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Aims: The objective of this study was to describe ondansetron drug utilization pat-
terns during pregnancy to treat nausea and vomiting in pregnancy (NVP). Moreover,
we aimed to describe the maternal factors associated with NVP and antiemetic use.
Methods: The data consist of pregnancies with a live birth(s) within an IMRD-UK reg-
istered GP practice. Descriptive statistics were used to investigate patterns of
ondansetron use in pregnancy and to describe maternal characteristics associated
with NVP and antiemetic drug utilization. We differentiate first- from second-line
use during pregnancy using antiemetic prescription pathways.

Results: The dataset included 733 633 recorded complete pregnancies from 2005 to
2019. NVP diagnosis and ondansetron prescription prevalence increased from 2.7%
and 0.1% in 2005 to 4.8% and 2.5% in 2019 respectively. Over the period 2015-
2019, the most common oral daily dosages were 4 mg/d (8.5%), 8 mg/d (37.1%),
12 mg/d (37.5%) and between 16 and 24 mg/d (16.9%). Prescription of ondansetron
was initiated during the first trimester of pregnancy in 40% of the cases and was
moderately used as a first-line therapy (2.8%), but preferred choice of second-line
therapy. Women with mental health disorders, asthma and/or prescribed folic acid
were more likely to experience NVP and use antiemetics in pregnancy than their
counterparts.

Conclusion: This study confirms that ondansetron is increasingly used off-label to
treat NVP during pregnancy, also in the first trimester and before other prescription
antiemetics have been prescribed. Several maternal comorbidities and folic acid use
were more common among women experiencing NVP and using antiemetics, includ-

ing ondansetron.
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1 | INTRODUCTION

Nausea and vomiting affects up to 80% of pregnant women worldwide
and is the most common medical condition in pregnancy.! The symp-
toms of nausea and vomiting of pregnancy (NVP) vary in severity rang-
ing from mild to a life-threatening condition. Hyperemesis gravidarum
(HG) is among the latter, affecting 1% of the pregnant population? and
is characterized by persistent nausea and vomiting, dehydration, elec-
trolyte and nutritional imbalances, and excessive weight loss. HG is the
most common reason for hospitalization during the first part of preg-
nancy® and is associated with an increased risk of preterm birth.*

NVP usually manifests between 4 and 7 weeks of pregnancy, with
the peak severity of hyperemesis occurring at around 11 weeks with
90% of NVP cases resolved by 20 weeks' pregnancy. Treatment of
NVP is recommended when it impacts on daily life and functioning
and if there is an increased risk of developing HG. The majority of
clinical treatment guidelines recommend lifestyle and dietary changes
as first-line management>® and if symptoms are severe or persist,
pharmacological therapy is recommended, but universal national
guidelines for treatment of NVP are lacking.”

Ondansetron is a selective 5-HT3-receptor antagonist and is cur-
rently licensed in the EU for the management of nausea and vomiting
associated with cytotoxic chemotherapy and radiation (adults and
children aged >6 mo) and for the prevention or treatment of postop-
erative nausea and vomiting (adults and children aged >1 mo).” Over
recent years, it is increasingly used off-label in European countries as
a treatment for severe NVP and to prevent progression to HG.2

In the UK, the Royal College of Obstetricians and Gynaecologists
(RCOG) guidance, last updated June 2016, recommend ondansetron
as a second-line treatment for NVP.? This RCOG NVP guidance rec-
ommends that the use of ondansetron should be limited to patients
who are not adequately managed with alternative treatments and
preferably used after the first trimester of pregnancy. The main rec-
ommendations do not concentrate on the absolute timing of exposure
but rather on the prioritization of alternative treatments. The execu-
tive summary of recommendations includes a statement saying that
there is evidence that ondansetron is safe and effective, but because
data are limited it should be used as second-line therapy.

In the UK, the proportion of pregnancies with an ondansetron
prescription during pregnancy rose from 0.25% in 2013 to approxi-
mately 1% in 2017.%° In the USA, ondansetron is 1 of the 8 drugs cur-
rently recommended by the 2018 clinical guidelines from the American
College of Gynecology for the treatment of NVP.1! In 2014, it was the
most common treatment for NVP in the US (25% of all pregnancies).12
Most clinical guidelines recommend reserving use of ondansetron for
severe NVP, if other treatments have failed to provide sufficient NVP
symptom relief and delaying use until after 10 weeks' gestation.*®

Studies have questioned the safety of ondansetron use in the first
trimester of pregnancy.'*1® Two large studies from the USA”* have
been published with conflicting results related to the risks of in utero
exposure to ondansetron and various birth defects. Zambelli-Weiner
and colleagues examined 864 083 mother-baby pairs of whom 73 471
(8.5%) had prescriptions for ondansetron during the first trimester. First

What is already known about this subject

e In the UK, The Royal College of Obstetricians and Gyn-
aecologists guidance recommends use of ondansetron as
a second-line medication for nausea and vomiting in
pregnancy (NVP).

o Published research has suggested that ondansetron may
be associated with a small increased risk of birth defects,
including oral clefts.

o Prior studies report prevalence of antiemetic use in preg-
nancy at between 5.5 and 12.9% in other European coun-
tries, with prevalence of ondansetron exceeding 25% in
the USA.

What this study adds

e Rates of severe NVP in the UK increased from 2.7% in
2005 to 4.8% in 2019.

e Rates of ondansetron prescriptions in pregnancy
increased in the UK from 0.01% in 2005 to 2.5% in 2019.

e 40.0% of ondansetron exposure was initiated in the first
trimester of pregnancy between 2015 and 2019.

e Ondansetron was the preferred second line on prescrip-
tion treatment for NVP in the UK between 2015 and
2019 with only limited use as first-line on prescription
treatment (2.8%).

e Maternal factors associated with NVP and antiemetic use
were prescribed folic acid, asthma and mental health
disorders.

trimester exposure to ondansetron was associated with an increased
risk of cardiac defects (adjusted odds ratio [OR]: 1.52, 95% confidence
interval [Cl]: 1.35-1.70) and with a nonsignificant tendency to orofacial
cleft defects (OR: 1.32, 95% Cl 0.76-2.28). Huybrechts and colleagues
examined 1816414 pregnancies of which 88 467 (4.9%) were
exposed in the first trimester. They found an increased risk of oral clefts
(adjusted relative risk [RR] 1.24, 95% Cl 1.03-1.48; 3 additional cases
per 10 000 women treated with ondansetron in the first trimester) but
not cardiac defects (RR: 0.99, 95% Cl 0.93-1.06).

After reviewing the available literature, the Pharmacovigilance
Risk Assessment Committee (PRAC) at the European Medicines
Agency (EMA) recommended in July 2019 that the Marketing Autho-
risation Holders of ondansetron-containing medicinal products should
update the summary of product characteristics indicating that
ondansetron should not be used during the first trimester of preg-
nancy due to a potential small increased risk of oral clefts and con-
flicting findings on cardiac defects.'?

Given the debate and increasing ondansetron use, the aim of this

study was to characterize the utilization patterns of antiemetics in
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general, and ondansetron in specific for the treatment of NVP in a UK
general practice data base. This included differentiating first-line use
of ondansetron from second-line use using antiemetic prescription
pathways. In addition, we aimed to describe characteristics of women
who were more likely to experience NVP and require antiemetic treat-
ment. The overall aim of the study is to contribute to the debate
regarding pharmacological management of NVP. As clinical treatment
guidelines for NVP exist in countries other than the UK, the results
may stimulate future studies in the wider European population as well

as the establishment of international NVP guidelines.

2 | METHODS

21 | Datasources

Our study was based on data from General Practitioners (GPs) across
the UK recorded in the IQVIA Medical Research Data (IMRD)-UK (for-
merly known as THIN), release January 2020.2° The data have been
collected since 1987, covering about 6% of the UK population, and
are broadly generalizable to the whole UK population in terms of age,
deprivation and geographic distribution and linked via an anonymous
patient ID number allowing patients to be followed longitudinally over
time. Data on diagnoses are recorded as Read codes, a hierarchical
classification system,? and prescriptions are mapped to ATC codes.

2.2 | Study cohort

The study period for this analysis ranged from 1 January 2005 to
31 December 2019. The study population consists of pregnancies
with a live birth within an IMRD-UK registered GP practice. Matching
was done as follows; all births in the dataset were clustered to identify
multiple births and were then attached to potential mothers by
matching them with mothers with the same family number and prac-
tice number and refining the match on the basis of clinical details that
have a credible temporal relationship to the birth (See Appendices for

further information).

2.3 | Indication

NVP was identified using clinical Read codes and classified as severe
NVP/HG or mild/moderate NVP as listed in Tables A1 and A2. In
total, 17 severe NVP/HG codes and 11 mild/moderate code were
used. These NVP codes were utilized to identify medications used as

off- label antiemetics.

24 | Exposure

The primary focus of this study is exposure to ondansetron during a

pregnancy. Table A3 provides the product codes for ondansetron in
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TABLE 1 Royal College of Obstetricians and Gynaecologists
Green-top Guideline No 69 (3)°
First-line treatment of NVP

e Cyclizine 50 mg PO, IM or IV 8 hourly

e Prochlorperazine 5-10 mg 6-8 hourly PO; 12.5 mg 8 hourly
IM/IV; 25 mg PR daily

e Promethazine 12.5-25 mg 4-8 hourly PO, IM, IV or PR

e Chlorpromazine 10-25 mg 4-6 hourly PO, IV or IM; or 50-
100 mg 6-8 hourly PR

Second-line treatment of NVP

e Metoclopramide 5-10 mg 8 hourly PO, IV or IM (maximum
5 days duration)

e Domperidone 10 mg 8 hourly PO; 30-60 mg 8 hourly PR

e Ondansetron 4-8 mg 6-8 hourly PO; 8 mg over 15 minutes 12
hourly IV

Third-line treatment of NVP

e Corticosteroids: Hydrocortisone 100 mg twice daily IV and once
clinical improvement occurs, convert to prednisolone 40-50 mg
daily PO, with the dose gradually tapered until the lowest
maintenance dose that controls the symptoms is reached

IM = intramuscular; IV = intravenous; PO = by mouth; PR = by rectum.
?Royal College of Obstetricians & Gynaecologists. The management of
nausea and vomiting of pregnancy and hyperemesis gravidarum. Green-
top guidelines no 69; 2016.

IMRD-UK. For this study we adopted the categorization of first-,
second- and third-line treatments as recommendations by the Royal
College of Obstetricians and Gynaecologists for the treatment of NVP
and HG (Table 1) based on a treatment algorithm for NVP and HG as
identified in Appendix IV in the RCOG Guidelines.” First-line treat-
ments included cyclizine, prochlorperazine, promethazine and/or
chlorpromazine. In addition to ondansetron, second-line treatments
included metoclopramide and/or domperidone. Third-line prescrip-
tions are reserved for hospitals and out of scope in this analysis.

First-line usage is defined when first prescription of ondansetron
within the pregnancy occurs without prior prescription of any other
antiemetic within the same pregnancy. Second-line usage occurs
when the first prescription of ondansetron within a pregnancy is pre-
ceded by a prescription of another antiemetic.

2.5 | Exposure time frames

Exposure to antiemetics was defined as the presence of at least 1 pre-
scription of the medications selected within each time frame. Time
frames of interest included the entire pregnancy, pregnancy trimesters
(trimester 1: 1-90 d after last menstrual period [LMP]; trimester 2:
91-180 d after LMP; trimester 3: >180 d after LMP).

2.6 | Covariates
Covariates to assess the characteristics of women with and without
antiemetic medication prescription fillings during pregnancy included

sociodemographic characteristics, comorbidities and comedications.



SLATTERY ET AL.

4 BRITISH
PHARMACOLOGICAL
] SOCIETY
oA

Sociodemographic characteristics included maternal age at delivery,
body mass index, weight and height, sex of child, multiple births,
smoking in pregnancy and prior folic acid. Comorbidities included psy-
chosis, anxiety, asthma, depression, diabetes, eating disorder, epilepsy,
hypothyroid, personality disorder. Folate is widely used in the UK
from before conception to 12th week of pregnancy but will be sup-
plied in most cases in low-dose form without prescription.

2.7 | Statistical analyses

Descriptive statistics were used to present births and severity of nau-
sea and vomiting recorded during pregnancy and total number of
pregnancies exposed to ondansetron over the period 2005-2019.

Mean observed daily doses were calculated for those prescrip-
tions with known daily dose of solid ondansetron over the period
2015-2019 and compared with physician recommended daily dose.
For most prescriptions, the prescribed quantity divided by the interval
to the subsequent prescription was used as an estimate for daily dose.

Exposure time for each pregnancy was calculated based on the
total amount of prescriptions during the pregnancy divided by the
estimated daily dosage. For women with >1 prescription, their first
exposure would be used in the calculation of the proportion of
ondansetron prescriptions in the first trimester.

To evaluate whether treatment guidelines were followed to treat
NVP, we assessed to which degree a first-line antiemetic had been
prescribed prior to an ondansetron prescription for the treatment of
NVP. We visualized this through prescription pathways (river plot).
According to guidelines,*? ondansetron should be reserved as a
second-line treatment, thus we assessed the proportion of the first
prescription of ondansetron being preceded by a prescription of a
first-line antiemetic therapy (cyclizine, prochlorperazine,
promethazine, chlorpromazine) through prescription pathways. In par-
ticular, this examined if products other than those nominated as first-
line in this study were perceived as first-line in clinical practice. In this
analyses, we restricted the analyses to pregnancies with at least
1 ondansetron prescription in pregnancy.

To characterize mothers with NVP, socio-demographic character-
istics, comedication and comorbidities were further broken down and

described (count, mean and standard deviation of continuous

7.0%

6.0%

5.0%
4.0%
3.0%

|
2.0%

% of pregnancies with NVP

0.0%

20052006 2007 200820092010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Year

1 1Any NVP Severe NVP  e====Number of births

variables and proportion of categorical variables) for women with and
without nausea.

Finally, we examined the presence of other underlying com-
orbidities potentially leading to nausea, and consequent exposure to
ondansetron, in pregnancies through exposure to other medications
(using ATC codes). We also looked at a period before pregnancy (7 to
1 mo before LMP) in order to see what changed when the woman
became pregnant. The calculation is restricted to women whose clini-
cal record extends from at least 213 days before the LMP date. All
pregnancies with any prescription were included.

The statistical analyses were performed with SAS v9.4.

2.8 | Ethical permission

IMRD incorporates data from THIN, A Cegedim Database. Reference
made to THIN is intended to be descriptive of the data asset licensed
by IQVIA.
2.9 | Public and patient involvement

This study was endorsed by the EMA PRAC committee, which con-

sists of patient and healthcare professional representatives.

3 | RESULTS
The study included 733 633 recorded pregnancies between 1 January
2005 and 31 December 2019. From 2005 to 2019 there was a steady
increase in recorded NVP diagnosis in pregnancies from 3.6% in 2005
to 6.0% in 2019. Rates of severe NVP/HG almost doubled from 2.7%
in 2005 to 4.8% in 2019 (Figure 1).

The prevalence of ondansetron prescription during pregnancies
increased from 0.1% in 2005 to 2.5% in 2019 (Figure 2).

3.1 | Ondansetron formulations and daily dosages

The main administration form of ondansetron prescription between
2015-2019 (n = 12 712) was oral solid tablets (92.9%), followed by

70000

1es

il 60000 .
50000
40000
30000

20000 FIGURE 1 Percentage of women

10000 experiencing any or severe nausea and vomiting

Number of pregnanc

0 (NVP) during pregnancies, 2005-2019, IMRD-UK.
The reduction in births by time in IMRD-UK can
be attributed to the reduction in active patients in
the database, especially those coming from
English practices
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FIGURE 2 Percentage of pregnancies (that 3.0%

result in live births) exposed to ondansetron,

2005-2019, IMRD-UK. 25%

2.0%

1.5%

1.0%

0.5%
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0.0%
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oro-dispersible tablets (4.8%), suppositories (1.2%), oral liquids (1.1%)
and injection (0.1%). For those prescriptions with known daily dosage
of solid oral ondansetron (3871/12712;30.5%), 8.5% of the prescrip-
tions were for 4 mg, 37.1% for 8 mg, 37.5% for 12 mg and 16.9%
between 16 and 24 mg. The median prescribed daily dose of
ondansetron tablets was 11.5 mg. The observed daily doses (median
of 7.3 mg) were lower than the physician recommended daily doses
(4-8 mg 6-8 hourly by mouth; 8 mg over 15 minutes 12 hourly
intravenous).

3.2 | Trimesters of exposure

Exposure time was calculated for 2391 out of the 2401 ondansetron
exposed pregnancies over the period 2015-1019. For 10 pregnancies,
the exact total amount of exposures could not be established. In total,

Last day of prescription during pregnancy (d)

957 (40.0%) initiated exposure during the first trimester. Figure 3
shows the pattern of exposure time in the first trimester. The most
usual pattern is fairly short (<15 d) durations in the second half in the
first trimester of the pregnancy as indicated by the red density spot in
the figure. Some women might have > 1 episode of exposure during a
pregnancy. In our study, 89.3% of the women had 1 exposure; 9.2%
had 2 exposures; 1.2% had 3 exposures and 0.3% had 4 exposures.

3.3 | Order of ondansetron prescriptions

In Figure 4, prescription pathways show the trend in the use of
ondansetron in comparison with other commonly used antiemetics
during pregnancy and the order in which they are used. The populat-
ing included 164 942 pregnancies with at least 1 ondansetron pre-

scription in pregnancy. This diagram shows that ondansetron is rarely
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Order of exposure
FIRST SECOND THIRD

First line

N1
I

Other antihistamine

Second line not
ondansetron

0.

Other antiemetic

Ondansetron

FIGURE 4 Diagram demonstrating the use of ondansetron as
first- or second-line treatment in comparison with other treatments,
2015-2019, IMRD-UK. First line includes cyclizine, prochlorperazine,
promethazine and chlorpromazine (69.3%), other antihistamines
including cinnarizine, chlorphenamine, cetirizine, levocetirizine,
acrivastine, fexofenadine and desloratadine (18.1%), followed by
second line not ondansetron including propulsives (8.6%) and other
antiemetic including peppermint and antinauseants (1.3%)

used as a first therapy (2.75%), but the preferred second choice of
therapy for NVP in the UK. The figure shows that the first choice anti-
emetics for women giving birth between 2015 and 2019 in the UK
was first-line antihistamines as defined by RCOG including cyclizine,
prochlorperazine, promethazine and chlorpromazine (69.3%), other
antihistamines including cinnarizine, chlorphenamine, cetirizine,
levocetirizine, acrivastine, fexofenadine and desloratadine (18.1%),
followed by second-line not ondansetron including propulsives (8.6%)

and other antiemetic including peppermint and antinauseants (1.3%).

3.4 | Factors related to ondansetron prescriptions
Table 2 shows maternal characteristics broken down by treated and
untreated nausea compared with those with no recorded nausea. The
characteristics of women treated for NVP tend to differ in several
ways to women without NVP. Folic acid use tends to be higher, and
women with multiple pregnancies and with female infants were more
often diagnosed with NVP. Women with depression, anxiety, psycho-
sis and asthma were also more often diagnosed with NVP.

Table A4 shows the most extreme imbalances in exposures (using
ATC codes level 3) to other drugs between women experiencing nau-
sea (n = 28 449) vs. those not experiencing nausea (h = 611 019) dur-
ing and before (7 to 1 mo before LMP) pregnancy. Women who
experience nausea before or during pregnancy were more likely to
have concomitant medications including antidepressants, treatments

for bacterial infections and allergies and opioids among others.

4 | DISCUSSION

Our analysis, based on GP data across the UK, showed a steady
increase in the reporting of both mild and severe NVP/HG and with a
simultaneous increase in the prescription fills of ondansetron during
between 2005 and 2019.

ondansetron to treat NVP/HG are mainly used as a second-line treat-

pregnancies Prescription fills of
ment in the UK, with only limited use as first-line treatment (2.75%)
and therefore in line with the RCOG guidelines. In total, 40% of
ondansetron exposure started in the first trimester.

NVP tended to be more common in mothers with a higher body
mass index, with a multiple pregnancy and with female infants.
Women with underlying comorbidities such as depression, anxiety,
psychosis, asthma and those exposed to high dose of folic acid were
also more likely to experience NVP. Our study also demonstrated that
women with NVP had a higher prior use of prescription drugs than
women who did not have NVP.

The number of women with NVP, as reported by GPs in the UK,
is considerably less than reported from prior questionnaire based
studies.?? This could be explained by the fact in that the majority of
NVP is mild to moderate and that women can self-manage it with
OTC medication and life style changes, so there is no need to see the
GP about this. Nevertheless, the use of ondansetron to treat NVP in
the UK has been increasing over recent years, although its proportion
among commonly used antiemetics is still small compared to the
USA.*? In Norway, by contrast, <1% of NVP cases were treated with
ondansetron.’* These differences might reflect prescribing traditions
and the availability of alternative products recommended in national
guidelines.

Our findings confirm previous studies?>2* that twin pregnancies
and pregnancies with female foetuses were more likely to have NVP.
Although the risk of developing severe NVP is small, the impact of
NVP and HG on hospital admission and psychological wellbeing is
substantial with 18% of women reporting post-traumatic stress and
some women expressing a desire to end their pregnancy as a conse-
quence of NVP/HG.?® In a nationwide population-based cohort from
the UK, however, no difference was observed in the proportion of
women with subsequent pregnancies between women with and with-
out HG in their first pregnancy.?®

Although ondansetron is mainly prescribed as second-line treat-
ment for NVP in the UK, the prescription as first-line treatment should
not be overlooked. RCOG guidelines provide recommendations for
ondansetron to be used as second-line treatment, while it is notable
that the UK summaries of product characteristics for all 4 first-line
treatments (cyclizine, prochlorperazine, promethazine, chlorproma-
zine) recommend avoiding use in pregnant women. For promethazine
and chlorpromazine this advice is qualified by the phrase “unless the
physician considers it essential”. Our study has also shown that the
observed daily doses (median 7.3 mg) are lower than the rec-
ommended daily doses by the clinicians (median 11.5 mg). Variation
between recommended and observed doses appear to be influenced
by underlying conditions such as anxiety or depression, making sub-

optimal management a clinical concern. Another element warranting
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TABLE 2 Characteristics of women with and without antiemetic medication prescription fillings during pregnancy, IMRD-UK, 2015-2019

Background characteristics (continuous variables)

Any ondansetron

Other antinauseants

Characteristic n Mean (SD) n
Maternal age (y) 2405 29.2 (5.5) 24 725
BMI (kg/m?) 1575 26.8 (6.5) 16 828
Weight (kg) 1575 72.3(18.5) 16 826
Height (m) 1575 1.64 (0.07) 16 826
Background characteristics (categorical variables)
Characteristic n % n
Sex of child M 1162 48.3 12 193
F 1243 51.7 12 532
Multiple births 1 2350 97.7 24 245
22 55 23 480
Smoking in pregnancy NK 620 25.8 5334
No 980 40.8 9723
Ex 484 20.1 5678
Yes 321 134 3990
PrescribedFolic acid No 2196 91.3 22 907
Yes 209 8.7 1818
Comorbidities
Psychosis Yes 139 74 1200
Anxiety Yes 182 9.7 1450
Asthma Yes 120 6.4 1314
Depression Yes 245 13.1 2088
Diabetes Yes 27 14 258
Eating disorder Yes 6 0.3 30
Epilepsy Yes 4 0.2 19
Hypothyroid Yes 5 0.3 79
Personality disorder Yes 10 0.5 48

Untreated nausea No nausea
Mean (SD) n Mean (SD) n Mean (SD)
29.4(5.7) 3449 28.5(5.8) 134 407 30.5(5.7)
26.8 (6.7) 2279 26.1(6.7) 85020 26.0(6.2)
72.0(17.8) 2279 70.1(17.2) 85020 70.3 (16.5)
1.64 (0.07) 2279 1.64 (0.07) 85020 1.64 (0.07)
% n % n %
49.3 1727 50.1 69 604 51.8
50.7 1722 49.9 64 803 48.2
98.1 3378 97.9 132 270 98.4
1.9 71 2.0 2137 1.6
21.6 815 23.6 35877 26.7
SS 1347 39.1 52 621 39.2
23.0 781 22.6 29 156 21.7
16.1 506 14.7 16 753 12.5
92.7 3250 94.2 128 808 95.8
7.3 199 5.8 5599 4.2
6.4 151 6.8 2996 3.5
7.8 157 7.0 3666 43
7.1 121 54 3187 3.7
11.2 235 10.5 5239 6.1
14 25 1.1 1026 1.2
0.2 4 0.2 70 0.1
0.1 4 0.2 68 0.1
0.4 7 03 407 0.5
0.3 1 0.0 69 0.1

SD = standard deviation; BMI = body mass index; M = male; F = female; NK = not known; Ex = ex-smoker.

further investigation is that ondansetron is prescribed for up to
4 exposure episodes and may also be given for lengthy single expo-
sures, indicating a long treatment duration.

Updated clinical guidelines for NVP are therefore essential in
guiding clinicians on prescribing choices. Current clinical practice is
based on clinical judgement with inconclusive evidence on the bene-
fits and harms of ondansetron.’® Prescribing ondansetron and the
risks associated with it should outweigh the risks caused to the
mother and foetus from potential serious sequalae of NVP.

Our findings must be interpreted bearing in mind their limitations.
For our analyses, we relied on primary care medical records extracted
from general practices across the UK. This means that the researchers
have limited information regarding the actual use of the prescribed
product—although refills of the prescriptions may allow reasonable
inferences to be made. Despite having the NVP diagnosis to identify
antiemetic prescriptions in our study, we cannot exclude the possibil-

ity that these medications may also have been prescribed for other

coinciding indications. Although it is fair to assume that a new pre-
scription for 1 of these drugs, in association with a diagnosis of nau-
sea, is given for this indication. Moreover, we could not include OTC
antiemetics, which may have been used prior to prescription anti-
emetics. Consequently, our classification of first line treatments only
refers to the prescribed antiemetics. The rates of ondansetron as first-
line therapy may be lower in real life if OTC treatments had been cap-
tured. Finally, our study only focused on live births and did not include
mild NVP.

A strength of our study was that women were followed longitudi-
nally over time, which allowed us to describe the switching patterns
over time in a real-world setting. It also allowed us to study the medi-
cal history of the women starting 7 months prior to the pregnancy
and identify an increased use of other drugs among women with and
without NVP. More importantly, given that the data are sourced from
general practices around the UK, our findings can be considered

externally valid to the UK population.
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5 | CONCLUSION

Ondansetron is increasingly being prescribed off-label as a treatment
for NVP/HG in the UK. Although it is rarely used as a first-line pre-
scription antiemetic treatment, it is the preferred second-line option
over other on-prescription antiemetics in pregnancy. In this study, we
also found that women with NVP and ondansetron prescriptions dif-
fer from their counterparts with respect to prescribed folic acid,
asthma and mental health disorders. These factors may also be related
to the health of the mother and child and hence should be considered
as potential confounders in aetiological studies of the effects of anti-

emetics on pregnancy outcomes.
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APPENDIX A. TABLE A2 Codes for other nausea
Code Description
TABLE A1 Read codes used for nausea in pregnancy 198..00 Nausea
Code Description Severity Lot C/O—nausea
L13.11 Hyperemesis gravidarum 1 198.12 Nausea symptoms
L13..00 Excessive pregnancy vomiting 1 1982.00 Nausea present
L130.00 Mild hyperemesis gravidarum 1 1983.00 Morning nausea
L130000 Mild hyperemesis unspecified 1 1984.00 Upset stomach
L13..12 Hyperemesis of pregnancy 1 1984.11 Upset tummy
L131.00 Hyperemesis gravidarum with metabolic 1 R Daciios
disturbance 199..00 Vomiting
L130z00 Mild hyperemesis gravidarum NOS 1 199.11 C/O—vomiting
L132.00 Late vomiting of pregnancy 1 199.12 Emesis
L130200  Mild hyperemesis-not delivered 1 199.14 Vomiting symptoms
L131z00 Hyperemesis gravidarum with metabolic 1 1992.00 Vomiting
disturbance NOS 1992.12 Bilious attack
L131000  Hyperemesis gravidarum with metabolic 1 1993.00 Projectile vomiting
disturbance unspecified 1994.00 Vomiting blood—fresh
L131200 Hyperemesis gravidarum with metabolic 1 1994.11 Blood in vomit—symptom
disturbance—not del
1130100 Mild hyperemesis-delivered 1 1995.00 Vomiting blood—coffee ground
L132z00 Late pregnancy vomiting NOS 1 1996.00 Vomiting—bile stained
L132000 Late pregnancy vomiting unspecified 1 1997.00 eI
L132100 Late pregnancy vomiting—delivered 1 1992.00 Vomiting NOS
L131100 Hyperemesis gravidarum with metabolic 1 C/O = complaints of; NOS = not otherwise specified.
disturbance—delivery
L132200 Late pregnancy vomiting—not delivered 1
L130.11 Morning sickness 2
L13z.00 Unspecified pregnancy vomiting 2
L13zz00 Unspecified pregnancy vomiting NOS 2
L13y.00 Other pregnancy vomiting 2
L13yz00 Other pregnancy vomiting NOS 2
L13z000 Unspecified pregnancy vomiting 2
unspecified
L13y000 Other pregnancy vomiting unspecified 2
L13z200 Unspecified pregnancy vomiting—not 2
delivered
L13y200 Other pregnancy vomiting—not delivered 2
L13z100 Unspecified pregnancy vomiting—delivered 2
L13y100 Other pregnancy vomiting—delivered 2

1 = severe NVP/HG;2 = moderate or mild NVP; NOS = not otherwise

specified.
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TABLE A3

Code

52 684 979
66 569 979
81572998
81 575 998
82 188 998
82 637 978
82 638 978
82 639 978
82 640 978
85 762 998
85763998
85 765 998
85 766 998
85 865 998
85 866 998
85 867 998
85 868 998
86 326 979
88 905 998
88 907 998
89 001 997
89 001 998
89 197 998
90 463 996
90 463 997
90 463 998
93 315 990
93 546 996
93 546 997
93 546 998
93 548 996
93 548 997
93 548 998
95 834 979
95 858 979

Product codes for ondansetron in IMRD-UK
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Description

Ondansetron 4 mg/5 mL oral solution sugar free
Ondansetron 4 mg/5 mL oral solution sugar free
Ondansetron 8 mg orodispersible tablets

Ondansetron 4 mg orodispersible tablets

Ondansetron 4 mg/5 mL oral solution sugar free
Ondansetron 8 mg orodispersible films sugar free
Ondansetron 8 mg orodispersible films sugar free
Ondansetron 4 mg orodispersible films sugar free
Ondansetron 4 mg orodispersible films sugar free
Ondansetron 8 mg/4 mL solution for injection ampoules
Ondansetron 4 mg/2 mL solution for injection ampoules
Ondansetron 8 mg/4 mL solution for injection ampoules
Ondansetron 4 mg/2 mL solution for injection ampoules
Ondansetron 8 mg/4 mL solution for injection ampoules
Ondansetron 4 mg/2 mL solution for injection ampoules
Ondansetron 8 mg tablets

Ondansetron 4 mg tablets

Ondansetron 4 mg oral lyophilisates sugar free
Ondansetron 16 mg suppositories

Ondansetron 16 mg suppositories

Ondansetron 8 mg oral lyophilisates sugar free
Ondansetron 4 mg oral lyophilisates sugar free
Ondansetron 4 mg/5 mL oral solution sugar free
Ondansetron 8 mg oral lyophilisates sugar free
Ondansetron 4 mg orodispersible tablets

Ondansetron 4 mg/5 mL oral solution sugar free
Ondansetron 8 mg/4 mL solution for injection ampoules
Ondansetron 8 mg/4 mL solution for injection ampoules
Ondansetron 8 mg tablets

Ondansetron 4 mg tablets

Ondansetron 8 mg/4 mL solution for injection ampoules
Ondansetron 8 mg tablets

Ondansetron 4 mg tablets

Ondansetron 8 mg/4 mL solution for injection ampoules

Ondansetron 4 mg tablets
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