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ABSTRACT 

Introduction. Survival of infants born af-
ter extreme PPROM (preterm prelabor 
rupture of membranes) has increased dra-
matically in the past 20 years, up to 90% 
in some tertiary neonatal centres, due to 
the progress in neonatal cardiorespiratory 
management.
Known risk factors of poor outcomes are 
lower gestational age at PPROM and pro-
longed and severe oligohydramnios. 
Methods. We performed a retrospective 
study over a 6-year-period (2009-2015), 
including 14 pregnant women who expe-
rienced PPROM, before 25 weeks of gesta-
tion, with prolonged (>14 days) and severe 
oligohydramnios (amniotic fluid index<5). 
Each live neonate was matched with a con-
trol patient who was born the same year, 
of the same gender, with the same gesta-
tional age (+/- 6 days) and who received 
treatment to induce fetal lung maturation 
at least 48 hours before birth. 
Results. Live birth rate was 14/20 (70%) 
and neonatal survival was 13/14 (93%). 
Apgar scores at 5 and 10 minutes were 
lower in the PPROM group (p<0.01). In-
tubation was necessary for all babies with 
PPROM and for 5/13 (38%) of the con-
trols (p < 0.01). In a subgroup analysis of 
the PPROM group, we found that all ba-
bies with PPROM < 20 weeks presented 
refractory hypoxemia and required iNO 
(inhaled nitric oxide) administration com-
pared to one in the PPROM group > 20 
weeks (p < 0.01). 
In all infants requiring iNO, the oxygena-

tion index improved dramatically and rap-
idly with treatment. 
We found no difference in the rate of bron-
chopulmonary dysplasia, necrotizing en-
terocolitis, retinopathy of prematurity or 
intraventricular hemorrhage. 
Conclusion. PPROM before 20 weeks of 
gestation exposes the neonate to a high 
risk of refractory hypoxemia compared 
to PPROM after 20 weeks. The initial care 
management requires more aggressive 
treatment with administration of iNO in 
all of them. 
After the initial period, the evolution of all 
babies born after PPROM is comparable to 
that of their controls.

Key words: preterm prelabor rupture of 
membranes, oligohydramnios, pulmonary 
hypertension, pulmonary hypoplasia.

INTRODUCTION 

PPROM (preterm prelabor rupture of 
membranes) occurs in 3% of pregnancies 
(1-3) and represents one third of preterm 
deliveries. (2,3) Rupture of membranes 
before 24 weeks is much less common, 
affecting 0.4% of pregnancies. (4) Mortal-
ity for this condition has been very high 
historically: survival was 10 to 30% in the 
90’s and progressively increased up to 70% 
in the year 2000. (1) In view of these poor 
outcomes, some centers are inclined to 
propose immediate TOP (termination of 
pregnancy)  in cases of very early rupture 
of membranes, even nowadays. However, 

in some recent studies, survival rates can 
be as high as 70 to 90%. (1,5-7)
In addition to the increased risk of mortal-
ity, these neonates are also at risk of several 
morbidities including hypoxemic respira-
tory failure, sepsis, limb contractures, po-
tential neonatal asphyxia due to cord com-
pression or placental abruption in addition 
to the risks of (extreme) prematurity.
Hypoxemic respiratory failure is attribut-
able to pulmonary hypoplasia and arterial 
pulmonary hypertension. These two con-
ditions appear in neonates after extreme 
PPROM associated with prolonged and 
severe oligohydramnios. The etiology of 
abnormal lung development is probably in 
part due to a dysregulation of pulmonary 
and vascular growth factors, which in turn 
is responsible for a decrease in alveolari-
sation. Abnormal pulmonary vasculature 
development is probably also implicated 
in the pathogenesis of this disease. (8) In 
these conditions, pulmonary pressure fails 
to decrease at birth and leads to persistent 
hypertension of the newborn (PPHN), 
which worsens hypoxemic respiratory fail-
ure. 
Infection is a common complication of 
PPROM. The clinical chorioamnionitis 
rate is 30%. (9) The most frequent patho-
gen detected in amniotic fluid is Ureaplas-
ma urealyticum. This germ is known to in-
duce an important inflammatory response 
in both the maternal and fetal membranes. 
(10) Inflammatory context is very often 
present in situations of extreme PPROM, 
linked to infection or not. This chronic in-
flammation can be deleterious for the fetus 
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and is a risk factor for adverse outcome.
Improvement of survival rate and decrease 
in morbidity became possible following 
the significant progress in antenatal man-
agement (corticosteroids and antibiot-
ics essentially), in postnatal monitoring 
techniques (repeated cardiac scans) and 
in postnatal care management (surfactant 
administration, adjusted mechanical ven-
tilation, use of inhaled nitric oxide). (6,11) 
A first retrospective review was performed 
in our NICU (neonatal intensive care unit) 
between 2006 and 2008 and reported the 
outcomes of the highest risk babies who 
experienced severe (AFI,amniotic fluid in-
dex < 5) and prolonged (latency time > 14 
days) PPROM before 25 weeks gestation. 
(1) The results published in 2009 were very 
promising (survival rate after admission 
to NICU was 78%) and encouraged us to 
continue to take care of these newborns 
applying specific adjusted antenatal and 
postnatal care management.  
We performed this second study to evalu-
ate if the mortality and morbidity rates 
of these patients are still improving, with 
clinical experience in this field. For this 
purpose, we reviewed babies born after 
2008, meeting the same inclusion criteria 
as in the first study. Our primary outcome 
was the rate of neonatal survival; second-
ary outcomes were maternal and neonatal 
morbidity.

WHAT IS KNOWN AND WHAT IS NEW

Mortality in infants born after extreme 
PPROM has decreased significantly in 
the past 20 years due to progress in neo-
natal cardiorespiratory management. This 
improvement was observed in our center, 
with survival rates increasing from 78% (1) 
to 93%. 
In our study, we confirmed the need for 
more aggressive care management in early 
PPROM (< 20 weeks), without increasing 
neonatal morbidity in these babies.  

MATERIALS AND METHODS

This review is a retrospective study includ-
ing pregnant women with PPROM who 
delivered in our obstetrical unit. The pre-
term neonates were admitted and treated 
in the level three neonatal intensive care 
unit of Cliniques Universitaires Saint-Luc, 
Brussels (Belgium) over a 6-year-period 
(September 2009 – August 2015).
This study was approved by the ethical 
committee.
Pregnancies were selected via the obstet-

rical delivery data book which reports all 
deliveries occurring in our institution. All 
data were confirmed by reviewing the ma-
ternal medical file. 
We included pregnant women present-
ing with the following confirmed criteria: 
PPROM before 25 weeks of pregnancy, 
confirmed by visualization of amniotic flu-
id with a speculum, by a PROM (IGFBP-1) 
or a positive Fern test or/and by visualiza-
tion of oligohydramnios or anhydramnios 
on scan. In the event of doubt, diagnostic 
amnioinfusion was performed; duration 
of latency between PPROM and delivery 
more than 14 days; confirmed initial and 
persistent oligohydramnios (AFI < 5) seen 
on initial scan and on weekly control scans. 
 The exclusion criteria were as follows : as-
sociated fetal malformations and multiple 
pregnancy (they will be reviewed in a sepa-
rate article).
Gestational age at rupture of membranes 
was obtained using the date of the last 
menstrual period, possibly corrected by 
ultrasound performed during the first tri-
mester. 
The management protocol in our institu-
tion for these pregnant women in the case 
of extreme preterm rupture of membranes 
is as follows: women are admitted to the 
maternal intensive care unit for initial 
work-up. Bed rest is prescribed and women 
receive antibiotics and tocolysis if required 
after exclusion of chorioamnionitis (am-
niocentesis is performed when technically 
possible). Antibiotics are initially given for 
7 days, ampicillin or a second-generation 
cephalosporin is routinely used. Systemat-
ic blood analysis is performed every other 
day to detect infection. In case of doubt 
about chorioamnionitis, diagnostic am-
niocentesis is performed when technically 
possible. Antibiotic therapy is resumed if 
the systematic weekly vaginal swab is posi-
tive. Women remain hospitalized until de-
livery. Home discharge could be allowed 
with rehospitalization at the limit of vi-
ability. Induction of fetal lung maturation 
is performed between 24 and 26 weeks of 
gestation, after parental counseling. 
These babies were identified and their 
medical data were used for analysis of neo-
natal outcomes.
Each neonate included in the study was 
matched with a control baby born the same 
year as the case index, of the same gesta-
tional age (+/- 6 days) and gender and who 
had received antenatal corticosteroids for 
fetal maturation at least 48 hours before 
birth, except for one control baby born at 
34 weeks and 3 days of gestation without 
fetal maturation. 
We reviewed maternal and fetal demo-

graphic factors and analyzed maternal 
morbidity and neonatal outcomes in re-
gard to respiratory, hemodynamic, infec-
tious, digestive, neurological, ophthalmic 
and orthopedic problems.
Maternal sepsis is a maternal infection 
confirmed by a positive blood culture.
Chorioamnionitis is defined by histologi-
cal criteria. 
Bronchopulmonary dysplasia is defined as 
the need for oxygen at 28 days of life and 
36 weeks of gestation. 
Refractory hypoxemia is defined as the 
absence of saturation improvement after 
surfactant administration and mechanical 
ventilation.
PPHN is defined by clinical (pre and post-
ductal saturation difference of more than 
10%) and/or by echocardiographic criteria.
Refractory hypotension is defined as per-
sistent hypotension despite administration 
of 2 concomitant inotropic agents at maxi-
mal dose. 
Early neonatal onset sepsis is defined by 
sepsis confirmed by a positive blood cul-
ture before 72 hours of life. Late-onset neo-
natal sepsis is an infection confirmed by a 
positive blood culture after 72 hours of life.
NEC (necrotizing enterocolitis) was cat-
egorized following Bell’s classification and 
only enterocolitis stage 2 or more was re-
corded as a digestive complication.
Intraventricular hemorrhage was graded 
according to Papile’s staging. Only intra-
ventricular hemorrhage > 2 was reported. 
ROP (retinopathy of prematurity) was re-
corded as an ophthalmic complication if 
the patient had more than grade 2 retin-
opathy.
All blood gas analyses were done on arte-
rial samples. 
A subgroup analysis was performed for 
some outcomes, subdividing the results 
into two groups: the group of PPROM be-
fore 20 weeks and the group of PPROM 
after 20 weeks. The control group was 
also subdivided according to the criteria 
mentioned above. Comparisons were per-
formed between each study subgroup and 
their control subgroup or between the 2 
subgroups of PPROM. 
Values are expressed in medians and in-
terquartile range and were calculated us-
ing Microsoft excel for Mac 2011 version 
14.5.9. Statistical analysis was performed 
using SPSS 20.0 software (SPSS, Chicago, 
Illinois). A Mann-Whitney test was used 
to compare the quantitative variables be-
tween studied groups and between each 
subgroup of PPROM with its control group 
or between the 2 subgroups of PPROM it-
self.  A Fisher test was used to compare cat-
egorical values between the studied group 
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and control group and between each sub-
group of PPROM with its control group or 
between the 2 subgroups of PPROM itself. 
A p value less than 0.05 was considered to 
be statistically signifi cant.

RESULTS

Patients

Flow diagram of study sample presented in 
fi gure 1.
Th e live birth rate was 14/20 (70%). One 
baby died at 11 hours of life from refrac-
tory hypoxemia and pulmonary hemor-
rhage. Autopsy was not performed. She 
was the youngest baby in our study pop-
ulation (birth at 25 weeks 5/7) and the 
smallest (birth weight of 680 g). All the 
other 13 babies survived during the neona-
tal period and were discharged home. Th e 
survival rate aft er NICU admission was 
13/14 (93%). 
Eight babies were born aft er PPROM oc-
curring before 20 weeks (one of them died 
soon aft er birth) and six babies were born 
aft er PPROM occurring aft er 20 weeks of 
pregnancy. Neonatal demographic charac-
teristics are shown in table 1.
For the babies with PPROM occurring 
before 20 weeks of gestation, the me-
dian gestational age at rupture was 18.4 
(17.75-19.07) weeks; whereas it was 23 
(22.78-23.21) weeks for those experiencing 
rupture aft er 20 weeks. Th ere was no statis-
tically signifi cant diff erence for the median 
gestational age at birth whether rupture 
occurred before or aft er 20 weeks : 29.78 
(28.21 – 30) weeks of GA (gestational age) 

versus 28.85 (27.85-29.85) weeks of GA (p 
= 0.79). Th e median latency time between 
rupture and delivery increased signifi cant-
ly in the subgroup of PPROM before 20 
weeks : 76 (68.5-84.5) days for babies born 
aft er PPROM before 20 weeks versus 37.5 
(28-48.5) days for babies born following 
PPROM aft er 20 weeks (p<0.01). 

Maternal outcomes 

Th ree women presented with E. Coli sepsis.
Two mothers were rehospitalized aft er 
discharge from the postnatal ward. One 
mother was rehospitalized 15 days aft er 
delivery caused by E.Coli chorioamnioni-
tis with an infected retropelvic hematoma 
treated by intravenous antibiotic therapy. 
She was discharged from hospital aft er 5 
days. Th e second patient was one of the 
three patients presenting with E.Coli sep-
sis; she was rehospitalized 50 days aft er de-
livery with an E. Coli tubo-ovarian abscess 
for which she underwent laparoscopy with 
abscess drainage and received intravenous 
antibiotic therapy. She was discharged 
from hospital aft er eight days.   
Th ere were no maternal infectious com-
plications in the control group, in contrast 
with the study group. Th e diff erence be-
tween the two groups was not statistically 
signifi cant.

Neonatal outcomes

Respiratory outcome

Neonatal data on invasive and non invasive 
ventilation are described in table 2.
Pneumothorax occurred in one patient in 
the PPROM group. It was a minor anterior 
pneumothorax with spontaneous resolu-
tion.
Rates of BPD (bronchopulmonary dyspla-
sia) were identical between the PPROM 
group and control group. Th e three 
PPROM babies with BPD suff ered PPROM 
before 20 weeks (p=0.19).
None of the patients needed oxygen at dis-
charge. 
Th e subgroup analysis showed that median 
duration of endotracheal ventilation was 
5.8 (5-7.8) days for PPROM group < 20 
weeks, 4.1 (3.6-5.1) days for PPROM group 
> 20 weeks, 0 (0-4.5) days for the control 
group of PPROM < 20 weeks and 0.3 (0-
0.7) days for the control group of PPROM 
> 20 weeks. Th e diff erence was signifi cant 
when we compared the PPROM group 
and the control group (p=0.01), PPROM 
subgroup < 20 weeks and their own con-
trol subgroup (p = 0.01) and PPROM < 20 
weeks and PPROM > 20 weeks. Th e diff er-

ence was borderline signifi cant when we 
compared the PPROM group > 20 weeks 
and their own control group (p=0.05).
Th e other subgroup analysis is presented 
in fi gures 2, 3 and 4. Th ese graphs show 
pH, pO2 and pCO2 levels on admission to 
NICU as well as gestational age at weaning 
from any respiratory support.

Figure 1. Flow diagram presenting patients 
with PPROM < 25 weeks, prolonged 
latency period and prolonged oligohydram-
nios.
AFI, amniotic fl uid index; NICU, neonatal 
intensive care unit; PPROM, preterm prela-
bor rupture of membranes.

Figure 2. Arterial pH measured on 
admission to NICU (H2 of life). Diff erence 
is statistically signifi cant between PPROM 
group > 20 weeks and the control group 
(p=0.01).
 NICU, neonatal intensive care unit; 
PPROM, preterm prelabor rupture of 
membranes.

Figure 3. Mean arterial pO2 (fi lled 
column) and pCO2 (hatched column) 
measured on admission to NICU (H2 of 
life). Diff erence is close to being signifi cant 
when comparing pO2 of PPROM < 20 
weeks with that of the controls (p= 0.05). 
All other comparisons between groups are 
not signifi cant.
NICU, neonatal intensive care unit; 
PPROM, preterm prelabor rupture of 
membranes.

Figure 4. Mean gestational age at weaning 
from respiratory support in weeks. 
Diff erence between groups is not signifi -
cant. (Comparing
PPROM (preterm prelabor rupture of 
membranes) group < 20 weeks with the 
PPROM group > 20 weeks, P=0.09). 
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Hemodynamic outcomes

8/13 patients from the PPROM group had 
refractory hypoxemia with PPHN requir-
ing iNO (inhaled nitric oxide) therapy. All 
neonates presented with PPROM before 20 
weeks except one (p < 0.01). Nitric oxide 
administration was started at a median 
time of 2.2 (1.7-3.3) hours of life and was 
sustained for a median of 3.3 (1.3-3.8) 
days. Improvement in oxygenation index 
was observed in the hours aft er commenc-
ing iNO (Figure 5). 
All babies born aft er PPROM < 20 weeks 
(7/7) received at least one inotropic agent 
(dobutamine or dopamine), 5/7 (71%) 
of these patients received a combination 
of two inotropic drugs (dobutamine and 
dopamine). None of the control babies re-
ceived inotropic agents (p < 0.01). 

3/7 patients with PPROM < 20 weeks 
needed hydrocortisone for refractory hy-
potension. None of the babies born aft er 
PPROM > 20 weeks or the control babies 
needed hydrocortisone therapy (p = 0.19).
2/13 babies in the PPROM group received 
AINS (antinfl ammatory nonsteroidal) 
therapy for PDA (patent ductus arterio-
sus), compared to one preterm in the con-
trol group. No babies required surgical 
ligation. 

Infectious outcomes

Vaginal colonization and maternal bacte-
riological results are detailed in table 3.
None of the babies presented early onset 
sepsis confi rmed by a positive blood cul-
ture, but three babies in the PPROM group 
had clinical and biological signs compat-
ible with early onset infection. All PPROM 
patients were given antibiotics for at least 3 
days aft er birth. 
Two patients in the PPROM group pre-
sented with late onset sepsis (2 CONS sep-
sis) during hospitalization, compared to 
four patients in the control group (3 CONS 
sepsis and 1 concomitant E. Coli and Kleb-
siella Pneumoniae sepsis). Th e diff erence 
between both groups was not statistically 
signifi cant.

Digestive outcomes

One infant in the PPROM group had NEC 

stage III.  None developed NEC in the con-
trol group.
None of the patients were discharged with 
tube feeding.

Neurological and ophthalmological 
outcomes

None of the neonates in the PPROM group 
or the control group developed neurologi-
cal complications. 
None of the patients presented with retin-
opathy of more than stage 2. 

Orthopedic outcome

Four preterm babies with PPROM were 
born with limb contractions (1 in the 
PPROM group < 20 weeks and 3 in the 
PPROM group > 20 weeks). Th ey were all 
treated with physiotherapy and contrac-
tures resolved without need for surgery. 

Other outcomes

We found no statistically signifi cant dif-
ferences regarding median length of stay 
between the PPROM group and their con-
trols: 64 (49-80) versus 60 (55-68) days re-
spectively (P=0.76). Th e median gestation-
al age at discharge was 38.14 (37.14-39.28) 
weeks for PPROM patients and 38.14 
(37.28-38.42) weeks for control infants (p 
= 0.55).

Table 1. Neonatal demographic factors, inclusive of the deceased patient and her control.
PPROM born alive 
(n=14)

Control infants 
(n=14)

p value (MW) PPROM deceased before viability 
(n=6)

Antenatal corticosteroids 14/14 (100%) 13/14 (93%)** 0/6 (0%)
Latency between PPROM and 
delivery (days)

57.5 (45-76.5) / 19 (18-25)

Caesarean rate 11/14 (78%) 10/14 (71%) 2/6 (33%) ***
Gestational age at birth (weeks) 29.86 (28-30.28) 29 (27.61 – 30.11)  0.84 22.07
Birth weight (grams) 1375  (995-1525) 1047.5 (820-1347.5)  0.21 300 (210-640)
Apgar 1’ 4 (1-5.75) 5.5 (5 – 7)  0.07
Apgar 5’ 5.5 (5-7.75) 8 (8-9)  < 0.01*
Apgar 10’ 7 (6 – 8.75) 8.5 (8 – 9)  < 0.01*
*Th ese values are statistically signifi cant.
**Th e unique case control who did not receive antenatal corticosteroids was a late preterm baby born at 34 weeks and 3 days who was 
delivered within 24 hours aft er her mother was admitted to the obstetrical unit.
*** Th e 2 caesarean sections realized before viability were performed because of abdominal cerclage.
MW, mann-Withney test; PPROM, preterm prelabor rupture of membranes.

Figure 5. Mean oxygenation index of 
patients born with PPROM before 20 weeks 
and those born aft er 20 weeks. 
iNO, inhaled nitric oxide; PPROM, pre-
term prelabor rupture of membranes. 
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Table 2. Neonatal data on invasive and non invasive ventilation, excluding the deceased patient and her control.
PPROM (n=13) Controls (n=13) p value

Intubation 13/13 (100%) 5/13 (38%)  < 0.01* F
Median time at intubation (minutes of life) 19 (10-25) 90 (36-94)  <0.01* MW
Surfactant administration 13/13 (100%) 6/13 (46%)**  < 0.01* F
Duration of HFOV (days) 5.3 (3.9 – 5.7) 0 (0 – 0.7)  <0.01* MW
Switch to conventional ventilation from HFOV 6/13 (46%) 2/13 (15%)
Need of non invasive ventilation 13/13 (100%) 11/13 (85%) = 0.48 F
Duration of non invasive ventilation (days)* 29 (11-40) 10 (4-40)  0.4 MW

*these values are statistically significant.
**1 baby in the control group received surfactant without mechanical ventilation at 41 hours of life by INSURE technique. 
F, Fisher test; HFOV, high frequency oscillatory ventilation; MW, Mann-Whitney test; PPROM, preterm prelabor rupture of membranes.

Table 3. Vaginal colonization and maternal bacteriological results. 
PPROM born alive (n=14) PPROM deceased before viability (n=6)

Vaginal colonization E. Coli 8/14 (57.1%)
Enterococcus 4/14 (28.6%)
Streptococcus agalactiae 3/14 (21.4%)
Staphylococcus aureus 2/14 (14.3%)
Klebsiella Pneumoniae 3/14 (21.4%)
No pathogen colonization 2/14 (14.3%)
ESBL bacteria 3/14 (21.4%)

E. Coli 4/6 (66%)
Enterococcus 3/6 (50%)
Streptococcus agalactiae (20%)
Staphylococcus aureus 1/6 (16.7%)
Klebsiella Pneumoniae 1/6 (16.7%)
Candida 1/6 (16,7%)
No pathogen colonization 1/6 (16.7%)
ESBL bacteria 1/6 (16.7%)

Antenatal antibiotherapy  14/14 (100%) 4/6 (66%)
Placental anatomopathology Histological chorioamnionitis 8/14 (57.1%) Histological chorioamnionitis      3/6 (50%)
Placental culture 6 positive/6

E. Coli (2x), Ureaplasma (2x), Klebsiella (1x), 
Enterobacter (1x).

3 positive/3
E. Coli (2x) with 1 E. Coli ESBL, Candida (1x).

ESBL, extended spectrum betalactamases; PPROM, preterm prelabor rupture of membranes.

DISCUSSION 

Mid-trimester PPROM before viability is 
very rare. High mortality and morbidity 
rates among survivors are described in the 
literature, though some teams have de-
scribed a dramatic improvement in mor-
tality rate over the last 10 years. (1) These 
high morbidity and mortality rates are due 
to pulmonary hypoplasia and pulmonary 
arterial hypertension, which are more se-
vere if the rupture occurs at an extreme 
gestational age and if the oligohydramnios 
is persistent and severe. (12) In our study, 
we reviewed this highest risk population of 
preterm babies who experienced PPROM 
before 25 weeks of gestational age with se-
vere and prolonged oligohydramnios (AFI 
< 5 – latency time > 14 days).
We found a higher live birth rate after ex-
treme premature rupture of membranes 
compared to some articles: 70% versus 40-
63% described in other studies. (13) This 
difference can be explained by our inclu-
sion criteria, with a delay between rupture 
and delivery of at least 14 days. Therefore, 

all the babies born less than 14 days af-
ter PPROM were not taken into account. 
Comparing our study with that of Shah 
and Kluckow (6) and that of Everest et al., 
(4) who have similar inclusion criteria, we 
observe comparable results (69% and 76% 
of live births, respectively).
In our study, we demonstrated a survival 
rate of 93% for newborns admitted to 
NICU. This high survival rate is compara-
ble to that of two recent studies based on 
similar inclusion criteria with a mortality 
rate below or equal to 10%. (6,13) How-
ever, several studies still report a very high 
mortality rate. There is still an important 
variation between studies, with a survival 
rate evaluated between 14 to 70%. (14) It is 
of importance to note that the three stud-
ies, ours included, which reported a mor-
tality rate less than 10%, included patients 
with PPROM associated with persistent 
severe oligohydramnios. 
Interestingly, our survival rate has been 
improving for the last 10 years. In 2009, 
our colleagues published a retrospective 
study based on the same inclusion cri-

teria reporting the outcomes of infants 
born between 2006-2008, after extreme 
premature rupture of membranes. (1) The 
survival rate for infants admitted to NICU 
was 78%. These results are comparable to 
those reported by Shah and Kluckow, (6) 
who showed an increase in survival rate 
comparing two successive periods. The 
increase in survival from 78% to 93% in 
our center may reflect the improvement 
in antenatal and postnatal care manage-
ment, thanks to further experience in the 
management of these specific patients. 
But it may also reflect the impact of our 
first study on obstetric and neonatal staff 
attitudes, resulting in more optimistic pa-
rental counseling and  more aggressive 
maternal and neonatal management. The 
increase in caesarean rate, from 53% in our 
first study to 79%, may reflect this change 
in practice. The influence of the subjective 
caregivers’ view on mortality and morbid-
ity is mentioned by Azria et al. (15) They 
compared perinatal outcome after PPROM 
in two centers with different rates of TOP. 
Surprisingly, they demonstrated higher 
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morbidity and mortality rates in the center 
that had a higher rate of termination of 
pregnancy. At the beginning of the study 
however, they expected the opposite, hy-
pothesizing that the higher rate of TOP 
in one center would be a selection bias of 
the most favorable neonatal cases. This 
increase in survival can also reflect global 
improvement in neonatal care. 
In this study we observed a great difference 
in the occurrence of refractory hypoxemia 
and pulmonary arterial hypertension be-
tween infants born after PPROM < 20 
weeks and those born after PPROM > 20 
weeks (100% versus 17%). These two con-
ditions probably reflect a higher incidence 
of pulmonary hypoplasia in the group born 
after PPROM < 20 weeks. No statistically 
significant difference was noted regarding 
gestational age at birth for both groups, re-
flecting a significantly longer latency time 
in the group of PPROM < 20 weeks com-
pared to the group of PPROM > 20 weeks. 
This fact has already been reported by our 
colleagues who described that infants with 
clinical signs of pulmonary hypoplasia ex-
perienced a rupture at an earlier gestation-
al age than those who did not have clinical 
signs of pulmonary hypoplasia (21.2 weeks 
versus 24 weeks – p=0.07). (1) These data 
reflect the importance of gestational age 
at which severe oligohydramnios appears, 
and the duration of severe oligohydramni-
os in the prediction of occurrence of pul-
monary hypoplasia. This fact is reported 
by other authors who found that the occur-
rence of pulmonary arterial hypertension 
is inversely correlated with the gestational 
age at rupture (1, 13) which appears to be 
the best predictor of the occurrence of pul-
monary hypoplasia in a meta-analysis per-
formed in 2009. (12)
It is important to consider this marked 
difference in occurrence of pulmonary 
hypoplasia between PPROM < 20 weeks 
and PPROM> 20 weeks to offer the best 
possible parental counseling in the first 
place and secondly to anticipate very in-
tensive care management of these babies. 
The pediatric team managing these babies 
at birth must be ready to perform prompt 
intubation and surfactant administration, 
in view of the poorer adaptation at birth of 
these babies, as demonstrated by the lower 
Apgar score in the subgroup of PPROM< 
20 weeks. The team must also be ready to 
provide optimal adapted mechanical ven-
tilation and to detect and treat pulmonary 
arterial hypertension promptly with iNO 
and administration of inotropics. 
In this population of premature babies 
who suffer from pulmonary arterial hy-
pertension, we observed a very rapid and 

positive response to iNO administration, 
as described previously by others. (1, 11) 
This demonstrates that at least part of the 
lung disease is reversible and may reflect 
that at least part of the disease is due to 
‘functional hypoplasia’, so-called ‘dry lung 
syndrome’ (16) in addition to eventual ir-
reversible pulmonary hypoplasia. Aikio et 
al. (17) demonstrated a transient NO defi-
ciency in the first hours of life in patients 
born after PPROM and presenting with 
hypoxic respiratory failure, compared to 
those born after PPROM without hypoxic 
respiratory failure. They also showed dif-
ferent inflammatory patterns after birth be-
tween PPROM with and without hypoxic 
respiratory failure, with a less pronounced 
inflammatory response in the first hours 
of life for patients born after PPROM with 
hypoxic respiratory failure compared to 
those born after PPROM without hypoxic 
respiratory failure. (17) More studies are 
needed for a better understanding of the 
role of NO deficiency and the role of in-
flammatory patterns in pulmonary arterial 
hypertension developed by babies born af-
ter extreme PPROM. 
While babies born after PPROM need a 
longer duration of invasive ventilation, 
especially those born after PPROM <20 
weeks, there is no difference in the dura-
tion of non invasive ventilation and there 
is no higher occurrence of BPD at 36 weeks 
of gestation. None of these infants was dis-
charged on oxygen support. These results 
show that after an initial need for more 
invasive respiratory and hemodynamic 
support, these infants evolve like their 
controls and this progression is dependent 
on gestational age. These results are also in 
part reported in the study by Verspyck et 
al. (18) After logistic regression analysis, 
this study showed that before 30 weeks of 
gestation, gestational age is the major inde-
pendent factor associated with composite 
perinatal adverse outcome and with com-
posite respiratory adverse outcome. How-
ever, authors found that PPROM was also 
an independent risk factor, but only for the 
composite respiratory adverse outcome. 
In contrast to other studies, (18) we did not 
report any pneumothorax needing treat-
ment among the PPROM patients. This re-
sult may be due to the use of HFOV (high 
frequency oscillatory ventilation) rather 
than conventional ventilation, the short 
period of mechanical ventilation and the 
experience acquired by our center. 
Our study shows a rate of 57% of histologi-
cal chorioamnionitis in the PPROM group. 
This rate of amnionitis remains very vari-
able when reviewing the literature: the his-
tological chorioamnionitis rate reported 

varies from 35%-40% in some studies 
(19,20) to 66-75% in other studies. (15) In 
this study, all the placentas were analyzed 
for histological chorioamnionitis. In many 
other articles, there is no specification 
about the manner in which the diagnosis 
of chorioamnionitis was obtained. 
None of the babies had proven early onset 
sepsis based on a positive blood culture 
and only a few patients showed clinical 
and biological signs of infection. This can 
be explained by close monitoring of mater-
nal infection signs and maternal antibiotic 
administration. Some studies suggested a 
link between the interval PPROM-delivery 
and the risk of chorioamnionitis and neo-
natal infection with increased infectious 
risk correlated with increase in latency 
time, but other reports did not support this 
association. (21)   
The babies born after PPROM do not have 
a higher risk of late-onset infection in com-
parison with control babies.  It remained 
difficult to compare the infectious risk for 
these babies as most authors refer to sepsis, 
but do not specify if it is early-onset sepsis 
or late-onset sepsis.
Analyzing other morbidities, we found 
an increase in orthopedic morbidities in 
the group of PPROM, including limb re-
traction and positional syndrome. These 
complications were transitional as none 
of the newborns required surgery and all 
demonstrated good evolution, using physi-
otherapy only. 
We found no increase in digestive compli-
cations, like NEC or feeding intolerance. 
There was no increase in ROP, or intraven-
tricular hemorrhage in the studied group 
of PPROM compared to the controls. 
These data appear to be very encourag-
ing, showing that in the event of extreme 
PPROM the principal morbidities in ad-
dition to prematurity itself are pulmonary 
and hemodynamic problems, at least short 
term. An analysis of the longer term neuro-
logical complications in this population is 
needed to be sure that the evolution of this 
population is not worse compared to the 
control population. However, data from 
our colleagues’ follow-up study of their 
initial population at two years of age, (22) 
did not reveal a worse neurological out-
come. In contrast, pulmonary long-term 
outcomes showed an increase in rehospi-
talization for respiratory problems during 
the two first years of age and an increase in 
the need for treatment with inhaled bron-
chodilators and inhaled corticosteroids. 
A maternal mortality rate of 1% is de-
scribed in the literature. (20) In this re-
view, we had no maternal deaths and the 
number of complications observed was 
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not significantly increased in compari-
son to those presented by the mothers in 
the control group. However, three cases 
of invasive infection with Gram negative 
bacteria were found requiring prolonged 
antibiotic therapy for the mothers. Unfor-
tunately, we noted that around 20% of the 
women had multiresistant bacteria. This 
can be explained by multiple antibiotics 
and a prolonged hospital stay. This shows 
the importance of selective antibiotics, i.e., 
avoidance of broad spectrum antibiotics, 
since the use of antibiotics after PPROM is 
a well-known protective factor. (10) 
Our study has numerous limitations. 
Firstly, this is a retrospective study. Sec-
ondly, only a small number of patients was 
included. These two characteristics may 
explain why we did not show more sig-
nificant results or demonstrate more com-
plications in the whole group of PPROM 
and particularly in the subgroup analysis 
of PPROM. However, the fact that our re-
sults are at least comparable and even bet-
ter than those of the first study conducted 
in our centre, strengthens our results. 
Another limitation can be found in the 

control group, as prematurity was due to 
other etiologies, such as chorioamnionitis 
or preeclampsia, which are associated with 
specific morbidity. However, we tried to 
reduce selection bias by selecting infants of 
the same gestational age, the same gender 
and the same degree of fetal lung matura-
tion. To our knowledge, these last criteria 
have never been taken into account in oth-
er studies on the topic. 
A prospective multicenter study should 
be conducted to strengthen these short-
term results. Providing a follow-up to this 
population at high risk of morbidity is also 
essential to evaluate long- term complica-
tions, not only at two years, but throughout 
infancy, until adulthood. 

CONCLUSIONS

This study demonstrates an increase in 
survival rate of babies born after PPROM 
< 25 weeks with prolonged and severe oli-
gohydramnios in a single centre in the past 
10 years and demonstrates the importance 
of specific management and practical ex-

perience. 
This study shows that rupture before 20 
weeks results in worse initial respiratory 
and hemodynamic status, with arterial 
pulmonary hypertension in all cases. This 
arterial hypertension is at least in part re-
versible, with an excellent response to iNO 
administration. After the first days of life, 
these babies have a similar evolution com-
pared to control babies; the pulmonary 
prognosis in the neonatal unit is related to 
gestational age. 
This study does not reveal any other sig-
nificant irreversible morbidity, in particu-
lar no increase in neurological morbidity 
in the neonatal period.
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