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Introduction
Preterm premature rupture of membranes (PPROM),
or more recently referred to as preterm prelabor rup-
ture of membranes, is described as rupture of fetal
membranes with leakage of amniotic fluid before 37

weeks of gestation prior to the onset of labor.[1,2]

PPROM is a serious complication of pregnancy and
impacts approximately 3–4% of pregnancies and is
responsible for roughly 30–40% of preterm births.[3,4]

PPROM remains one of the most challenging compli-

Özet: Preterm erken membran rüptürü sonras›nda
oligohidramniyozun perinatal sonuçlar üzerindeki
etkileri
Amaç: Amniyotik s›v›, fetal büyüme ve geliflimde önemli bir koru-
yucu role sahiptir. Gebelik esnas›nda düflük amniyotik s›v› indeksi
(AFI), advers perinatal sonuç riskini art›r›r. Daha önce yap›lan çal›fl-
malar, preterm erken membran rüptürü (PEMR) sonras›nda oligo-
hidramniyoz (AFI<5 cm) ile daha k›sa gecikme dönemi aras›nda ilifl-
ki ve koryoamniyonit ile tutarl› olmayan bir korelasyon bildirmifltir.
Çal›flmam›zda, PEMR sonras›nda oligohidramniyozun perinatal so-
nuçlar üzerindeki etkilerini araflt›rd›k. 
Yöntem: Çal›flmam›z, 2014 ile 2016 y›llar› aras›nda gebeli¤inin 23
ile 34. haftalar› aras›nda t›bbi merkezimizdeki PEMR’li gebeler üze-
rinde gerçeklefltirilen bir retrospektif kesitsel bir çal›flmayd›. Perina-
tal sonuçlar ile iliflkili olarak primer prediktör de¤iflkeni <5 cm veya
≥5 cm’lik AFI idi. 
Bulgular: ‹ncelenen toplam 117 PEMR olgusundan 46’s›nda AFI
<5 cm ve 71’inde AFI ≥5 cm idi. Yenido¤an yo¤un bak›m ünitesin-
de (YYBÜ) yat›fl süresi (YS), AFI <5cm için 42 gün iken, AFI >5 cm
için 26.5 gündü (p<0.007). Ortalama 1. ve 5. dakika Apgar skorlar›,
AFI ≥5 cm grubuna (1. dakikada 6.9 ve 5. dakikada 8.4) k›yasla AFI
<5 cm grubunda (s›ras›yla 5.2 ve 7.4) daha düflüktü (p<0.001). 
Sonuç: PEMR sonras› oligohidramniyoz, düflük Apgar skorlar› ve
YYBÜ’de daha uzun kal›fl süresi gibi advers perinatal sonuçlar ile
iliflkilidir. Gecikme dönemi ve koryoamniyonit aras›nda hiçbir ilifl-
ki gözlemlenmemifltir.

Anahtar sözcükler: Preterm erken membran rüptürü (PEMR), oli-
gohidramniyoz, advers perinatal sonuçlar, düflük Apgar skorlar›,
YYBÜ yat›fl süresi.
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Abstract

Objective: Amniotic fluid plays a vital protective role in fetal
growth and development. Low amniotic fluid index (AFI) during
pregnancy increases risk of adverse perinatal outcomes. Prior stud-
ies reported association of oligohydramnios (AFI<5 cm) with short-
er latency period and inconsistent correlation with chorioamnioni-
tis after preterm premature rupture of membranes (PPROM). We
studied effects of oligohydramnios on perinatal outcomes after
PPROM. 
Methods: A retrospective cross-sectional study was performed at
our medical center on women with PPROM between 23 to 34
weeks during 2014 to 2016. The primary predictor variable was
AFI of <5 cm or ≥5 cm in relationship to perinatal outcomes. 
Results: From a total of 117 PPROM cases reviewed, 46 women
had AFI<5 cm and 71 had AFI≥5 cm. Length of stay (LOS) in
neonatal intensive care unit (NICU) was 42 days for AFI<5 cm ver-
sus 26.5 days for AFI>5 cm (p<0.007). The mean neonatal Apgar
scores at 1 and 5 minutes (5.2 and 7.4 respectively) were lower in the
AFI<5 cm group compared to AFI≥5 cm (6.9 at 1 minute and 8.4 at
5 minutes, p<0.001). 
Conclusion: Oligohydramnios after PPROM is associated with adverse
perinatal outcomes such as lower Apgar scores and longer LOS in the
NICU. No association was observed with latency period and chorioam-
nionitis. 

Keywords: Preterm premature rupture of membranes (PPROM),
oligohydramnios, adverse perinatal outcomes, low Apgar scores,
NICU length of stay.
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cations of pregnancy with ongoing debate on formulat-
ing optimal management strategies.

Amniotic fluid has a myriad of functions and plays
a vital role in fetal growth and lung development.
Physically, it protects and prevents the compression of
the fetal thorax and umbilical cord. The antimicrobial
and bacteriostatic properties of amniotic fluid with its
innate immune system components are essential in the
prevention of intra-amniotic infection. Loss of amniot-
ic fluid with PPROM results in a significant reduction
in these protective properties.[5,6] In addition, the dis-
ruption of the membrane seal in PPROM results in
microbial invasion of the amniotic cavity causing clini-
cal and histological chorioamnionitis in 30% and 60%
of PPROM cases.[7,8]

Amniotic fluid also serves as a reservoir of fluid and
nutrients for the fetus containing proteins, electrolytes,
immunoglobulins, and vitamins from the mother. The
major pathways involved in amniotic fluid circulation
include pulmonary excretion, fetal swallowing, intra-
membranous movement between fetal blood and the
placenta, and trans-membranous movement across the
amnion and chorion. In summary, amniotic fluid is a
highly dynamic and complex fetal circulation that can
be used as a prognosticator of fetal wellbeing.[9,10]

Short-term adverse neonatal outcomes following
PPROM have been well-described. They include but
are not limited to respiratory distress, intraventricular
hemorrhage, necrotizing enterocolitis, pulmonary
hypoplasia, bronchopulmonary dysplasia, sepsis, and
increased risk of fetal and neonatal deaths. Other peri-
natal complications associated with PPROM include
placental abruption, cord accidents, fetal heart rate
anomalies, and maternal infectious morbidities.[11,12]

Prior studies suggested oligohydramnios or amni-
otic fluid index (AFI) of less than <5 cm, in PPROM
patients, was associated with decreased latency period
and differing AFI measurements <5 cm were associat-
ed with differing degrees of latency reflecting the
impact of residual amniotic fluid levels.[13,14] 

A limited number of studies have investigated the
impact of oligohydramnios on comprehensive perina-
tal outcomes in patients with PPROM and found an
association with certain adverse outcomes such as
chorioamnionitis, and subsequent neonatal sepsis. 

The purpose of our study was to determine whether
there was an association of oligohydramnios after

PPROM with adverse perinatal outcomes resulting in
increased maternal or neonatal morbidity.

Methods
We performed a retrospective cross-sectional study
using the electronic health record database at
Community Regional Medical Center (CRMC),
Fresno, California, USA. Institutional Review Board
approval was obtained for this study. Women with a
diagnosis of PPROM between 23–34 weeks gestation-
al age who delivered at CRMC from June 2014 to May
2016 were selected for review.

A diagnosis of PPROM was based on a confirma-
tion of one or more of the following criteria: (1)
patient’s history and physical examination with visuali-
zation of gross pooling of fluid in the vagina by sterile
speculum examination; (2) a positive nitrazine test; (3)
positive fern test; (4) a positive AmniSure® ROM test.
Other inclusion criteria for the women with PPROM
were those who received antenatal steroids for lung
maturity, latency antibiotics, tocolytics, or magnesium
sulfate for neuroprotection.

Patients who were excluded from the study com-
prised of those who presented on admission with
chorioamnionitis, placental abruption or non-reassur-
ing fetal status, patients with history of cerclage place-
ment, fetal anomalies, multiple gestations, delivery
within 24–48 hours of admission, patients who were at
previable gestational age of <23.0 weeks, and patients
with PPROM >34.0 weeks gestational age since induc-
tion of labor was recommended for these patients at 34
weeks based on standard-of-care guidelines for
PPROM management.[15]

Patient health records were reviewed for residual
AFI measurements, latency period, the time interval
between onset of rupture of membranes and time of
delivery, and chorioamnionitis. Diagnoses of
chorioamnionitis or intraamniotic infection (IAI), also
known as triple I, was reviewed from the electronic
medical records (EMR) based on current guidelines.
Data abstraction included the documentation of
antepartum or intrapartum maternal fever (≥38.0°C or
100.4°F on two occasions 30 minutes apart without
another source) and any of following: fetal tachycardia
(>160 beats/min for 10 minutes or longer), maternal
leukocytosis (1500 cells/mm3 in the absence of corti-
costeroids) and purulent discharge from cervical os.[16]
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Neonatal Apgar scores and disposition, including
admission to the neonatal intensive care unit (NICU)
were reviewed as well.

In our study, we divided PPROM patients into two
groups based on AFI measurement at time of admis-
sion: patients with AFI less than <5 cm and patients
with AFI≥5 cm. Data abstracted was compared for
maternal age, gestational age at admission, gestational
age at delivery, latency period, chorioamnionitis, route
of delivery, birthweight, Apgar scores at 1 and 5 min-
utes, NICU length of stay, and neonatal complications.

In addition, perinatal characteristics and outcomes
for these two groups of PPROM patients, those with
residual AFI<5 cm and those with AFI≥5 cm was also
compared.

Statistical analysis

Data extracted from the hospital electronic record data-
base was analyzed with SPSS. Bivariate analysis with
two-tailed t-tests was performed with an α=0.05 as the
threshold for significance.

Results
A total of 117 PPROM cases were reviewed. Patients
were categorized into two groups based on the residual
AFI<5.0 cm and AFI≥5 cm at admission (Table 1). All
patients were delivered either upon onset of sponta-
neous labor or upon reaching 34 weeks gestational age,
whichever occurred earliest. In cases of infection or
non-reassuring fetal status, patients were delivered ear-
lier. 

Patients with post-PPROM AFI<5 cm delivered
neonates who required a significantly longer NICU
length of stay (LOS) than those with AFI≥5 cm (Table 1).

In contrast, those with AFI<5 cm and AFI≥5 cm, did
not show a significant difference in the average maternal
inpatient LOS which was comparable at 12.1 and 10.1
days, respectively, between the two groups. The average
latency period was also similar between the two groups
at 10.8 days and 10.4 days, respectively.

Chi-squared analysis showed no statistically signifi-
cant association between chorioamnionitis and the two
comparison groups of the PPROM patients (Table 2).

Data of the interventions used in the inpatient man-
agement of these patients with PPROM and their route
of delivery was also collected. A majority of patients suc-
cessfully achieved a vaginal delivery. The overall neona-
tal survival rate was at 98.3% (Fig. 1).

The immediate post-birth performance of the
neonates delivered was reviewed which demonstrated
lower Apgar scores at both 1 minute and 5 minutes born
to mothers in the group with low residual amniotic fluid
index <5 cm when compared to the group with residual
amniotic fluid index of ≥5 cm (Table 3).

The average interval from day of admission to the
hospital to the delivery date for the PPROM patients
was 10.7 days and the mean gestational age at time of
delivery was 31 weeks (Table 4).

Data abstraction for NICU length of stay and neona-
tal Apgar scores could be assessed for 113 PPROM
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Table 1. Perinatal outcomes of PPROM patients associated with residual amniotic fluid volume.

Perinatal outcomes AFI category Mean (Days) 95% CI p-value

NICU LOS AFI<5 cm (n=44) 42.0 (4.34–26.71) 0.007

AFI≥5 cm (n=69) 26.5 (3.38–27.67) 0.013

Maternal LOS AFI<5 cm (n=46) 12.1 (-2.14–5.92) 0.356

AFI≥5 cm (n=71) 10.1 (-2.57–6.35) 0.402

Latency period AFI<5 cm (n=46) 10.8 (-4.16–4.98) 0.859

AFI≥5 cm (n=71) 10.4 (-4.35–5.18) 0.864

AFI: amniotic fluid index; LOS: length of stay; NICU: neonatal intensive care unit; PPROM: preterm premature rupture of membranes.

Table 2. Diagnosis of chorioamnionitis.

AFI category (N=117)

AFI<5 cm AFI≥≥5 cm 
Chorioamnionitis (n=46) (n=71) p-value

Yes 10 12 0.69

No 36 59 0.06

AFI: amniotic fluid index.



patients and 100 PPROM patients respectively, due to
gaps in EMR documentation with information lacking
for these variables in some patients.

Discussion

PPROM remains a significant obstetrical complication
of pregnancy with high rates of perinatal morbidity and
mortality. However, existing data on the association of
AFI as one of the prognosticators of perinatal and neona-
tal outcomes has some contradictory results. Therefore,
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Table 3. Neonatal Apgar scores and association with AFI. 

Apgar at 1 min Apgar at 5 min

AFI category Mean SD Mean SD

AFI<5 cm (n=46) 5.2 3 7.4 2.1

AFI≥5 cm (n=71) 6.9 1.9 8.4 0.9

p-value <0.01 <0.01

t-tests for independent samples were conducted to detect differences in APGAR scores at 1 and 5 minutes. AFI: amniotic fluid index. 

Table 4. Maternal and neonatal clinical characteristics with PPROM.

Characteristics Mean Median

Maternal age (years) 29.1 30.0

AFI at PPROM (cm3) 6.7 5.9

GA at PPROM (weeks) 29.7 31.2

GA at delivery (weeks) 31.0 32.1

Latency period (days) 10.5 6.0

PPROM admission LOS (days) 10.7 7.0

NICU LOS (days) 32.5 23.0

AFI: amniotic fluid index; GA: gestational age; LOS: length of stay; NICU: neona-
tal intensive care unit; PPROM: preterm premature rupture of membranes.

Fig. 1. Frequencies of perinatal interventions and outcomes. 



our study was planned to evaluate the correlation of
residual AFI following PPROM with perinatal outcomes
among patients expectantly managed after a diagnosis of
PPROM.

In our study, we found significant differences in the
neonatal outcomes including greater NICU length of
stay and lower Apgar scores at 1 and 5 mins respectively
in the oligohydramnios group (AFI<5 cm) compared to
the normal amniotic fluid volume group of patients
(AFI≥5 cm). There were no significant differences in the
maternal complications including chorioamnionitis,
latency period, maternal length of stay and rates of
cesarean deliveries between the two comparison groups
of AFI<5 cm and AFI≥5 cm.

Prior studies such as Tavassoli et al. observed a short-
er latency period for PPROM patients with AFI<5
cm.[17–19] In addition, studies by Vintzileos et al. and
Gonik et al.  previously implicated oligohydramnios in
patients with PPROM as a significant risk factor for
perinatal infection.[20,21] Of note, we did not categorize
the latency period outcomes for the PPROM patients by
further subdividing the two groups (<5 cm and ≥5 cm)
based on gestational age sub-categories from 23 weeks to
34 weeks gestation. As a result, the latency periods may
have been falsely shortened if a patient was admitted
closer to 34.0 weeks gestational age and thus may have
influenced the lack of significant association with the
oligohydramnios group of PPROM patients.

Other studies also showed contradicting findings
regarding association of oligohydramnios with neonatal
sepsis and adverse outcomes with PPROM. For instance,
Vermillion et al. showed an association between AFI<5
cm and early neonatal sepsis. However, Borna et al. did
not demonstrate this association though it was limited in
its ability to establish the diagnosis of early neonatal sep-
sis.[19,22] Due to inadequate culturing techniques, studies
such as Gonik et al. and Mercer et al. also did not find a
relation between oligohydramnios after PPROM and
neonatal infections.[21,23]

We found an association between AFI<5 cm and
adverse neonatal outcomes including lower Apgar scores
and increased length of stay in the NICU. We could not
demonstrate any correlation between AFI<5 cm and
chorioamnionitis or latency period. This lack of associa-
tion that was observed may have been limited by a small-
er sample size and potentially limited power.

Further research would be helpful in elucidating the
effects of residual AFI on perinatal morbidities with a
larger sample size and assessing the correlation of peri-
natal outcomes based gestational age categories.

Conclusion
In conclusion, in our study, we found that low residual
amniotic fluid levels with a diagnosis of oligohydram-
nios in PPROM patients contributes to adverse neona-
tal outcomes. Our data demonstrates that initial amni-
otic fluid assessment of patients with PPROM is a pre-
dictor of adverse neonatal outcomes. The residual AFI
can be used as an important prognostic factor for
determining perinatal outcomes in PPROM patients
and help direct the care counseling and management
approaches for the PPROM patients especially, when
PPROM occurs at very preterm gestational age.
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