
Abstract
!

Misoprostol in oral or vaginal form is an estab-
lished method of labour induction worldwide. Its
use after previous caesarean section is associated
with a high rate of uterine rupture; according to
international guidelines it is therefore contraindi-
cated in this setting. However the evidence base
for this recommendation comprises case reports,
one randomised trial that was discontinued pre-
maturely, and numerous low quality retrospec-
tive data analyses published between 1997 and
2004. New insights into e.g. resorption kinetics,
dosage and application intervals, dose dependant
uterine hyperstimulation rates, as well as increas-
ing clinical experiencewithmisoprostol have lead
to a critical reappraisal of these “historical” stud-
ies. Accordingly the evidence supporting a ban on
vaginal and particularly oral misoprostol for la-
bour induction in the context of a scarred uterus
is currently insufficient for a convincing guideline
recommendation. In view of the clear advantages
of misoprostol over prostaglandin E2 (cheaper,
more effective) a retrospective review of registry
data should be conducted to determine the inci-
dence of uterine rupture following misoprostol
and the circumstances in which it occurs. A pro-
spective, randomised trial could then be con-
ducted on the basis of these findings (e.g. oral mi-
soprostol vs. vaginal prostaglandin E2); known
risk factors for uterine rupture including the type
of uterine scar would need to be taken into ac-
count when selecting patients for vaginal deliv-
ery. Until new data from well-designed studies
are available, misoprostol will continue to be con-
traindicated in clinical guidelines for use in labour
induction after previous caesarean section.

Zusammenfassung
!

Die orale oder vaginale Gabe von Misoprostol ist
weltweit eine etablierte Methode zur Geburts-
einleitung. Allerdings sollte Misoprostol aufgrund
des hohen Risikos für eine Uterusruptur nach in-
ternationalen Leitlinienempfehlungen nicht bei
Schwangeren mit vorangegangener Sectio caesa-
rea angewendet werden. Grundlage dieser Leit-
linienempfehlungen sind Fallberichte, eine ran-
domisierte, vorzeitig beendete Studie sowie re-
trospektive Datenanalysen mit niedriger Qualität,
die zwischen 1997–2004 publiziert wurden. Vor
dem Hintergrund neuer Erkenntnisse (Resorp-
tionskinetik, Dosierungen und Applikationsinter-
valle, dosisabhängige Rate uteriner Überstimulie-
rungen) und wachsender klinischer Erfahrungen
im Umgang mit Misoprostol wurden daher diese
„historischen“ Studien einer kritischen Analyse
unterzogen. Danach ist die Evidenz, vaginales
und vor allem orales Misoprostol zur Geburtsein-
leitung nach vorangegangener Sectio zu verbie-
ten, unzureichend, um daraus überzeugende, ak-
tuelle Leitlinienempfehlungen ableiten zu kön-
nen. Im Hinblick auf die evidenten Vorteile von
Misoprostol (effektiver, kostengünstiger) im Ver-
gleich zu zugelassenen, konventionellen Prosta-
glandin-E2-Präparaten ist zu empfehlen, in einem
retrospektiven Datenregister die Häufigkeit und
Umstände von Uterusrupturen nach Misoprostol
zu evaluieren. Auf der Grundlage dieses Registers
könnte dann eine prospektive, randomisierte Stu-
die (z.B. orales Misoprostol versus vaginales Pros-
taglandin E2) initiiert werden, welche die Selek-
tion für eine vaginale Geburt infrage kommender
Schwangerer und die bekannten Risikofaktoren
für eine Uterusruptur einschließlich der uterinen
Schnittführung bei der vorangegangenen Sectio
zu berücksichtigen hat. Bevor allerdings keine
neuen Ergebnisse aus gut konzipierten Studien
vorliegen, bleibt Misoprostol zur Geburtseinlei-
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tung nach vorangegangener Sectio entsprechend aktuellen Leit-
linien kontraindiziert.
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Introduction
!

In the last 10 years the frequency of labour induction has almost
doubled, current rates lying between 18 and 25% of all births; in
the Netherlands the rate is as high as 33% [1], in Germany 22% in
2013 [2]. According to a 2013 nationwide survey (results from
538 hospitals) 66% of clinicians use the PGE1 analogue misopros-
tol (off-label use) usually orally (95%) for labour induction [3]; ac-
cording to one publication from 2011 the rate in Switzerland was
as high as 78% [4].
The advantages of misoprostol over the conventional prostaglan-
dins (PGE2) are its stability at room temperature, easy applica-
tion, quick onset of action and low cost [5]. In contrast to PGE2
misoprostol can be used in patients with asthma and (severe)
pregnancy associated hypertension/preeclampsia [6]. A recent
Cochrane review [7] showed that oral misoprostol (WHO recom-
mendation 2013: 25 µg 2 h) [8] is as effective as vaginal PGE2 for
labour induction with a comparatively lower caesarean section
rate. The rate of uterine hyperstimulation is also comparable for
low dose oral misoprostol and conventional prostaglandins [7].
Vaginal misoprostol (WHO recommendation 2013: 25 µg 6 h) [8]
when compared to vaginal PGE2 is associated with a higher vagi-
nal delivery rate in 24 hours, less need for regional anaesthesia
and less need for oxytocin augmentation of labour [9]. According
to the 2014 Cochrane review oral misoprostol is preferable to
vaginal misoprostol in view of lower rates of uterine hyperstimu-
lation and postpartum haemorrhage, as well as better fetal out-
come (5-minute Apgar score < 7); misoprostol is also cheaper
than PGE2 irrespective of application route [7].
Thus most guidelines recommend misoprostol for labour induc-
tion. Recommendations include the vaginal application route
[10] and either the vaginal or oral application routes [11–13].
Misoprostol was first licensed in 1985 for the treatment and pre-
vention of gastroduodenal ulcers and according to manufac-
turerʼs information it is contraindicated in pregnancy. In Ger-
many it was taken off the market in 2006.
Increasing caesarean section rates worldwide, which have been
accompanied by increasing rates of uterine rupture, have pre-
sented clinicians with the problem, amongst others (e.g. in-
creased rate of placental implantation pathologies), of whether
labour induction in subsequent pregnancies is possible at all,
and if so, which methods should be considered. 25% of patients
with previous caesarean section who could be considered for
vaginal delivery (trial of labour) have maternal indications or la-
bour induction [14]. In the USA the vaginal delivery rate after
previous caesarean decreased from 28.3 to 8.3% between 1996
and 2007 [15]. This development is largely due to clinicians fear-
ing uterine rupture during trial of labour (spontaneous onset of
labour or labour induction), which is associatedwith significantly
increased neonatal morbidity (e.g. hypoxic ischaemic encepha-
lopathy), perinatal mortality and severe maternal complications
such as severe postpartum haemorrhage and need for hysterec-
tomy [16–18].
l" Fig. 1 provides an overviewof uterine rupture rates for patients
with elective repeat caesarean section, with spontaneous onset
of labour, and with labour induction using various methods.
One of the main problems with the literature on the subject is
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differing definitions of uterine rupture (symptomatic uterine
rupture, scar dehiscence).
The first evidence of an increased risk of uterine rupture associ-
ated with vaginal misoprostol for labour induction after previous
caesarean came from trials conducted between 1998 and 2001
and lead the ACOG in 2002 [19] to consider its use contraindi-
cated in this context; PGE2 however, although also carrying an as-
sociated risk of uterine rupture (risk generally low), was allowed
if medically indicated. Subsequently other international guide-
lines [11–13] have concurred with these recommendations so
that today misoprostol is no longer used for labour induction
after previous caesarean; its use has occasionally lead to the con-
viction of clinicians [20] and a Pubmed literature search found no
randomised trials on its use from the last 10 year.
In view of continually growing clinical experience with miso-
prostol for labour induction (without previous caesarean section)
and the manifest advantages of this PGE1 analogue over conven-
tional prostaglandins (PGE2) it is now necessary to reappraise the
“historical” evidence, particularly with respect to patient selec-
tion (risk factors for uterine rupture), application route, dose
and dosage interval, additional use of oxytocin for augmentation
of labour and rates of uterine hyperstimulation. This article aims
to encourage a critical approach to published evidence through a
detailed analysis of the studies behind the above-mentioned
guidelines.
Randomised Trials
!

Wing et al. 1998 [21]
This randomised trial – quoted in all guidelines – is of importance
as it is cited as the definitive evidence against the use of miso-
prostol after previous caesarean section. The publication, consist-
ing of two case histories and a commentary, gives no detailed in-
formation on e.g. patient demographics, induction indications,
initial Bishop score or uterine hyperstimulation. Due to its impor-
tance we will now discuss this publication in more detail.
Patients who were induced after previous caesarean section re-
ceived either 25 µg vaginal misoprostol 6 hourly up to a maxi-
mum of 4 doses, or intravenous oxytocin according to the hospi-
talʼs standard regime (not further defined). 23 patients were
known to have had transverse uterine incisions, one a low verti-
cal incision and for 13 women the type of uterine scar was un-
known. The authors quote a publication by Miller et al. 1994
[22] stating that labour induction after previous caesarean sec-
tion is possible even if the type of uterine scar is unknown. No
cases of uterine rupture occurred in the oxytocin group (n = 21)
compared to 2 out of 17 patients in the vaginal misoprostol group
(11.7%).

Case 1
The cervix was initially unfavourable. After two doses of miso-
prostol adequate cervical ripening had occurred and oxytocin
augmentation was begun (dose not stated). Approximately 22 h
after the start of induction a clinical diagnosis of chorioamnioni-
tis was made. An hour later the cervix was fully dilated and after
a further two hours without any progress, in the presence of fetal
tachycardia and late decelerations, the decision was made to per-
ikouras P. Misoprostol for Labour… Geburtsh Frauenheilk 2015; 75: 1140–1147



Elective repeat caesarean:

Allowing spontaneous labour onset:

Oxytocin (dose dependant):

Oxytocin for labour augmentation:

Prostaglandin E :2
Without

s.
With: n.s.

previous
vaginal delivery:
1.5 vs. 0.8%

0.4 vs. 0.6%

Risk of uterine rupture
(isthmic transverse

incision)

Prostaglandin E + oxytocin:2

Misoprostol (vaginal 25–50 µg):

Misoprostol p.o.: Cochrane review 2014 [7]:
n = 158: uterine rupturesno

0.11–0.19%

0.3–0.7%

0.7–1.2%

0.5–1.0%

1.4–2.9%

0–4.5%
(average: 1.5%)

6.2%

n = 307 in 7 studies
(0–18.8%)

Fig. 1 Rate of uterine rupture following previous
caesarean section. Data from Ophir et al. [31] and
Al-Zirqui et al. [18].
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form a repeat caesarean section. Uterine hyperstimulation is not
mentioned. At caesarean section a 10 cm vertical anterior uterine
wall defect was found, which was management conservatively.
Apart from maternal postpartum bleeding there were no mater-
nal or neonatal complications.

Comment
Labour induction was performed in the presence of numerous
unfavourable predictive factors for vaginal delivery (unripe cer-
vix, no previous vaginal deliveries, post-term) and uncertain type
of uterine scar. Labour was protracted and oxytocin administered
in unknown dosage, and despite clinically verified chorioamnio-
nitis and labour arrest with a fully dilated cervix a further two
hours were waited, repeat caesarean only being performedwhen
the CTGwas pathological. In viewof the vertical uterine rupture a
vertical (“classical”) uterine incision at previous caesarean sec-
tion can be assumed.

Case 2
This 39 year-old patient was induced with misoprostol at 36
weeks gestation because of intrauterine growth restriction and
oligohydramnios. The cervix was unfavourable and the type of
uterine incision at previous caesarean section was unknown.
Amniotomy was performed after three doses of vaginal miso-
prostol when cervix was 4 cm dilated, no signs of uterine hyper-
stimulation being present. While an epidural catheter was being
placed fetal bradycardia was diagnosed on ultrasound. Uterus
rupture was suspected and urgent repeat caesarean performed.
An 8 cm long transverse uterine rupture was confirmed intra-
operatively and managed conservatively. There were no further
maternal and no neonatal complications.

Comment
Again, the patient was induced in the presence of numerous un-
favourable factors (unripe cervix, no previous vaginal deliveries,
maternal age > 35 years, gestation remote from term). From the
intraoperative findings the authors suspected a previous isthmic
transverse incision. The trial was discontinued after the second
uterine rupture with misoprostol, the authors warning against
the use of misoprostol for labour induction after previous caesar-
ean section!
Rath W and Tsikouras P. Misoprostol for Labour… Geburtsh Frauenheilk 2015; 75: 1
Randomised Trials Including Patients
with Previous Caesarean Section
!

Chuck et al. 1995 [23]
15 patients with previous caesarean sectionwere included in this
trial (total n = 99). Patients were between the 35th and 42nd
weeks of gestation with unfavourable cervix (Bishop score = BS
< 5) and were induced using either 50 µg vaginal misoprostol (4
hourly, max. 5 doses) or 0.5mg PGE2 intracervical gel (same dos-
age schedule as misoprostol); intravenous oxytocin was com-
menced to augment labour if there had been no progress after
the 5th dose of either misoprostol or PGE2. Rates of uterine hy-
perstimulation were 2 and 4% for misoprostol and PGE2 respec-
tively. There was no information on type of previous caesarean
scar and there were no uterine ruptures.

Carlan et al. 1997 [24]
59 patients with previous isthmic transverse caesarean section
were included in a study population of 467 women with unfav-
ourable cervix (median BS = 4) induced for medical indications
(mostly hypertension/preeclampsia) between the 35th and 40th
weeks of gestation. Patients were given either (A) 50 µg miso-
prostol as a vaginal tablet or (B) 50 µgmisoprostol vaginal gel (ty-
lose); after two doses of the trial medication (dose interval 8
hours) doses were increased to 100 µg and continued up to a
maximum total dose of 500 µg. Intravenous oxytocin was com-
menced if necessary once the BS was 7 or more (48.7 vs. 52.8%).
Rates of uterine hyperstimulation were 15.8% (A) and 7.7% (B)
(p = 0.05). There were no uterine ruptures.

Perry et al. 1998 [25]
A total of 127 patients between the 35th and 40th weeks of ges-
tation with unfavourable cervix (average BS = 2) including 19
women with previous caesarean sections (type of uterine scar
not stated) were induced for medical indications (41% preec-
lampsia, 20% post-term). Induction was either (A) with 25 µg mi-
soprostol vaginal tablet 4 hourly until adequate contractions
were established (3–4 contractions every 10 minutes); maxi-
mum 6 doses and total dose of 150 µg, or (B) intracervical Foley
catheter with a filling volume of 50ml plus 4mg PGE2 vaginal
gel given simultaneously and repeated every 4 hours; maximum
dose 12mg. Intravenous oxytocin was commenced with increas-
ing dose if cervical dilatation was inadequate over a period of an
hour, at the earliest 4 h after the last prostaglandin dose. The in-
140–1147



Table 1 Randomised trials of labour induction including patients with previous caesarean section.

Author/year Misoprostol vag.

dose/interval

Patient

number

Rupture

n/%

Control group Patient

number

Rupture

n/%

Chuck et al. 1995 [23] 50 µg/4 h 5 0/0 0.5mg intracervical PGE2 gel 10 0/0

Carlan et al. 1997 [24] 50 µg/8 h 59 0/0 – – –

Perry et al. 1998 [25] 25 µg/4 h 10 0/0 Foley catheter + 4mg vaginal PGE2 9 0/0

Vengalil et al. 1998 [26] 25 µg/4 h 12 0/0 Foley + NaCl extraamnionic 20 0/0

Blanchette et al. 1999* [27] 25 or 50 µg/4 h 16 3 (18.8%) 0.5mg intracervical PGE2 gel 9 0/0

Total 102 3 (2.9%) 48 0/0

* > 1 previous caesarean section n = 1

type of uterine scar not known n = 1
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cidence of uterine hyperstimulation was significantly higher in
group A than group B (11 vs. 3%; tachysystole 26 vs. 6%).
There were no uterine ruptures.

Vengalil et al. 1998 [26]
The aim of this trial (n = 250) was to compare 25 µg vaginal miso-
prostol (4 hourly, max. 3 doses,A) to extraamnionic application of
a physiological saline solution via Foley catheter (filling volume
30ml, B) for medically indicated labour inductionwith unfavour-
able cervix. Twelve patients with previous caesarean section
were included in group A and 20 in group B (type of uterine scar
not stated). Oxytocin was started if there were no contractions
following the 3rd misoprostol dose and increased incrementally.
The rate of uterine hyperstimulation was nearly 17% after miso-
prostol, and in both groups there were no uterine ruptures.

Blanchette et al. 1999 [27]
This was a prospective comparative study in which 226 women
between the 39th and 42nd weeks of gestation with medical in-
dications for induction and unfavourable cervix (average BS = 3)
(cf.l" Table 1) were inducedwith either A: 25 or 50 µg vaginal mi-
soprostol 4 hourly (max. 6 doses) or B: 0.5mg PGE2 intracervical
gel 6 hourly (max. 3 doses); there were 16 patients with previous
caesarean section in group A and 9 in group B. Intravenous oxy-
tocin for augmentation of contractions was commenced as re-
quired, starting 4 hours after the last misoprostol dose and in-
creased incrementally (no further details provided).
Group B had no uterine ruptures compared to group A with 3
uterine ruptures (18.8%) and one scar dehiscence. These patients
are discussed on a case-by-case basis: 3 patients had had an isth-
mic transverse incision at previous caesarean section (one case
with two previous caesareans); in one patient the type of uterine
scar was unknown. In all cases misoprostol had been given in in-
creasing doses (25→ 50 µg) and 2 had also received intravenous
oxytocin for augmentation. None of the uterine ruptures were as-
sociated with uterine hyperstimulation. A pathological CTG was
the main clinical indicator for the suspicion of uterine rupture in
3 patients. The authors warn against the use of vaginal misopros-
tol for labour induction after previous caesarean section despite
it being more effective than PGE2.
Retrospective Data Analyses
!

Plaut et al. 1998 [28]
This retrospective analysis of a computerised data pool reports
on 5 cases of uterine rupture from a cohort of 89 women with
previous caesarean section who received misoprostol for labour
Rath W and Ts
induction, a rate of 5.6%; this was compared to a rupture rate of
0.2% amongst 423 women with previous caesarean in whom
spontaneous labour was allowed to commence. Four of the 5 uter-
ine ruptures following misoprostol are dealt with individually:
25 µg vaginal misoprostol had been given 3 hourly with up to
8 doses (200 µg); all cases had also received oxytocin in increasing
dosage for augmentation. All patients had previous isthmic trans-
verse incisions (in one case 2 incisions) and one patient had also
had a vaginal delivery. Induction was performed for medical rea-
sons near term with unfavourable cervix. Oxytocin was com-
menced between 3 and 6 hours after the last dose of misoprostol.
There were no cases of uterine hyperstimulation concurrent with
uterine rupture. Fetal bradycardia (in some cases with late decel-
erations) was the leading symptom for the suspicion of uterine
rupture in every case; abdominal painwas an important addition-
al indicator in 2 cases. Uterine rupture occurred at full cervical
dilatation in 2 cases, in 2 cases the cervix was still unfavourable.

Cunha et al. 1999 [29]
In this retrospective comparative study from Mozambique 57
women with previous caesarean section who underwent labour
induction for medical reasons using 50 µg vaginal misoprostol
(5 patients receiving once-off repeat doses after 18 hours) were
compared to 57 women with previous caesarean in whom spon-
taneous labour was allowed to commence. No data is provided on
patient demographics, initial Bishop score, induction indication,
whether or not oxytocin was given or type of uterine scar. There
were 2 uterine ruptures in the misoprostol group (3.5%, no fur-
ther details provided) compared to none in the spontaneous la-
bour group. The authors note the possibility of selection bias (in-
advertent selection of patients at the start of the study).

Bennet et al. 2000 [30]
This comparative study of vaginal misoprostol (25 µg 6 hourly,
n = 39) vs. awaiting spontaneous labour (n = 560) in women with
previous caesarean sectionwas only published as an abstract and
is currently not available online. Ophir et al. [31], quoting the
study, state that there were 3 uterine ruptures following miso-
prostol (7.7%) and 13 ruptures among patients with spontaneous
labour (2.3%). No further details are provided. The publication is
also mentioned by Sanchez-Ramos et al. [32] in the reference list
of their meta-analysis from 2000, again without any further in-
formation.

Hill et al. 2000 [33]
This retrospective analysis of patient files reports on 89 women
induced with intravenous oxytocin and 48 with vaginal miso-
prostol (50 µg 4 hourly, max. 8 doses). All patients had an initial
ikouras P. Misoprostol for Labour… Geburtsh Frauenheilk 2015; 75: 1140–1147
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BS < 7 and had previous “classical” caesarean incisions. No de-
tailed information is provided on patient demographics, study
design, induction indication or oxytocin timing and dosage.
Three cases of uterine rupture (6.3%) occurring 7.5–13 hours
after the last misoprostol dose are individually discussed: uterine
hyperstimulationwas not a feature in any; whether oxytocinwas
given for labour augmentation, and in what dosage, remains un-
clear. One uterine rupture occurred after the use of oxytocin
(1.1%) with no further details being provided.

Choy-Hee and Raynor 2001 [34]
This was a retrospective analysis of 425 women from a compu-
terised data pool. 48 women had previous caesarean sections
and were induced using 50 µg vaginal misoprostol 4 hourly for
up to 24 hours; intravenous oxytocinwas given for augmentation
if there was inadequate progress of labour, or 4 hours after the
6th misoprostol dose (45%) if contractions were insufficient. The
remaining 377 women without previous caesarean section
formed the control group. 35 patients had a previous isthmic
transverse uterine scar, in 13 the type of scar was unknown and
12 patients had also had a previous vaginal delivery. There were
no uterine ruptures in either group; rates of uterine hyperstimu-
lation are not stated. The authors recommend a multicentre, ret-
rospective study to compare misoprostol vs. oxytocin or PGE2 vs.
spontaneous labour.

Nwachaku et al. 2001 [35]
The largest prospective data analysis to date, this study examined
382 cases of labour induction in the presence of previous isthmic
transverse caesarean section. Induction took place at term, with
unfavourable cervix (BS ≤ 6) and as follows:
1. Cervical ripening with vaginal misoprostol 25 µg 4 hourly,

max. 8 doses; when cervix ripe oxytocin augmentation from
3/4 h after the last misoprostol dose (n = 100),

2. Awaiting spontaneous onset of labour; no use of oxytocin
(n = 115),

3. Only augmentation with oxytocin after spontaneous onset of
labour (dose not stated, n = 167).

There were no uterine ruptures in any of the groups! Based on
their results the authors call for prospective, randomised trials.

Aslan et al. 2004 [36]
In this retrospective data review 41 women with previous cae-
sarean section (8 with two previous caesareans) who were in-
duced using misoprostol in the 2nd and 3rd trimesters (average
gestational age 26/27 weeks!), were compared to 50 women
without previous caesarean with spontaneous onset of labour.
Data were reviewed with respect to rates of uterine rupture. In
the treatment group two doses of 50 µg misoprostol were given
vaginally 4 hours apart, followed by 100 µg 4 hourly up to a max-
imum of 6 doses; when the cervix was 2 cm dilated or when
there were regular contractions misoprostol was stopped. Intra-
venous oxytocin was started if progress of labour was inad-
equate, in the treatment group 6 hours after the last misoprostol
dose. Oxytocin was required significantly more often in patients
with previous caesarean section (41%) compared to no previous
caesarean (20%). Initial BS was < 6 and patients known to have
longitudinal uterine scars were excluded from the review.
The authors report in detail on 4 cases of uterine rupture after
previous caesarean section (9.7%) with the following similarities:
induction occurred in the presence of unfavourable cervix, at ges-
tations remote from term (2 patients in the 26th week of gesta-
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tion, 1 each in the 29th and 31st weeks), some patients had two
previous caesarean sections, some had high dose oral misopros-
tol, and in all cases intravenous oxytocin was given at increasing
dosage, sometimes < 4 h after the last misoprostol dose. Uterine
hyperstimulation did not occur in association with rupture.

Lin and Raynor [37]
This retrospective data analysis published in 2004 included
women (n = 3533) with one or more previous caesarean section
who were induced after the 28th week of gestation using either
oxytocin (n = 430) or misoprostol (n = 142). No information is giv-
en on misoprostol application route or dosing schedule. Rates of
uterine rupture after allowing for spontaneous onset of labour
and after elective repeat caesarean section were also calculated.
Uterine rupture rates were: 0.5% overall (19/3533); following la-
bour induction overall 1.2%, with oxytocin 1.2% and with miso-
prostol 1.4% (difference not statistically significant); following
elective repeat caesarean section 0.2%; after spontaneous onset
labour 0.4%. Uterine rupture rate with oxytocin was 1.1% (4/
376) after one previous caesarean section and 1.9% (1/54) after
more than one previous caesarean; with misoprostol it was 0.8%
(1/123) and 5.3% (1/19) respectively. Due to low patient numbers
these differences were not statistically significant.
Cases of uterine rupture in associationwith the use of vaginal mi-
soprostol (25 and 50 µg 3–4 hourly) have also been reported from
1997/1998 [38,39].
Data on oral misoprostol is astoundingly sparse, two publications
being quoted in a recent Cochrane review [7]:

Gherman 2001 [40]
This retrospective study without a control group was only pub-
lished as a brief abstract: 10 patients with previous isthmic trans-
verse incisionwere induced after the 36th week of gestationwith
initial BS ≤ 6 using 50 µg oral misoprostol 4 hourly up to a maxi-
mum of 6 doses. Augmentation with intravenous oxytocin was
permitted (dose not stated). Five patients underwent repeat cae-
sarean section, there were 4 spontaneous births, and one patient
had a uterine rupture following 5 doses of misoprostol and an
oxytocin infusion lasting 20 hours.

Aslan et al. 2004 [36]
This study of sequential doses of vaginal or oral misoprostol has
already been discussed (see above).
A meta-analysis by Weeks and Alfirevic 2006 [5] also dealt with
the use of oral misoprostol for labour induction after previous
caesarean section. In the overall analysis of 8000 patients, 155
had a previous caesarean section, and amongst these there were
no uterine ruptures.
Discussion
!

Medical labour induction after previous caesarean section
presents obstetric clinicians with a dilemma. On the one hand
vaginal delivery is achievable on average in 75% of cases (60–
85% [19]), avoiding repeat caesarean section and the associated
short and long termmorbidity. On the other hand current guide-
lines draw attention to increased risk of uterine rupture with the
use of oxytocin and most importantly, prostaglandins.
According to the manufacturerʼs product information previous
caesarean section is a contraindication for the use of PGE2 prepa-
rations for labour induction; the current “Rote Liste” (German
140–1147



Table 2 Retrospective data review: vaginal misoprostol vs. awaiting spontaneous labour onset or intravenous oxytocin (excluding abstracts).

Author/year Misoprostol

dose/interval

Number

of patients

Rupture

n (%)

Number

of patients

Rupture

n/%

Plaut et al. 1998 [28] 25 µg/3 h 89 5 (5.6%) 423 0/0

Cunha et al. 1999 [29] 50 µg/18 h 57 2 (3.5%) 57 0/0

Hill et al. 2000* [33] 50 µg/4 h 48 3 (6.3%) oxytocin i. v.
n = 89

1/1.1%

Choy Hee 2001 [34] 50 µg/4 h 48 0/0 377 0/0

Nwachaku et al. 2001 [35] 25 µg/4 h 100 0/0 115 0/0

Aslan et al. 2004+ [36] 50 µg/4 h→ 100 µg oral/4 h 41 4/9.7% 50 0/0

Total 383 14 (3.7%) 1111 0/0.1%
(with oxytocin)

* following longitudinal “classical” uterine incision
+ Patients in 2nd/3rd trimester (average gestational age 26/27 weeks)
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medicines formulary) lists oxytocin in this setting as restricted
use.
This being the situation, and due to clear recommendations in in-
ternational guidelines as well as continuing forensic uncertainty,
the use of misoprostol (off-label use) for induction after previous
caesarean section can currently still be regarded as a “no go”.
If this “no go” status of misoprostol is to change in future – and
because of its obvious advantages this may indeed be desirable
– a critical reappraisal of “historical” studies is necessary that
takes up-to-date scientific knowledge into account. In the mid
to late 90s of the previous century when clinicians worldwide
recognised how highly effective misoprostol is for labour induc-
tion, women with previous caesarean sections were “inadver-
tently” included in randomised, comparative trials; the studies
report no uterine ruptures with vaginal misoprostol for labour
induction [23–26].
It was only in 1999, in the comparative study by Blanchette et al.
[27] that compared vaginal misoprostol (25–50 µg) to PGE2 intra-
cervical gel, that uterine rupture followingmisoprostol for labour
induction after previous caesarean sectionwas reported (3 out of
16 patients); one patient had two previous caesarean sections
and the type of uterine scar was unknown in another. Although
these results cannot be ignored, they are in contradiction to find-
ings of 4 other comparative studies with similar induction proto-
cols (cf. l" Tab. 1) in which uterine rupture is not reported. Thus
no clear evidence can be deduced from these trials when consid-
ered together.
The only study with relevant evidence (El I) is the much quoted,
randomised trial of Wing et al. [21] that had the primary aim of
comparing the effectiveness of vaginal misoprostol to that of in-
travenous oxytocin for labour induction in women with scarred
uterus; the study was stopped prematurely after 2 patients out
of 17 in the misoprostol group had uterine ruptures. This early
discontinuation of the trial makes a publication bias possible, at
the very least, and since details of inclusion and exclusion criteria
are missing – required information for randomised trials – a se-
lection bias with unintentional selection of some patients cannot
be excluded. Also, the obstetric management in case 1 can be
viewed in a critical light (see commentary) since induction was
evidently carried out in the presence of a longitudinal uterine
scar.
In case 2 induction was performed in the presence of what today
are known to be unfavourable predictive factors for vaginal deliv-
ery and risk factors for uterine rupture (see commentary).
In addition, important information on maximum oxytocin dose,
interval between last misoprostol and commencement of i. v.
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oxytocin as well as the presence/frequency of uterine hyperstim-
ulation directly associatedwith uterine rupture is missing in both
cases.
In the view of the authors it is understandable that the trial was
stopped following two uterine ruptures out of 17 subjects, never-
theless the specific criteria for early discontinuation had not yet
been fulfilled [41], this point being criticised in a meta-analysis
by Sanchez-Ramos et al. [32]. Moreover the authors acknowledge
the inaccuracy of their findings due to early discontinuation com-
menting: “we acknowledge … that we may have experienced
merely a statistical quirk”, yet they still deduce the explicit warn-
ing to other investigators against the use of misoprostol in stud-
ies of labour induction after previous caesarean section. This
warning has continued to hold its place as a recommendation in
international guidelines ever since.
The studies shown in l" Table 2, mostly retrospective, case-con-
trol studies (misoprostol vs. awaiting spontaneous labour onset)
based on computerised data pools, should be interpreted with
caution because of possible selection and publication bias. Their
validity is limited by imprecise data collection as well as missing
data and the absence of certain essential variables. The largest tri-
al of labour induction after previous caesarean section to date, by
Lydon-Rochelle et al. 2001 [42], is an example: the finding of a
high uterine rupture rate following PGE influenced the guidelines
of the time, however obvious shortcomings in data collection that
was based on ICD codes were subsequently proven [43,44], e.g.
no differentiation between PGE2 and misoprostol associated
uterine ruptures was possible.
On closer examination of the retrospective, comparative studies
their low quality is clearly evident: relevant data are missing on
demographics, induction indication, initial Bishop score before
induction, risk factors for uterine rupture, type of previous uter-
ine incision, duration and maximum dose of oxytocin for aug-
mentation of labour and interval between the last misoprostol
dose and start of oxytocin infusion; all factors which can signifi-
cantly influence the risk of uterine rupture. In addition, the het-
erogenic study design (e.g. differing misoprostol doses and dos-
ing intervals, differing gestational ages at induction, differing in-
clusion and exclusion criteria, differences in initial Bishop score
before induction) and small case numbers are clearly points of
critique, so that as a whole these studies provide no evidence of
clinical relevance for inclusion in guidelines.
In view of the rarity of uterine rupture a study population of over
60000 women is required to detect a 0.5% risk increase above
background risk (0.5–0.7%) [7].
ikouras P. Misoprostol for Labour… Geburtsh Frauenheilk 2015; 75: 1140–1147
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Ultimately, the high rates of uterine rupture described in these
studies must be re-evaluated in light of more recently published,
newly acquired knowledge and clinical experience with the use
of misoprostol. The 2013 WHO guideline recommends vaginal
misoprostol 25 µg 6 hourly for labour induction (without pre-
vious caesarean section) [8], a recommendation which is evi-
dence based, in accordance with recent resorption kinetics
knowledge, and in agreement with other guidelines [10,12,13].
This dosing schedule was not used in any of the retrospective,
comparative studies with uterine ruptures; higher single miso-
prostol doses and/or shorter dosage intervals were used. The cor-
relation between PG dose and uterine rupture risk was recently
highlighted [45].
The largest retrospective study to date, that of Nwachuku et al.
[35], is of interest in this regard. Among 100 women who re-
ceived vaginal misoprostol (25 µg 4 hourly) for labour induction
after previous exclusively isthmic transverse caesarean sections,
there were no uterine ruptures. The authors explained this out-
come as the result of careful patient selection and their induction
protocol: labour induction only in the event of documented pre-
vious isthmic transverse incision, the use of low dose vaginal mi-
soprostol (25 µg), continuous CTGmonitoring duringmisoprostol
application and discontinuation of misoprostol when regular
contractions (< 5 minutes apart) were established. In contrast,
the study by Aslan et al. 2004 [36] that has the highest rupture
rate of all (9.7%, 4/41) used high doses of vaginal misoprostol
(50 µg) followed by 100 µg oral misoprostol 4 hourly. More de-
tailed analysis of this study also reveals that study patients were
mostly induced remote from term (average gestational age 26/27
weeks), and that 20% of induced women had multiple previous
caesareans. Uterine ruptures occurred between the 26th and
31st weeks of gestation.
Augmentation of labour with intravenous oxytocin following ini-
tial inductionwith PGE is a further risk factor for uterine rupture,
however clinical data from 8 studies is contradictory [31]: while
some show a 2.5 to 5.6-fold increase in risk of rupture compared
to awaiting spontaneous labour onset, others show no risk in-
crease (synopsis in [31]). Combining the results of these studies,
PGE2 followed by oxytocin resulted in a uterine rupture rate of
1.5% compared to 0.4% for PGE2 alone [29]. The important deter-
mining factors here are the duration and maximum dose of oxy-
tocin. This was demonstrated in a comparative study of oxytocin
dosage in patients with andwithout uterine rupture that showed
rupture risk increased exponentially 4-fold when oxytocin dose
exceeded 20mU/min (up to 40mU/min) [46]. Relevant clinical
evidence is lacking on the risk of uterine rupture with the use of
misoprostol and subsequent oxytocin augmentation after pre-
vious caesarean section.
The “uncritical” use of oxytocin should thus be warned against,
not only because of increased risk of uterine rupture but also be-
cause of other maternal complications (e.g. increased rate of
postpartum haemorrhage).
Evidence is also insufficient on the use of oral misoprostol for la-
bour induction after previous caesarean section. The retrospec-
tive study by Gherman 2001 [40], published only as an abstract,
in which one uterine rupture occurred following 50 µg oral miso-
prostol 4 hourly plus a lengthy oxytocin infusion for augmenta-
tion (> 20 h) is in contrast to the most recent Cochrane review
[7] which evaluated two further randomised trials [47,48]. Here
no uterine ruptures occurred among 158 women who received
oral misoprostol for induction after previous caesarean section.
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There have been no studies of oral PGE2 for labour induction in
this setting, only vaginal PGE2. Whether the “first uterine pass ef-
fect” as known from vaginal progesterone [49], with high local
uterine concentrations of active substance, also applies to vaginal
misoprostol and plays a role in this context or not, is speculative.
The observation that PGE2 induced ruptures usually occur in the
area of the old uterine scar, and that oxytocin induced ruptures
do not, lead Buhimschi et al. [50] to hypothesise that PGs cause a
local biochemical tissue loosening/resistance reduction of the
scar area, a so-called “softening effect”. Interestingly there were
two patients (out of 10) with uterine rupture following vaginal
misoprostol included in this study. No plausible explanation for
the higher rate of uterine rupture following misoprostol com-
pared to PGE2 is evident. The hypothesis that the higher rate of
uterine rupture (compared to vaginal PGE2) is the result of vagi-
nal misoprostol leading to mechanical “strain” of the uterine scar
in a dose dependant manner through uterine hyperstimulation is
not substantiated by the quoted studies, since here uterine rup-
ture occurred exclusively in patients without uterine hypersti-
mulation [21,27,28,33,36].
Conclusion and Future Perspectives
!

Medical induction of labour after previous caesarean section is
regarded as an independent risk factor for uterine rupture,
whether using oxytocin, PGE2 or misoprostol. We aimed to criti-
cally re-evaluate the “historical” literature on the use of miso-
prostol in this setting with respect to the current state of knowl-
edge, thus hoping to end years of stagnation and stimulate dis-
cussion to initiate new trials on the subject. We did not aim to
declare the association of misoprostol and uterine rupture as
harmless, nor did we intend to propagate the unconsidered use
of misoprostol after previous caesarean; current guidelines
should be regarded as valid and unchanged in this issue. Rather,
after detailed examination of trials to date, we believe we have
shown clearly that the evidence behind current guidelines
against the use of misoprostol is insufficient. The question re-
mains: should these guideline recommendations simply be ac-
cepted and fixed for the future or is there a need for the genera-
tion of new data? Since several hospitals in Germany have expe-
rience with the use of oral misoprostol for labour induction after
previous caesarean section – as shown in our own 2013 nation-
wide survey [3] – a useful first stepwould be the creation of a ret-
rospective register of uterine rupture frequency, including an
analysis of the circumstances in which it occurs. These data could
provide the basis for a multicentre, prospective, randomised trial
(e.g. oral misoprostol vs. vaginal PGE2) with carefully considered
selection criteria for eligibility for vaginal delivery. Known risk
factors for uterine rupture including type of uterine scar would
need to be taken into account and continuous maternal and fetal
monitoring would have to be implemented. Fitting prediction
models for achieving vaginal delivery have been published re-
peatedly in recent years [51–53].
From an ethical point of view however, and considering our own
experiences with ethics commissions, we believe such a study
may well not be realisable in Germany.
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