in . . . Other TGRS 1712/
Suarez, Cohort study b d weeks of q Miscarriage Medical records  (Promethazine, or
2021 NOVE | pregnancy OEITECHE metoclopramide) 2
er 2017 (Prescription) group,
Unexposed, Other
. . Major congenital anti-emetics
Krista FH Retrospective  USA Prescription First More smoker, in malformations, . (Metoclopramide, 88 467/
cohort study 2000- record - Medical records .
2018 . trimester exposed group Heart defect, promethazine, 1727947
2013 evaluation X S
Cleft lip/palate pyridoxine)
rrli:ritester Major congenital B
. Population- Brigham ) J 1762018
Krista FH Records of Exposed malformations, .
based cohort 2000- . s Comparable Medical records  Unexposed
2020 stud 2014 Prescription with intra- Heart defect,
y venous Cleft lip/palate
ondan-setron
Lara Pittsburg  Inpatient
Lemon Cohort stud hPA electronic First Comparable ventricular septal Echocardiogram  Unexposed 3733/
' y (2006- medical record,  trimester P defect g P 29944
2020 - .
2014) insurance claims
WA Register of
Developmental
Anomalies
(WARDA),
Major birth Hospital
. . Westerr_1 . More smoker in defect, abortion Morbidity Data
Lyn Colvin, Retrospective  Australia WA Data First non-exnosed stiIIbir,th re- ' System (HMDS),  Unexposed 251/
2013 cohort study 2002- Linkage System  trimester P | b, P y dwives' ' P 96447
2005 group te_rm abor, Low Mi wives
birth weight Notification
System (MNS),
Registry of
Births and
Deaths
. First . . 1070/
sztrlena Retrospective  2007- Online survey trimester Not comparable Major congenltal Online survey Ungxpoged, other 2326
Fejzo, 2016  cohort study 2014 with hype- malformations, antiemetics
. . . . Continued.
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Confirmation

Country

method of

exposure

Exposure
Period

Baseline
characteristics
considered in

Outcome of
interest studied

Confirmation of
outcome

Exposure of
comparator group
(disease status)

' Sample

size
exposed/

stud

unexposed

remesis Heart defect, (Metoclopramide,
gravi-darum Septal defect, promethazine)
Cleft lip/palate
Major congenital
Razan Prospective Israel ?ealrglrr;g;gp 5 Follow up by Non-teratogen
comparative Israeli TIS First More smokers in P ' telephonic exposure, Other 200/840
Sakran, . 2010- . heart defect, . . . i
observational database trimester control group . interview, antiemetics
2020 2014 abortion, . .
study L medical records  (metoclopramide)
stillbirth, pre-
term labor
First Major congenital
Safak . Turkey . trimester malformations,
Ozdemirci, zﬁgospectlve 2006- dC;)t?b%L;Lerlzed with hype- Comparable stillbirth, pre- Not mentioned Chlorpromazine égO/
2014 y 2011 remesis term labor, Low
gravi-darum birth weight

*only abstract was available.
Table 2: Risk of bias assessment as per “risk of bias in cohort studies tool.

Outcome of
interest not
present at the start
of the study

Exposed and Not
exposed cohort

Assessment of
prognostic
factors#

Confidence in
assessment of
exposure

Matching
during
analysis

Similarity of co-
interventions
between groups

Assessment
of Outcome

Adequate
drawn from same follow up?

population?

Adrienne Einarson, 2004  Low risk Low risk Low risk Low risk Low risk Low risk Low risk Moderate risk
Andersen, 2013* High risk High risk High risk High risk High risk High risk High risk High risk
Anick Berard, 2019 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Moderate risk
Bjorn Pasternak, 2013 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Colin Dormuth, 2021 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Danielsson Bengt, 2014 Low risk Low risk Low risk Moderate risk ~ Low risk Low risk Low risk Moderate risk
Elizabeth Suarez, 2021 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Krista FH 2018 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Krista FH 2020 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Lara Lemon, 2020 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Lyn Colvin, 2013 Low risk Low risk Low risk High risk Low risk Low risk Low risk High risk
Marlena Fejzo, 2016 Low risk Low risk Low risk High risk Low risk Low risk Low risk Moderate risk
Razan Sakran, 2020 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Safak Ozdemirci, 2014 Low risk Low risk Low risk High risk Low risk High risk Low risk Moderate risk

*considered as high risk due to lack of information (only abstract was available); #considered as low risk as it was not applicable.
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Einarson et al conducted prospective comparative
observational study with pregnant women from Canada
and Australia exposed to ondansetron (n=176), other
antiemetic agents (diclectin, metoclopramide,
phenothiazines and ginger; n=176) and non-teratogenic
drug or not exposed (n=176) with measuring outcomes of
miscarriages, therapeutic abortions, stillbirths, major
malformations, gestational age at birth and mean
birthweight. Pregnant women other than having
ondansetron exposure were merged in control arm
(n=352). Maternal characteristics were comparable in both
intervention and control groups except for smoking habit
which was found more in control arm.*

Andersen et al conducted a birth register-based cohort
study in Denmark to find out congenital malformations
associated with ondansetron exposure (n=1248) and non-
exposed (n=895770).4

Berad et al conducted a study using Quebec pregnancy
cohort in canada. Of 2,24,876 pregnant women, 31 were
exposed to ondansetron, 45,623 exposed to doxylamine-
pyridoxine, 958 to metoclopramide and 1,79,106 were not
exposed. The mean exposed duration in the first trimester
was lower in women exposed to ondansetron (12.8 days)
as compared to doxylamine-pyridoxine (27.4 days) and
metoclopramide (17.7 days).**

Pasternak et al conducted a historical cohort study from
medical birth registry in Denmark with 608,385
pregnancies, of which 1,970 pregnant women were
exposed to the ondansetron.® Propensity matched analysis
was performed by the authors which was considered for
the present study.

Dormuth et al conducted cohort study in 3 countries
(Canada, USA and UK) with a meta-analysis. There were
1,63,810 pregnant women from all three databases
exposed to the ondansetron of cohort of 4,56,963. Pregnant
women exposed to ondansetron were little older than
comparator arm. They measured congenital malformations
as secondary parameter.

Danielsson et al identified ondansetron exposure through
midwife interviews at the first antenatal care visit of the
pregnant woman and through a Swedish Prescription
Register. Outcome was assessed from various registers.
There were 1,349 pregnant women exposed to
ondansetron, 41,388 women exposed to meclizine of
15,01,434 total pregnant women. Major malformations,
cardiac and septal defects were the outcome measures in
the study.®

Elizabeth et al conducted a cohort study in USA with focus
on miscarriage associated with ondansetron exposure. Of
2,620 pregnant women, 1,712 were exposed to
ondansetron and 908 were exposed to other antiemetics
(metoclopramide or promethazine). Both the groups were

International Journal of Reproduction, Contraception, Obstetrics and Gynecology

comparable for baseline characteristics and this study did
not report any other outcome.'6

Krista et al did the retrospective cohort study with
1,816,414 pregnancies, of which 88,467 were exposed
with ondansetron. Adjusted data were considered for the
analysis. They measured congenital malformation with
specific malformations like cardiac defects and oral
malformations as outcome measures.*?

Krista et al did the retrospective cohort study with
1,880,594 pregnancies, of which 23,877 were exposed
with intravenous ondansetron. Adjusted data were
considered for the analysis. They measured congenital
malformation with specific malformations like cardiac
defects and oral malformations as outcome measures.*’

Lemon et al evaluated the risk of ventricular septal defect
associated with oral or intravenous ondansetron exposure
during pregnancy through a retrospective cohort study. Of
3,733 pregnant women exposed to ondansetron, 24
developed ventricular septal defects. Both groups were
comparable for baseline characteristics.®

Colvin et al evaluated risk of major birth defect in
ondansetron exposed pregnancies in western Australia.
There were 96,968 pregnancies resulted in birth in which
251 pregnancies (263 child birth) were exposed to
ondansetron. Percentage of smoking in pregnant ladies
were more in ondansetron exposed group.?

Fejzo et al conducted a retrospective cohort study
conducted with pregnant women having hyperemesis
gravidarum (HG). There were 1,070 pregnancies with HG
exposed to ondansetron, whereas 771 pregnancies with
HG exposed to other anti-emetic drugs (metoclopramide/
promethazine and 1,555 pregnancies without HG and any
exposure.®

Sakran et al conducted a prospective observational study
on pregnant women counselled by Israeli Teratology
Information Services who were exposed to ondansetron
(n=195), metoclopramide (n=110) and non-teratogenic
exposure (n=778). All these groups were comparable at
baseline for maternal characteristics.®

Ozdemirci et al performed a retrospective study on
pregnant female suffering from HG who did not respond
to oral meclizine-pyridoxine and prescribed the
ondansetron (n=100) and chlorpromazine (n=85). Both
groups were comparable for baseline characteristics.?

Risk of bias in included studies

Table 2 shows the risk of bias assessment of individual
study included in the present review.
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Outcome measures

Major congenital malformations

Twelve studies were included in analysis of congenital
malformations with 281778 pregnant women exposed to
ondasetron and 6524613 pregnant women either not

exposed, exposed to non-teratogens or other antiemetics.
The pooled odds ratio for major congenital malformations
(MCM) was found 1.12 (95% CI: 0.93-1.36) indicating no
significant difference between intervention and control
arms (Figure 2). Population was highly heterogeneous
based on 1?2 value of 96%. The funnel plot was
asymmetrical on visual inspection which indicated
publication bias (Figure 3).

Ondansetron Control Odds Ratio Odils Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Adrienne Einarson, 2004 B 176 B I 23% 2.04[0.65, 840 ]
Andersen 2013 A3 1248 31397 B9ATTD 120% 1.3401.03,1.79 M
Anick Berard, 2019 i 318452 T35 6% 0.7710.18,3.23 S E—
Bintn Pasternak, 2013 I X X I A 4932 98% 1.0210.70,1.48] T
Calin Darmuth, 202 542 18310 12788 3J06TRE 156% 0.821]0.79, 0.89] '
Danielssan Bengt 2014 a0 1349 43620 1500085 108% 087 10,70, 1.34] -
Krista FH, 2018 3275 BA44E AH63 172746 158% 11801.15,1.23 "
Krista FH, 2020 998 ZJ966 57249 1762018 15.4% 1280117137 .
Lyn Colin, 2013 10 263 3975 98082 AT% 0.94(0.50,1.76] T
Marlena fiejzo, 2016 31070 | 3 80% 17117, 289 —
Razan Sakran, 2020 42 14 a0 24% 12010039, 370 N
Safak Ozdemirci, 2014 1 100 4 Ba 0% 0.20170.02, 1.87]
Total (95% CI) 281792 6523627 100.0% 1.12[0.93, 1.36] 4
Total events 10063 2134
Heterogeneity. Taw? = 0.06; Chi#= 297 93, df= 11 (F = 0.00001); F= 6% ID i EII1 150 1D[|I

Testfor overall effect Z=1.19(P=0.23)

Ondansetran Contral

Figure 2: Meta-analytic summary of Major congenital malformations.
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Figure 3: Funnel plot of publication bias for primary outcome measure.
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a) Cardiac defect

Ondansetron Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Adrienne Einarson, 2004 1 176 3 352 0.4% 0.66 [0.07, 6.44]
Colin Dormuth, 2021 854 163810 1112 306766 30.2% 1.44 [1.32, 1.58] -
Danielsson Bengt, 2014 19 1349 14853 1500085 7.9% 1.43 [0.91, 2.25] ITE
Krista FH, 2018 835 88446 14573 1727546 31.6% 1.12 [1.04, 1.20] -
Krista FH, 2020 240 23866 15221 1762018 26.9% 1.17 [1.03, 1.33] -
Marlena fejzo, 2016 5 1070 8 2326 1.6% 1.36 [0.44, 4.17] ]
Razan Sakran, 2020 4 200 8 840 1.4% 2.12[0.63, 7.12] =il
Total (95% CI) 278917 5299933 100.0% 1.26 [1.09, 1.45] ¢
Total events 1958 45778
Heterogeneity: Tau? = 0.02; Chi? = 20.99, df = 6 (P = 0.002); I?=71% ’0.01 0f1 3 150 100’

Test for overall effect: Z = 3.09 (P = 0.002)

b) Septal defect

Ondansetron Control

Ondansetron Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Colin Dormuth, 2021 238 163810 414 306766 43.9% 1.08 [0.92, 1.26]
Danielsson Bengt, 2014 17 1349 10474 1500085 23.5% 1.82[1.12, 2.93] S
Lara Lemon, 2020 24 3733 109 29934 25.4% 1.77 [1.14, 2.76) -
Marlena fejzo, 2016 2 1070 4 2326 3.3% 1.09 [0.20, 5.94] ]
Razan Sakran, 2020 2 200 7 840 3.8% 1.20 [0.25, 5.83] -
Total (95% CI) 170162 1839951 100.0% 1.39 [1.01, 1.91] .
Total events 283 11008
Heterogeneity: Tau? = 0.05; Chiz = 7.65, df =4 (P = 0.11); I = 48% =0 o1 0=1 : 1=0 1°0=

Test for overall effect: Z = 2.00 (P = 0.05)

c) Cleftlip/palate

Ondansetron Control
Study or Subgroup Events Total Events

Total Weight M-H, Random, 95% CI
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Figure 4: Meta-analytic summary for cardiac defect, septal defect and cleft/lip palate for pregnant woman exposed
to ondansetron and control group.

The sensitivity analyses performed after removing data of
studies with moderate to high risk did not show any
deviation from primary pooled analysis.

3.3.2. Cardiac defect

Seven studies mentioning specifically about cardiac
defect contributed in final analyses. As shown in Figure
4a, there were significantly more events amongst control
arm as compared to intervention arm [OR: 1.26 (95% CI:
1.09-1.45); p=0.002]. There was moderate level of
heterogeneity across the included studies with 12 value
71%.

Septal defect
Five studies showed that septal defect was high in control

arm than in intervention arm however, the difference was
not statistically significant [Figure 4b; OR: 1.39 (95% ClI:
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1.01-1.91); p=0.05]. An I? of 48% suggested a moderate
degree of heterogeneity amongst the included studies.

Cleft lip/palate

Three studies were considered for analyses. There is no
significant difference for cleft lip/palate between control
arm and intervention arm [Figure 4c; OR: 1.11 (95% CI:
0.80-1.53); p=0.55]. An I? of 41% suggested a moderate
degree of heterogeneity amongst the included studies.

There was only one study specifically measured
hypospadias and genitourinary abnormalities hence,
meta-analysis was not possible for these two outcomes.

Other pregnancy related outcomes

There was no significant difference found for
spontaneous abortion/miscarriage and low birth weight
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babies as shown in Figure 5a and 5d. Number of events
for stillbirth and pre-term labour was significantly high in
control arm than in intervention arm with OR: 1.57 (95%

a) Spontaneous abortion/miscarriage

Cl: 1.24-1.97); p=0.0001 and OR: 1.33 (95% CI: 1.05-

1.69); p=0.02, respectively (Figure 5b and 5c).
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Figure 5: Meta-analytic summary for spontaneous abortion/miscarriage, stillbirth, pre-term labour, and low birth
weight babies for pregnant women exposed to ondansetron and control group.

DISCUSSION

Nausea and vomiting during pregnancy are a common
problem during first trimester and its early treatment is
recommended to prevent progression into hyperemesis
gravidarum (HG) by American College of Obstetricians
and Gynecologists.?* According to various clinical
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guidelines, ondansetron has been considered as a second-
line treatment for severe NVP.2-2* However, may be due
to superior efficacy of ondansetron over pyridoxine-
doxylamine and equivalent/superior efficacy as compared
to metoclopramide, its utilization has been increased in last
few years as a first line drug despite of its controversial
safety profile in context to congenital malformations.?5-?’
The present systematic review provide insight for
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association between ondansetron exposure and congenital
malformation. Ondansetron was not found to be associated
with major congenital malformation, cardiac defect, septal
defect, cleft lip/palate as compared to the control group.
Cardiac defect was found significantly more in control
group as compared to the ondansetron exposed group and
this finding was in contrast to the study conducted by
Dannielson et al.® Sensitivity analysis after removing
moderate to high-risk studies did not affect the primary
analysis findings of having no association of congenital
malformation with  ondansetron exposure. Thus,
ondansetron is found to be safe in pregnancy. A study
conducted by Parker et al using data from the National
Birth Defects Prevention Study (1997-2011) and the Slone
Birth Defects Study (1997-2014) showed no risk of birth
defects with ondansetron whereas it warranted further
investigations due to modest association of cleft palate and
renal agenesis-dysgenesis.® In present study, we could not
perform meta-analysis for hypospadias and genitourinary
abnormality as it was mentioned only in study by Einarson
et al.! In another case-control study conducted in USA,
increased risk of cardiac and orofacial cleft defects with
OR: 1.52 95% ClI: 1.35-1.70 and OR: 1.32 95% CI: 0.76-
2.28, respectively was found in offspring exposed to
ondansetron as compared to women with no antiemetic
exposure during pregnancy.*® We did not include case
control studies in present meta-analysis due to variability
in study design as compared to cohort study. There were
very few studies which consider cleft lip/palate hence,
further investigation can be done to find out its robust
association with ondansetron use. In present study, meta-
analysis was also performed for various pregnancy related
outcomes like spontaneous abortion/miscarriage, stillbirth,
pre-term labour and low birth weight babies. There was
high number of events of stillbirth and pre-term labour in
control group as compared to ondansetron group. It may
be due to effectiveness of treatment with ondansetron
started for NVP and HG patients which might have helped
in reducing the severity of disease.

United States Food Drug Administration (USFDA) does
not restrict the use of ondansetron due to non-availability
of reliable human epidemiological study data on
association of ondansetron exposure and congenital
malformation.?® Whereas, in 2019, European Medicines
Agency (EMA) Pharmacovigilance Risk Assessment
Committee (PRAC) assessment report based on same
epidemiological data suggest not to use ondansetron
during first trimester pregnancy.?® The present review
included the cohort and register based more recent studies
from various countries in which exposure and occurrence
of outcome were verified using records or interview. Few
studies conducted matched or adjusted statistical analysis
and we considered adjusted data whenever available to
reduce the heterogeneity between the groups to increase
the strength of the present systematic review. However,
inclusion of population of different origin, lack of certainty
about actual consumption of medication, and presence of
other unadjusted confounding factors might have affected
the outcome of interest. Hence, interpretation of present
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study finding should be taken into consideration after
keeping these limitations in mind.

CONCLUSION

The present study concludes that there is no risk of major
congenital malformations including septal/cardiac defects
and cleft lip/palate with ondansetron exposure during first
trimester pregnancy. However, special attention should be
given to genitourinary abnormalities and hypospadias due
to scarcity of data. Ondansetron exposure during
pregnancy does not increase risk of spontaneous
abortion/miscarriage, stillbirth, pre-term labour and low
birth weight babies.

Funding: No funding sources
Conflict of interest: None declared
Ethical approval: Not required

REFERENCES

1. Einarson A, Maltepe C, Navioz Y, Kennedy D, Tan
MP, Koren G. The safety of ondansetron for nausea
and vomiting of pregnancy: a prospective
comparative study. BJOG. 2004;111(9):940-3.

2. Colvin L, Gill AW, Slack-Smith L, Stanley FJ, Bower
C. Off-label use of ondansetron in pregnancy in
Western Australia. Biomed Res Int.
2013;2013:909860.

3. Fejzo MS, MacGibbon KW, Mullin PM. Ondansetron
in pregnancy and risk of adverse fetal outcomes in the
United States. Reprod Toxicol. 2016;62:87-91.

4. Committee on Practice Bulletins-Obstetrics. ACOG
Practice Bulletin No. 189: Nausea And Vomiting Of
Pregnancy. Obstet Gynecol. 2018;131(1):e15-e30.

5. Parker SE, Van Bennekom C, Anderka M, Mitchell
AA. National Birth Defects Prevention Study.
Ondansetron for Treatment of Nausea and Vomiting
of Pregnancy and the Risk of Specific Birth Defects.
Obstet Gynecol. 2018;132(2):385-94.

6. Danielsson B, Wikner BN, Kallén B. Use of
ondansetron during pregnancy and congenital
malformations in the infant. Reprod Toxicol.
2014;50:134-7.

7. Anderka M, Mitchell AA, Louik C, Werler MM,
Hernandez-Diaz S, Rasmussen SA. National Birth
Defects Prevention Study. Medications used to treat
nausea and vomiting of pregnancy and the risk of
selected birth defects. Birth Defects Res A Clin Mol
Teratol. 2012;94(1):22-30.

8. Asker C, Norstedt Wikner B, Kallén B. Use of
antiemetic drugs during pregnancy in Sweden. Eur J
Clin Pharmacol. 2005;61(12):899-906.

9. Pasternak B, Svanstrom H, Hviid A. Ondansetron in
pregnancy and risk of adverse fetal outcomes. N Engl
J Med. 2013;368(9):814-23.

10. Zambelli-Weiner A, Via C, Yuen M, Weiner DJ,
Kirby RS. First trimester ondansetron exposure and
risk of structural birth defects. Reprod Toxicol.
2019;83:14-20..

Volume 11 - Issue 10 Page 2807



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

International Journal of Reproduction, Contraception, Obstetrics and Gynecology

Sarada M et al. Int J Reprod Contracept Obstet Gynecol. 2022 Oct;11(10):2797-2808

Bérard A, Sheehy O, Gorgui J, Zhao JP, Soares de
Moura C, Bernatsky S. New evidence for concern
over the risk of birth defects from medications for
nausea and vomiting of pregnancy. J Clin Epidemiol.
2019;116:39-48.

Huybrechts KF, Herndndez-Diaz S, Straub L, Gray
KJ, Zhu Y, Patorno E, et al. Association of Maternal
First-Trimester Ondansetron Use With Cardiac
Malformations and Oral Clefts in Offspring. JAMA.
2018;320(23):2429-37.

Tool to Assess Risk of Bias in Cohort Studies.
Available from: https://methods.cochrane.org/bias/
sites/methods.cochrane.org.bias/files/public/uploads/
Tool%20t0%20Assess%20Risk%200f%20Bias%20i
n%20Cohort%20Studies.pdf.  Accessed on 12
February 2022.

Andersen JT, Jimenez-Solem E, Andersen NL,
Poulsen HE. Ondansetron use in early pregnancy and
the risk of congenital malformations-a register based
nationwide cohort study. Pharmacoepidemiol Drug
Saf. 2013;22:13-4.

Dormuth CR, Winquist B, Fisher A, Wu F, Reynier P,
Suissa S, et al. Comparison of pregnancy outcomes of
patients treated with ondansetron vs alternative
antiemetic medications in a multinational, population-
based cohort. JAMA network open.
2021;4(4):2153209.

Suarez EA, Boggess K, Engel SM, Stirmer T, Lund
JL, Jonsson Funk M. Ondansetron use in early
pregnancy and the risk of miscarriage.
Pharmacoepidemiol Drug Saf. 2021;30(2):103-13.
Huybrechts KF, Hernandez-Diaz S, Straub L, Gray
KJ, Zhu Y, Mogun H, Bateman BT. Intravenous
ondansetron in pregnancy and risk of congenital
malformations. JAMA.. 2020;323(4):372-4.

Lemon LS, Bodnar LM, Garrard W, Venkataramanan
R, Platt RW, Marroquin OC, et al. Ondansetron use in
the first trimester of pregnancy and the risk of
neonatal ventricular septal defect. Int J epidemiol.
2020;49(2):648-56.

Sakran R, Shechtman S, Arnon J, Diav-Citrin O.
Pregnancy outcome following in-utero exposure to
ondansetron: A prospective comparative
observational study. Reprod Toxicol. 2021;99:9-14.
Ozdemirci S, Akpmar F, Bilge M, Ozdemirci F,
Yilmaz S, Esinler D, et al. The safety of ondansetron
and chlorpromazine for hyperemesis gravidarum in
first trimester pregnancy. Gynecol Obstet Reprod
Med. 2014;20(2):81-4.

American  College  of  Obstetricians  and
Gynecologists, Committee on Practice Bulletins-
Obstetrics. ACOG Practice Bulletin No. 189: Nausea
and vomiting of pregnancy. Obstet Gynecol.
2018;131:e15-e30.

22.

23.

24,

25.

26.

27.

28.

29.

The Management of Nausea and Vomiting of
Pregnancy and Hyperemesis Gravidarum (Green-top
Guideline No. 69). Royal College of Obstetricians &
Gynaecologists. Available from: https://www.rcog.
org.uk/en/guidelines-research-
services/guidelines/gtg69/ [Last accessed on 22
February, 2022]

Fiaschi L, Nelson-Piercy C, Deb S, King R, Tata LJ.
Clinical management of nausea and vomiting in
pregnancy and hyperemesis gravidarum across
primary and secondary care: a population-based
study. BJOG Int J Obstet Gynaecol.
2019;126:1201-11.

Taylor LG, Bird ST, Sahin L, Tassinari MS, Greene
P, Reichman ME, et al. Antiemetic use among
pregnant women in the United States: the escalating
use of ondansetron. Pharmacoepidemiol Drug Saf.
2017;26:592-6.

Oliveira LG, Capp SM, You WB, Riffenburgh RH,
Carstairs SD. Ondansetron  compared  with
doxylamine and pyridoxine for treatment of nausea in
pregnancy: a randomized controlled trial. Obstet
Gynecol. 2014;124:735-42.

Abas MN, Tan PC, Azmi N, Omar SZ. Ondansetron
compared with metoclopramide for hyperemesis
gravidarum: a randomized controlled trial. Obstet
Gynecol. 2014;123:1272-9.

Kashifard M, Basirat Z, Kashifard M, Golsorkhtabar-
Amiri M, Moghaddamnia A. Ondansetrone or
metoclopromide? Which is more effective in severe
nausea and vomiting of pregnancy? A randomized
trial double-blind study. Clin Exp Obstet Gynecol.
2013;40:127-30.

Communicating  Information about Risks in
Pregnancy in Product Labeling for Patients and
Providers to Make Informed Decisions about the Use
of Drugs during Pregnancy. Available from:
https://www.fda.gov/media/110905/download.
Accessed on 20 February 2022.

Damkier P, Kaplan YC, Shechtman S, Diav-Citrin O,
Cassina M, Weber-Schoendorfer C. Ondansetron in
pregnancy revisited: assessment and pregnancy
labelling by the European medicines agency (EMA)
& pharmacovigilance risk assessment committee
(PRAC). Basic Clin  Pharmacol  Toxicol.
2021;128(4):579-82.

Cite this article as: Sarada M, Bakshi R, VVadgaonkar
D, Agarwal M, Shah K, Dekate J, et al. Ondansetron
exposure during pregnancy is not associated with risk
of congenital malformations: evidence from a meta-
analysis. Int J Reprod Contracept Obstet Gynecol
2022;11:2797-808.

Volume 11 - Issue 10 Page 2808




