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Purpose: To determine perinatal outcomes and influence of amniotic fluid volume in 
pregnancies complicated by previable, preterm prelabor rupture of membranes (pPPROM).
Patients and methods: This was a historical cohort study from two tertiary-level mater
nity hospitals (January 1, 2009 to December 31, 2015). All pregnancies complicated by 
pPPROM were identified using ICD coding of discharge abstracts. Hospital charts were 
reviewed to collect maternal demographics, pregnancy and delivery events, and immediate 
postnatal outcomes (including survival). Post-processing review of stored ultrasound images 
was performed to evaluate the relationship between amniotic fluid volume and outcomes.
Results: A total of 113 pregnancies were eligible and 99 were included in the final analysis 
(74 with “expectant management” and 25 opting for elective termination). The median 
gestational age at pPPROM was 20+6 weeks [IQR 19+4 to 21+5]. For those choosing 
expectant management, the median latency between pPPROM and delivery was 7 days, 
median gestational at delivery was 23+1 weeks, and neonatal survival to discharge was 
27.5% overall. There was a trend towards higher rates of pregnancy termination at one 
hospital (31.7%) compared to the other (15.4%), but no difference between sites with respect 
to latency, mode of delivery, or survival amongst those managed expectantly. There was 
a relationship between survival and gestational age at pPPROM (p<0.04), as well as initial 
amniotic fluid volume category: 52.6% of survivors had normal initial amniotic fluid 
volumes whereas the majority of previable losses had oligohydramnios and the majority of 
stillbirths had anhydramnios.
Conclusion: After expectant management, more than one in four newborns following 
pPPROM survived to hospital discharge. While gestational age at rupture was most strongly 
correlated with survival, normal initial amniotic fluid volumes were mostly seen in survivors 
whereas stillbirths more frequently had anhydramnios. These findings will help to improve 
counseling and care of patients with pPPROM and in guiding long-term follow-up studies.
Keywords: prelabor rupture of membranes, prematurity, previability, pregnancy 
complications, neonatal survival, amniotic fluid

Introduction
Spontaneous preterm prelabor rupture of membranes (PPROM) complicates about 
3% of pregnancies worldwide and can be associated with multiple adverse out
comes for pregnant women and their babies, especially risks of ascending infection 
and related morbidity.1,2 PPROM that occurs at previability, or “pPPROM”, is 
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a rarer complication of pregnancy, estimated to affect one 
to eight per 1000 births.3,4 When a low amniotic fluid 
environment occurs following pPPROM and coincides 
with the time of critical fetal lung development, there is 
a significant risk of life-limiting pulmonary hypoplasia or 
lifelong respiratory morbidity for those who survive.3–8 

Owing to concerns about poor respiratory outcomes lead
ing to neonatal death, many patients consider termination 
when pPPROM occurs.9,10 Regardless of these known 
complications, however, some patients choose expectant 
management following pPPROM and neonatal survival is 
possible, although outcomes reported in the literature vary 
considerably.7,8,11

While maternity care providers are acutely aware of the 
respiratory and infectious morbidity associated with 
pPPROM, less is known about other complications or the 
potential maternal risks directly resulting from manage
ment decisions (expectant versus termination).3–5 Many 
centers have developed clear management algorithms for 
PPROM after viability, but there remains considerable 
variation in practice patterns when membrane rupture 
occurs prior to viability; in addition, many of these med
ical interventions (including antenatal corticosteroids) 
have not been studied at previability or the extremes of 
prematurity.12–14 As there is no obvious way to risk- 
stratify pregnancies complicated by pPPROM at this 
time, and given that many of these cases will receive an 
obstetric ultrasound to evaluate fetal well-being, there 
remains a question about the potential role of amniotic 
fluid volume measurement in predicting outcome after 
previable membrane rupture.15,16 The goal of this study 
was to determine the perinatal outcomes and influence of 
amniotic fluid volume in pregnancies complicated by pre
viable, preterm prelabor rupture of membranes 
(pPPROM). The results of this study could be used to 
refine patient counseling and develop management strate
gies to improve outcomes, as well as to direct much- 
needed future research.

Materials and Methods
This was a historical cohort study conducted at two ter
tiary-level maternity hospitals in Canada between 
January 1, 2009 and December 31, 2015. Both hospitals 
serve as the regional referral sites for a total population of 
1.3 million inhabitants and a geographic region which 
includes urban, rural, and northern/remote communities. 
There are approximately 10,000 deliveries between the 
two sites per year. Research ethics approval was obtained 

from the University of Manitoba Health Research Ethics 
Board [HS23563 (H2020:012)]. Patient confidentiality was 
maintained in compliance with institutional standards and 
in accordance with the Declaration of Helsinki: because 
this project was retrospective in nature and did not require 
any direct patient contact, nor did it influence patient 
management or outcomes, informed consent forms were 
not required by our institution.

All pregnant patients diagnosed with PPROM prior to 
24+0 weeks of gestation during the study period were 
eligible for inclusion. Potential cases of pPPROM were 
identified by the health records department using the 
International Classification of Disease, ninth revision 
(ICD-9) coding of PPROM from hospital discharge 
abstracts of in-patient medical records. Consistent with 
local maternity and neonatal resuscitation practices at 
that time, “previability” was defined as a gestational age 
of <24+0 weeks. (The study was bound by the year 2015 
because neonatal resuscitation became offered in the 
following year for preterm births beginning at 23 weeks’ 
gestation.) From those cases coded as PPROM, the diag
nosis of membrane rupture was confirmed during the chart 
review and required documented presence of pooling and 
ferning on speculum examination. In order to best isolate 
cases of spontaneous pPPROM, pregnancies with conge
nital anomalies, planned postnatal palliation, iatrogenic 
membrane rupture, rescue cerclage within 14 days, or 
prelabor rupture of membranes occurring at gestational 
ages after viability (and including those at term) were 
excluded. Cases were also excluded if the latency interval 
between membrane rupture and delivery was less than 24 
hours, in keeping with the case definitions used in other 
published pPPROM literature, as it was difficult to ascer
tain with certainty from retrospective chart review whether 
or not these cases represented “true” spontaneous 
pPPROM versus membrane rupture that occurred during 
the course of preterm labor.3,4 Final analysis was also 
restricted to singleton pregnancies to avoid confounding 
by chorionicity.

Hand-searches of maternal and newborn hospital charts 
were performed by experienced research personnel, and 
information regarding maternal demographics, pregnancy 
and delivery information, and early postnatal outcomes 
(including neonatal survival) was abstracted using standar
dized data collection sheets. Post-processing review of 
stored ultrasound images and fetal assessment reports 
were also performed to determine the initial amniotic 
fluid volume following membrane rupture. Amniotic 
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fluid volumes were primarily coded categorically using 
single deepest vertical pocket (“normal” = single deepest 
vertical pocket >2 cm; ‘oligohydramnios’ = measureable 
single deepest vertical pocket <2 cm; or ‘anhydramnios’ = 
no visible amniotic fluid pocket), and as a continuous 
variable using single deepest vertical pocket in centi
meters. The primary outcome was neonatal survival to 
hospital discharge following expectant management of 
pPPROM. Secondary outcomes included: 1) characteris
tics of patients with pPPROM and between those opting 
for expectant management versus termination of preg
nancy; 2) relationship between initial amniotic fluid 
volume and pregnancy outcomes; and 3) additional peri
natal factors associated with neonatal survival versus peri
natal loss.

Statistical analysis was performed using Stata v.14.2 
(Stata Corp, College Station, TX, USA) software. 
Continuous variables were presented as means with stan
dard deviations (SDs) if normally distributed or as med
ians with interquartile ranges (IQRs) if non-parametrically 
distributed. Dichotomous and categorical variables were 
described as proportions. Student’s t-, chi-squared, 
Kruskal–Wallis, and analysis of variance tests were used 
to compare outcomes between groups depending on data 
type and distribution. Regression analyses were performed 
to evaluate the relationship between amniotic fluid out
come and survival.

Results
A total of 161 potential cases were identified using ICD 
codes alone, although 48 were excluded upon chart review 
owing to a combination of factors related to coding errors, 
incomplete records, and/or membrane rupture occurring 
after 24 weeks of gestation (Figure 1). The remaining 
113 pregnancies were then categorized according to man
agement group (expectant management versus termina
tion). Initially, 88 patients with pPPROM (77.9%) elected 
to proceed with expectant management while the other 25 
(22.1%) opted for termination (Figure 1); however, 14 of 
those cases choosing expectant management were ulti
mately excluded because the latency between rupture of 
membranes and delivery was less than 24 hours: 15.9% 
(14/88) of women choosing expectant management deliv
ered spontaneously within 24 hours of diagnosis of 
pPPROM and thus were excluded from the final analysis 
(Figure 1).

The median gestational age at rupture of membranes 
for the cohort was 20+6 weeks [IQR 19+4 to 21+5], and 

those choosing termination tended to have membrane rup
ture at earlier gestational ages than those opting for expec
tant management (p=0.023) (Table 1). The baseline 
maternal age of women with pPPROM was 29.7 years 
(SD 6.0) and body mass index (BMI) was 30.1 kg/m2 

(SD 6.5). Over half (55%) of patients with pPPROM 
were urban residents and the remainder of patients were 
from surrounding areas within the catchment (31.5% rural 
and 13.5% northern/remote). Most women in the cohort 
were multiparous (69.9%), with gravidity and parity equal 
to 4 [IQR 2 to 6] and 1 [IQR 0 to 3] respectively. Amongst 
those with prior pregnancies, 17.8% had a history of pre
term birth (16.4% with one prior preterm delivery and 
8.2% with two or more prior preterm deliveries) and 
9.6% had a prior pregnancy complicated by stillbirth. 
Over half of the cohort (56%) had had a prior “abortion”; 
however, we were limited in our ability to differentiate 
spontaneous abortions from those that were elective or 
planned. A trend towards higher rates of pregnancy termi
nation existed at one hospital site (31.7%) compared to the 
other (15.4%; p=0.070), but there were no obvious demo
graphic differences noted between sites (Supplementary 
Table S1). When comparing cases within the different 
management subgroups (expectant vs termination), 
women choosing expectant management were significantly 
older (30.4 years vs 27 years; p=0.012) and more tended to 
reside in urban locations, although this finding was not 
statistically significant (58.7% vs 40%; p=0.155) (Table 1).

Within the expectant management group, the median 
latency between rupture of membranes and delivery was 7 
days [IQR 3 to 29] and the median gestational age at 
delivery was 23+1 weeks [IQR 21+0 to 24+4] (Table 1). 
Furthermore, 27% of expectantly managed pregnancies 
delivered over 24 weeks of gestation and 28.4% required 
induction of labor. The main indications for induction 
were stillbirth (33.8%), chorioamnionitis (8.1%), and ante
partum hemorrhage or abruption (6.8%); however, the 
prevalence of these individual complications was even 
higher clinically (Table 2). The prevalence of histologi
cally confirmed chorioamnionitis was significantly higher 
amongst those patients managed expectantly versus those 
undergoing termination of pregnancy (58.4% vs 8%; 
p<0.0001). In over half of patients with histological chor
ioamnionitis in the expectant management group, there 
was no clinical suspicion of infection prior to delivery 
and the only evidence of chorioamnionitis came from 
placental pathology after birth (Table 2). There were 
more cases of antepartum hemorrhage and abruption 
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amongst those in the expectant management group (41.9% 
vs 16%; p=0.022), but no significant difference in preva
lence of postpartum hemorrhage or need for blood transfu
sion. There was no obvious difference in the risk of 
placenta accreta or maternal sepsis between groups, 

although the absolute numbers were small (Table 2). 
There were no maternal deaths in this cohort. The risks 
of stillbirth and periviable delivery following expectant 
management were 33.8% and 29.7%, respectively 
(Table 2). About one-third of newborns in the expectantly 

Figure 1 Flow diagram of study subjects. 
Abbreviations: GA, gestational age; ROM, rupture of membranes; pPPROM, previable, preterm prelabor rupture of membranes.
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Table 1 Maternal and Pregnancy Characteristics Associated with pPPROM Comparing Management Groups (Expectant versus 
Termination)

Expectant Management (n=74) Termination (n=25) p-Value

Maternal age (years), mean (SD) 30.4 (5.6) 25.8 (7.1) 0.001

Gravidity, median [IQR] 4 [2 to 6] 4.5 [2 to 7] 0.741

Parity, median [IQR] 1 [0 to 3] 1.5 [0 to 4] 0.575
Multiparous, % 69.1 72.0 0.786

Residence, %
Urban 58.7 40.0 0.155

Rural 28.7 44.0 0.160

Northern 12.6 16.0 0.668

Past history of abortionsa, % 58.2 50.0 0.387

2 or more abortions, % 34.5 38.9

Past history of preterm birtha, % 21.6 16.7 0.600

2 or more preterm births, % 8.5 4.5 0.513

Past history of stillbirtha 8.6 12.5 0.569

Living childa 63.6 66.7 0.781

Twin pregnancy, % 5.4 0 0.238

Cervical Insufficiency and/or cerclage, % 20.3 12 0.355

Gestational age at ROM, median [IQR] 20+6 [19+1 to 21+5] 20+1 [17+4 to 21+2] 0.023

Female fetus, % 41.9 32.0 0.384

Notes: aCalculated amongst multiparous women only. 
Abbreviations: pPPROM, previable, preterm prelabor rupture of membranes; SD, standard deviation; IQR, interquartile range; ROM, rupture of membranes.

Table 2 Maternal Complications and Pregnancy Outcomes Following pPPROM Comparing Management Groups (Expectant versus 
Termination)

Expectant Management (n=74) Termination (n=25) p-Value

Chorioamnionitisa, %  

Histological diagnosis alone

58.1                                        

32.4

8                            

0

<0.0001

Antepartum hemorrhage or abruption, % 41.9 16 0.022

Postpartum hemorrhage, %  

Blood transfusion, %

14.9                                          

2.7

20                            

4

0.558                       

0.744

Placenta accreta, % 6.8 0 0.220

Maternal sepsis, % 6.8 0 0.183

Stillbirth, % 33.8 – –

Periviable delivery, % 29.7 – –

Cesarean section, % 31.6 – –

NICU admission 32.4 – –

Overall neonatal survival to discharge, %  

Survival if admitted to NICU, %

25.7                                        

79.2

– –

Notes: aRefers to all cases of histologically confirmed chorioamnionitis including those with only histological diagnosis as well as those with clinical-plus-histological 
chorioamnionitis. 
Abbreviations: pPPROM, previable,preterm prelabor rupture of membranes; NICU, neonatal intensive care unit.
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managed group reached the neonatal intensive care unit 
(NICU) (32.4%), with overall neonatal survival to hospital 
discharge of 25.7%. Amongst those newborns admitted to 
the NICU, survival to hospital discharge reached 79.2% 
(Table 2).

Of all pregnancies that achieved over 24 hours of latency 
following pPPROM, only 37.8% received antenatal corticos
teroids prior to delivery and 10.8% received tocolytics. There 
was considerable variation regarding timing of the initial 
corticosteroid doses: 8% received steroids prior to 23 
weeks of gestation; 48% at 23 weeks, 40% at 24 weeks, 
and the remaining 4% at 25 weeks. Moreover, 39.3% of 
cases received appropriately timed steroids within 1–7 days 
of delivery, whereas 12% received only a partial dose and 
another 6.8% received multiple rescue doses prior to delivery 
because more than 2 weeks had elapsed since the initial 

course. Amongst live births admitted to the NICU, all 19 
survivors received steroids prior to delivery; all rescue 
courses were also given within this subgroup and all but 
one of the neonatal deaths also received steroids.

There were almost no differences in maternal charac
teristics or perinatal risk factors differentiating neonatal 
survivors from perinatal losses; however, there were sig
nificantly more multiparous women represented amongst 
the pregnancies resulting in neonatal survival (89.5%) 
versus those with perinatal deaths (61.8%; p=0.026) 
(Table 3). While there was a trend towards a later gesta
tional age at membrane rupture amongst survivors (21+5 
weeks [IQR 20+1 to 23+3]) compared to perinatal losses 
(20+4 weeks [IQR 18+4 to 22+4]; p=0.043), much of the 
improved prognosis was attributable to the significantly 
prolonged latency amongst survivors (median 30 days vs 

Table 3 Perinatal Characteristics Associated with Neonatal Survival versus Perinatal Loss Following Expectant Management of 
pPPROM

Neonatal Survivors (n=19) Perinatal Losses (n=55) p-Value

Maternal age (years), mean (SD)  

Age ≥35 years, %

29.7 (5.6)                                  

15.8

31.3 (5.3)                                

20

0.247                  

0.689

Gravidity, median [IQR] 4 [3 to 7] 3 [2 to 6] 0.1362

Parity, median [IQR] 2 [1 to 4] 1 [0 to 3] 0.0703
Multiparous, % 89.5 61.8 0.026

Past history of abortions, % 68.4 56.0a 0.352

Past history of preterm birth, % 26.3 18.0a 0.447

Past history of stillbirth, % 26.3 8.6a 0.056

Cervical insufficiency or cerclage, % 15.8 23.6 0.479

Gestational age at ROM, median [IQR] 21+5 [20+1 to 23+3] 20+4 [18+4 to 22+4] 0.044

Latency (days), median [IQR] 30 [14.5 to 61.5] 5 [2 to 17] 0.00008

Gestational age at delivery (weeks) 25+5 [24+3 to 29+4] 22+2 [20+6 to 23+2] <0.00001

Amniotic fluid volume category

Normal, % 52.6 5.6 <0.0001
Oligohydramnios, % 31.6 47.3 0.237

Anhydramnios, % 15.8 47.3 0.016

Cesarean delivery, % 36.8 15.4b 0.052

Female sex, % 36.8 43.6 0.607

Birth weight (g), median [IQR]  

Amongst those admitted to NICU

1017.5 [724 to 1430]                   

(same as above)

430 [341 to 577.5]             

500 [423 to 660]

<0.0001               

<0.0001

Chorioamnionitis, % 63.2 50.9 0.357

Notes: aCalculated amongst multiparous women only (n=50); bcalculated amongst those newborns where postnatal resuscitation was performed (n=52). 
Abbreviations: pPPROM, previable, preterm prelabor rupture of membranes; SD, standard deviation; IQR, interquartile range; ROM, rupture of membranes; NICU, 
neonatal intensive care unit.
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5 days for perinatal losses; p<0.0001); consequently, this 
delay in onset of labor was related to an even later gesta
tional age at delivery for survivors (median gestational age 
25+6 weeks vs 22+2 weeks; p<0.0001) and ultimately 
a significantly higher birth weight as well (p<0.0001) 
(Table 3). While over half of cases in the expectant man
agement group were complicated by histologically con
firmed chorioamnionitis, there was no difference in the 
frequency of chorioamnionitis between survivors (63.2%) 
and those ending with perinatal death (50.9%; p=0.357). 
The main cause of perinatal loss was stillbirth (33.8%). 
followed by extreme prematurity (29.7%) (Table 2). 
Amongst newborns resuscitated and admitted to the 
NICU, 48% had respiratory distress syndrome and 25% 
had bronchopulmonary dysplasia, 17% had early neonatal 
sepsis, 17% had limb contractures, and 4% had grade III or 
IV intraventricular hemorrhage: there were three neonatal 
deaths from respiratory failure and another resulting as 
a consequence of a severe intracranial bleed. Overall, 15 
of 52 (21.1%) expectantly managed cases of pPPROM 
with planned postnatal resuscitation were delivered by 
Cesarean section, with approximately half surviving to 
hospital discharge (46.7%; 7/15); upon further analysis of 
mode of delivery by outcome group, Cesarean section was 

used to deliver 36.8% of neonates that survived and 15.4% 
of those that died from extreme prematurity or from other 
complications in the NICU (p=0.052).

Most cases of pPPROM were complicated by oligohy
dramnios (43.2%) or anhydramnios (39.2%), but 17.6% had 
normal initial amniotic fluid volumes. Survivors were sig
nificantly more likely to have normal amniotic fluid volumes 
at initial ultrasound (52.6%) compared to only 5.6% of those 
pregnancies ending with a perinatal loss (p<0.0001), 
whereas there was a higher prevalence of anhydramnios 
amongst perinatal losses (47.3% vs 15.8%; p=0.0254) 
(Table 3). While there is a significant association between 
initial amniotic fluid volume category at time of membrane 
rupture and neonatal survival, there was no obvious linear 
relationship when examining single deepest vertical pocket 
as a continuous variable (p=0.23). For newborns surviving 
to hospital discharge, three of 19 cases had complete anhy
dramnios immediately after pPPROM. For those cases 
resulting in neonatal death after admission to the NICU 
(n=5), four had oligohydramnios and one had normal amnio
tic fluid volume; there were no cases of complete anhydram
nios in this subgroup (Figure 2). Cases of pPPROM 
resulting in a previable delivery or intrapartum stillbirth 
(n=31) were significantly more likely to have 

Figure 2 Relative proportion of cases by amniotic fluid volume category at initial scan following pPPROM, subgrouped by outcome. 
Notes: Periviable birth = previable deliveries plus intrapartum stillbirths. 
Abbreviations: NND, neonatal death; NICU, neonatal intensive care unit; pPPROM, previable, preterm prelabor rupture of membranes.
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oligohydramnios (48.4%) or anhydramnios (45.2%) as 
opposed to normal amniotic fluid volume (6.5%; p=0.002). 
None of the pregnancies ending in prelabor stillbirth (n=12) 
had normal amniotic fluid volume at initial ultrasound; 
33.3% had oligohydramnios while 66.7% had complete 
anhydramnios (Figure 2). Most cases of complete anhy
dramnios (87%) resulted in stillbirth or periviable loss 
prior to NICU admission, although notably there were 
three survivors (13%) in this category as well (Figure 2). 
Upon further stratification by median membrane rupture of 
21 weeks’ gestation, there was no obvious evidence of 
confounding by gestational age on survival to discharge by 
amniotic fluid volume: the crude relative risk of neonatal 
death following anhydramnios compared to those cases with 
amniotic fluid was 1.33 (0.98–1.78), whereas the adjusted 
relative risks were 1.35 (95% CI 0.97–1.96) and 1.24 (95% 
CI 0.75–2.04) for rupture of membranes less than 21 weeks 
versus 21 weeks of gestation and greater.

Discussion
pPPROM is an uncommon but serious complication of 
pregnancy and is frequently associated with poor out
comes. However, with one-quarter of newborns surviving 
to hospital discharge following expectant management, 
survival in our cohort was much better than traditionally 
expected and even higher amongst those newborns receiv
ing immediate resuscitation and reaching admission to the 
NICU. For patients opting for expectant management, the 
first 24 hours following membrane rupture remain critical, 
with almost 16% of patients delivering spontaneously 
within that time period. The strongest predictors of survi
val were the latency period and, consequently, the gesta
tional age at delivery and related birth weight. However, 
less is known about the specific predictors of prolonged 
latency beyond gestational age at rupture of membranes 
alone. Given that normal amniotic fluid volume was sig
nificantly associated with survival (and, conversely, low 
fluid was associated with perinatal loss), this raises some 
questions about a potential relationship between amniotic 
fluid and latency versus some other protective mechanism. 
There was no obvious confounding by gestational age on 
risk of neonatal death by amniotic fluid volume category, 
although the subgroups are small and will need validation 
in larger, prospective studies. As this was a retrospective 
cohort study, it is impossible to determine the causal 
relationship between amniotic fluid volume and latency: 
is amniotic fluid directly related to latency duration or is it 
merely a marker of other underlying factors which confer 

a “protective” effect and correspond to improved outcomes 
including neonatal survival? While mechanical stretch of 
the cervix is known to cause hypothalamic stimulation, 
triggering oxytocin release from the posterior pituitary, 
which leads to uterine contractions during normal 
labor,17 it is unclear whether this is also the mechanism 
by which low amniotic fluid might contribute to a shorter 
latency and subsequently increased perinatal loss. 
Irrespective of the exact mechanism between amniotic 
fluid and labor onset, utilization of fetal ultrasound to 
measure amniotic fluid volume at the time of rupture 
may offer some insights into prognosis and pregnancy 
outcomes following pPPROM. Complete anhydramnios 
at the initial scan was most often seen amongst those 
pregnancies ending in stillbirth and may be an independent 
predictor of perinatal loss following pPPROM, as there 
were no cases of normal initial amniotic fluid volume in 
this group. Cases that ended in previable delivery were 
more likely to have an initial diagnosis of oligohydram
nios, whereas more than half of pregnancies with 
a newborn that survived to hospital discharge had normal 
amniotic fluid at the initial scan. At a minimum, it should 
be noted that approximately one in five pregnancies com
plicated by pPPROM had normal amniotic fluid volumes 
on the initial scan; this finding highlights the fact that 
ultrasound should not be used for the diagnosis of mem
brane rupture, but, rather, may offer some information 
about prognosis following clinically diagnosed pPPROM.

While infectious morbidity and the potential for pul
monary hypoplasia/respiratory compromise are frequently 
identified as risks of pPPROM, other complications are 
less commonly recognized in the management and coun
seling of these patients and, in some instances, were even 
more prevalent in our cohort. Approximately one-third of 
expectantly managed cases ended in stillbirth and another 
third of cases ended in previable delivery, over 40% were 
complicated by antepartum hemorrhage/abruption, and 
21% required delivery by Cesarean section. However, as 
this was a retrospective study, there was no way to account 
for potential confounding by indication of mode of deliv
ery (ie, might Cesarean section have been reserved for 
only those cases perceived to have better outcomes and 
withheld from those with a presumed poorer prognosis?); 
thus, results pertaining to the influence of mode of delivery 
on survival should be interpreted with caution. Almost half 
of newborns admitted to NICU had respiratory distress 
syndrome, but only 25% were diagnosed with bronchopul
monary dysplasia. Limb contractures occurred in 17% of 
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newborns delivered after expectantly managed pPPROM 
and other neonatal complications were rare. These findings 
serve as a reminder of the non-respiratory and non- 
infectious complications of pPPROM and may be used to 
guide more refined counseling of patients and families 
experiencing this complication of pregnancy. Over half 
of pPPROM cases had chorioamnionitis, although the 
prevalence of histological chorioamnionitis was signifi
cantly higher amongst those patients managed expectantly 
compared to those undergoing termination, thus suggest
ing that underlying infection is not the cause of all 
pPPROM but rather a consequence of ascending, later- 
onset infection. Despite the high index of suspicion 
regarding risk of infection in pregnancies complicated by 
pPPROM, only about half of the cases of histological 
chorioamnionitis were diagnosed as “clinical” chorioam
nionitis based on bedside characteristics prior to delivery. 
While specific information about the individual clinical 
findings used to diagnose chorioamnionitis clinically was 
not available as part of this study, this discrepancy raises 
the suspicion that traditional diagnostic algorithms may 
need to be modified to improve antenatal detection of 
chorioamnionitis amongst patients delivering preterm and 
particularly those giving birth following pPPROM.18,19 

This finding also highlights the important role of placental 
pathology in cases of pPPROM and for consideration by 
neonatologists in planning early postnatal management 
due to the risks of early neonatal sepsis. These results 
will help in alerting patients and healthcare providers to 
possible complications following pPPROM beyond 
respiratory morbidity and infection.

Despite a heightened risk of antepartum hemorrhage 
with expectant management compared to termination, 
there were no other differences in the risk of maternal 
medical complications between the different management 
groups. Specifically, there were no significant differences 
between postpartum hemorrhage risk or need for blood 
transfusion following pPPROM, regardless of manage
ment choice. Also, even though over half of expectantly 
managed cases of pPPROM were diagnosed with chor
ioamnionitis, the prevalence of maternal sepsis was low 
overall and without any significant difference between 
groups, including no cases of septic shock or maternal 
death in the cohort; however, the absolute numbers of 
complications remained small and warrant further study. 
There was a striking difference between hospitals regard
ing patients opting for termination as opposed to expectant 
management. As the only measurable patient-level 

difference between management groups and study sites 
was maternal age, one possible explanation for this obser
vation might relate to differential access to onsite surgical 
termination services: with higher termination rates at the 
site with onsite surgical termination available, subtle dif
ferences in counseling practices and/or management styles 
or underlying patient preferences for treatment by their 
own physician may be potential reasons for this variation 
in management choice between sites. However, within the 
relatively small urban center with regional accessibility to 
these services (ie, patients from one hospital could be 
referred to an alternate site for surgical termination), it is 
unclear that this would be the sole explanation for this 
difference in management trends. There was no difference 
in outcomes amongst expectantly managed pregnancies 
between sites. The observed variation in administration 
and timing of antenatal corticosteroids, as well as usage 
of tocolytics, amongst expectantly managed cases under
scores the considerable variability between healthcare pro
viders in the management of pPPROM, and is consistent 
with other reported literature.13,14,20,21 While most cases of 
PPROM would be administered steroids at the time of 
presentation to hospital with membrane rupture, only one- 
third of patients with pPPROM in our study received 
steroids prior to delivery. Acknowledging the inherent 
challenges of optimal timing of antenatal corticosteroid 
administration within 1–7 days of preterm delivery, most 
cases of PPROM are associated with a risk of “stale” 
steroids (given more than 7 days prior to delivery) as 
opposed to non-receipt.21–23 This study raises awareness 
of the variation that exists regarding treatment of pregnan
cies complicated by pPPROM and the need for future 
interventional controlled trials to evaluate the optimal 
management of these pregnancies, including mode and 
timing of delivery; the potential role of amnioinfusion 
for improving outcomes specifically in the setting of 
pPPROM also needs to be explored.24,25

Our study is unique as one of the only studies about 
pPPROM incorporating initial amniotic fluid volume by 
single deepest vertical pocket into the risk stratification of 
pregnancy outcomes in this high-risk group; it is also one 
of the largest cohorts of outcomes following pPPROM in 
the published literature. Because single deepest vertical 
pocket measurements are readily available in most mater
nity wards with access to bedside ultrasound, use of this 
measurement could easily be incorporated as part of coun
seling of patients and their families. We have also brought 
heightened awareness to the potential perinatal risks of 
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pPPROM beyond infectious and respiratory morbidity. As 
all high-risk pregnancies of ≤34 weeks’ gestation in the 
region are delivered at either of the two participating study 
hospitals, we are fairly confident that this cohort repre
sented close to the entire complement of cases of 
pPPROM in our population which reached viability; how
ever, we are not able to quantify the number of cases 
outside our catchment area that either underwent 
a termination prior to referral or were managed expec
tantly but never reached viability and delivered elsewhere. 
It should also be noted that the abstracter was blinded to 
the neonatal outcomes at the time of collection of the 
antenatal and obstetric variables, as well as initial amnio
tic fluid volumes, which should mitigate risks of observer 
bias. Another potential limitation was restriction of the 
study period to 2015 and earlier because it coincided with 
changes to local practice patterns which saw a shift in the 
definition of “viability” from 24 weeks of gestation down 
to 23 weeks that same year, and may have otherwise 
confounded study results. For this reason, studies are 
still needed to determine outcomes for births at extreme 
prematurity (around 22–23 weeks’ gestation) following 
pPPROM. This study was also not designed to evaluate 
the utility of the amniotic fluid index in this population or 
the influence of amniotic fluid reaccumulation on the 
impact of neonatal survival to discharge. Future studies 
are still needed to evaluate the influence of mode of 
delivery on survival and the long-term health and neuro
developmental outcomes of survivors following 
pPPROM, particularly as modified by amniotic fluid 
volumes.

Conclusion
More than one in four pregnancies complicated by 
pPPROM and managed expectantly resulted in neonatal 
survival to hospital discharge. Gestational age at time of 
rupture and subsequent latency were most strongly corre
lated with outcome; however, there was also a non-linear 
association between initial amniotic fluid volume and sur
vival, with more than half of survivors having normal 
amniotic fluid following membrane rupture and most 
cases of prelabor stillbirth having complete anhydramnios 
at the initial scan. These results can be used to better refine 
prognostication and counseling of similar patients opting 
for expectant management following this high-risk preg
nancy complication.
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