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Management of late-preterm premature rupture
of membranes: the PPROMEXIL-2 trial
David P. van der Ham, MD; Jantien L. van der Heyden, MD; Brent C. Opmeer, PhD; Antonius L.M. Mulder, MD, PhD;
Rob M.J. Moonen, MD; J. (Hans) J. van Beek, MD, PhD; Maureen T.M. Franssen, MD, PhD;
Kitty W.M. Bloemenkamp, MD, PhD; J. (Marko) M. Sikkema, MD, PhD; Christianne J.M. de Groot, MD, PhD;
Martina Porath, MD, PhD; Anneke Kwee, MD, PhD; Mallory D. Woiski, MD; J. (Hans) J. Duvekot, MD, PhD;
Bettina M.C. Akerboom, MD; Aren J. van Loon, MD, PhD; Jan W. de Leeuw, MD, PhD;
Christine Willekes, MD, PhD; Ben W.J. Mol, MD, PhD; Jan G. Nijhuis, MD, PhD
OBJECTIVE: The evidence for the management of near term prelabor
rupture of membranes is poor. From January 2007 until September
2009, we performed the PPROM Expectant Management versus Induc-
tion of Labor (PPROMEXIL) trial. In this trial, we showed that in women
with preterm prelabor rupture of membranes (PPROM), the incidence of
neonatal sepsis was low, and the induction of labor (IoL) did not reduce
this risk. Because the PPROMEXIL trial was underpowered and because
of a lower-than-expected incidence of neonatal sepsis, we performed a
second trial (PPROMEXIL-2), aiming to randomize 200 patients to im-
prove the evidence in near-term PPROM.

STUDY DESIGN: In a nationwide multicenter study, nonlaboring women
ith PPROM between 34 and 37 weeks’ gestational age were eligible

or inclusion. Patients were randomized to IoL or expectant manage-
Am J Obstet Gynecol 2012;207:276.e1-10.

276.e1 American Journal of Obstetrics & Gynecology OCTOBER 2012
RESULTS: From December 2009 until January 2011, we randomized
100 women to IoL and 95 to EM. Neonatal sepsis was seen in 3 neo-
nates (3.0%) in the IoL-group versus 4 neonates (4.1%) in the EM group
(relative risk, 0.74; 95% confidence interval, 0.17–3.2). One of the
sepsis cases in the IoL group resulted in neonatal death because of as-
phyxia. There were no significant differences in secondary outcomes.

CONCLUSION: The risk of neonatal sepsis after PPROM near term is
low. Induction of labor does not reduce this risk.

Key words: induction of labor, neonatal sepsis, PPROM Expectant
Management versus Induction of Labor trial, preterm prelabor rupture
of membranes
ent (EM). The primary outcome measure was neonatal sepsis.

Cite this article as: van der Ham DP, van der Heyden JL, Opmeer BC, et al. Management of late-preterm premature rupture of membranes: the PPROMEXIL-2 trial.
P reterm prelabor rupture of mem-
branes (PPROM) is associated

ith neonatal morbidity and morta-
ity as well as maternal morbidity.1-4 In
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demonstrated insufficient evidence for
the management of PPROM in clinical
practice.1

Given this lack of evidence to justify
the induction of labor or expectant man-
agement, a randomized controlled trial
was performed as the PPROMEXIL
(PPROM Expectant Management versus
Induction of Labor) trial.8 In this trial,

e tested the hypothesis that induction
f labor (IoL) would reduce the inci-
ence of neonatal sepsis.
In the PPROMEXIL trial, the inci-

ence of neonatal sepsis in the expectant
roup was 4.1%, which is lower than the
xpected 7.5%, and the risk of neonatal
epsis was not decreased by induction of
abor (2.6% vs 4.1%; relative risk [RR],
.64; 95% confidence interval [CI],
.25–1.6). In contrast, in the IoL group,
he risk of neonatal hypoglycemia and
yperbilirubinemia was increased (RR,
.2; 95% CI, 1.4 –3.4, and RR, 1.5; 95%
I, 1.1–1.9, respectively). Because of this

ack of power, there remained equipoise
n the subject after the completion of
ur PPROMEXIL trial.
Inviewofthisequipoiseandinviewofun-

ertainty of the continuation of the other
argeongoingtrialonthesubjectat that time,
reterm Prelabour Rupture of Membranes
lose toTermTrial (PPROMT),9 whichwas
ependent on funding, we decided to set up

new trial called PPROMEXIL-2, with
similar design as our PPROMEXIL study,
iming to randomize an additional 200
omen. We planned to combine the re-

ults of the PPROMEXIL trials with the re-
ults of the possible prematurely termi-
ated PPROMT trial into an individual
atient data metaanalysis, which would
hen reach the planned power calculation
f the PPROMT trial. The decision to
tart PPROMEXIL-2 was made after
he completion and analysis of the re-
ults of PPROMEXIL, and it should
herefore be considered as an indepen-
ent trial.

MATERIALS AND METHODS
We performed a nationwide randomized
controlled trial in The Netherlands be-
tween December 2009 until January 2011.
The methods of this trial have been de-

scribed earlier extensively by van der Ham p
et al.8,10 The PPROMEXIL-2 trial was a
randomized controlled trial that ran in 60
academic and nonacademic hospitals in
The Netherlands. For the PPROMEXIL-2
trial, no changes were made in this trial
protocol or in the outcome measures. This
trial was registered in the ISRCTN register:
ISRCTN05689407 (http://www.controlled-
trials.com/ISRCTN05689407/ppromexil).

The PPROMEXIL-2 study was ap-
proved by the Medical Ethics Committee
of the Maastricht University Medical Cen-
ter as an amendment of the PPROMEXIL
trial (MEC 05-240).

Women with a singleton or twin preg-
nancy were eligible for the PPROMEXIL
trial when they were not in labor 24
hours after PPROM between 34 and 37
weeks of gestational age. PPROM had to
be diagnosed after 26�0 weeks. Women
with a monochorionic multiple preg-
nancy, nonreassuring cardiotocogram,
meconium stained amniotic fluid, major
fetal anomalies, HELLP (hemolysis, ele-
vated liver enzymes, and low platelets) syn-
drome, or severe preeclampsia and signs of
intrauterine infections were not eligible.

Randomization was performed in a
password-protected, web-based data-
base in a 1:1 for immediate delivery (IoL)
versus expectant management (EM). If
women were allocated to IoL, labor was
induced within 24 hours after random-
ization. IoL was performed according to
the Dutch national guidelines.11 If a ce-
arean section was indicated (for exam-
le, in the case of a child in breech posi-
ion), this was done as soon as feasible
fter randomization. Women allocated
o EM were monitored according to a
tandard local protocol, until delivery
tarted spontaneously. If a participant
eached 37�0 weeks’ gestational age (GA),
abor was induced. Labor was induced
rior to 37�0 weeks of gestation when
here were clinical signs of infection or on
nother neonatal or maternal indication
hat justified induction of labor. Data were
ollected by research staff in a web-based,
assword-protected database.
The Dutch guidelines on PPROM give

o clear recommendation on the use of an-
ibiotics prior to labor. Therefore, antibi-
tics were administered according to local

rotocol. In pregnancies with PPROM
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rior to 34 weeks’ gestation, corticoste-
oids were given for fetal pulmonary mat-
ration. Administration of tocolytics was
ependent on the local protocol.

Outcome measures
The primary outcome was neonatal sep-
sis, defined as a positive blood culture
taken at birth (not Staphylococcus epider-
midis) or within 72 hours 2 or more
symptoms of infection (apnea, tempera-
ture instability, lethargy, feeding, intol-
erance, respiratory distress, hemody-
namic instability) plus 1 of the following
3 items: (1) positive blood culture (cul-
ture-proven sepsis); (b) C-reactive pro-
tein greater than 20 (suspicion sepsis); or
(3) positive surface cultures of a known
virulent pathogen (suspicion of sepsis).

When the local investigator classified a
case as sepsis or when criteria for sepsis
were registered in the database, the case
was judged by an independent panel of
pediatricians (A.L.M.M., R.M.J.M.) who
were not aware of the allocation of ran-
domization. After the relevant data were
presented to the panel, they adjudicated
between neonatal sepsis (proven or sus-
pected sepsis) or no sepsis.

Secondary neonatal outcome measures
were respiratory distress syndrome, as-
phyxia, hypoglycemia, hyperbilirubinemia,
total length of hospital stay and admission,
and length of stay on the neonatal intensive
care unit (NICU) and perinatal death.

Maternal outcome measures were an-
tepartum hemorrhage, signs of (histo-
logical or clinical) chorioamnionitis, to-
tal length of hospital stay, and admission
to the intensive care unit. Finally, we re-
corded mode of delivery and need for an-
esthesia. No changes to trial outcomes
were made after the trial commenced.

Statistical analysis and metaanalysis
Within a well-organized nationwide Dutch
researchconsortium,it seemedfeasible tore-
cruit 200 patients within approximately 1
year. These 200 patients combined with the
536 patients of the PPROMEXIL trial8 and
he estimated number of included patients
t the end of 2010 for the PPROMT trial9

would provide the power calculation as
calculated by the investigators of the

PPROMT trial (1812 women). Therefore,
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noseparatepowercalculationwasdonefor
this trial.

Data were analyzed on an intention-
to-treat basis. The RRs, absolute risk re-
duction, mean difference (MD), and
95% CIs were calculated for the relevant
outcome measures. P � .05 was consid-
ered to indicate statistical significance.
Statistical analyses were performed using
SPSS Statistics (version 17.0; SPSS Inc,
Chicago, IL).

We further updated a recent Cochrane
review1 on the subject for sepsis (over-
ll), culture proven neonatal sepsis, re-
piratory distress syndrome (RDS), and
he cesarean section rate as we did after
he PPROMEXIL trial8 with the data
rom the PPROMEXIL trial and the cur-
ent PPROMEXIL-2 trial, using Review

anager Software version 5.1.12

RESULTS

From December 2009 until January
2011, a total of 241 women were asked to
participate in the trial, of which 198
women (82%) gave informed consent.
Of these women, 3 had to be excluded
because they had been randomized at a
gestational age longer than 36�6 weeks.
The remaining 195 women were eligible
for analysis. A total of 100 women were
randomized to induction of labor (IoL
group) and 95 to expectant management
(EM group). Figure 1 outlines the study

rofile.
Baseline characteristics are shown in

able 1. The median gestational age at
andomization was 251 days. Thirty-
hree women (17%) had PPROM prior
o 34 weeks’ GA. Table 2 shows data on
regnancy outcome and mode of deliv-
ry. Women in the IoL group delivered
n average 3.5 days earlier (95% CI, 1.8 –
.2 days) than women in the EM group.

omen in the EM group stayed on av-
rage 4.4 days longer in the hospital
95% CI, 2.2– 6.7 days).

The mode of delivery was not statisti-
ally significant different. There were
ewer cesarean sections in the IoL group
13 [13%] vs 22 [22%]; RR, 0.58; 95%
I, 0.31–1.08; P � .081). This difference
as partly because of the higher number of

lanned cesarean sections in the EM group
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3 vs 8), which was known at baseline and
ould not be due to randomization.

Antibiotics during admission and dur-
ng labor were administered equally.
here were no differences in the rates of
pidural and/or spinal analgesia.

Neonatal sepsis
Neonatal sepsis was seen in 3 neonates
(3.0%) in the IoL group versus four
(4.1%) in the EM group (RR, 0.74; 95%
CI, 0.17–3.2) (Table 3). One neonate in
the IoL group who had a proven sepsis
died 48 hours postpartum because of the
complications of a severe asphyxia and
anemia. During labor, fetal blood sam-

FIGURE 1
Trial profile

241 assesse

198  enrolled 

102 allocated to induction of 
labor 

0 lost to follow-up 

100 analyzed 
Including 0 twin pregnancies 

0 excluded from analyzes 

81 had induction of labor 
15 had spontaneous onset of 

labor 
3  had a planned caesarean 

section 
1 unknown onset of labor 

2 excluded - did not fulfill inclusion criteria  

van der Ham. Management of late preterm PPROM. Am J O
pling was performed because of a subop-

gy OCTOBER 2012
timal cardiotocography. This procedure
resulted in heavy blood loss, after which
an emergency cesarean section was per-
formed. An asphyctic male neonate (ar-
terial pH 6.98 mmol/L and Apgar score
0/0) was born and was transferred to an
NICU center in which multiorgan failure
occurred with a Sarnat stage 3 asphyxia
and positive blood cultures for group B
Streptococcus. The child died 48 hours
postpartum. This case was reported to
the Medical Ethical Committee of the
Maastricht University Medical Center,
and it was extensively discussed by our
panel of neonatologists (A.L.M.M,

for eligibility 

Refused randomization 
1  had induction of labor 
37  had expectant management 
5  refused follow up 

d randomized 

96 allocated to expectant  
management 

0 lost to follow-up 

95 analyzed 
Including 3 twin pregnancies 

0 excluded from analyzes 

57  had spontaneous onset of 
labor 

16 had induction of labor prior 
to 37 weeks 

13  had induction of labor after 
37 weeks 

8 had planned caesarean 
section 

1 excluded - did not fulfill inclusion criteria  

Gynecol 2012.
d 
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gynecologist. Neonatal death was con-
sidered to be related to the severe as-
phyxia and anemia and not to neonatal
sepsis. Induction of labor was not con-
sidered to be the cause of this severe ad-
verse event.

Other neonatal outcomes
Table 3 shows all neonatal outcomes.
Neonates born in the IoL group stayed
7.4 days in the hospital compared with
6.9 days (MD, 0.52; 95% CI, �0.5 to 2.3
days) after EM. Neonates in the IoL group
were equally admitted to the NICU (7
[7.0%] cases vs 8 [8.2%] in the EM group;
RR, 0.86; 95% CI, 0.32–2.3). Newborns
admitted to the NICU in the IoL group
stayed a shorter time than those in the EM
group (mean 2.0 vs 7.0 days; MD, �5.0;
95% CI, �9.0 to �1.0).

Respiratory distress syndrome was
seen in 6 newborns in the IoL group
(6.0%) versus 5 in the EM group (5.1%)
(RR, 1.2; 95% CI, 0.37–3.7). Hypoglyce-
mia (8 [8.1%] vs 8 [8.2%]; RR, 0.99; 95%
CI, 0.39 –2.5) and hyperbilirubinemia
(20 [20%] vs 21 [21%]; RR, 0.95; 95%
CI, 0.55–1.6) were seen equally in both
groups. For other neonatal outcome
measures, there were also no significant
differences between both groups.

Maternal outcomes
Table 4 shows all maternal outcomes.
Clinical chorioamnionitis was not seen
in the IoL group and in 4 women in the
EM group (4.3%) (P � 0.038). The inci-
dence of histological chorioamnionitis
was 12 (18%) versus 18 (31%), respec-
tively (RR, 0.64; 95% CI, 0.33–1.2).

Metaanalysis
In total 1428 neonates could be analyzed
from 9 studies for neonatal sepsis, 1090
neonates (6 studies) for culture-proven
sepsis, 1428 neonates (9 studies) for
RDS, and 1417 women (9 studies) for ce-
sarean section rate. As shown in Figure 2,
the risk ratio of all outcome were not sta-
tistically different.

COMMENT
In this PPROMEXIL-2 trial, 195 women
with PPROM between 34 and 37 weeks
were included and analyzed. We found
that induction of labor did not reduce
TABLE 1
Baseline characteristics

Characteristicsa

Induction of labor Expectant management
(n � 100) (n � 95)

Maternal age (range) [�SD], y 30.5 (19.4–43.6) [� 5.3] 29.4 (19.2–41.8) [� 5.0]
..............................................................................................................................................................................................................................................

Nulliparous, n (range) (%) 48 (0–6) (48) 49 (0–4) (52)
..............................................................................................................................................................................................................................................

Twin pregnancy, n (%) 0 (0) 3 (3.2)
..............................................................................................................................................................................................................................................

Ethnic origin
.....................................................................................................................................................................................................................................

White, n (%) 78 (78) 67 (71)
.....................................................................................................................................................................................................................................

Other ethnic origin, n (%) 15 (15) 18 (19)
.....................................................................................................................................................................................................................................

Unknown, n (%) 7 (7.0) 10 (11)
..............................................................................................................................................................................................................................................

Education
.....................................................................................................................................................................................................................................

Primary school (4-12 y), n (%)b 0 (0) 2 (4.0)
.....................................................................................................................................................................................................................................

Secondary school (12 to 16-18 y), n (%)b 9 (17) 3 (6.0)
.....................................................................................................................................................................................................................................

Lower professional school, n (%)b 5 (9.3) 6 (12)
.....................................................................................................................................................................................................................................

Medium professional school, n (%)b 20 (37) 23 (46)
.....................................................................................................................................................................................................................................

Higher professional school, n (%)b 19 (35) 11 (22)
.....................................................................................................................................................................................................................................

University, n (%) 1 (1.9) 5 (10)
..............................................................................................................................................................................................................................................

Maternal smoking, n (%) 25 (27) 25 (27)
..............................................................................................................................................................................................................................................

Body mass index
.....................................................................................................................................................................................................................................

At booking (range) [� SD], kg/m2c 26.2 (16.5–53.3) [� 6.6] 25.0 (15.8–46.3) [� 6.4]
.....................................................................................................................................................................................................................................

At study entry (range) [� SD], kg/m2c 30.1 (17.8–56.2) [� 8.1] 29.6 (20.8–46.3) [� 5.6]
..............................................................................................................................................................................................................................................

Antenatal administration of corticosteroids, n (%) 20 (22) 13 (16)
..............................................................................................................................................................................................................................................

Diagnostic test for rupture of membranesd

.....................................................................................................................................................................................................................................

Positive history, n (%) 67 (70) 71 (76)
.....................................................................................................................................................................................................................................

Positive ferning, n (%) 48 (79) 34 (67)
.....................................................................................................................................................................................................................................

Positive pH test, n (%) 2 (7.7) 2 (7.7)
.....................................................................................................................................................................................................................................

Positive PAMG-1 test, n (%) 11 (32) 19 (50)
.....................................................................................................................................................................................................................................

Decrease amniotic fluid on ultrasound, n (%) 53 (76) 52 (70)
..............................................................................................................................................................................................................................................

Ruptured membranese

.....................................................................................................................................................................................................................................

�34 wks, n (%) 20 (20) 13 (14)
.....................................................................................................................................................................................................................................

34�0 to 34�6 wks, n (%) 11 (11) 16 (17)
.....................................................................................................................................................................................................................................

35�0 to 35�6 wks, n (%) 29 (29) 28 (30)
.....................................................................................................................................................................................................................................

36�0 to 36�6 wks, n (%) 40 (40) 37 (39)
..............................................................................................................................................................................................................................................

Gestational age at PPROM, median [IQR], d 249 [240–254] 249 [241–253]
..............................................................................................................................................................................................................................................

Gestational age at randomization, median [IQR], d 251 [242–255] 251 [243–255]
..............................................................................................................................................................................................................................................

Fetal position at data entry
.....................................................................................................................................................................................................................................

Cephalic, n (%) 96 (96) 87 (92%)
.....................................................................................................................................................................................................................................

Breech, n (%) 4 (4.0) 8 (8.4%)
.....................................................................................................................................................................................................................................

Maternal temperature at inclusion, mean [� SD], ˚C 36.8 [� 0.44] 36.8 [� 0.44]
..............................................................................................................................................................................................................................................

IQR, interquartile range; PAMG-1, placental alpha macroglobulin-1; PPROM, preterm prelabor rupture of membranes.
a Percentages given are related to available data per characteristic and may differ from total number of patients; b Percentages are

given as part of known educational level; c Outcome characteristic with more than 5% missing data; ethnic origin: data available
from 178 cases (91%); education: data available from 104 cases (53%); maternal smoking: data available from 184 cases
(94%); body mass index at booking: data available from 161 cases (84%); body mass index at start study available from 84 cases
(44%); antenatal administration of corticosteroids: data available from 173 cases (89%); maternal temperature at inclusion: data
available from 172 cases (90%); d Sum of tests exceeds 100% because more than 1 test could be applied on the same patient;
percentages are given as part of applied tests. Data on positive history were available from 190 of 195 cases (97%). Ferning was
done in 112 cases, pH test was done in 52 cases, PAMG-1 test was done in 72 cases, and ultrasound was done in 146 cases;
e In one woman, the term at rupture of membranes was unknown.
the incidence of neonatal sepsis, nor did

an Journal of Obstetrics & Gynecology 276.e4
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it influence the rates of cesarean section
and RDS. Because all cases with possible
signs for neonatal sepsis were adjudi-
cated by a panel of neonatologists, we be-
lieve that we did not miss any case of
neonatal sepsis, nor did we overestimate
the incidence of neonatal sepsis.

Induction of labor did reduce the risk
of clinical chorioamnionitis, but we did
notfindasignificantdifference inhistolog-
ical chorioamnionitis. Nevertheless, inci-
dences of chorioamnionitis were in the
same magnitude as in the PPROMEXIL

TABLE 2
Pregnancy outcome

Outcomea

Induction
(n � 100

Onset of labord

..........................................................................................................

Spontaneously, n (%) 15 (15
..........................................................................................................

Planned cesarean section, n (%) 3 (3.0
..........................................................................................................

Induction, n (%) 81 (82
..........................................................................................................

Gestational age at birth, mean
[�SD] (median) [IQR], d

250.5 [�

...................................................................................................................

Gestational age at birth from
..........................................................................................................

34�0 to 34�6 wks, n (%) 25 (25
..........................................................................................................

35�0 to 35�6 wks, n (%) 21 (21
..........................................................................................................

36�0 to 36�6 wks, n (%) 49 (50
..........................................................................................................

37�0 to 37�6 wks, n (%) 5 (5.0
..........................................................................................................

Longer than 38 wks, n (%) 0 (0)
...................................................................................................................

Interval between randomization and birth,
mean [�SD] (median) [IQR], h

39 [�

...................................................................................................................

Interval between rupture of membranes and
birth, mean [� SD] (median) [IQR], h

133 [�

...................................................................................................................

Mode of delivery
..........................................................................................................

Spontaneously vaginally, n (%) 78 (78
..........................................................................................................

Vaginally assisted, n (%) 9 (9.0
..........................................................................................................

Cesarean section, n (%) 13 (13
..........................................................................................................

Any instrumental delivery, n (%) 22 (22
...................................................................................................................

Antibiotics
..........................................................................................................

During admission, n (%) 36 (36
..........................................................................................................

During labor, n (%) 28 (29
..........................................................................................................

During admission or labor, n (%) 40 (42
...................................................................................................................

Epidural and/or spinal analgesia, n (%) 25/99 (25
...................................................................................................................

Hemorrhage, mean (range) [� SD], mL 351 (50
...................................................................................................................

Total maternal admission, mean
[� SD] (median) [IQR], d

8.8 [�

...................................................................................................................

CI, confidence interval; EM, expectant management; IoL, indu
a Percentages, relative risks, 95% CI, and P value given are re

and the number of newborns in the IoL group was 100; c Th
was unknown; e Including 1 forcipal extraction; f Including 2

van der Ham. Management of late preterm PPROM. Am
trial. It has been suggested in the previous
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studies that chorioamnionitis is related to
cerebral palsy.13-16 However, we believe
that this association cannot be extrapo-
lated to our population because these stud-
ies were reporting on very preterm infants.
Because the incidence of cerebral palsy in
the near term population is very low, we do
not believe that this association justifies in-
duction of labor in women with late pre-
term PROM.

In contrast to the PPROMEXIL trial,8

we found no difference in the incidence of
hypoglycemia and hyperbilirubinemia be-

bor Expectant management Relat
(95%00)b (n � 95 or 98)c

.........................................................................................................................

54 (57) 0
.........................................................................................................................

8 (8.5) 0
.........................................................................................................................

32 (34) 2
.........................................................................................................................

] (252) [244–256] 254.0 [� 5.3] (256) [251–258] �3

.........................................................................................................................

.........................................................................................................................

7 (7.1) 3
.........................................................................................................................

21 (21) 0
.........................................................................................................................

47 (48) 1
.........................................................................................................................

23 (23) 0
.........................................................................................................................

0 (0) —
.........................................................................................................................

24) [12–47] 110 [� 131] (74) [33–165] �71

.........................................................................................................................

(63) [42–113] 193 [� 230] (123) [64–208] �61

.........................................................................................................................

.........................................................................................................................

68 (69) 1
.........................................................................................................................

8 (8.1)e 1
.........................................................................................................................

22 (22)f 0
.........................................................................................................................

30 (31) 0
.........................................................................................................................

.........................................................................................................................

46 (48%) 0
.........................................................................................................................

33 (36%) 0
.........................................................................................................................

51 (55%) 0
.........................................................................................................................

27/91 (30%) 0
.........................................................................................................................

0) [� 296] 505 (50–3800) [� 587] �155
.........................................................................................................................

] (7) [5–11] 13.2 [� 9.5] (10) [7–16] �4

.........................................................................................................................

of labor; IQR, interquartile range; NA, not available.

to available data per characteristic and may differ from total num
ber of women in the EM group was 95, and the number of newb

rean sections after vacuum extraction failed.
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tween both groups.
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As shown in the metaanalysis based on
more than 1400 neonates, expectant
management seems to be a safe strategy
with respect to neonatal sepsis, RDS, and
cesarean section rates.

This trial has its limitations. As men-
tioned in the introductory text, the design
of the study was approved and registered
after we finished the PPROMEXIL trial
and should therefore be considered as a
separate trial. Because of the remaining
equipoise at that moment and major fund-
ing problems of the ongoing PPROMT

isk/mean difference
value)

Absolute risk reduction
(95% CI)

..................................................................................................................

(0.16–0.43; � .001) 42.3% (30.0–54.5%)
..................................................................................................................

(0.10–1.3; .100) 5.5% (�1.1% to 12.1%)
..................................................................................................................

(1.79–3.23; � .001) �47.9% (�60.0% to �35.6%)
..................................................................................................................

5.2 to �1.8; � .001) NA

..................................................................................................................

..................................................................................................................

(1.59–7.72; � .001) �17.9% (�37.7% to �8.0%)
..................................................................................................................

(0.57–1.68; .941) 0.43% (�11.0% to 11.8%)
..................................................................................................................

(0.77–1.36; .884) �1.04% (�15.0% to 12.9%)
..................................................................................................................

(0.08–0.54; � .001) 18.5% (9.1–27.9%)
..................................................................................................................

—
..................................................................................................................

9 to �42; � .001) NA

..................................................................................................................

20 to �1.1; � .001) NA

..................................................................................................................

..................................................................................................................

(0.95–1.33; .169) �8.6% (�20.8% to 3.6%)
..................................................................................................................

(0.44–2.74; .834) �0.84% (�8.6% to 7.0%)
..................................................................................................................

(0.31–1.08; .081) 9.4% (�1.1% to 20.0%)
..................................................................................................................

(0.44–1.16; .169) 8.6% (�3.6 to 20.8%)
..................................................................................................................

..................................................................................................................

(0.53–1.04; .079) 12.4% (�1.3% to 26.2%)
..................................................................................................................

(0.53–1.22; .305) 7.0% (�6.3% to 20.3%)
..................................................................................................................

(0.62–1.11; .206) 9.5% (�5.1% to 24.1%)
..................................................................................................................

(0.54–1.35; .495) 4.4% (�8.2 to 17.1%)
..................................................................................................................

86 to �22; .022) NA
..................................................................................................................

6.7 to �2.2; � .001) NA

..................................................................................................................

f patients; b The number of women in the IoL group was 100,
in the EM group was 98; d From 2 women the onset of labor
of la ive r
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ecuted to improve the number of inclu-
sion to perform and individual patient
data metaanalysis (IPD-MA) with data
of PPROMT and both PPROMEXIL
trials. Recruitment of an additional 200

TABLE 3
Neonatal outcome

Outcomea

Primary outcome
..........................................................................................................

Proven neonatal sepsis, n (%)
..........................................................................................................

Suspected neonatal sepsis, n (%)
..........................................................................................................

Sepsis overall, n (%)
...................................................................................................................

Secondary outcome
..........................................................................................................

Apgar score, 5 min �7, n (%)
..........................................................................................................

Neonatal temperature �38,0oC, n (%)b
..........................................................................................................

pH umbilical artery �7.1 mmol/L, n (%)b
..........................................................................................................

Birthweight, mean [�SD], g
..........................................................................................................

RDS (no grade classified), n (%)
..........................................................................................................

RDS grade I or II, n (%)
..........................................................................................................

RDS grade III or IV, n (%)
..........................................................................................................

Wet lung, n (%)
..........................................................................................................

Asphyxia, n (%)
..........................................................................................................

Pneumothorax/pneumomediastinum, n (%)
..........................................................................................................

Meconium aspiration syndrome, n (%)
..........................................................................................................

Neonatal meningitis, n (%)
..........................................................................................................

Late onset sepsis, n (%)
..........................................................................................................

Hypoglycemia, n (%)
..........................................................................................................

Hyperbilirubinemia, n (%)
..........................................................................................................

Necrotizing enterocolitis, n (%)
..........................................................................................................

HIE grade 1 or 2, n (%)
..........................................................................................................

HIE grade 3 or 4, n (%)
..........................................................................................................

IVH grade 1 or 2, n (%)b
..........................................................................................................

IVH grade 3 or 4, n (%)b
..........................................................................................................

PVL grade 1 or 2, n (%)
..........................................................................................................

PVL grade 3 or 4, n (%)
..........................................................................................................

Convulsions, n (%)
..........................................................................................................

Other neurological disorders, n (%)
..........................................................................................................

Other disorders, n (%)
...................................................................................................................

Intrapartum death, n (%)
...................................................................................................................

Neonatal death, n (%)
...................................................................................................................

Hospital admission, n (%)
...................................................................................................................

Length of hospital stay, mean [� SD]
...................................................................................................................

(median) [IQR], d
...................................................................................................................

NICU admission, n (%)
...................................................................................................................

CI, confidence interval; HIE, hypoxic ischemic encephalopathy;
leucomalacia; RDS, respiratory distress syndrome.
a Percentages, relative risks, 95% CI, and P value given accordi

pH umbilical artery �7.1 mmol/L data available from 147 (7

van der Ham. Management of late preterm PPROM. Am
women within a 12 month period
seemed feasible. However, near the clos-
ing of the recruitment of the patients for
the PPROMEXIL-2 trial, the investiga-
tors of the PPROMT trial gained extra
funding to complete their estimated in-

uction
abor
� 100)

Expectant
management
(n � 98)

Relative ris
(95% CI; P

.........................................................................................................................

1 (1.0) 2 (2.0) 0.49 (0.
.........................................................................................................................

2 (2.0) 2 (2.0) 0.98 (0.
.........................................................................................................................

3 (3.0) 4 (4.1) 0.74 (0.
.........................................................................................................................

.........................................................................................................................

2 (2.0) 1 (1.0) 1.92 (0.
.........................................................................................................................

3 (5.8) 2 (3.9) 1.47 (0.
.........................................................................................................................

3 (4.1) 2 (2.7) 1.52 (0.
.........................................................................................................................

2 [� 393] 2718 [� 419] �66 (�181
.........................................................................................................................

6 (6.0) 5 (5.1) 1.18 (0.
.........................................................................................................................

3 (3.1) 0 (0) (P � .082)
.........................................................................................................................

0 (0) 0 (0) NA
.........................................................................................................................

0 (0) 3 (3.1) (P � .078)
.........................................................................................................................

1 (1.0) 0 (0) (P � .319)
.........................................................................................................................

0 (0) 0 (0) NA
.........................................................................................................................

1 (1.0) 0 (0) (P � .321)
.........................................................................................................................

0 (0) 0 (0) NA
.........................................................................................................................

1 (1.0) 0 (0) (P � .319)
.........................................................................................................................

8 (8.1) 8 (8.2) 0.99 (0.
.........................................................................................................................

0 (20) 21 (21) 0.95 (0.
.........................................................................................................................

1 (1.0) 0 (0) (P � .319)
.........................................................................................................................

0 (0) 0 (0) NA
.........................................................................................................................

1 (1.0) 0 (0) (P � .319)
.........................................................................................................................

1 (1.0) 0 (0) (P � .321)
.........................................................................................................................

0 (0) 0 (0) NA
.........................................................................................................................

0 (0) 1 (1.0) (P � .313)
.........................................................................................................................

0 (0) 0 (0) NA
.........................................................................................................................

0 (0) 0 (0) NA
.........................................................................................................................

1 (1.0) 0 (0) (P � .319)
.........................................................................................................................

6 (6.1) 14 (15) 0.41 (�
.........................................................................................................................

0 (0) 0 (0) NA
.........................................................................................................................

1 (1.0)c 0 (0) (P � .321)
.........................................................................................................................

5 (96) 95 (98) 0.98 (0.
.........................................................................................................................

7.4 [� 6.1] 6.9 [� 6.0] 0.52 (�
.........................................................................................................................

4) [3–12] (5) [2–9]
.........................................................................................................................

7 (7.0) 8 (8.2) 0.86 (0.
.........................................................................................................................

interventriculair hemorrhage; IQR, interquartile range; NA, not av

available data; b Outcome characteristic with more than 5% missin
; c One neonate died because of a severe anemia after ruptured
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clusions (1812 women). The results as w
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presented in the current trial should be
interpreted with some caution because
of the fact that no proper power calcula-
tion was done.

As in the PPROMEXIL trial8 during

ean difference
e)

Absolute risk reduction
(95% CI)

..................................................................................................................

.3; .549) 1.04% (�2.37% to 4.5%)
..................................................................................................................

.82; .983) 0.04% (�3.9% to 4.0%)
..................................................................................................................

.20; .680) 1.08% (�4.1% to 6.2%)
..................................................................................................................

..................................................................................................................

0.8; .585) �0.96% (�4.4% to 2.5%)
..................................................................................................................

.44; .663) �1.85% (�10.1% to 6.4%)
..................................................................................................................

.84; .638) �1.41% (�7.3% to 4.5%)
..................................................................................................................

8; .256) NA
..................................................................................................................

.73; .783) �0.0.90% (�7.3% to 5.5%)
..................................................................................................................

�3.06% (�6.5% to 0.35%)
..................................................................................................................

NA
..................................................................................................................

3.06% (�0.35% to 6.5%)
..................................................................................................................

�1.01% (�3.0% to 0.96%)
..................................................................................................................

NA
..................................................................................................................

�1.00% (�3.0% to 0.95%)
..................................................................................................................

NA
..................................................................................................................

�1.01% (�3.0% to 0.96%)
..................................................................................................................

.53; .983) 0.08% (�7.5% to 7.7%)
..................................................................................................................

.64; .861) 1.02% (�10.4% to 12.4%)
..................................................................................................................

�1.01% (�3.0% to 0.96%)
..................................................................................................................

NA
..................................................................................................................

�1.01% (�3.0% to 0.96%)
..................................................................................................................

�1.01% (�3.0% to 0.96%)
..................................................................................................................

NA
..................................................................................................................

1.03% (�0.98% to 3.0%)
..................................................................................................................

NA
..................................................................................................................

NA
..................................................................................................................

�1.01% (�3.0% to 0.96%)
..................................................................................................................

�0.24; .044) 8.8% (0.24–17.4%)
..................................................................................................................

NA
..................................................................................................................

�1.00% (�3.0% to 0.95%)
..................................................................................................................

1.03; .421) 1.98% (�2.8% to 6.8%)
..................................................................................................................

o 2.3; .559) NA
..................................................................................................................

..................................................................................................................

2.3; .757) 1.16% (�6.2% to 8.5%)
..................................................................................................................

e; NICU, neonatal intensive care unit; PVL, periventriculair

ta; neonatal temperature data available from 103 cases (52%);
previa and a proven neonatal sepsis.
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sepsis rates (2.6% in the IoL group vs 4.1%
in the EM group), the incidences of sepsis
in the PPROMEXIL-2 trial were low (3.0%
vs 4.1%, respectively). The liberal use of
antibiotic therapy before or during labor
(overall 47% received antibiotics) might
have contributed to a lower incidence
compared with the other trials in which

TABLE 4
Maternal outcome

Outcomea

Maternal complications
..........................................................................................................

Antepartum hemorrhage, n (%)
..........................................................................................................

Cord prolapse, n (%)
..........................................................................................................

Uterine rupture, n (%)
..........................................................................................................

Clinical chorioamnionitis, n (%)
..........................................................................................................

Infection, n (%)
..........................................................................................................

Sepsis, n (%)
..........................................................................................................

Thromboembolic complications, n (%)
..........................................................................................................

Urinary tract infections treated with
antibiotics, n (%)
..........................................................................................................

Endometritis, n (%)
..........................................................................................................

Pneumonia, n (%)
..........................................................................................................

Anaphylactic shock, n (%)
..........................................................................................................

HELLP syndrome, n (%)
..........................................................................................................

Death, n (%)
..........................................................................................................

Other complications, n (%)
...................................................................................................................

Perineum
..........................................................................................................

No laceration, n (%)
..........................................................................................................

First-degree laceration, n (%)
..........................................................................................................

Second-degree laceration, n (%)
..........................................................................................................

Third-degree laceration, n (%)
..........................................................................................................

Fourth-degree laceration, n (%)
..........................................................................................................

Episiotomy, n (%)
...................................................................................................................

Delivery placenta
..........................................................................................................

Spontaneously, n (%)
..........................................................................................................

Manual placental removal, n (%)
..........................................................................................................

During cesarean section, n (%)
..........................................................................................................

Histological chorioamnionitis, n (%)b
..........................................................................................................

Histological funisitis, n (%)b
...................................................................................................................

CI, confidence interval; HELLP, hemolysis, elevated liver enzym
a Percentages, relative risks, 95% CIs, and P value given are re

data; histological chorioamnionitis data available from 124 c
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antibiotics were not administered prophy-
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lactically.17-23 Improvements in the health
care system over the last decades may have
contributed to a reduction of the incidence
of neonatal sepsis.

Expectant management prolonged ges-
tation with 4 days, and this rather small
difference, which was in line with the
PPROMEXIL trial, might partly be due to

nduction
f labor
n � 100)

Expectant
management
(n � 95)

Relative r
(95% CI;

.........................................................................................................................

1 (1.0) 1 (1.1) 0.95 (0.06
.........................................................................................................................

0 (0) 0 (0) NA
.........................................................................................................................

0 (0) 0 (0) NA
.........................................................................................................................

0 (0) 4 (4.3) (P � .038
.........................................................................................................................

1 (1.0) 2 (2.1) 0.47 (0.04
.........................................................................................................................

0 (0) 0 (0) NA
.........................................................................................................................

0 (0) 0 (0) NA
.........................................................................................................................

1 (1.0) 1 (1.1) 0.96 (0.06

.........................................................................................................................

0 (0) 0 (0) NA
.........................................................................................................................

0 (0) 0 (0) NA
.........................................................................................................................

0 (0) 0 (0) NA
.........................................................................................................................

0 (0) 0 (0) NA
.........................................................................................................................

0 (0) 0 (0) NA
.........................................................................................................................

1 (1.0) 3 (3.2) 0.32 (0.03
.........................................................................................................................

.........................................................................................................................

6 (47) 46 (49) 0.95 (0.71
.........................................................................................................................

4 (14) 18 (19) 0.74 (0.39
.........................................................................................................................

9 (9.1) 8 (8.5) 1.07 (0.43
.........................................................................................................................

1 (1.0) 1 (1.1) 0.95 (0.06
.........................................................................................................................

2 (2.0) 1 (1.1) 1.90 (0.18
.........................................................................................................................

7 (27) 21 (22) 1.22 (0.74
.........................................................................................................................

.........................................................................................................................

8 (78) 64 (67) 1.16 (0.97
.........................................................................................................................

9 (9) 9 (9.5) 0.94 (0.39
.........................................................................................................................

3 (13) 22 (23) 0.56 (0.30
.........................................................................................................................

2 (18) 18 (31) 0.64 (0.33
.........................................................................................................................

6 (9.2) 8 (14) 0.66 (0.24
.........................................................................................................................

and low platelets; NA, not available.

to available data per characteristic and may differ from total numb
(64%); histological funisitis data available from 122 cases (63%
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the fact that the median gestational age at
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rupture of membranes was 35�4 weeks
and the median gestational age at random-
ization was 35�6 weeks. The overrepre-
sentation of women with gestational age
longer than 35 weeks can be caused by
the fact that women between 34 and 35
weeks of gestation more often refused
to participate (mean gestational age at

lue)
Absolute risk
reduction (95% CI)

..................................................................................................................

.0; .971) 0.05% (�2.8% to 2.9%)
..................................................................................................................

NA
..................................................................................................................

NA
..................................................................................................................

4.28% (0.18–8.3%)
..................................................................................................................

1; .530) 1.11% (�2.4 to 4.6%)
..................................................................................................................

NA
..................................................................................................................

NA
..................................................................................................................

.1; .977) 0.04% (�2.8% to 2.9%)

..................................................................................................................

NA
..................................................................................................................

NA
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NA
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NA
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NA
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99; .289) 2.18% (�1.9% to 6.2%)
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28; .731) 2.47% (�12% to 17%)
..................................................................................................................

40; .350) 5.01% (�5.5% to 16%)
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65; .887) �0.58% (�8.6% to 7.4%)
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.0; .971) 0.05% (�2.8% to 2.9%)
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.6; .591) �0.96% (�4.4% to 2.5%)
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00; .428) �4.93% (�17% to 7.2%)
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38; .095) �10.6% (�23% to 1.8%)
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27; .890) 0.57% (�7.6% to 8.8%)
..................................................................................................................

04; .059) 10.4% (�0.40% to 21%)
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23; .174) 10.4% (�4.7% to 25%)
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78; .406) 4.8% (�6.6% to 16.2%)
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patients; b Outcome characteristic with more than 5% missing
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FIGURE 2
Forest plot metaanalyses
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34�6 weeks). Furthermore, the hesitation
of clinicians to induce labor before 35
weeks of gestation, which was not recom-
mended in the Dutch guideline prior to the
start of the PPROMEXIL trial,6 may also
have influenced this outcome.

If we combine the results of both
PPROMEXIL trials for neonatal sepsis,
we find a relative risk of 0.66 (95% CI,
0.30 –1.5), and the absolute risk reduc-
tion is 1.4% (95% CI, �4.0% to 1.3%).
The number needed to treat with the cur-
rent combined result of the PPROMEXIL
trials is 71 for 1 case of neonatal sepsis.
Even if a larger trial like the current ongo-
ing PPROMT trial9 or a metaanalysis with
independent patient data (IPD-MA) of the
current PPROMEXIL trials with the
PPROMT trial will find a significant dif-
ference, its clinical relevance might be
debated.

In view of our recently completed
PPROMEXIL and PPROMEXIL-2 stud-
ies and in view of the ongoing Australian
initiated PPROMT study, one could
question whether we could plan the gen-
eration of evidence more efficiently from
a global perspective. Although we are in
close contact with the PPROMT investi-
gators, prospective trial registration at
the moment that trials are planned
would have been helpful. One could have
collaborative execution of the trials un-
der the umbrella of a prospective indi-
vidual patient data metaanalysis, leaving
the decision when to stop studies in such
a collaborative to a Data Safety Monitor-
ing Board overseeing all the trials. Until
such scenarios have become reality, we
believe that planning similar trials in dif-
ferent countries with a post-hoc meta-
analysis of data is the best alternative.

In conclusion, this current trial ex-
panded the amount of evidence on the
management of near-term PPROM with
an additional 195 women. Still, the inci-
dence of neonatal sepsis is low after these
pregnancies, and this rate is not reduced
by induction of labor. Induction of labor
does not increase the risk of any other
adverse neonatal or maternal outcome.
To this date, the PPROMEXIL trials and
updated metaanalysis provide in our
opinion enough evidence to prefer ex-
pectant management in women with

near-term PPROM. f
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