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Background: Hyperemesis gravidarum is a serious pregnancy complication that
affects approximately 1% of pregnancies worldwide.

Objective: To determine whether the use of ondansetron during pregnancy is
associated with abnormal pregnancy outcomes.

Search strategy: PubMed, Cochrane Library, CINAHL, Embase, CNKI, CBM,
WANFANG, and ClinicalTrials.gov were searched for citations published in any
language from inception to 15 December 2021.

Selection criteria: Eligible studies included any observational study.

Data collection and analysis: Odds ratio (OR) and 95% confidence interval (Cl)
were used as indicators to examine the association between ondansetron and
abnormal pregnancy outcomes.

Main results: Twenty articles from 1,558 citations were included. Our
preliminary analysis showed that compared with the unexposed group, the
use of ondansetron during pregnancy may be associated with an increased
incidence of cardiac defects (OR = 1.06, 95% Cl: 1.01-1.10), neural tube defects
(OR =112, 95% CI: 1.05-1.18), and chest cleft (OR = 1.21, 95% CI: 1.07-1.37).
Further sensitivity analysis showed no significant association between
ondansetron and cardiac defects (OR = 1.15,95% Cl: 0.94-1.40) or neural
tube defects (OR = 0.87,95% Cl: 0.46-1.66). When controversial studies
were eliminated, the results for the chest defects disappeared.
Simultaneously, we found that the use of ondansetron was associated with a
reduced incidence of miscarriage (OR = 0.53, 95% Cl: 0.31-0.89). Ondansetron
was not associated with orofacial clefts (OR = 1.09,95% ClI: 0.95-1.25), spinal
limb defects (OR = 1.14,95% ClI: 0.89-1.46), urinary tract deformities (OR =
1.06,95% Cl: 0.97-1.15), any congenital malformations (OR = 1.03,95% CI:
0.98-1.09), stillbirth (OR = 0.97,95% Cl: 0.83-1.15), preterm birth (OR =
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1.22,95% Cl: 0.80-1.85), neonatal asphyxia (OR = 1.05,95% Cl: 0.72-1.54), or
neonatal development (OR = 1.18,95% Cl: 0.96-1.44) in our primary analysis.

Conclusion: In our analysis, using ondansetron during pregnancy was not
associated with abnormal pregnancy outcomes. Although our study did not
find sufficient evidence of ondansetron and adverse pregnancy outcomes,
future studies including the exposure period and dose of ondansetron, as
well as controlling for disease status, may be useful to truly elucidate the
potential risks and benefits of ondansetron.
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ondansetron, pregnancy, abnormal pregnancy outcomes, defects, meta-analysis

Introduction

About 90% of pregnant women have symptoms of nausea
and/or vomiting (Fejzo et al.,, 2019). Hyperemesis gravidarum
(HG) is a severe pregnancy complication that affects about 1% of
pregnancies worldwide (Einarson et al., 2013). The psychological
and physical burden of pregnant women increases when
suffering from HG (Fiaschi et al, 2018). Most women who
experience serious nausea and vomiting in pregnancy (NVP)/
HG need to use one or more drugs to control their symptoms
(Lowe et al., 2020). According to clinical guidelines, ondansetron
is widely used as a second-line treatment option for severe NVP
(Shehmar et al., 2016; Taylor et al., 2017; Erick et al., 2018; Fiaschi
et al.,, 2019).

Currently, ondansetron is increasingly used to treat NVP and
HG worldwide. Between 2001 and 2014, the utilization rate of
ondansetron increased from less than 1% to 13-25%, resulting in
about 500,000 to 1 million women exposed to ondansetron in
4 million pregnancies in the US (Koren, 2014; Taylor et al., 2017;
Parker et al., 2018). In Australia and New Zealand, physicians are
25% and 75% likely to use ondansetron when treating NVP and
HG, respectively (Raymond, 2013). In Norway, 0.3% of pregnant
women take ondansetron prescriptions, of which 76.9% are
initially used in the first 3 months of pregnancy (van Gelder
and Nordeng, 2021). In France, ondansetron prescriptions
involved only 53 women (0.1%) between 2004 and 2017 in
Haute-Garonne, contrary to other countries, like the US
(Hurault-Delarue et al., 2021),

In November 2019, the European Medicines Agency (EMA)
(PRAC)

report

Pharmacovigilance Risk Assessment Committee

released an updated comprehensive assessment
recommending that ondansetron should not be prescribed in
the first 3 months of pregnancy (Aurobindo Pharma - Milpharm
Ltd, 2022). A review about ondansetron in pregnancy revisited
does not approve the epilogue of the EMA/PRAC assessment
report and this part of the Summary of Product Characteristics
(SmPC), and the regulators should consider eliminating this part
from the SmPC (Damkier et al.,, 2021). Indeed, the safety of
ondansetron has not concluded a decision now. Most studies

have not detected that taking ondansetron in the early stages of
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pregnancy can lead to abnormal pregnancy outcomes in women
(Lavecchia et al., 2018; Kaplan et al, 2019), but others have
observed an increasing risk of hypoplastic left heart,
diaphragmatic hernia, and respiratory system anomalies
(Carstairs, 2016; Picot et al,, 2020). The most recent meta-
analysis was published in 2020, and its search ended in
2019; this
included in the five recently published studies (Huybrechts
et al., 2020; Lemon et al., 2020; Dormuth et al., 2021; Sakran
et al., 2021; Suarez et al., 2021). Three of these five studies were
large-scale studies, which included 456, 963/33, 677/1, 880, and
594 pregnant women exposed to ondansetron. Three of the five

November therefore, meta-analysis was not

studies focused on not only the risk of malformations but also
other abnormal pregnancy outcomes (Dormuth et al., 2021;
Sakran et al., 2021; Suarez et al., 2021).

Therefore, this systematic review and meta-analysis aimed to
explore the association between ondansetron exposure during
pregnancy and abnormal pregnancy outcomes.

Materials and methods
Search strategy

PubMed, Cochrane Library, CINAHL, Embase, CNKI, CBM,
WANFANG, and ClinicalTrials.gov were searched for citations
published in any language from inception to 15 December 2021,
including topics of ondansetron and pregnancy (for a complete
retrieval strategy, Supplementary Table S1). In addition, we
searched the references included in the research and related
systematic reviews. There were no requirements for language or
publishing forms.

Eligibility criteria and study selection

Studies that met the following criteria were considered
qualified: 1) population were pregnant women; 2) included
the ondansetron group; 3) included healthy or disease-
matched controls

(gestational nausea and vomiting or
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gestational hyperemesis); 4) outcomes included the risk of
abnormal pregnancy (such as stillbirth, preterm birth, and
congenital malformations); and 5) included studies were
observational studies (such as prospective cohort, nested case-
control, case-control, or case-cohort designs). If an overlap was
detected between the two studies, we tended to select studies with
high methodological quality. Animal studies, editorials, and
reviews were excluded. An inspector screened the titles and
abstracts of all the retrieved studies. Studies that met the
criteria were independently reviewed by another reviewer, and
inconsistencies were resolved through discussion; if necessary,
senior authors were consulted to reach a consensus.

Data extraction

Two authors (XC and MYS) separately extracted information
from the selected studies including the country, study design,
participant characteristics, exposure factors, result evaluation,
and statistical analysis (including adjustment for confounding
factors), and the differences were discussed and resolved. We
chose risk estimates with the most complete adjustment for
confounding factors and their 95% confidence intervals. The
authors were contacted for additional data, when necessary.

Risk of bias of an individual study

Based on the selection and comparability of groups and the
method of determining exposure or results, two reviewers (XC
and MYS) independently assessed the risk of bias in the cohort
and case-control studies using a revised version of the
Newcastle-Ottawa scale (Wells et al., 2001; Stang, 2010). We
judged methodological quality based on the total score:
<5 considered low, 6-7 considered moderate, and 8-9 deemed
high quality (Chaudhry et al., 2022). The reviewers were not
blind to the author’s name, organization, achievements, or
journals of the publication. Any differences were resolved by
another author (QYY).

Data synthesis and statistical analysis

Odds ratio (OR) and 95% confidence interval (CI) were used
to determine the correlation between ondansetron and abnormal
pregnancy outcomes, although hazard ratios (HRs) and relative
risks (RRs) were used in the included studies. We used the inverse
variance weighting method of random effect to calculate OR and
95% CI together (Ge et al., 2019). To confirm the specific type of
outcomes, we classified the abnormal pregnancy outcomes. We
used Cochrane’s Q test and I* value to test the statistical
heterogeneity in the study (Higgins et al., 2003). Begg’s rank
correlation test was used to evaluate publication bias at a
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significant level of p < 0.05 when there were at least
10 studies (Begg and Mazumdar, 1994). We also conducted a
sensitivity analysis through studies that excluded a controversial
or high risk of bias. All analyses were performed using Review
5.4.1 (Cochrane Cooperative
Denmark) and Stata V.16.1 software (Stata Corp, College
Station, Texas, United States).

Manager in Copenhagen,

Results
Study selection and characteristics

Literature screening and inclusion process were carried out
according to PRISMA (Moher et al.,, 2009). Figure 1 shows the
PRISMA flowchart. Our search searched 1558 records of which
39 were judged as possible studies based on the titles and
abstracts (reasons and lists of references excluded from full-
text filtering are presented in Supplementary Table S2) and
20 studies were eligible (Einarson et al, 2004; Asker et al.,
2005; Anderka et al., 2012; Ferreira et al., 2012; Colvin et al.,
2013; Pasternak et al., 2013; Danielsson et al., 2014; Werler et al.,
2014; Ozdemirci et al., 2014; Fejzo et al., 2016; Lemon et al., 2016;
Parker et al., 2018; Bérard et al., 2019; Zambelli-Weiner et al.,
2019; Couse and Syed, 2020; Huybrechts et al., 2020; Lemon et al.,
2020; Dormuth et al., 2021; Sakran et al., 2021; Suarez et al.,
2021). There were 11 cohort studies (Einarson et al., 2004; Asker
et al., 2005; Colvin et al., 2013; Pasternak et al., 2013; Ozdemirci
etal., 2014; Fejzo et al., 2016; Bérard et al., 2019; Huybrechts et al.,
2020; Lemon et al., 2020; Dormuth et al., 2021; Suarez et al.,
2021), five case-control studies (Anderka et al., 2012; Danielsson
et al.,, 2014; Werler et al., 2014; Parker et al., 2018; Zambelli-
Weiner et al., 2019), two case reports (Lemon et al., 2016; Couse
and Syed, 2020), and one study (Ferreira et al., 2012).

Eleven of the included studies originated from the
United States, three from Canada, two from Sweden, and
others apart from Turkey, Australia, Canada, Denmark, and
Israel. The included studies contained a variety of controls,
including chlorpromazine, unexposed, other anti-emetics,
metoclopramide, non-teratogenic exposure (NTE), meclizine,
and other prescription antiemetics (RxAE). Colvin et al,
Berard et al, Asker et al, Dormuth et al, Lemon et al,
Huybrechts et al., Suarez et al., Pasternak et al., Werler et al,,
Weiner et al. had one control group, unexposed, for comparison.
OZDEMIRCI et al. had one control group, chlorpromazine, for
comparison. Fejzo et al. and Einarson et al. used two control
groups for comparison, a disease matching group and an
unexposed group. Parker et al. and Anderka et al. used two
control groups for comparison, RXAE and unexposed. Sakran
et al. observed the risk of defects in the ondansetron exposure
group and the metoclopramide exposure group in the same
cohort. Danielsson et al. detected the risk of the ondansetron
exposure group and the meclizine exposure pregnancies. There
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Records identified through database searching (n=1558)
PubMed(422) Embase( 555) The Cochrance Library(285)
CNKI( 90) CBM(86) VIP (14)WANFANG DATA(106)

Additional records identified
through other sources (n=0)
Grey literature(n=0)

References(n=2)

Records after duplicates removed(n=681)

Records excluded on basis of title or abstract
(n=926)

Full text articles assessed for eligibility (n=39)

A4

Excluded
articles(n=19)

Wrong exposure (n=2)
Wrong outcome(n=2)
Wrong design(n=12)
Old research(n=3)

Articles included in qualitative syntheses (n=20)

}

Articles included in quantitative syntheses (n=17)

FIGURE 1
PRISMA flow diagram

were also two case report studies and one case series study.
Table 1
Supplementary Table S3 lists the adjustment variables of the

presents the characteristics of the 20 studies.

included studies.

Methodological quality of an
individual study

Only two of the eligible studies were categorized as high
methodological quality, most (13/16) of the eligible studies were
categorized as moderate methodological quality, and only one
(5%) low-quality study was received by Einarson et al. (Einarson
et al., 2004). Three cohort studies (Einarson et al., 2004; Colvin
et al, 2013; Fejzo et al,, 2016) and four case-control studies
(Werler et al., 2014; Parker et al., 2018; Zambelli-Weiner et al.,
2019) had a high risk of bias in assessing exposure since they did
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not mention any information or reference about the effectiveness
of ondansetron measurements or only baseline measurements.
Ten cohort studies are at high risk of bias for comparability of
cohorts based on the design or analysis (Einarson et al., 2004;
Asker et al., 2005; Colvin et al., 2013; Pasternak et al., 2013;
Ozdemirci et al., 2014; Bérard et al., 2019; Huybrechts et al., 2020;
Lemon et al., 2020; Dormuth et al., 2021; Suarez et al., 2021), and
four case-control studies (Anderka et al., 2012; Danielsson et al.,
2014; Werler et al., 2014; Parker et al., 2018) had a high risk of
bias for study controls for any additional factor. Four (36.36%)
cohort studies (Einarson et al., 2004; Asker et al., 2005; Ozdemirci
etal, 2014; Fejzo et al., 2016) were at high risk of bias for outcome
assessment. One cohort study (Suarez et al., 2021) was at high
risk of bias for adequacy of follow-up of cohorts. Two case-report
studies and one case-series study did not assess the risk of bias.
Supplementary Figure S3 showed the risk of bias in the included
studies.
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TABLE 1 Study characteristics.

Study Study Country The name Study Exposure Exposition Sample Funding
design of the period of the period size
cohort comparator (exposed/
or data group unexposed)
source (disease or (case/
status) control)
Fejzo 2016 [33] Cohort study United States The Hyperemesis Education and Research 2007-2014 Women with or without ~ NR 1070/771 Yes
Foundation a history of HG*
OZDEMIRC Cohort study Turkey NR 2006-2011 Chlorpromazine NR 100/85 NR
2014 [34]
Colvin 2013 [35] Cohort study Australia NR 2002-2005 Non-ondansetron NR 251/96447 Yes
Berard 2019 [36] Cohort study Canada The Quebec Pregnancy Cohort 1998-2015 Unexposed The first trimester of ~ 31/224845 Yes
pregnancy
Asker 2005 [37] Cohort study Sweden The Swedish Medical Birth Registry 1995-2002 Unexposed First to third 29804/665572 Yes
trimester
Dormuth 2021 [22]  Cohort study Canada\USA\United Kingdom  Five Canadian provinces, the IBM Market Scan 2002-2016 Unexposed The first 84 days of  185086/3927936 Yes
Research Databases from the US, and gestation
United Kingdom CPRD
Lemon 2020 [23] Cohort study United States Magee-Womens Hospital of the University of 2006-2014 No ondansetron The first trimester 3733/29944 Yes
Pittsburgh Medical Center (UPMC)
Einarson 2004 [38] Cohort study Canada Teratogen Information Services (TIS) NR Other antiemetics/Non-  NR 176/176/176 Yes
teratogen
Huybrechts Cohort study United States The Nationwide Medicaid Analytic eXtract (MAX)  2000-2014 Unexposed NR 23877/1856717 Yes
2020 [24]
Suarez 2020 [25] Cohort study United States The University of North Carolina (UNC) Health ~ 2014-2017 Comparators NR 1742/935 Yes
Care system
Pasternak 2013 [39]  Cohort study Denmark The Medical Birth Registry and the National 2004-2011 Unexposed The first trimester 1849/7396 Yes
Patient Register in Denmark
Werler 2014 [40] Case-control United States NR 2007-2011 Controls NR 646/2037 No
study
Weiner 2019 [41] Case-control United States US administrative health care database, the Truven  2000-2014 Unexposed During The first trimester 76330/787753 Yes
study Health Market Scan Commercial Database Pregnancy
Sakran 2021 [21] Case-control Israeli The Israeli Teratology Information Service 2010-2014 Metoclopramide/NTE NR 195/888 NR
study
Danielsson Case-control Sweden The Swedish Medical Birth Register combined with ~ 1998-2012 Meclozine 10-12w 1349/1500085 NR
2014 [42] study the Swedish Register of Prescribed Drugs
Parker 2018 [43] Case-control United States The National Birth Defects Prevention Study/the ~ 2005-2011/ RxAE/No Treatment The first trimester 253/6498; 375/5498  Yes
study Slone Birth Defects Study” 1997-2014
Anderka 2013 [44] Case-control United States The National Birth Defects Prevention Study 1997-2004 RxAE The first trimester 621/4021 NR

study

(Continued on following page)
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= Although the methodological quality of the Weiner study was
"é high according to the NOS results, the European Network of
u?. 2 § Dzd Teratology Information Services (ENTIS) Scientific Committee’s
position was that the study was compromised to a certain extent
S methodologically and ethically and that the results could not be
o E § 9 = considered when evaluating the totality of evidence on
E-' o & %g 3&1 . ondansetron safety in pregnancy (Colvin et al, 2013).
S88E553 g £ = z Therefore, our study considered Weiner’s study to be a
§ controversial study, which was dealt with in sensitivity analysis.
g
o~ 5
-‘g‘g £ Birth defects
HE 5 2 %
z Cardiac defects
é In this analysis, five studies detected a total of 104,763 infants
- % exposed to ondansetron and 2687298 control infants reported
® ‘3 é cardiac defects (Parker et al., 2018; Zambelli-Weiner et al., 2019;
2 © § o % fg g Huybrechts et al., 2020; Lemon et al., 2020; Sakran et al., 2021).
’;}f g § 28 v o g The incidence of cardiac defects increased significantly after the
Hessm=e cor 7 : use of ondansetron during pregnancy (OR = 1.06,95% CI:
_ % 1.01-1.10) in our primary analysis (Figure 2). To confirm the
-2 S ;’ types of cardiac defects, we conducted subgroup analyses of
:‘é b v w2 b different types of cardiac defects. Further research showed a
@ = # =z 8 s significant increase in the rate of cardiovascular defects (OR =
% 1.62, 95% CI: 1.13-2.32), septum defects (OR = 2.05, 95% CI:
;§: 1.23-3.40), and other circulatory defects (OR = 1.11, 95% CI:
S 1.02-1.20) was detected following ondansetron use during
E pregnancy. Further sensitivity analysis showed no increase in
£ heart defects (OR = 1.15, 95% CI: 0.94-1.40, Supplementary
'; Figure S1). The included case-report studies reported the
*? outcomes of isolated atrial and ventricular septal defects.
é% £gy “ Orofacial clefts
23358 2z z 3 ¢ — .
° In this analysis, a total of 101,459 infants exposed to
% ondansetron and 2,660,487 control infants reported orofacial
,"g clefts in four studies (Anderka et al., 2012; Parker et al., 2018;
§ Zambelli-Weiner et al., 2019; Huybrechts et al, 2020). The
*‘S orofacial cleft rate did not increase significantly after the use
o g :“:2 % -E; of ondansetron during pregnancy (OR = 1.09, 95% CI: 0.95-1.25)
g ‘s‘ § g :Q é in our primary analysis (Figure 3). Sensitivity analysis by
8 B E E : excluding controversial studies showed the same result that no
8 2 risk of orofacial clefts was detected (OR = 1.05, 95% CIL:
_.C% . < . g 0.77-1.44, Supplementary Figure S2).
S 58 & & 3
s °° CEeoReE g Spinal limb defects
é = T g %
§ 2 = o g In this analysis, a total of 77,604 infants exposed to
= 8 3 8§ ) ondansetron and 801,247 control infants reported spinal limb
E g g é % 2 defects (Werler et al., 2014; Parker et al., 2018; Zambelli-Weiner
s 3 3 3 2 % et al., 2019). There was no obvious increase in the incidence of
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1.1.1 Ventricular septal defect
Lemon 2020

Parker! 2018

Parker2 2018

0641854 0264308 07%
-0.10536 0197242 1.1%
0.09531 0112712 31%
Zambelli-Weiner 2019 0 0035773 13.4%
Subtotal (95% CI) 18.3%
Heterogeneity: Tau®= 0.02; Chi*= 6.68, df= 3 (P = 0.08), F= 55%
Test for ovarall effect Z=080(P = 0.42)

1.1.2 Atrial septal defect
Parkert 2018
Parker2 2018

-0.10536 0197242 1.1%
-0.22314 0223334 0.9%
Zambelll-weiner 2019 0039221 0022197 17.3%
Subtotal (95% CI) 19.3%
Heterogeneity: Tau®= 0.00;, Chi*=1.88,df=2 (P=0.39),F=0%
Test for overall effect Z=1.53 (P =0.11)

1.1.3 Atrioventricular septal defect

Zambelli-Weiner 2019 0.215111 0108487 3.4%
Subtotal (95% CI) 3.4%
Heterogeneity: Not applicable

Test for ovarall effact Z=198 (P = 0.05)

1.1.4 Cardiac defects
Huybrechts 2020 -0.03046 0062789 76%
Zambelli-Weiner 2019 0.039221 0019633 18.0%
Subtotal (95% CI) 25.6%
Heterogeneity. Tau®= 0.00, Chi*=1.12,df=1 (P=0.29),F=11%
Test for overall effect: Z=1.26 (P = 0.21)

1.1.5 Cardiovascular defect
Danielsson 2014

Subtotal (95% CI)
Heterogeneity: Not applicable
Testfor overall effect: Z= 262 (P=0.009)

0.482426 0184078 1.3%
1.3%

1.1.6 Septal defects
Zambelli-Weiner 2019
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect Z= 2.00 (P = 0.05)

0039221 0.018633 18.0%

18.0%

1.1.7 Septum defect

Danielsson 2014 071784 0258645 0.7%
Subtotal (95% CI) 0.7%
Heterogenelty: Not applicable

Test for overall effect: Z= 278 (P = 0.006)

1.1.8 Hypoplastic Left Heart Syndrome

Zambelli-Weiner 2019 0.270027 0.164444 186%
Subtotal (95% CI) 1.6%
Heterogeneity: Not applicable

Test for overall effect. Z=1.64(P=0.10)

1.1.9 Other circulatory defects

Zambelli-Weiner 2019 010436 0041453 11.9%
Subtotal (95% CI) 11.9%
Heterogeneity: Not applicable

Testfor overall effect Z= 252 (P=0.01)

Total (95% CI) 100.0%

Odds Ratio
andom, 95% CI

Odds Ratio
IV, Random, 95% ClI

190[1.13,319)
090(061,1.32)
1.10[0.88,1.37]
1.00[0.93,1.07]
1.08 [0.90, 1.29]

090[0.61,1.32]
0.30[0.52,1.24]
1.04[1.00,1.09]
1.04 [0.99, 1.08]

1.24[1.00,1.53)
1.24[1.00, 1.53]

097(0.86,1.10]
1.04[1.00,1.08]
1.03 [0.98, 1.08]

1.62[1.13,2.32]
1.62[1.13,2.32)

1.04 [1.00, 1.08)
1.04 [1.00, 1.08]

205[1.23,3.40]
2.05[1.23, 3.40]

1.31[0.95, 1.81]
1.31[0.95, 1.81]

1.11[1.02,1.20]
1.11[1.02, 1.20]

1.06 [1.01, 1.10]

Heterogeneity: Tau®= 0.00; Chi*= 29.94, df= 14 (P=0.008), F= 53%

Test for overall effact: Z= 2.60 (P = 0.009)

Test for suboroup differences: Chir=18.54. df=8{(P=001.*=59.1%

FIGURE 2
Forest plot of cardiac defects.

spinal limb defects after administration of ondansetron during
pregnancy (OR = 1.14, 95% CI: 0.89-1.46) in our primary

analysis (Figure 4). Sensitivity analysis by excluding
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controversial studies showed the same result that no risk of
spinal limb defects was detected (OR = 1.34, 95% CI: 1.00-1.79,
Supplementary Figure S3).
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Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI

1.2.1 Cleft lip with or without cleft palate

Anderka 2013 -0.12783 0.423656 2.4% 0.881[0.38, 2.02)

Parker! 2018 0.09531 0160359 10.2% 1.10(0.80,1.51) —T—

Parker2 2018 -0.22314 0223334 6.7% 0.80[0.52,1.24] —

Zambelli-Weiner 2019 0067653 0126642 12.8% 1.07[0.83,1.37) ——

Subtotal (95% Cl) 321%  1.02[0.86, 1.22] -

Heterogeneity: Tau®= 0.00; Chi*= 1.67, df= 3 (P = 0.64); F= 0%

Testfor overall effect Z=0.24 (P=0.81)

1.2.2 Cleft palate

Anderka 2013 086289 03557989 3.3% 2.37[1.18,4.76) ——

Parker! 2018 0.470004 0188163 8.4% 1.60[1.11,2.31) —

Parker2 2018 -0.69315 0307136  4.2% 050[0.27,081) ———————

Zambelli-Weiner 2019 0.058269 0.102456 15.0% 1.06[0.87,1.30) ——

Subtotal (95% Cl) 309%  1.18[0.74, 1.88] e

Heterogeneity: Tau*=0.17; Chi*=15.18, df= 3 (P = 0.002); F= 80%

Test for averall effect Z=0.69 (P = 0.49)

1.2.3 Cleft lip

Zambell-Weiner 2019 0198851 0.123854 13.0% 1.22[0.96, 1.56) N =

Subtotal (95% Cl) 13.0% 1.22[0.96, 1.56] i

Heterogeneity. Not applicable

Test for overall effect: Z=1.61 (P=10.11)

1.2.4 Orofacial clefting

Zambelli-Weiner 2019 0113329 0085835 16.6% 1.12[0.95,1.33) 1=

Subtotal (95% Cl) 16.6%  1.12[0.95, 1.33] o

Heterogeneity: Mot applicable

Testfor overalleffect Z=1.32(P=0.19)

1.2.5 Oral Clefts

Huyhrechts 2020 -0.05129 0.20911 74% 095[0.63,1.43] Y

Subtotal (95% CI) 7.4% 0.95[0.63, 1.43] e~

Heterogeneity: Not applicable

Test for overall effect Z=0.25 (P = 0.81)

Total (95% Cl) 100.0%  1.09[0.95, 1.25] ?

;«etf;ogenenylzlT:u=t=zo.of;2csh;= 108.2903), df=10 (P = 0.04); F= 47% 0?5 0?7 1 1f5 2

estior overall effect £=1. =U.
Test for subaroun differences: Chi*=1.93. df=4 (P=0.74. F=0% WIS pRCREinn
FIGURE 3

Forest plot of orofacial clefts.

Neural tube defects

In this analysis, a total of 77,579 infants exposed to
ondansetron and 803,231 control infants reported neural tube
defects (Anderka et al., 2012; Parker et al.,, 2018; Zambelli-
Weiner et al.,, 2019). The rate of neural tube defects increased
significantly after using ondansetron during pregnancy (OR =
1.12, 95% CI: 1.05-1.18) in our primary analysis (Figure 5).
Sensitivity analysis by excluding controversial studies showed a
different result that no risk of neural tube defects was detected
(OR = 0.87, 95% CI: 0.46-1.66, Supplementary Figure S4).

Urinary tract deformities

In this analysis, 77,579 infants exposed to ondansetron and
803,231 control infants reported urinary tract deformities (Anderka
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et al.,, 2012; Parker et al,, 2018; Zambelli-Weiner et al., 2019). The
incidence of urinary tract deformities did not increase significantly
after ondansetron was used during pregnancy (OR = 1.06, 95% CI:
0.97-1.15) in our primary analysis (Figure 6). Sensitivity analysis by
excluding controversial studies showed the same result that no risk
of urinary tract deformities was detected (OR = 0.99, 95% CI:
0.77-1.26, Supplementary Figure S5).

Chest defects

One study detected a total number of 76,330 infants exposed to
ondansetron and 787,753 control infants reported chest defects in this
analysis (Zambelli-Weiner et al,, 2019). The incidence of chest defects
increased significantly after the use of ondansetron during pregnancy
(OR =1.21,95% CI: 1.07-1.37) in our primary analysis (Figure 7). It is
important to note that the results on chest defects were obtained from
Weiner’s study. If we ruled out controversial studies, then the
association between ondansetron and chest defects disappeared.
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0dds Ratio Odds Ratio
Study or Subgrou| log[Odds Ratio] SE Weight IV, Random. 95% CI IV. Random, 95% CI
1.3.1 Spina bifida
Parker1 2018 0.09531 0.280258 17.3% 1.10 [0.64,1.91] e
Parker2 2018 0.336472 0290672 16.2% 1.40[0.79, 2.47]
Subtotal (95% Cl) 33.5% 1.24[0.83, 1.83] ——
Heterogeneity: Tau®= 0.00; Chi*= 0.36, df=1 (P = 0.55); F= 0%
Testfor overall effect: Z=1.05 (P =0.29)
1.3.2 clubroot
Werler 2014 0385262 0222213 25.0% 1.47(0.95,2.27] —
Subtotal (95% Cl) 25.0%  1.47[0.95,2.27] e
Heterogeneity. Not applicable
Test for overall effect Z=1.73 (P = 0.08)
1.3.3 Limb reduction defects
Zambelli-Weiner 2019 -0.09431 015289 41.6% 0.91[0.67,1.23] ——
Subtotal (95% Cl) 416%  0.91[0.67, 1.23] R
Heterogeneity: Mot applicable
Test for overall effect: Z= 0.62 (P = 0.54)
Total (95% Cl) 100.0%  1.14[0.89, 1.46] ’
Heterogeneity: Tau*= 0.02; Chi*= 3.92, df= 3 (P = 0.27); F= 24% U=5 0=7 1 =5 2
Test for overall effect Z=1.00 (P = 0.32) ’ . .
d ondanse
Testfor subaroun differences: Chi*= 3.57. df= 2 (P= 0.17). F= 43.9% SRS SRl
FIGURE 4

Forest plot of spinal limb defects.

Odds Ratio Odds Ratio
Study or Subgrou log[Odds Ratio SE Weight IV, Random. 95% CI IV, Random, 95% CI
1.4.1 Anencephaly andcraniorachischisis
Parkert 2018 0.09531 0420576 05% 1.10[0.48, 2.51)
Subtotal (95% CI) 0.5% 1.10[0.48, 2.51]
Heterogeneity: Not applicable
Test for overall effect Z=0.23 (P=0.82)
1.4.2 Neural tube defects
Anderka 2013 -0.51083 053047 03% 0.60[0.21,1.70]
Subtotal (95% Cl) 03%  0.60[0.21, 1.70] e ——
Heterogeneity: Not applicable
Test for overall effect Z=0.96 (P = 0.34)
1.4.3 Craniosynostosis
Zambelli-Weiner 2019 0113329 0.029777 99.2% 1.12[1.06,1.19) !
Subtotal (95% CI) 99.2% 1.12[1.06, 1.19]
Heterogeneity: Not applicable
Test for overall effect Z=3.81 (P = 0.0001)
Total (95% CI) 100.0% 1.12[1.05, 1.18] ¢

Heterogeneity. Tau®= 0.00; Chi*= 1.38, df= 2 (P = 0.50), F= 0%
Test for overall effect Z= 3.75 (P = 0.0002)
Test for subaroup differences: Chi*=1.38. df=2 (P=0.50. F= 0%

FIGURE 5
Forest plot of neural tube defects.

Any congenital malformation

Six studies detected 212,443 infants exposed to ondansetron,
and 7,613,426
malformations in the analysis (Colvin et al., 2013; Pasternak

control infants reported any congenital
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et al., 2013; Danielsson et al., 2014; Bérard et al, 2019;
Huybrechts et al., 2020; Dormuth et al., 2021). Any congenital
malformation data were derived directly from the corresponding
classification in the included studies. No obvious increase in
congenital malformations was found after administration of
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Odds Ratio Odds Ratio
_Study or Subgroup ____log[Odds Ratio] ___ SE_Weight IV, Random, 95% Cl IV, Random, 95% CI
1.5.1 hypospadias
Anderka 2013 -0.56212 053047 0.7% 0.57[0.20,1.61) *
Parkert 2018 -0.22314 0.201137 47% 0.80[0.54,1.19] — 1
Parker2 2018 0 0233748 35% 1.00[0.63, 1.58) 1
Subtotal (95% Cl) 8.9% 0.85 [0.64, 1.13] B
Heterogeneity. Tau*= 000, Chi*=1.14,df=2(P=057),F=0%
Testfor overall effect Z=110(P=0.27)
1.5.2 Renal collecting system anomalies
Parker2 2018 0182322 0.146777 86% 1.20 [0.90, 1.60] T
Zambelli-Weiner 2019 0067659 0037862 825% 1.07[0.89,1.15) E
Subtotal (95% CI) 91.1% 1.08[1.00, 1.16]
Heterogeneity: Tau®*= 0.00; Chi*= 0.57, df=1 (P = 0.45); F= 0%
Test for overall effect Z= 2.04 (P = 0.04)
Total (95% CI) 100.0% 1.06 [0.97, 1.15] P
Heterogeneity: Tau®= 0.00; Chi*= 4.16, df= 4 (P = 0.39); F= 4% 015 0*7 ; 1=5 2
Test for overall effect Z=1.30(P=0.19) drw-:-prs-‘:d ondaﬁsetron
Test for subaroup differences: Chi*=2.44. df=1 (P=012.F=591%
FIGURE 6

Forest plot of urinary tract deformities.

ondansetron during pregnancy (OR = 1.03, 95% CI: 0.98-1.09) in
our primary analysis (Figure 8). This outcome did not include
any studies that required exclusion.

Other defects (negative control)

One study detected 76,330 ondansetron-exposed and
787,753 control infants reported other defects (negative
control) (Zambelli-Weiner et al, 2019). The rate of other
defects (negative control) did not increase significantly after
ondansetron was used during pregnancy (OR = 1.02, 95% CI:
1.00-1.04).

Adverse Fetal outcomes
Miscarriage

Four studies detected 188,200 ondansetron-exposed, and
3,936,991 control infants reported miscarriage (Pasternak et al.,
2013; Fejzo et al., 2016; Dormuth et al., 2021; Sakran et al,,
2021). Use of ondansetron during pregnancy can significantly
reduce the rate of miscarriage (OR = 0.53, 95% CI: 0.31-0.89) in
our primary analysis (Figure 9). This outcome did not include
any studies that needed to be excluded in sensitivity analysis.

Stillbirth

Five studies detected 189,998 ondansetron-exposed, and
4,033,485 control infants reported stillbirth.?>*>***>%° There
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was no significant change in stillbirth rate after administration
of ondansetron during pregnancy (OR = 0.97, 95% CI: 0.83-1.15)
in our primary analysis (Figure 10). This outcome did not include
any studies that needed to be excluded in sensitivity analysis.

Preterm birth

Three studies detected 4,661 ondansetron-exposed and
9,102 control infants reported preterm birth (Pasternak et al.,
2013; Fejzo et al., 2016; Suarez et al., 2021). No change in the
incidence of preterm birth was found after administration of
ondansetron in pregnancy (OR = 1.22, 95% CI: 0.80-1.85) in our
primary analysis (Figure 11). Sensitivity analysis was not required
for this part.

Neonatal asphyxia

One study detected 251 and

96,447 control infants reported neonatal asphyxia (Colvin

ondansetron-exposed,

et al., 2013). There was no obvious change in the incidence of
neonatal asphyxia after administration of ondansetron in
pregnancy (OR = 1.05, 95% CI: 0.72-1.54). (Figure 12).

Neonatal development

Three studies detected 3,842 ondansetron-exposed, and
104,778 control infants reported neonatal development
(Colvin et al., 2013; Pasternak et al., 2013; Suarez et al., 2021).
The indicators of abnormal neonatal development included low
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1.40[1.05, 1.87]

1.18[1.09,1.27)
1.18[1.09, 1.27]

1.21[1.07,1.37]

Cao et al.
Study or Subgrou log[Odds Ratio
1.6.1 Diaphragmatic hernia
Zambelli-Weiner 2019 0336472 0147232 155%
Subtotal (95% CI) 15.5%
Heterogeneity: Not applicable
Test for overall effect Z=2.29 (P =0.02)
1.6.6 Laryngeal cleft
Zambelli-Weiner 2019 0165514 003899 B845%
Subtotal (95% CI) 84.5%
Heterogeneity: Not applicable
Test for overall effect Z= 4.25 (P < 0.0001)
Total (95% Cl) 100.0%
Heterogeneity: Tau®*= 0.00; Chi*=1.26,df=1 (P=0.26), F= 21%
Test for overall effect Z=3.10 (P =0.002)
Test for subaroun differences: Chi*=1.26. df=1 (P=0.26). F= 20.6%

FIGURE 7

Forest plot of chest defects.
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1.7.1 Any congenital malformation
Colvin 2013 0262364 0.246194 1.1%
Danielsson 2014 -0.05129 0142759 3.4%

Huybrechts 2020 0.018803 0.030047 75.7%
Subtotal (95% Cl) 80.1%
Heterogeneity: Tau®*= 0.00; Chi*=1.22, df=2 (P=054), F= 0%
Test for overall effect: Z= 0.69 (P = 0.49)

1.7.2 Major congenital malformations

Berard 2019 0.058268 0074786 12.2%
Colvin 2013 0.09531 0307136 0.7%
Dormuth 2021 010436 0162242 26%
Pasternak 2013 0113329 0247424 11%
Subtotal (95% CI) 16.6%

Heterogeneity: Tau®= 0.00; Chi*=0.11, df=3 (P=0.99); F= 0%
Test for overall effect: Z=1.10 (P=0.27)

Odds Ratio
Random, 95% CI

Odds Ratio
IV, Random, 95% CI

1.30[0.80,2.11]
0.95([0.72,1.26)
1.02[0.96, 1.08)
1.02[0.96, 1.08]

1.06[0.92,1.23]
1.10[0.60, 2.01)
1.11[0.81,1.53)
1.12[0.69,1.82]
1.07 [0.95, 1.22]

1.7.3 Any major congenital malformations, first trimester exposure

Colvin 2013 0182322 033145 06%
Subtotal (95% Cl) 0.6%
Heterogeneity. Not applicable

Test for overall effect: Z=0.55 (P = 0.58)

1.7.4 Relatively severe malformation

Danielsson 2014 010436 0162242 26%
Subtotal (95% Cl) 2.6%
Heterogeneity. Not applicahle

Test for overall effect: Z= 0.64 (P = 0.52)

Total (95% CI) 100.0%

Heterogeneity: Tau®= 0.00; Chi*= 2.26, df=8 (P=0.97), F= 0%
Test for overall effect. Z=1.22 (P=022)

1.20[0.63, 2.30)
1.20 [0.63, 2.30]

1.11[0.81,1.53]
1.11[0.81, 1.53]

1.03[0.98, 1.09]

Test for subaroup differences: Chi*=0.93.df=3 (P =082.F=0%

FIGURE 8
Forest plot of any congenital malformations.
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Odds Ratio
IV, Random, 95% CI

Cao et al.
0Odds Ratio
Study or Subgroup __log[Odds Ratio] SE_Weight IV, Random, 95% Cl
2.1.1 1 - 12w terminations
Fejzo1 2016 -1.7148 0238344 84% 0.18[0.11,0.29)
Fejzo2 2016 -0.01005 026389 83% 0.98 [0.59, 1.66)
Subtotal (95% Cl) 16.7% 0.42[0.08, 2.24]
Heterogeneity: Tau*= 1.39; Chi*= 22.98, df=1 (P < 0.00001); F= 96%
Testfor overall effect: Z=1.02 (P = 0.31)
2.1.2 1 - 12w terminations (HG)
Fejzo1 2016 -1.30833 0.236731 8.4% 0.27[017,043)
Subtotal (95% CI) 8.4% 0.27 [0.17, 0.43]
Heterogeneity: Not applicable
Test for overall effect Z=5.53 (P < 0.00001)
2.1.3 1 - 12w miscarriages
Fejzo1 2016 -2.40795 0197242 8.6% 0.08[0.06,0.13]
Fejzo2 2016 -1.23787 018927 86% 0.28[0.20,0.42]
Subtotal (95% Cl) 17.2% 0.16 [0.05, 0.51]
Heterogeneity: Tau®= 0.65; Chi*=18.32, df=1 (P < 0.0001), F= 95%
Testfor overall effect Z=3.11 (P=0.002)
2.1.4 13 - 20w terminations
Fejzo1 2016 0262364 0629506 6.0% 1.30[0.38, 4.46]
Fejzo2 2016 0.494696 055333 6.5% 1.64 [0.55, 4.85]
Subtotal (95% Cl) 12.6% 1.48 [0.66, 3.35]
Heterogeneity: Tau®= 0.00; Chi*=0.08, df=1 (P=0.78); F= 0%
Testfor overall effect: Z=0.95 (P = 0.34)
2.1.5 13 - 20w terminations (HG)
Fejzo1 2016 0.65752 0678533 57% 1.93(0.51,7.30]
Subtotal (95% Cl) 5.7% 1.93[0.51,7.30]
Heterogeneity: Not applicable
Testfor overall effect Z=0.97 (P=0.33)
2.1.6 13 - 20w miscarriages
Fejzo1 2016 0.215111 0 Not estimable
Fejzo2 2016 0470004 0322566 8.0% 1.60 [0.85, 3.01]
Subtotal (95% CI) 8.0% 1.60 [0.85, 3.01]
Heterogeneity: Not applicable
Testfor overall effect Z=1.46 (P=0.15)
2.1.7 13-22w spontaneous abortion
Pasternak 2013 -0.51083 0.364412 7.7% 0.60[0.29,1.23]
Subtotal (95% CI) 7.7% 0.60 [0.29, 1.23]
Heterogeneity. Not applicable
Testfor overall effect Z=1.40 (P=0.16)
2.1.8 7-12w spontaneous Abortion
Pasternak 2013 -0.71335 0.309955 8.1% 0.48[0.27, 0.90]
Subtotal (95% CI) 8.1% 0.49 [0.27, 0.90]
Heterogeneity: Not applicable
Testfor overall effect Z=2.30 (P = 0.02)
2.1.9 Miscarriage
Sakran 2021 -1.23787 053047 6.7% 0.29[0.10,0.82)
Subtotal (95% CI) 6.7% 0.29 [0.10, 0.82]
Heterogeneity: Not applicable
Testfor overall effect Z= 2.33 (P = 0.02)
2.1.10 Spontaneous abortion
Dormuth 2021 -0.19845 0123854 88% 0.82[0.64,1.05)
Subtotal (95% CI) 8.8% 0.82 [0.64, 1.05]
Heterogeneity: Not applicable
Testfor overall effect Z=160(P=0.11)
Total (95% CI) 100.0% 0.53[0.31,0.89]
Heterogeneity. Tau®= 0.81; Chi*= 153.46, df= 12 (P < 0.00001), *= 92%
Testfor overall effect. Z= 238 (P=0.02)
Testfor subaroun differences: Chi*= 40,56, df= 9 (P < 0.00001). F=77.8%
FIGURE 9

Forest plot of miscarriage.
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Study or Subgroup __log[Odds Ratio] SE_Weight V. Random, 95% CI IV. Random, 95% CI
2.2.1 Fetal death
Dormuth 2021 -0.09431 0154972 291% 0.81[0.67,1.23]
Subtotal (95% CI) 29.1% 0.91[0.67, 1.23]
Heterogeneity: Not applicable
Test for overall effect Z=0.61 (P = 0.54)
2.2.2 21 - 36w stillbirth
Fejzo1 2016 0231112 0.743466 1.3% 1.26(0.29,5.41) -
Fejzo2 2016 0239017 0.5385758 20% 1.27 [0.40, 4.08] - =
Subtotal (95% CI) 3.2% 1.27 [0.51, 3.15] et~
Heterogeneity. Tau®= 0.00; Chi*=0.00, df=1 (P=0.99), F=0%
Test for overall effect: Z=0.51 (P = 0.61)
2.2.3 37 - 40+w stillbirth
Fejzo1 2016 0364643 1.812132 0.2% 1.44[0.04,50.22) >
Fejzo2 2016 -0.03046 1.189352 05% 0.87 [0.09, 9.98)
Subtotal (95% CI) 0.7% 1.09 [0.16, 7.67] e ——
Heterogeneity: Tau®= 0.00; Ch*= 0.03, df=1 (P=0.86), F=0%
Test for overall effect Z=0.09 (P=0.93)
2.2.4 Stillbirth
Colvin 2013 0587787 0565197 22% 1.80[0.59, 5.45] ]
Dormuth 2021 -0.03046 0.106644 61.4% 0.87[0.79,1.20) =
Pasternak 2013 -0.8675 0.727221 1.3% 0.42[0.10,1.75] —
Suarez 2020 0470004 0580807 21% 1.60(0.51, 4.99) ]
Subtotal (95% CI) 67.0% 1.01[0.75, 1.35] <
Heterogeneity: Tau®= 0.02, Chi*=3.23,df=3 (P=0.36), F= 7%
Test for overall effect: Z=0.05 (P = 0.96)
Total (95% Cl) 100.0% 0.97 [0.83, 1.15] ?
Heterogeneity. Tau?= 0.00; Chi*= 3.81, df=8 (P=0.87); F= 0% 0 55 0=2 4 5 250
Testfor overall effect Z=032 (P =0.75) ’ uhexposed ondansetron
Test for subaroup differences: Chi*=0.58. df=3 (P=0.90). F=0%
FIGURE 10

Forest plot of stillbirth.

birth weight, small gestational age, and low birth length. After the
use of ondansetron during pregnancy, there was no change in the
risk of abnormal neonatal development (OR = 1.18, 95% CI:
0.96-1.44) in our primary analysis (Figure 13).

The included case-report studies reported the outcomes included
pharmacokinetic changes, intrauterine growth retardation, transient
tachypnea, a mild hydrocele, and extrarenal pelvis.

Discussion

Our findings enrich the previous meta-analysis to observe
whether or not there is an association between ondansetron use
and risk of abnormal pregnancy outcomes, which has not been
fully addressed previously. This study of 20 observational studies
showed that ondansetron users were at a statistically higher risk
of cardiac defects, neural tube defects, and chest defects than
unexposed individuals, while the risk of miscarriage was
statistically lower. Based on Damkier’s comment, we excluded
Weiner’s study (Damkier et al., 2021). As a result, we did not
observe a correlation between the use of ondansetron and any
abnormal pregnancy outcomes.
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Previously published systematic reviews have focused on the
association between ondansetron use and the occurrence of
congenital malformations, and there are inconsistencies in
their conclusions (Carstairs, 2016; Lavecchia et al., 2018;
Kaplan et al,, 2019; Picot et al., 2020). Kaplan et al. (2019)
showed that there was no exact incidence of cardiac defects,
clefts,
genitourinary malformations. Picot et al. (2020) found that

orofacial major malformations, hypospadias, or
exposure to ondansetron in early pregnancy was associated
with an increased incidence of the ventricular septal defect
(OR 1.11, 95% CI 1.00-1.23) and oral clefts (OR 1.22, 95% CI
1.00-1.49). Lavecchia et al. (2018) found that the increase in the
incidence of specific defects, such as cardiovascular defects and
cleft palate, was contradictory. Carstairs’s analysis found that the
incidence of birth defects related to ondansetron exposure
appeared to be low and that the incidence of heart
abnormalities in newborns exposed to ondansetron might
increase Carstairs (2016). In previous studies on the use of
ondansetron during pregnancy, a very major issue was the
resulting risk of heart defects, cleft palate, and other
malformations. Our meta-analysis of observational studies

detected that those who took ondansetron during pregnancy
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did not have an increased risk of overall heart defect or cleft
palate when compared with the control group.

The prescription of unlabeled ondansetron has increased
sharply in pregnant women (Colvin et al., 2013). Hyperemesis
gravidarum that does not respond to other treatments may be
treated with ondansetron.

Strengths and limitations

Our review included a relatively large number of studies (20)
and a large number of participants from nine countries
(9,445,268). This study included cohort and case-control
studies, also taking into account case reports. Simultaneously,
we used the adjusted effect value, and the result was closer to the
real effect. Most of the results included in the studies were
adjusted; therefore, there was less likelihood that confounding
factors would affect the credibility of the results.

Our study had some limitations. For some outcomes, the
small number of participants included in the study may have
made the findings unreliable. At the same time, our systematic
review did not process OR/RR/HR conversion; therefore, the
aggregate values may be biased. However, most studies had
unclear or wide-ranging exposure periods and doses;
therefore, it was not possible to judge whether ondansetron
the

development and the teratogenic dose. Moreover, most studies

was used in exposure group during fetal organ

did not control for disease status (NVP). Ondansetron is
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generally prescribed for severe NVP (HG), which may be a
confounding factor because it is associated with poor
maternal, fetal, and child outcomes (Fejzo et al., 2019).

Conclusions and implications for
future research

In conclusion, we found that there was no sufficient evidence to
construct the association between ondansetron and adverse pregnancy
outcomes. Our findings did not support the conclusions of the EMA/
PRAC that recommended against the use of ondansetron in early
pregnancy. Future studies should focus on the exposure period and
dose of ondansetron, as well as controlling for disease status to truly
elucidate the potential risks and benefits of ondansetron.
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