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Objective: To report the prospective follow-up of pregnancies exposed to misoprostol during the first
trimester and analyse the teratogenic risk depending on the indication for use.

Study design: Prospective observational study of 265 women exposed to misoprostol during the first
12 weeks of pregnancy and followed until the delivery. Women were included if they or their physician
had contacted a French pharmacovigilance centre before 22 weeks of gestation (WG) to obtain

';/f?’words" . information on the risk of misoprostol exposure, and if there had been misoprostol exposure before
Prggﬁargz;o 13 WG. Data were collected at the time of the first contact, and the pregnancy outcome was recorded at

follow-up. Women were prospectively enrolled from January 1988 to December 2013.

Results: The main indication for misoprostol was voluntary abortion (60.9%). Ten major malformations
(5.5%) (95% CI 2.65-9.82%) were reported and five of them were consistent with the pattern of
malformations attributed to misoprostol: Mobius sequence, hydrocephalus, terminal transverse limb
reduction associated with a clubfoot, syndactyly, and complete posterior encephalocele. The rate of
malformations was higher, but not significantly, in women exposed to misoprostol for voluntary abortion
(7.9%) compared with women exposed to misoprostol for other or unknown indications (3.2%).
Conclusions: Our results confirmed a specific pattern of malformations due to misoprostol use in early
pregnancy, even with low dose of misoprostol. Despite the small number of cases, we observed a higher
proportion of major malformations in fetuses born to women who continued their pregnancy after a
failed voluntary abortion with misoprostol. Further studies should be conducted to evaluate other
potential factors, such as combination treatment with mifepristone and the socio-environmental
characteristics in this group of women.
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Teratogenic risk
Congenital malformation
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Introduction

Misoprostol is a synthetic prostaglandin E1 analogue used in
the prophylaxis and treatment of peptic ulceration in patients
taking non steroidal anti-inflammaroty drugs (NSAIDs), due to its
gastric cytoprotective effects [1]. Misoprostol is also used in
obstetrics for ripening the uterine cervix and stimulating uterine
contraction at any stage of pregnancy. In France, misoprostol is
given for voluntary abortion, alone or in combination with
mifepristone, a synthetic steroid with potent antiprogesterone
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and antiglucocorticoid activities, until 14 weeks of pregnancy (i.e.,
weeks after the last menstrual period) [2].It is also used for
incomplete miscarriage, induced abortion, intrauterine foetal
death, induction of labour with a live fetus, and for the prevention
and treatment of postpartum haemorrhage [3,4].

Misoprostol was not found to be teratogenic in rats and rabbits
at 625 and 63 times the maximum recommended human doses,
respectively [5]. However, birth defects were observed in the
offspring of pregnant rabbits given doses of 300-1500 mcg/kg on
days 7-19, including spina bifida, caudal vertebral defects,
umbilical hernia and gastroschisis [6]. In humans, a variety of
congenital malformations have been reported after a failed
termination of pregnancy with exposure to misoprostol in early
pregnancy. The mechanism by which misoprostol may cause
malformations is based on the uterine contractions that it induced.
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These contractions cause flexion of the embryo, particularly at
cranial nerves VI and VII. Haemorrhage and/or cell death of the
nuclei in these cranial nerves may occur, causing Mobius sequence
(characterised by paralysis of the eyes and facial muscles [7-11]).

Uterine contractions may also cause decreased blood flow,
leading to hypoxemia and ischaemia, resulting in limb defects [ 12],
defective vascularisation of the subclavian artery, and consequent-
ly to Poland sequence [7]. Syndactyly [13], club foot [13], cranial
nerve anomalies (affecting nerves V, VI, VIl and XII), encephalocele
[14] have also been described. Some studies in the particular
context of illegal abortion, raised the question of a dose-response
effect, with higher doses being more susceptible to be toxic.
However, a recent French study that included 246 pregnancies
followed prospectively confirmed that malformations can occur
even with low-dose exposure [15].

The main objective of our present study was to report the
pregnancies exposed to misoprostol during the first trimester
collected prospectively via the TERAPPEL system and to analyse the
teratogenic risk according to the indication for use. We indeed
hypothesize that misoprostol exposition may differ for time of
exposure during pregnancy, dose, duration and associated drugs
between women who intended voluntary abortion and women
treated for other indications.

Methods

This prospective multicentre national study involved 20 French
pharmacovigilance centres, which contributed to a shared data-
base of drug exposure during pregnancy (TERAPPEL) using similar
documentation and follow-up methodology [16]. This French
system is independent from the Centre de Référence sur les Agents
Tératogénes (CRAT) (a french public organization especially
involved in the problem of drugs during pregnancy), with few
overlap expected [17].

We used a method of analysis that has previously been
described [18]. Pregnant women were enrolled if they had
contacted, either themselves or via their physician, a pharmaco-
vigilance centre between 1 January 1988 and 31 December 2013,

for misoprostol exposure. In order to limit recruitment bias and to
ensure prospective collection, the inclusion criteria were as
follows: 1) exposure to misoprostol (all indications) before
13 weeks after last menstrual period, i.e., during the period of
organogenesis, 2) first contact with the pharmacovigilance centre
before 22 weeks of gestation (WG), i.e., before morphological
ultrasound, and 3) known pregnancy outcome and examinable
newborn or fetus. The exclusion criteria were concomitant
exposure to a known major teratogen (e.g. isotretinoin, acitretin,
mycophenolate, methotrexate, thalidomide, valproic acid) before
13 WG, and progressive cancer.

Maternal age, medical and obstetrical history, and detailed drug
exposure (exact timing of exposure for all drugs, dose, and
indication) since the beginning of pregnancy were obtained during
the initial contact with the women or the health professional.
Details on the course and outcome of pregnancy (gestational age at
delivery, birthweight, congenital abnormalities and neonatal
complications) were prospectively obtained by phone or mail
within months after the expected delivery date.

The rate of major malformations, defined as those resulting in
serious medical, surgical or cosmetic consequences, was the main
outcome. Minor malformations were also described. Major or
minor malformations were classified according to the EUROCAT
classification with the help of a birth defect specialist [19]. The rate
of major malformations was obtained by dividing the number of
major malformations by the overall number of examinable live
births and fetuses (resulting from miscarriages or termination of
pregnancy with a pathological examination). Cases with chromo-
somal aberration or genetic disease were excluded from major
malformations.

The population was analysed in two subgroups: the first group
(group 1) consisted in women exposed to misoprostol for
voluntary abortion, the main indication of misoprostol in the
context of pregnancy and the second group (group 2) consisted of
women exposed to misoprostol for other indications (i.e., uterine
evacuation after incomplete miscarriage, medically-motivated
termination of pregnancy, gastroprotective effect .) or un-
known indications.

n=479

Total number of women exposed to misoprostol registered in the Terappel database

Misoprostol exposition at or after 13 WG or at an
unknown date
n= 46

Call to de pharmacovigilance center after 22 WG
or at an unknown date
n=61

Unknown evolution of the pregnancy
n=96

No misoprostol exposure
n=11

Study population
n= 265 pregnant women

Fig. 1. Flow chart of the study population, with inclusion and exclusion of patients.
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Apart from the prospective study, retrospective cases from
TERAPPEL database will be briefly presented (calls after an adverse
pregnancy outcome has been detected during prenatal diagnosis or
after birth).

Statistical analysis

Qualitative variables (including ordinal variables) are expressed
as frequency (percentage) and quantitative variables as mean 4+
standard deviation (SD) or median [interquartile (IQR)] in case of
non-Gaussian distribution (normality of distribution was checked
graphically and by using the Shapiro-Wilk test). Comparisons
between the two groups (women who took misoprostol for
voluntary abortion versus women who took misoprostol for
another or an unknown indication) were made using the x? test
(or Fisher’s exact test when expected cell frequency was <5) for
qualitative variables, the Mantel-Haenszel trend test for ordinal
variables and the Student t test (or Mann-Whitney U test for non-
Gaussian distribution) for quantitative variables.

Statistical testing was done at the two-tailed o level of 0.05.
Data were analysed using the SAS software package, release 9.3
(SAS Institute, Cary, NC).

Results

Data on 265 pregnancies were obtained from the collective
French database TERAPPEL (Fig. 1). One hundred and ninety
women were exposed to misoprostol alone and 75 to misoprostol
and mifepristone. For all women exposed to misoprostol and
mifepristone, misoprostol indication was voluntary abortion.

The indication of misoprostol was known for all but 40 cases.
The main indication was voluntary abortion (137 women, 60.9%),

followed by gastroenterological use (44 women, 19.5%), incom-
plete miscarriage (43 women, 19.1%) and one case of ectopic
pregnancy.

Mean maternal age at inclusion was 29.5 years, sd 5.9. A
previous history of voluntary abortion was found in 18.4% of
women included. Women were included at a median gestational
age of 9 WG [IQR: 7-13] and they were exposed to misoprostol at a
median age of 6 WG [IQR: 5-8]. The misoprostol cumulative dose
was 600 g [400-1600].

Data on tobacco and alcohol consumption were available for
69 women. None were considered to be alcohol abusers (none
consumed more than two drinks per day), nine women (13.0%)
drank less than two drinks per day (13.2% in group 1 vs. 12.9% in
group 2), 23 (33.3%) were smokers, with a higher rate in group 1
(44.9% vs.19.4%); nine women (13.0%) were heavy smokers, with a
higher rate in group 1 (31.1% vs. 3.2%).

Pregnancy outcomes consisted in 174 live births including one
twin pregnancy (65.4%). A voluntary abortion occurred in 59 cases
(22.2%), a miscarriage in 24 cases (9.0%) (including two with
anatomopathological examination) and a medically motivated
abortion for 9 cases (3.4%) (including seven with anatomopatho-
logical examination). For the nine medically-motivated termina-
tion of pregnancy there were six cases of malformation (five major
and one minor) and one case of chromosomal aberration detected
by ultrasound examination after drug exposure. In one case,
medically-motivated termination of pregnancy was motivated by
an ectopic pregnancy and in one other case the reason was
unknown.

After exclusion of two chromosomal aberrations or genetic
disease, ten major malformations were observed in 183 newborns
or examined fetuses (174 live births and nine fetuses examined).

Table 1
Major malformations reported and characteristic of interest between the two groups of indication.
Total Group 1 Group 2 p
Maternal age, years (mean+SD) 29.5+59 28.6+6.5 30.6+5.0 0.007
(n=247)"
Gestational age at drug exposure, 6 [5-8] 7 [6-9] 6 [4-7] <0.0001
weeks (median [IQR]) (n=231)*
Misoprostol cumulative dose, g 600 400 [400-800] 1200 [400-2400] <0.0001
(median [IQR]) (n=183)* [400-
1600]
Rate of major malformations 10 (5.5) 7 (7.9) 3(3.2) 0.20

(n=183)"
Type of major malformations

(issue: therapeutic abortion)
Mobius syndrome

Misoprostol 400 g and mifepristone 600 mg between

5 and 7 WG (issue:birth)

Complete posterior encephalocele
Misoprostol 400 jvg and mifepristone 600 mg dose at

9 WG (issue:therapeutic abortion)

Laparoschisis

Asymmetric lower limb reduction defects, club foot, Large vessel transposition -
scoliosis, macrocrania, single pulmonary lobe
Misoprostol 400 g and mifepristone 200mg at 6 WG

Misoprostol 1200 j1g before 13 WG for an unknown
indication (issue:birth)

Hexadactyly -
Misoprostol (unknown dose) at 7 WG for suspected
miscarriage (issue:therapeutic abortion)

Cerebellar hypoplasia -
Misoprostol 200 j1g and diclofenac at 4 WG for
gastroenterology indication (issue:therapeutic

abortion)

Misoprostol 400 jug and mifepristone 600 mg at 5 WG

(issue:birth)
Hydrocephalus

Misoprostol 800 j1g and mifepristone 200 mg before

13 WG (issue:therapeutic abortion)

Pituitary stem interruption syndrome - -
Misoprostol 400 g at 11 WG (issue:birth)

Limb defect, syndactyly

Misoprostol 200 g and mifepristone 600 before 13 WG

(issue:birth)

Groupl: women exposed to misoprostol for voluntary abortion — Group 2: women exposed to misoprostol for other indications or unknown indications.

g: microgram, IQR : Interquartile range mg: milligram, WG: weeks of gestation.
¢ Number of patients with available data.
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Table 2
Major malformations retrospectively collected.

Voluntary abortion

Other or unknown indication

Anencephaly, cervicodorsal myelomeningocele, radial club hand, single umbilical artery Congenital megaureter

Misoprostol (unknown dose) and mifepristone (unknown dose) before 13 WG (issue:

therapeutic abortion)
Mobius syndrome
Misoprostol 400 g and mifepristone 600 mg at 8 WG (issue:birth)

Hydrocephalus
Misoprostol 200 wg at 11 WG (issue:therapeutic abortion)

Potter sequence: dysmorphia, lung hypoplasia, multicystic kidney
Misoprostol 400 pg at 6 WG (issue:therapeutic abortion)

Oligodactyly of inferior and superior limb, large meningoencephalocele, facial

dysmorphia

Misoprostol 400 wg and mifepristone 600 mg at 7 WG (issue:therapeutic abortion)

Club foot, syndactyly
Misoprostol 400 g at 11 WG (issue:birth)
Cerebellar vermian agenesis

Misoprostol 1600 g at 5WG for suspected miscarriage (issue:birth)

Brain malformation (isolated bilateral germinolytic cysts)
Misoprostol 400 pg at 7 WG for an unknown indication (issue:
therapeutic abortion)

Misoprostol (unknown dose) and mifepristone (unknown dose) (issue:therapeutic abortion)

Bilateral hexadactyly
Misoprostol 800 g and mifepristone (unknown dose) at 5 WG (issue:birth)
Left hand hypoplasia

Misoprostol 400 wg and mifepristone 600 mg at 7 WG (issue:therapeutic abortion)

Corpus callosum agenesis

Misoprostol 600 pg and mifepristone 600 mg at 8 WG (issue:therapeutic abortion)

wg: microgram, mg: milligram, WG: weeks of gestation.

The resulting rate of major malformations was 5.5% (CI 95% 2.65-
9.82%) in our study population.

When we compared the two groups (Table 1), women exposed
to misoprostol for voluntary abortion significantly received a
smaller cumulative dose of misoprostol (400 g vs. 1200 g
p <0.0001) and were exposed statistically later during pregnancy
(7 WG [6-9] vs. 6 WG [4-7] p<0.0001). The rate of major
malformations was slightly increased in group 1 (7.9% vs. 3.2% in
group 2) but did not reach statistically significance (p = 0.20) All the
major malformations compatible with the spectrum of malforma-
tion of misoprostol were reported in the group 1.

Major malformations retrospectively collected are summarized
in Table 2.

Discussion

We found a 5.5% rate of major malformations after exposure to
misoprostol during the first trimester of pregnancy, which is
slightly higher than the expected rate in the general population
(2%) [19]. Among the reported major malformations, five (50.0%)
were consistent with the pattern of malformations attributed to
misoprostol in the literature (Table 1). In addition, among the
13 major malformations reported retrospectively after exposure to
misoprostol (Table 2) collected during the study, six were
consistent with the specific pattern of malformations described
for misoprostol. All these data confirm the rare but specific risk
related to misoprostol after exposure in the first trimester of
pregnancy.

When we compared the two groups based on misoprostol’s
indications of use, the rate of major malformations was higher, but
not significant, for women exposed to misoprostol for voluntary
abortion. Five of the seven malformations reported in women
exposed to misoprostol for voluntary abortion were consistent
with the typical pattern of malformations described for misopros-
tol whereas none in the other group. Mifepristone was systemati-
cally associated with misoprostol for these five major
malformations.

The role of mifepristone deserves debate. No risk of malforma-
tion associated with mifepristone had previously been demon-
strated. The largest study published on this subject included
105 pregnancies exposed to mifepristone for voluntary abortion

during the first trimester of pregnancy where the patients were
followed prospectively [18]. The rate of major malformation was
4.2%, which was slightly higher than that in the general population.
In that study, the four major malformations may be explained by
factors other than mifepristone exposure: in two cases, associated
medical conditions could explain the birth defects and in the other
two cases, the women had also been exposed to misoprostol, and
the malformations corresponded to the specific malformation
pattern previously described for that drug. If mifepristone is not
teratogenic alone, the role of its combination with misoprostol
must be evaluated specifically. This is supported by the fact that
the antiprogesterone activity of mifepristone results in uterine
contractions and enhances the sensitivity of the myometrium to
the contraction-inducing activity of prostaglandins (i.e., misopros-
tol) [20].

Major malformations were observed for median cumulative
doses ranging from 200 to 1400 p.g. Moreover, half of the major
malformations observed in our study occurred after exposures to a
misoprostol dose of 400 wg. A possible dose-effect has been
evocated, especially in studies conducted in countries where
voluntary abortion is illegal. Indeed, in these countries, the dose of
misoprostol used was for some patients very high and there was
not well-established procedures (i.e., other drugs may have been
administered, other medical interventions may have been used,
etc.) [14,21-27].

Our results, along with the results of the previous French study,
are not in favour of a relation between the malformation risk and
the dose of misoprostol, indicating that careful attention should be
paid to all pregnancies exposed to misoprostol, regardless of the
dose [15].

In our study, the lack of a control group for comparison is
grounds for criticism. However, in this type of study using a
database relying on the recording (and follow-up) of spontaneous
questioning of women or healthcare professionals about the
potential risk of drug exposure in pregnancy, it is obviously difficult
to recruit an appropriate unexposed group. First of all, it is difficult
to collect post-partum data in women exposed to drugs that are
non-teratogenic, and who are less concerned about the importance
of following-up the reports collected. This point may lead to an
overestimation of the risk of misoprostol exposure on the
pregnancy outcome. Moreover, the common characteristics of
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these women, such as their initial disorders or conditions, the
indications for treatment, the type of treatment (potentially non-
teratogenic vs. teratogenic) and type of exposure (acute or chronic)
may differ, because the use of misoprostol mainly takes place in the
particular context of voluntary abortion.

Moreover, the short duration of follow-up may have led to an
under-diagnosis of the moderate symptoms of Mobius sequence,
such as feeding difficulties, expressionless faces and speech
impediments that result in social disadaptation. This may have
led to an underestimation of the risk of Mobius syndrome.

Conclusion

Our results are in accordance with previous findings on the
teratogenic role of misoprostol, and showed for the first time that
the risk may be different depending on misoprostol’s indication
and likely in a non-dose-dependent manner. The role of the
combination of mifepristone and misoprostol, the time of exposure
during pregnancy and the role of socio-environmental factors (for
example tabacco and alcohol consumption) need to be further
evaluated.
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