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Neonatal outcome after prolonged rupture of
the membranes starting in the second trimester
M BLOTT AND A GREENOUGH

Department of Child Health, King's College Hospital, London

SUMMARY The neonatal outcomes of 30 pregnancies that were complicated by premature and
prolonged rupture of the membranes that had started in the second trimester of pregnancy, were

reviewed. The neonatal mortality was 11 (36%), the main cause of death being pulmonary
hypoplasia. Two infants died of sepsis, but these were the only proved episodes of maternal or

fetal infection. Of the survivors 27% developed compressive limb abnormalities, all of which
responded to passive physiotherapy. Pulmonary hypoplasia was significantly associated with
earlier onset of rupture of the membranes, and the absence of fetal breathing movements.
Compressive limb abnormalities were significantly associated with longer periods of oligohy-
dramnios. We conclude that premature rupture of the membranes, even with onset in the second
trimester, may be associated with a favourable outcome and this may be predicted by the
persistence of fetal breathing movements. We therefore, recommend expectant management of
such pregnancies, but suggest elective delivery at 34 weeks to limit fetal exposure to uterine
compression and minimise the risks of prematurity.

Premature rupture of the membranes is a common
complication of pregnancy.' When it occurs in the
second trimester the prognosis is poor,2 and as a
consequence termination of the pregnancy is often
recommended. The neonates may have pulmonary
hypoplasia, altered facies, and aberrant limb de-
velopment (Potter's syndrome).3 Premature rupture
of the membranes permits chronic drainage of
amniotic fluid resulting in oligohydramnios, so such
abnormalities may be the result of prolonged
compression of the fetus by the uterus in the absence
of the usual 'cushion' of amniotic fluid.4 Pulmon-
ary hypoplasia has been reported after oligohydram-
nios of only six days' duration,5 but it has been
suggested that compressive abnormalities are more
likely to develop after chronic reduction in the
amount of amniotic fluid.2 Our preliminary report,
however, included normal survivors of pregnancies
complicated by severe oligohydramnios that had
existed for as long as 17 weeks.6
The aim of the present study was to follow

prospectively a larger series of pregnancies compli-
cated by prolonged rupture of the membranes that
had started in the second trimester in an attempt to
find out the neonatal mortality and morbidity. We
hoped to determine the association between the
onset and duration of rupture of the membranes and

mortality and morbidity, and find out if the persis-
tence of fetal breathing movements is a reliable
indicator of favourable neonatal outcome.6

Patients and methods

During a period of one year all pregnancies with
rupture of the membranes of longer than two weeks'
duration occurring in the second trimester were
eligible for entry into the study. The various options
in management and the prognosis of pregnancies
complicated by premature rupture of the membranes
were carefully explained to the patients referred to
our unit and their partners. If a patient then decided
to be treated expectantly she was entered into the
study.
The patient was admitted to the ward, where she

was carefully monitored for signs of developing
infection. Spontaneous premature labour was not
inhibited. If the patient developed signs of chorio-
amnionitis, immediate delivery was undertaken7;
otherwise, elective delivery was carried out at 32-34
weeks as a compromise between limiting the dura-
tion of uterine compression on the fetus, and not
exposing the neonate to the risks of extreme
prematurity. During admission ultrasound examina-
tions were performed at weekly intervals (and more

1146

by copyright.
 on M

ay 19, 2023 by guest. P
rotected

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.63.10_S
pec_N

o.1146 on 1 O
ctober 1988. D

ow
nloaded from

 

http://adc.bmj.com/


Neonatal outcome after prolonged rupture of the membranes starting in the second trimester 1147

often if indicated) to assess fetal growth, the volume
of amniotic fluid, and fetal breathing movements.
Oligohydramnios was defined as the absence of a
pool of amniotic fluid greater than one centimetre in
diameter in a vertical plane.8 Fetal breathing was
said to be present if a continuous period of chest
wall movement persisted for longer than 60 seconds
in any 30 minute period, with a breath to breath
interval of less than six seconds.9 10 All ultrasound
examinations were carried out within two hours of
the patient receiving a concentrated dose of glucose.

After delivery the infants were carefully examined.
The presence of physical deformities associated with
the oligohydramnios tetrad were noted.1' Pulmonary
hypoplasia was diagnosed if the infant required high
peak inspiratory pressures (in excess of 30 cm H20)
during positive pressure ventilation both at resusci-
tation and subsequently, and if respiratory support
was necessary for longer than one month.6 Additional
evidence was given by a chest radiograph (reported
without clinical details) that was compatible with
lungs of small volume. Necropsy was requested in
the event of fetal or neonatal death. Pulmonary
hypoplasia was confirmed if the lung:body weight
ratio was less than 0:012 and the radial alveolar
count less than or equal to 4- 1.12
The infants were divided into three groups for

analysis: group 1 comprised neonates with clinical or
pathological evidence of pulmonary hypoplasia or
both, group 2 comprised neonates with compressive
limb abnormalities but no evidence of pulmonary
hypoplasia, and group 3 comprised neonates with
neither pulmonary hypoplasia nor limb abnormalities.
The significance of differences between the

groups in the duration of rupture of the membranes
and gestational age at its onset and at delivery were
calculated by the Wilcoxon rank sum test.

Permission for this study was granted by the
King's College Hospital ethics committee.

Results

During the year 30 patients were eligible for entry
into the study. All chose to be managed expectantly
and were therefore included. The pregnancies were
all singletons without other complications. The
mean gestational age at rupture of the membranes
was 21*3 weeks (range 15-28).

Infection occurred in only two cases; both neo-
nates were from group 3. In the first case although
amniocentesis had shown white cells but no organ-
isms, the infant died from infection in the first 48
hours of life after delivery by emergency caesarean
section. The mother made a good recovery and had
no evidence of postnatal infection. In the second
case delivery by emergency caesarean section was

undertaken at 28 weeks' gestation for pnacenta
praevia. Although infection was not suspected
antenatally the infant died early in the neonatal
period from overwhelming sepsis. There were no
other cases of maternal or neonatal infection.
Most of the patients delivered after the onset of

spontaneous labour, 10 by the vertex and eight by
assisted breech delivery. Six patients were delivered
by emergency caesarean section; in four cases this
was for fetal distress after the onset of spontaneous
labour. One infant was born vaginally after induc-
tion of labour, and the remaining five babies were
delivered by elective caesarean section between 32
and 34 weeks' gestation.

Eleven neonates died, an overall mortality of
36%, and in eight cases death was attributable to
pulmonary hypoplasia. Of the 30 infants, 14 (46%)
had physical deformities associated with oligo-

Table Mean (range) gestational ages at onset of rupture of
membranes and at delivery, and duration of rupture

Onset Delivery Duration
(weeks) (weeks) (weeks)

Group 1 17 (15-22) 27 (24-34) 10 (4-19)
Group 2 18 (17-23) 31 (28-35) 13 (7-15)
Group 3 24 (18-28) 29 (25-35) 5 (2-10)
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Figure Gestational ages at onset of rupture of the
membranes and delivery in the three groups.
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hydramnios11 but no survivor had limb abnormalities
that required surgical correction.
The mean gestational ages at rupture of the

membranes and delivery in the three groups are
shown in the table and the figure. The gestational
age of the onset of rupture of the membranes was
significantly earlier in groups 1 and 2 than in group 3
(p<001). The duration of rupture of the mem-
branes was only significantly longer when group 2
was compared with group 3 (p<0-01). Infants in
group 2 were delivered at a later gestational age
than those in group 1 (p<0-05), but there were no
other significant differences in the timing of delivery
among the three groups. All 30 pregnancies had
similar degrees of oligohydramnios, but only in
group 1 were fetal breathing movements never seen
on ultrasound examination (p<0.01).

GROUP 1
Eight infants had clinical evidence of pulmonary
hypoplasia. Despite high peak inspiratory pressures
(mean 38, range 30-55 cm H20), satisfactory
oxygenation was never achieved, and all eight
infants died within 48 hours of birth. Confirmation
of pulmonary hypoplasia was obtained at necropsy
in seven cases. The request for necropsy was refused
by the parents of the other child. This infant
required a maximum peak inspiratory pressure of 55
cm H20 during artificial ventilation, developed
bilateral pneumothoraces, and died at 24 hours of
age; satisfactory oxygenation was never achieved.
All eight infants had Potter's facies and fixed flexion
deformities.

GROUP 2
Six infants were born with compressive limb abnor-
malities without clinical evidence of pulmonary
hypoplasia. Three of them did develop the respira-
tory distress syndrome and required ventilatory
support, but none required peak inspiratory pres-
sures in excess of 30 cm H20. The remaining three
infants required no respiratory support in the
neonatal period. The six infants had bilateral
talipes, and three had mild Potter's facies, but none
had congenital dislocation of the hips. All limb
abnormalities responded to physiotherapy, and
none required surgical correction.

GROUP 3
Sixteen infants had no abnormalities attributable to
oligohydramnios. Although 11 infants required
artificial ventilation for respiratory distress syn-
drome, the maximum peak inspiratory pressure
used was less than 30 cm H20 (mean 18, range
12-25 cm H20). Only one infant required prolonged
ventilation. She was born at 25 weeks' gestation and

developed severe respiratory distress syndrome, and
a patent ductus arteriosus that required surgical
ligation. Three of the 16 infants died, all three
having been delivered before 34 weeks' gestation.
At necropsy there was no evidence of pulmonary
hypoplasia. One had delivered after the spontaneous
onset of labour at 26 weeks' gestation and died of
respiratory distress syndrome. The other two infants
died of sepsis.

Discussion

Fatal pulmonary hypoplasia following premature
rupture of the membranes is common, occurrinn in
26% of cases in this series and in 33%5 and 21% in
two other studies. The gestational age at the time of
rupture ofthe membranes was significantly associated
with the development of pulmonary hypoplasia, and
confirmed earlier findings that pulmonary hypoplasia
was more common when rupture of the membranes
occurred before 26 weeks' gestation.2 13 Critical
lung development occurs before- 26 weeks' gesta-
tion,14 and so damage after this time would be
expected to have less effect on pulmonary growth
and function. In 23% of neonates born without
pulmonary hypoplasia, however, rupture of the
membranes had occurred before 20 weeks' gestation.
There are several possible explanations for the

association between pulmonary hypoplasia and oli-
gohydramnios. Intrathoracic compression of the
developing fetal lung, as associated with congenital
diaphragmatic hernia and pleural effusions, often
results in pulmonary hypoplasia.15 16 It may there-
fore be that extra thoracic compression of the fetal
chest by the uterine wall in the absence of the usual
amniotic fluid cushion could have prevented normal
lung growth. In this series, however, all pregnancies
had the same degree of oligohydramnios (assessed
by ultrasound examination) but only a proportion of
the fetuses developed pulmonary hypoplasia. Ultra-
sound assessment of the volume of amniotic fluid is
comparatively inaccurate, and it may be that minor
differences in the volume of amniotic fluid that were
undetectable by ultrasonography were responsible
for the variation in outcome.

Fetal breathing movements have been shown to
be critical for normal lung growth.17 In this series
the absence of sustained respiratory activity was
associated with the development of pulmonary
hypoplasia. Though this seems contrary to findings
reported recently,'8 19 this discrepancy is explained
by the different definitions of fetal breathing move-
ments used in the three studies. In the present series
we considered fetuses to be breathing only if an
episode of chest wall movement was continuous for
at least 60 seconds with no breath to breath interval
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of greater than six seconds; this definition has been
used extensively.8 9 10 20 The other two studies18 19
accepted fetuses to be breathing if respiratory
activity persisted for only six seconds. We felt that
that definition was unacceptable, because short
bursts of fetal breathing movements or gasping can
occur in severely hypoxic infants,21 22 and thus
cannot be used as an indicator of fetal well being.
Indeed, in our series, such 'gasping' respiration
was witnessed in fetuses who subsequently died of
pulmonary hypoplasia.
Though the neonates that died of pulmonary

hypoplasia had undergone earlier rupture of the
membranes, other neonates with similar early onsets
of rupture of the membranes had apparently normal
lung development. Thus the gestational age at onset
of rupture cannot be the sole explanation for the
development of pulmonary hypoplasia. The length
of time after the membranes had ruptured did not
appear to be critical for the development of pulmon-
ary hypoplasia as this was longer among the infants
who had normal lung growth (group 2). Neither can
the timing of delivery be incriminated, because
there was no significant difference in the gestational
age at delivery between infants in groups 1 and 3.
Our results suggest, therefore, that the development
of pulmonary hypoplasia in pregnancies with early
rupture of the membranes is associated with the
disappearance of fetal breathing movements. Sus-
tained periods of fetal breathing seem to preserve
lung growth even when rupture occurs within the
'critical' period of lung growth.
Pulmonary hypoplasia after oligohydramnios can

occur in isolation without limb abnormalities.23 24 In
this series, however, there were infants with flexion
deformities of the limbs with normal lung growth,
which is unusual.4 25 The limb abnormalities were
significantly associated with both the time of onset
and the duration of oligohydramnios. Fetal immobi-
lisation in utero as a consequence of paralysing
drugs given to the mother, or musculoskeletal
disorders of the fetus, result in fixed flexion defor-
mities.26 It is likely that the association between
oligohydramnios and fixed flexion deformities is
caused by prolonged compression by the uterus
resulting in fetal immobilisation. This hypothesis is
supported by the finding of a significantly longer
duration of oligohydramnios and later gestation at
delivery in this group of infants. In our series none
of the surviving infants required more than passive
physiotherapy to correct the limb abnormalities. In
all cases delivery occurred before 35 weeks' gestation,
and it may be that this prevented progression of the
limb abnormalities.

Infection has been proposed as a cause of
premature rupture of the membranes27 and as a

consequence there has been concern that expectant
management of such pregnancies might lead to
serious maternal complications.' In this series we
excluded all pregnancies with rupture of the mem-
branes of less than two weeks' duration. This may
have prevented us including pregnancies for expec-
tant management who had rupture as a result of
intrauterine infection. This series has shown that
long standing rupture of the membranes is not often
associated with infection. We had only one case
where infection was suspected antenatally, and this
was not confirmed in the mother though the neonate
died of sepsis. One other infant died early in the
neonatal period of sepsis; the mother never exhi-
bited signs of infection either in the antenatal or
postnatal period.

Premature rupture of the membranes before 20
weeks' gestation poses a difficult problem in man-
agement. A large proportion of such pregnancies
will either abort spontaneously, or develop infection
shortly after rupture of the membranes necessitating
termination of the pregnancy. In the present study
we included only pregnancies in which rupture of
the membranes had lasted for at least two weeks'
gestation; thus epidemiological statements about the
outcome of all pregnancies with rupture of the
membranes before 20 weeks' gestation cannot be
made. It is interesting to note, however, that among
our patients with rupture of the membranes before
20 weeks' gestation, none developed sepsis and
though 50% died from pulmonary hypoplasia the
others survived intact or with minor orthopaedic
problems.
The results of this study show that premature and

prolonged rupture of the membranes can be associ-
ated with intact neonatal survival, although the
mortality of 26% and morbidity of 27% is consider-
able. The presence of fetal breathing movements,
even in pregnancies with rupture of the membranes
at as early as 18 weeeks' gestation was associated
with normal lung growth and favourable outcome in
all cases. Our results suggest that in such pregnan-
cies expectant management is a reasonable course,
but that delivery should be instituted electively
before full term to reduce the possible morbidity
caused by limb abnormalities.

Dr M Blott, research fellow, is supported by Action Research for
the Crippled Child.
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