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ABSTRACT

Objective The aim of this study was to assess the influence of

premature rupture of membranes (PROM) on the induction of

labor.

Material and Method This historical cohort study analyzed

1861 inductions of labor at term using misoprostol which oc-

curred between 2010 and 2015. Exclusion criteria included

intrauterine fetal death, previous cesarean section, and fetal

structural or chromosomal anomalies. Induction of labor for

PROM (PROM group) was compared to induction for other in-

dications (no-PROM group); the primary outcome measure

was the cesarean section rate.

Results The cesarean section rate for the PROM group was

significantly lower (21.9% vs. 26.3%, p = 0.029). The induc-

tion-to-delivery interval was shorter (mean: 972 [854–6734]

min vs. 1741 [97–10834] min, p < 0.0001) and the rates of

vaginal birth within 24 hours (80.9 vs. 52.0%, p = 0.0001)

and 48 hours (98.4 vs. 85.3%, p = 0.0001) were higher in the

PROM group. The impact of PROM on the cesarean section

rate was not significant in multivariate analysis; however,

PROM was found to have the greatest effect on the induc-

tion-to-delivery interval (p < 0.0001).

Conclusion Premature rupture of membranes significantly

affects various outcome measures when delivery is induced,

particularly the induction-to-delivery interval.

ZUSAMMENFASSUNG

Ziel Ziel dieser Arbeit war es herauszufinden, inwieweit ein

vorzeitiger Blasensprung (PROM) den Erfolg einer Geburtsein-

leitung beeinflusst.

Material und Methode In dieser historischen Kohortenstu-

die wurden 1861 Geburtseinleitungen am Termin mit Miso-

prostol zwischen 2010 und 2015 analysiert. Zu den Aus-

schlusskriterien gehörten unter anderem ein intrauteriner

Fruchttod, eine vorherige Sectio caesarea oder strukturelle

respektive chromosomale Anomalien. Geburtseinleitungen

wegen eines PROM (PROM-Gruppe) wurden mit Geburtsein-

leitungen aus anderen Indikationen (Kein-PROM-Gruppe) ver-

glichen; der primäre Zielparameter war die Kaiserschnitt-Ra-

te.
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Ergebnis In der PROM-Gruppe war die Rate an Kaiserschnit-

ten signifikant geringer (21,9 vs. 26,3%, p = 0,029). Zudem

waren in der PROM-Gruppe das Einleitung-Geburt-Intervall

kürzer (Mittelwert 972 [854–6734] min vs. 1741 [97–10834]

min, p < 0,0001) und die Raten an vaginalen Geburten inner-

halb von 24 Stunden (80,9 vs. 52,0%, p = 0,0001) und 48

Stunden (98,4 vs. 85,3%, p = 0,0001) höher. Mittels einer mul-

tivariablen Analyse wurde der Einfluss auf die Kaiserschnitt-

Rate zwar nicht bestätigt, es konnte jedoch gezeigt werden,

dass der PROM den stärksten Einfluss auf das Einleitung-Ge-

burt-Intervall hat (p < 0,0001).

Schlussfolgerung Das Vorliegen eines vorzeitigen Blasen-

sprungs beeinflusst bei einer Geburtseinleitung signifikant

verschiedene Zielparameter, insbesondere das Einleitung-Ge-

burt-Intervall.
Introduction
Premature rupture of membranes (PROM) after week 37 + 0 of
gestation occurs in around 8–10% of all births [1]. In around 40%
of cases, regular contractions only start after more than 24 hours.

Induction of labor is indicated in the absence of contractions as
it reduces maternal and infant infection rates and may obviate the
need to transfer the infant to a childrenʼs hospital post partum. It
is also associated with higher satisfaction levels and no increase in
cesarean section rates [2, 3].

A number of options are available to induce labor; medications
to induce labor include oxytocin and prostaglandins, and a balloon
catheter may be used for mechanical induction. The pharmaceu-
tical information for prostaglandin E2 medication states that all
forms of treatment after rupture of the “chorioamniotic mem-
brane” should proceed “with care”, without expanding on the
possible problems that could occur. Administration of the syn-
thetic prostaglandin E1 analog misoprostol is the most effective
medication to induce labor [4–7], and its use after PROM has
been studied in detail [5, 8–12]. Although previous studies did
not find higher infection rates following the use of balloon cathe-
ters [13], they are not commonly used. Moreover, inducing labor
with a balloon catheter is not beneficial compared to the adminis-
tration of misoprostol alone – and should therefore not be used in
this context [14]. As vaginal applications are generally associated
with a higher risk of infection, oral administration (misoprostol)
appears to be the preferred method of administration [15].

There are numerous studies on the efficacy of various proce-
dures to induce labor, but these studies often ignore the fact that
the occurrence of PROM itself could be a decisive factor influenc-
ing the induction of labor.

The aim of this study was therefore to investigate to what ex-
tent premature rupture of membranes affects the induction of la-
bor.
Material and Method
This historical cohort study analyzed the induction of labor using
misoprostol in singleton term pregnancies delivered at the Uni-
versity Gynecology Hospitals of Erlangen (2011–2015) and Mann-
heim (2010–2013).

Inclusion and exclusion criteria

Exclusion criteria included fetal breech presentation, intrauterine
fetal death, previous cesarean section, and the presence of fetal
structural or chromosomal anomalies. The induction of labor with
Kehl S et al. Effect of Premature… Geburtsh Frauenheilk 2017; 77: 1174–1181
mechanical procedures such as balloon catheters was not in-
cluded in the analysis.

Procedure in routine clinical practice

Gestational age was determined based on the last menstrual peri-
od; presumed gestational age was then reviewed using the
crown-rump length measured in the first trimester of pregnancy
and corrected where necessary [16]. Induction of labor for PROM
was compared with induction of labor for other indications. Rup-
ture of membranes was diagnosed clinically using the standard in-
house guidelines of the participating hospital or– if clinical findings
were ambiguous – based on the detection of biomarkers (e.g. in-
sulin-like growth factor-binding protein 1 [IGFBP-1]). Antibiotic
prophylaxis with penicillin or clindamycin for patients allergic or in-
tolerant to penicillin was initiated at twelve hours after PROM and
administered until delivery of the infant. Prophylactic antibiotics
were only administered immediately if Group B streptococci were
detected.

In the group who had labor induction for PROM, induction of
labor started at 12–24 hours after rupture of membranes. The
Bishop score was determined before inducing labor with miso-
prostol. Misoprostol was administered orally. The initial dose was
50 µg, with repeat doses administered after four and eight hours
in the absence of contractions. On the second day of labor induc-
tion, oral misoprostol was increased to 100 µg per dose, with a
maximum of three administrations over a 24 hour period and a
minimum interval of four hours between each administration.
On the third day, 100 µg misoprostol tablets were administered
vaginally.

Outcome measures

The primary outcomemeasure was the cesarean section rate. Sec-
ondary outcome measures included the induction-to-delivery in-
terval, the number of vaginal births within 24 and 48 hours, the
number of unsuccessful inductions of labor (defined as no birth
within 72 hours), the total dose of misoprostol, umbilical cord
blood pH and base excess (BE), and Apgar score at five minutes.
The number of neonatal infections and of transfers of neonates
to childrenʼs hospitals and the incidence of puerperal endometri-
tis were also reviewed.

Statistical analysis

All statistical calculations and analyses were done with the statis-
tical software package SAS, Release 9.3 (SAS Institute Inc., Cary,
North Carolina, USA). Absolute and relative frequencies are shown
for nominally scaled variables; nearly normally distributed quanti-
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Total number of births which

occurred in the investigated period

(n = 17649)

Number of inductions of labor

carried out in the investigated period

(n = 4381)

Review of inclusion and exclusion criteria

(n = 1861)

Induction of labor

for PROM

(n = 816)

Induction of labor

for other indications

excluding PROM

(n = 1045)

▶ Fig. 1 Flow chart with information on the total number of births
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tative variables are presented as means and standard deviation.
The median and the two min/max values are given for ordinally
scaled and quantitatively discrete variables, instead of the mean.

χ2-test or (if the necessary conditions were not fulfilled) Fish-
erʼs exact test were used to compare nominally scaled variables
between the two groups. Comparisons of the means of two
groups were done using t-test for two unpaired samples. Mann-
Whitney U-test was used for ordinally scaled or discrete quantita-
tive variables. All tests were 2-tailed. The results were considered
significant if the p-value was less than 0.05.

For the primary outcome measure “cesarean section”, the
odds ratios and associated p-values of every potential moderating
factor were determined by logistic regression analysis. Similarly,
the secondary outcome measure “induction-to-delivery interval”
was analyzed using linear regression, and the regression coeffi-
cient and p-value of every moderating variable were calculated.
Multivariate regression analysis was done to analyze several mod-
erating factors simultaneously. Parameters were integrated into
the respective statistical model up to a significance level of 0.05
using the option “Selection = Forward”.
and inductions of labor in the investigated cohort during the study
period, after taking the inclusion and exclusion criteria into ac-
count.
Results
A total of 17649 births occurred in the study period; 4381 of
them were induced (24.8%). After taking the inclusion and exclu-
sion criteria into account, 1861 cases were included in this study
(▶ Fig. 1). Misoprostol was administered to 816 women to induce
labor for PROM (PROM group) and administered to 1045 women
to induce labor for other indications (no-PROM group).

Demographic data

Demographic data are presented in ▶ Table 1. There were signifi-
cant differences relating to various parameters between the two
groups: the women in the PROM group were older (30.7 ±
5.2 years vs. 30.1 ± 5.6, p = 0.0196) and had a lower BMI (29.0 ±
▶ Table 1 Demographic data of the study group with premature rupture of
membranes (no PROM).

PROM (n = 81

Age (years) 30.7 ± 5.2

Maternal height (cm) 166.6 ± 6.7

Maternal weight (kg) 82.3 ± 15.0

Body mass index 29.0 ± 5.3

Gravidity 1 (1–7)

Parity 0 (0–4)

Gestational age (days) 276.4 ± 7.4

Birth weight (g) 3350.6 ± 417.

Bishop score 2 (0–6)

Gestational diabetes 78 (9.6%)

Hypertensive disorders of pregnancy 14 (1.7%)

Intrauterine growth retardation. placental insufficiency 14 (1.7%)

p < 0.05 is considered statistically significant

1176
5.3 vs. 30.5 ± 5.4, p < 0.0001). Gestational age and infant birth
weight were lower in the PROM group at delivery (276.4 ± 7.4 vs.
283.3 ± 7.4, p < 0.0001; 3350.6 ± 417.8 vs. 3507 ± 473.2,
p < 0.0001). Rates of gestational diabetes (9.6 vs. 15.9%,
p < 0.0001), hypertensive disorders of pregnancy (1.7 vs. 7.7%,
p < 0.0001) and intrauterine growth retardation/placental insuffi-
ciency (1.7 vs. 4.6%, p = 0.0006) were lower for the women in the
PROM group.
membranes (PROM) and the study group without premature rupture of

6) no PROM (n = 1045) p-value

30.1 ± 5.6 0.0196

166.4 ± 6.6 0.5986

85.0 ± 16.0 0.0002

30.5 ± 5.4 < 0.0001

2 (1–14) < 0.0001

0 (0–9) < 0.0001

283.3 ± 7.4 < 0.0001

8 3507.5 ± 473.2 < 0.0001

2 (0–6) 0.0095

166 (15.9%) < 0.0001

80 (7.7%) < 0.0001

48 (4.6%) 0.0006

Kehl S et al. Effect of Premature… Geburtsh Frauenheilk 2017; 77: 1174–1181



▶ Table 2 Indications for the induction of pregnancy if there was
no premature rupture of membranes.

Indications no PROM

Overdue pregnancy 556 (53.2%)

Gestational diabetes 109 (10.4%)

Patientʼs request 88 (8.4%)

Anhydramnios, oligohydramnios 58 (5.6%)

Suspicion of fetal macrosomia 39 (3.7%)

Decreased fetal movement 20 (1.9%)

Intrauterine growth retardation, placental
insufficiency, pathological Doppler sonography

36 (3.4%)

Hypertensive disorders of pregnancy (HDP) 61 (5.8%)

Suspicious/pathological CTG 28 (2.7%)

Cholestasis of pregnancy (ICP) 11 (1.1%)

Other 39 (3.7%)

CTG: cardiotocography

▶ Table 3 Outcome measures for the two study groups (PROM und and no

Outcome measures

Mode of delivery (n, %)

▪ spontaneous delivery

▪ surgical vaginal delivery

▪ cesarean section

Induction-to-delivery interval (min)*

Vaginal birth within 24 h (n, %)**

Vaginal birth within 48 h (n, %)**

Unsuccessful induction of labor = no vaginal birth within 72 h (n, %)**

Number of misoprostol doses administered (median, range)*

Total dose of misoprostol (µg; median, range)*

Arterial cord blood pH < 7.05 (n, %)

Arterial cord blood pH < 7.10 (n, %)

BE < −12 (n, %)

Apgar score after 5 min (median, range)

Apgar score after 5 min < 7 (n, %)

BE < −12 and Apgar score after 5min < 7 (n, %)

Pathological CTG (n, %)

Pathological fetal blood sampling results (n, %)

Epidural analgesia (n, %)

Oxytocin (n, %)

Green amniotic fluid (n, %)

Amniotic infection syndrome

Postpartum transfer of infant to a childrenʼs hospital (n, %)

Neonatal infection (n, %)

Puerperal endometritis (n, %)

BE: base excess

* without cesarean section and unsuccessful induction of labor

** without cesarean section
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Indications for the induction of labor

▶ Table 2 lists the indications for the induction of labor for the
women in the no-PROM group. The most common indications
were overdue pregnancy (53.2%), gestational diabetes (10.4%),
and patientʼs request with no medical reason (8.4%).

Outcome measures

The outcome parameters for both groups are shown in ▶ Table 3.
The cesarean section rate, i.e. the primary outcome measure, was
significantly lower for the PROM group (21.9 vs. 26.3%,
p = 0.0391). Likewise, the induction-to-delivery interval for the
PROM group was shorter (972 ± 727 [854–6734] vs. 1741 ± 1335
[97–10834] min, p < 0.0001) and the rate of vaginal births within
24 hours (80.9 vs. 52.0%, p = 0.0001) and 48 hours (98.4 vs.
85.3%, p = 0.0001) was higher. There were fewer unsuccessful in-
ductions when labor was induced because of PROM (0.5 vs. 5.6%,
p = 0.0001). Fewer doses of misoprostol were required in the
PROM group (1 [1–10] vs. 3 [1–10], p < 0.0001) and the total dose
of misoprostol was lower (50 [50–750] vs. 150 µg [50–2500],
PROM).

PROM (n = 816) no PROM (n = 1045) p-value

529 (64.8%) 659 (63.1%) 0.4314

108 (13.2%) 111 (10.6%) 0.0826

179 (21.9%) 275 (26.3%) 0.0290

972 ± 726.5 1741 ± 1335.0 < 0.0001

515 (80.9%) 400 (52.0%) < 0.0001

627 (98.4%) 657 (85.3%) < 0.0001

3 (0.5%) 43 (5.6%) < 0.0001

1 (1–10) 3 (1–100) < 0.0001

50 (50–750) 150 (50–2500) < 0.0001

5 (0.6%) 8 (0.8%) 0.6936

21 (2.6%) 24 (2.3%) 0.7013

4 (0.5%) 13 (1.3%) 0.0872

10 (5–10) 10 (4–10) 0.1756

7 (0.9%) 8 (0.6%) 0.4689

0 1 (0,1%) 1.0000

167 (20.5%) 258 (24.7%) 0.0313

3 (0.4%) 5 (0.5%) 1.0000

388 (47.1%) 382 (38.0%) < 0.0001

393 (49.0%) 443 (43.0%) 0.0106

100 (12.3%) 172 (16.5%) 0.0108

7 (0.9%) 6 (0.6%) 0.4659

90 (13.2%) 139 (18.4%) 0.0075

21 (2.6%) 29 (2.8%) 0.7896

2 (0.3%) 2 (0.2%) 1.0000
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▶ Table 4 Outcome measures in the two study groups PROM and no PROM according to parity.

Outcome measures Primiparae Multiparae

PROM
(n = 597)

no PROM
(n = 618)

p-value PROM
(n = 219)

no PROM
(n = 427)

p-value

Mode of delivery

▪ spontaneous delivery 328 (54.9%) 293 (47.4%) 0.0056 201 (91.8%) 366 (85.7%) 0.0158

▪ surgical vaginal delivery 99 (16.6%) 96 (15.5%) 9 (4.1%) 15 (3.5%)

▪ cesarean section 170 (28.5%) 229 (37.1%) 9 (4.1%) 46 (10.8%)

Induction-to-delivery interval (min)* 1114 ± 734 1976 ± 1379 < 0.0001 684 ± 618 1501 ± 1244 < 0.0001

Vaginal birth within 24 h (n, %)** 321 (75.2%) 165 (42.4%) < 0.0001 194 (92.4%) 235 (61.7%) < 0.0001

Vaginal birth within 48 h (n, %)** 418 (97.9%) 322 (82.8%) < 0.0001 209 (99.5%) 335 (87.9%) < 0.0001

Unsuccessful induction of labor = no vagi-
nal birth within 72 hours (n, %)**

2 (0.5%) 31 (8.0%) < 0.0001 1 (0.5%) 12 (3.1%) 0.0390

Number of misoprostol doses
(median, range)*

1 (1–9) 3 (1–100) < 0.0001 1 (1–10) 3 (1–16) < 0.0001

Total misoprostol dose
(µg; median, range)*

50 (50–750) 150
(50–2500)

< 0.0001 50 (50–750) 150
(50–1350)

< 0.0001

Arterial cord blood pH < 7.05 (n, %) 4 (0.7%) 6 (1.0%) 0.7532 1 (0.5%) 2 (0.5%) 1.0000

Arterial cord blood pH < 7.10 (n, %) 18 (3.0%) 20 (3.2%) 0.8209 3 (1.4%) 4 (0.9%) 0.6941

BE < −12 (n, %) 4 (0.7%) 9 (1.5%) 0.1802 0 4 (1.0%) 0.3048

Apgar score after 5 min 10 (5–10) 10 (4–10) 0.0678 10 (5–10) 10 (7–10) 0.2223

Apgar score after 5 min < 7 (n, %) 6 (1.0%) 6 (1.0%) 0.9542 1 (0.5%) 0 0.3401

BE < −12 and Apgar score after 5min
< 7 (n, %)

1 (0.2%) 0 1.0000 0 0 NC

Pathological CTG (n, %) 149 (25.0%) 204 (33.0%) 0.0020 18 (8.2%) 54 (12.7%) 0.0905

Pathological fetal blood sampling
results (n, %)

3 (0.5%) 5 (0.8%) 0.7260 0 0 NC

Epidural analgesia (n, %) 333 (55.8%) 304 (50.0%) 0.0455 50 (23.1%) 78 (18.4%) 0.1553

Oxytocin (n, %) 350 (59.5%) 352 (58.2%) 0.6377 43 (20.1%) 91 (21.4%) 0.6992

Green amniotic fluid (n, %) 76 (12.7%) 126 (20.4%) 0.0003 24 (11.0%) 46 (10.8%) 0.9426

Amniotic infection syndrome 6 (1.0%) 6 (1.0%) 0.9520 1 (0.5%) 0 0.3390

Postpartum transfer to a childrenʼs
hospital (n, %)

78 (15.4%) 98 (22.0%) 0.0085 12 (6.9%) 41 (13.2%) 0.0333

Neonatal infection (n, %) 20 (3.4%) 20 (3.2%) 0.9115 1 (0.5%) 9 (2.1%) 0.1767

Puerperal endometritis (n, %) 2 (0.3%) 1 (0.2%) 0.6183 0 1 (0.2%) 1.0000

* without cesarean section and unsuccessful induction of labor

** without cesarean section

NC: non-calculable

GebFra Science |Original Article
p < 0.0001). There were significantly fewer pathological CTG pat-
terns (20.5 vs. 24.7%, p = 0.0313), cases of green amniotic fluid
(12.3 vs. 16.5%, p = 0.0108), and transfers of infants to the child-
renʼs hospital (13.2 vs. 18.4%, p = 0.0075) in the PROM group;
however, the rates of oxytocin administration (49.0 vs. 43.0%,
p = 0.0106) and epidural analgesia (47.1 vs. 38.0%, p < 0.0001)
were higher.

Outcome measures according to parity

▶ Table 4 shows the outcome measures broken down according
to parity. The cesarean section rate was lower in the PROM group
for both primiparae (28.5 vs. 37.1%, p = 0.0056) and multiparae
(4.1 vs. 10.8%, p = 0.0158). The frequencies for cesarean section,
1178
spontaneous delivery, and surgical vaginal delivery in the PROM
group differed significantly from those of the no PROM group for
both primiparae and multiparae (▶ Table 4). Similarly, the induc-
tion-to-delivery interval was shorter (1114 ± 734 [167–9001] vs.
1977 ± 1379 [288–9001] min, p < 0.0001; 684 ± 618 [54–59696]
vs. 1501 ± 1245 [97–10834] min, p < 0.0001), the rate of vaginal
deliveries within 24 hours (75.2 vs. 42.4%, p < 0.0001; 92.4 vs.
61.7%, p < 0.0001) and 48 hours (97.9 vs. 82.8%, p < 0.0001;
99.5 vs. 87.9%, p < 0.0001) was higher, and the percentage of
successful inductions of labor was lower (0.5 vs. 8.0%,
p < 0.0001; 0.5 vs. 3.1%, p = 0.0390). Misoprostol was adminis-
tered less often (1 [1–9] vs. 3 [1–10], p < 0.0001; 1 [1–10] vs. 3
[1–16], p < 0.0001) and the total dose of administered misopros-
Kehl S et al. Effect of Premature… Geburtsh Frauenheilk 2017; 77: 1174–1181



▶ Table 5 Univariate and multiple logistic regression analysis for the primary outcome measure “cesarean section”. Parameters with a significance
level of up to α = 0.05 were included in the final statistical model.

Moderating factor Univariate analysis Multiple logistic regression

odds ratio p-value odds ratio p-value

Age (years) 1.0000 0.9646 – –

Maternal height (cm) 0.966 < 0.0001 0.959 < 0.0001

Maternal weight (kg) 1.012 0.0003 – –

Body mass index 1.061 < 0.0001 1.060 < 0.0001

Gestational age (days) 0.998 0.7432 – –

Birth weight (g) 1.000 0.8639 – –

Gravidity 0.653 < 0.0001 0.633 < 0.0001

Parity 0.413 < 0.0001 – –

Bishop score 0.818 < 0.0001 0.852 < 0.0001

PROM 0.787 (yes vs. no) 0.0292 – –

Gestational diabetes 1.262 (yes vs. no) 0.1303 – –

Hypertensive disorders of pregnancy 2.783 (yes vs. no) < 0.0001 2.063 (yes vs. no) 0.0030

Intrauterine growth retardation, placental insufficiency 2.158 (yes vs. no) 0.0037 – –

▶ Table 6 Univariate and multiple linear regression analysis for the secondary outcome measure “induction-to-delivery interval”. Parameters with
a significance level of up to α = 0.05 were included in the final statistical model. The binary factors PROM, gestational diabetes, and hypertensive
disorders of pregnancy had a value of 0 (no) or 1 (yes).

Moderating factor Univariate analysis Multiple linear regression

regression
coefficient

p-value regression
coefficient

p-value

Age (years) − 6.804 0.2513 – –

Maternal height (cm) 3.797 0.4224 – –

Maternal weight (kg) 12.147 < 0.0001 – –

Body mass index 39.603 < 0.0001 21.391 < 0.0001

Gestational age (days) 23.345 < 0.0001 – –

Birth weight (g) 0.333 < 0.0001 0.225 0.0012

Gravidity − 90.404 0.0003 – –

Parity − 143.724 < 0.0001 − 213.596 < 0.0001

Bishop score − 136.677 < 0.0001 − 111.166 < 0.0001

PROM − 768.939 < 0.0001 − 710.722 < 0.0001

Gestational diabetes 337.895 0.0003 243.398 0.0070

Hypertensive disorders of pregnancy 842.171 0.0002 417.867 0.0102

Intrauterine growth restriction, placental insufficiency 424.003 0.0290 – –
tol was lower (50 [50–750] vs. 150 µg [50–2500], p < 0.0001; (50
[50–750] vs. 150 µg [50–1350], p < 0.0001). Pathological CTG
patterns (25.0 vs. 33.0%, p = 0.0020) and green amniotic fluid
(12.7 vs. 20.4%, p = 0.0003) were only lower for primiparae in
the PROM group. The epidural analgesia rate was also only signifi-
cantly higher for the primiparae in the PROM group (55.8 vs.
50.0%, p = 0.0455). The percentage of infants transferred to a
childrenʼs hospital post partum was lower for both primiparae
and multiparae (15.4 vs. 22.0%, p = 0.0085; 6.9 vs. 13.2%,
p = 0.0333).
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Amniotic infection syndrome (primiparae/multiparae: < 0.5%)
and puerperal endometritis (primiparae/multiparae: approx.
0.2%) were very rare events. Neonatal infections were more com-
mon for primiparae compared to multiparae (40 [3.3%] vs. 10
[1.5%], p = 0.0270).

Multivariate analysis

The results of multivariate analysis for the outcome measures “ce-
sarean section” and “induction-to-delivery interval” are shown in
▶ Tables 5 and 6. As regards the cesarean section rate, it is clear
that some factors which were shown to be significant moderating
1179
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factors were not included in the multiple model. Whether the
mother had PROM was one of them. The reason for not including
PROM was that other factors (e.g., gravidity and BMI) had a stron-
ger impact, and the combination of the five factors included in the
final model were best suited to explaining the outcome measures.
Knowing whether or not the mother had PROM provided no addi-
tional relevant information.

However, the secondary outcome measure “induction-to-de-
livery interval” was strongly affected by PROM. Whether the
mother had PROM or not had the greatest impact on this second-
ary outcome measure compared to all other investigated factors.
▶ Table 6 shows that when the mother had PROM, the induction-
to-delivery interval was shorter by an average of approximately
711 minutes (including all other factors integrated into the final
model).
Discussion
This historical cohort study showed that induction of labor for
PROM is associated with lower cesarean section rates, a shorter in-
duction-to-delivery interval, and a higher number of births within
24 and 48 hours compared to other indications for the induction
of labor. This finding applied to both primiparae and multiparae.
In multivariate analysis the effect of PROM was only significant
for the induction-to-delivery interval.

This study used oral misoprostol. Misoprostol is the most effec-
tive medication for inducing labor; the rate of cesarean sections
after misoprostol administration is significantly lower than, for ex-
ample, after the administration of dinoprostone [4]. A Cochrane
analysis done in 2014 found that oral misoprostol was more effec-
tive than placebo to induce labor and resulted in fewer cesarean
sections, irrespective of whether women had PROM or not [4].
Park et al. reported that primiparae who received dinoprostone
or oxytocin to induce labor for PROM had higher cesarean section
rates compared to women who did not have PROM [17]. In their
meta-analysis Wood et al. investigated whether the induction of
labor without PROM led to a higher rate of deliveries by cesarean
section. In contrast to the findings in our study presented here,
they came to the conclusion that inducing labor when mem-
branes were intact resulted in fewer cesarean sections [18].

In our current study, the induction-to-delivery interval in the
PROM group was significantly shorter, even in multivariate analy-
sis, and the rate of unsuccessful inductions (no vaginal birth with-
in 72 hours) was lower. This shorter interval to delivery has already
been reported in a number of earlier previous studies [2,5, 19–
21]. The rupture of membranes itself is a trigger for the start of
childbirth [22], even if contractions only start more than 24 hours
later in around 40% of women [2].

Misoprostol can safely be used to induce labor after PROM. The
rate of pathological CTGs in the PROM group was lower, and there
was no difference in the rate of invasive procedures to investigate
possible issues (e.g., fetal blood analysis). In their study, Crane et
al. also found no difference with regard to the number of fetal
blood analyses performed when misoprostol was administered
for premature rupture of membranes at term compared to the
use of oxytocin [8].
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Our study found no difference in the frequency of infant and
maternal infections. Amniotic infection syndrome and puerperal
endometritis were extremely rare. There was no difference in the
rates of neonatal infection between the two groups, but neonatal
infection occurred more frequently with primiparae than multi-
parae. But this could be due to the longer interval until the infant
was delivered, as previous studies have reported that a longer in-
terval after PROM is associated with a higher risk of maternal in-
fection [23]. Moreover, vaginal administration also appears to be
associated with an increased risk of infection [24], and on the third
day of inducing labor, misoprostol was administered vaginally.

The limitation of this study is its retrospective nature. The two
comparison groups also differed significantly from one another
with regard to certain factors. But, given the differences, these
factors did not always appear to be clinically relevant. The
strengths of this study are the large number of cases, the studyʼs
multicentricity, and the uniform procedure used to induce labor
with misoprostol.

This study was able to show that PROM at term has a beneficial
effect on inducing labor and results in a shorter induction-to-labor
interval. When studies are carried out to assess the efficacy of in-
ducing labor, the information from our study should lead to PROM
being taken into account and cases with PROM excluded from the
analysis.
Conclusion for Clinical Practice
In summary, the induction of labor with misoprostol in women
with premature rupture of membranes leads to a shorter induc-
tion-to-delivery interval compared to the induction of labor for
other indications. This impact of PROM should be taken into ac-
count when studies are carried out to assess the efficacy of meth-
ods used to induce labor. The use of misoprostol to induce labor
for PROM is safe as it results in fewer pathological CTGs and fewer
postpartum transfers of neonates to childrenʼs hospitals, and
there is no increase in the rates of infant and maternal infection.

Conflict of Interest
The authors declare that they have no conflict of interest.
References

[1] Gunn GC, Mishell DR jr., Morton DG. Premature rupture of the fetal
membranes. A review. Am J Obstet Gynecol 1970; 106: 469–483

[2] Hannah ME, Ohlsson A, Farine D et al. Induction of labor compared with
expectant management for prelabor rupture of the membranes at term.
TERMPROM Study Group. N Engl J Med 1996; 334: 1005–1010

[3] Middleton P, Shepherd E, Flenady V et al. Planned early birth versus ex-
pectant management (waiting) for prelabour rupture of membranes at
term (37 weeks or more). Cochrane Database Syst Rev 2017; (1):
CD005302

[4] Alfirevic Z, Aflaifel N, Weeks A. Oral misoprostol for induction of labour.
Cochrane Database Syst Rev 2014; (6): CD001338

[5] Lin MG, Nuthalapaty FS, Carver AR et al. Misoprostol for labor induction
in women with term premature rupture of membranes: a meta-analysis.
Obstet Gynecol 2005; 106: 593–601
Kehl S et al. Effect of Premature… Geburtsh Frauenheilk 2017; 77: 1174–1181



[6] Tang J, Kapp N, Dragoman M et al. WHO recommendations for miso-
prostol use for obstetric and gynecologic indications. Int J Gynaecol Ob-
stet 2013; 121: 186–189

[7] Tsikouras P, Koukouli Z, Manav B et al. Induction of labor in post-term
nulliparous and parous women – potential advantages of misoprostol
over dinoprostone. Geburtsh Frauenheilk 2016; 76: 785–792

[8] Crane JM, Delaney T, Hutchens D. Oral misoprostol for premature rup-
ture of membranes at term. Am J Obstet Gynecol 2003; 189: 720–724

[9] Hoffmann RA, Anthony J, Fawcus S. Oral misoprostol vs. placebo in the
management of prelabor rupture of membranes at term. Int J Gynaecol
Obstet 2001; 72: 215–221

[10] Lo JY, Alexander JM, McIntire DD et al. Ruptured membranes at term:
randomized, double-blind trial of oral misoprostol for labor induction.
Obstet Gynecol 2003; 101: 685–689

[11] Radoff KA. Orally administered misoprostol for induction of labor with
prelabor rupture of membranes at term. J Midwifery Womens Health
2014; 59: 254–263

[12] Levy R, Vaisbuch E, Furman B et al. Induction of labor with oral misopros-
tol for premature rupture of membranes at term in women with unfa-
vorable cervix: a randomized, double-blind, placebo-controlled trial.
J Perinat Med 2007; 35: 126–129

[13] Jozwiak M, Bloemenkamp KW, Kelly AJ et al. Mechanical methods for in-
duction of labour. Cochrane Database Syst Rev 2012; (3): CD001233

[14] Kehl S, Ehard A, Berlit S et al. Combination of misoprostol and mechani-
cal dilation for induction of labour: a randomized controlled trial. Eur
J Obstet Gynecol Reprod Biol 2011; 159: 315–319

[15] Jozwiak M, Rengerink KO, Benthem M et al. Foley catheter versus vaginal
prostaglandin E2 gel for induction of labour at term (PROBAAT trial): an
open-label, randomised controlled trial. Lancet 2011; 378(9809): 2095–
2103
Kehl S et al. Effect of Premature… Geburtsh Frauenheilk 2017; 77: 1174–1181
[16] Rempen A, Chaoui R, Häusler M et al. Quality requirements for ultra-
sound examination in early pregnancy (DEGUM Level I) between 4+0
and 13+6 weeks of gestation. Ultraschall Med 2016; 37: 579–583

[17] Park KH, Hong JS, Ko JK et al. Comparative study of induction of labor in
nulliparous women with premature rupture of membranes at term com-
pared to those with intact membranes: duration of labor and mode of
delivery. J Obstet Gynaecol Res 2006; 32: 482–488

[18] Wood S, Cooper S, Ross S. Does induction of labour increase the risk of
caesarean section? A systematic review and meta-analysis of trials in
women with intact membranes. BJOG 2014; 121: 674–685; discussion
685

[19] Thomas J, Fairclough A, Kavanagh J et al. Vaginal prostaglandin (PGE2
and PGF2a) for induction of labour at term. Cochrane Database Syst
Rev 2014; (6): CD003101

[20] Hofmeyr GJ, Gulmezoglu AM, Pileggi C. Vaginal misoprostol for cervical
ripening and induction of labour. Cochrane Database Syst Rev 2010;
(10): CD000941

[21] Tan BP, Hannah ME. Prostaglandins for prelabour rupture of membranes
at or near term. Cochrane Database Syst Rev 2000; (2): CD000178

[22] Alcalay M, Hourvitz A, Reichman B et al. Prelabour rupture of mem-
branes at term: early induction of labour versus expectant manage-
ment. Eur J Obstet Gynecol Reprod Biol 1996; 70: 129–133

[23] Tran SH, Cheng YW, Kaimal AJ et al. Length of rupture of membranes in
the setting of premature rupture of membranes at term and infectious
maternal morbidity. Am J Obstet Gynecol 2008; 198: 700 e1–700 e5

[24] Jozwiak M, Bloemenkamp KW, Kelly AJ et al. Mechanical methods for in-
duction of labour. Cochrane Database Syst Rev 2012; (3): CD001233
1181


