
Introduction

Preterm premature rupture of membranes (PPROM) oc-

curring before 37 weeks of gestation, occurs in approxi-

mately 3–4.5% of pregnancies [1]. A consensus has been

reached regarding the guidelines for PPROM management

at or after 24 weeks of gestation, which include expectant

management with the administration of antibiotics and cor-

ticosteroids [2]. However, no consensus has been reached

on guidelines for the treatment of PPROM before 24 weeks

of gestation, and therefore, therapeutic approaches vary

among institutions.

Waters et al. [3] performed a meta-analysis on mid-

trimester PPROM and found that case membrane rupture

occurred at or before 24 weeks of gestation had a pul-

monary hypoplasia rate of 19.2% (23/120), bronchopul-

monary dysplasia rate of 29.1% (30/103), and survival rate

of 34.9% (38/109). Prolonged duration of membrane rup-

ture or oligohydramnios is also associated with the devel-

opment of pulmonary hypoplasia [3-5]. On the other hand,

Brumbaugh et al. [6] reported that the survival rate was

90% (52/58) in cases of PPROM before 24 weeks of ges-

tation, and that the mortality in such cases has dramatically

decreased in recent years.

The present study focused on cases involving PPROM at

22–23 weeks of gestation, the limit of fetal viability, that

were expectantly managed for one week or longer. These

cases were matched at a ratio of one to one with control

cases unaffected by prolonged PPROM in which neonates

were delivered during the same period. The purpose of the

present study is to elucidate the impact of mid-trimester

PPROM by comparing perinatal outcomes between these

cohorts.

Materials and Methods

Pregnant women who delivered babies at the Perinatal Center

for Maternity and Neonate of Yokohama City University Medical

Center between January 2000 and March 2015, and had a history

of maternal rupture of membranes at 22–23 weeks of gestation,

with a latency of one week or longer were included in the PPROM

cohort. The control cohort included women who delivered babies

within 24 hours after the rupture of membranes, without any ef-

fect of prolonged PPROM, at the present center during the same

period. Women who delivered babies with congenital anomalies,

those with multiple pregnancies, and those with an uncertain es-

timated date of delivery were excluded from both cohorts. The es-

timated date of delivery was determined by the last menstrual

period and crown-rump length measured between seven and ten

weeks of gestations at the discretion of the primary obstetrician

and was used to calculate the gestational age. PPROM was diag-

nosed when continuous amniotic fluid leakage was macroscopi-

cally confirmed and when a positive result was obtained with

either an alpha-fetoprotein test kit or a human insulin-like growth

factor binding protein-1 test kit was positive. Cases in which the

fetal membrane was resealed during the course of gestation after

temporary membrane rupture due to amniocentesis or similar pro-
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cedures were also excluded. All women were hospitalized for

management. Non-stress tests (NSTs) were performed twice daily

for fetal monitoring. Biophysical profile scores were determined

daily if the attending physician determined the NST assessment to

be insufficient. Moreover, ultrasonographic fetal growth assess-

ments and amniotic fluid index measurements were performed

two or three times per week. Based on the physical findings and

leucocyte/C-reactive protein values, intravenous tocolytic and/or

antibiotic therapies were administered on a case-by-case basis at

the discretion of the attending obstetrician. When delivery was

expected to occur within one week, betamethasone was adminis-

tered at a dosage of 12 mg twice per 24-hour period. Fetal condi-

tions were assessed during expectant management, and immediate

vaginal or cesarean delivery was performed for women with a

non-reassuring fetal status.

The institutional perinatal database was used for a retrospec-

tive review of the included women’s medical charts. This study

was approved by the ethics committee of the Yokohama City Uni-

versity Medical Center (D1509019).

Thirty-three women met the inclusion criteria for the PPROM

cohort. Because all had delivered a baby 24 hours or more after

the administration of betamethasone, the control cohort included

192 women who had also delivered a baby 24 hours or more after

the administration of betamethasone. The PPROM and control co-

horts were matched (one to one) with regards to characteristics

such as gestational age at birth (within ± seven days), birthweight

(within ± 100 grams), and sex. Maternal and neonatal characteris-

tics and neonatal outcomes were compared between the two co-

horts.

The evaluated maternal and neonatal characteristics were

neonatal sex, gestational age at birth, birthweight, maternal age,

proportion of primipara, proportion of cases completed be-

tamethasone course more than seven days before delivery, clini-

cal chorioamnionitis (C-CAM), histological chorioamnionitis

(H-CAM), maternal sepsis, preeclampsia, cesarean delivery, ges-

tational age at the first dose of betamethasone, and duration from

betamethasone exposure to delivery.

The evaluated neonatal outcomes were survival to discharge

from the neonatal intensive care unit (NICU), grade III or IV in-

traventricular hemorrhage (IVH), periventricular leukomalacia

(PVL), necrotizing enterocolitis (NEC), patent ductus arteriosus

(PDA) without spontaneous closure, retinopathy of prematurity,

oxygen requirement at 28 days of postnatal age, 40 weeks of post-

menstrual age and one year of corrected age, and respiratory com-

plication at one year of corrected age.

H-CAM was diagnosed according to the Blanc classification

[7]. Using the criteria proposed by Lencki et al. as reference [8],

C-CAM was diagnosed in women with maternal fever (≥ 38 °C)

when any of the following criteria were met: 1) maternal tachy-

cardia (≥ 100bpm), 2) uterine tenderness, 3) foul-smelling vagi-

nal discharge and amniotic fluid, and 4) maternal leukocytosis

(≥ 15,000/µL).
In women without maternal fever, C-CAM was di-

agnosed when all four of the above criteria were met. Maternal

sepsis was defined as a positive result from a maternal blood cul-

ture during hospitalization. IVH was assessed according to the

Papile classification [9]. Grade III IVH was defined as IVH with

ventricular dilatation, and grade IV IVH as that with parenchy-

mal hemorrhage. PVL was defined as cyst formation around the

lateral ventricle, based on assessment of the coronal and sagittal

brain echography images. NEC was defined based on character-

istic clinical signs and symptoms, as well as plain abdominal ra-

diographic findings such as pneumatosis intestinalis,

pneumoperitoneum, and portal air. PDA was diagnosed using

echocardiography and defined as a case without spontaneous clo-

sure in which indomethacin administration or surgery was re-

quired for closure. Retinopathy of prematurity was defined as a

case requiring laser photocoagulation. Respiratory complication

was defined as a case requiring oxygen therapy or respiratory

management at one year of corrected age. Oligohydramnios was

defined as a condition in which the amniotic fluid index was < 5

cm or the amniotic fluid pocket was < 2 cm [10].

The data are presented as medians (ranges) or frequencies (per-

centages). SPSS 24 statistical software was used for the statistical

analyses. The Mann–Whitney U-test was used to analyze contin-

uous variables, and Fisher’s exact test was used to analyze inter-

group differences in categorical data. The level of statistical

significance was set at p < 0.05.

Results

Table 1 presents the neonatal and maternal characteris-

tics. In the PPROM cohort, 21 women (63.6%) developed

oligohydramnios during expectant management. No dif-

Table 1. — Characteristics of PPROM cohorts and control cohorts.
PPROM

*

(n=33) control (n=33) p value 

Neonatal Female sex 14 (42.4) 14 (42.4) 1.00

Gestational age at birth (weeks) 26.6 (23.9-33.7) 26.3 (24.4-32.9) 0.66

Birthweight (grams) 880 (626-1844) 910 (516-1938) 0.79

Maternal Age (years) 32 (22-40) 33 (17-42) 0.55

Primipara 18 (54.5) 20 (60.6) 0.80

Completed betamethasone course more than 24 hours before delivery 33 (100) 33 (100) 1.00

Completed betamethasone course more than 7 days before delivery 28 (84.8) 13 (39.4) < 0.001

Clinical chorioamnionitis 1 (3.0) 0 (0) 1.00

Histological chorioamnionitis 20 (60.6) 14 (42.4) 0.22

Maternal sepsis 1 (3.0) 0 (0) 1.000

Preeclampsia 0 (0) 5 (15.2) 0.053

Cesarean delivery 21 (63.6) 19 (57.6) 0.80

Gestational age at first dose of betamethasone (weeks) 23.7 (22.3-26.6) 25.4 (22.0-31.1) < 0.001

Duration of betamethasone exposure to delivery (days) 20 (2-68) 4 (2-60) < 0.001

Oligohydramnios 21(63.6) - - 

*PPROM: preterm premature rupture of membranes.
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ferences were observed between the PPROM and control

cohorts in terms of the matched characteristics of birth-

weight, gestational age at birth, and neonatal sex. Con-

cerning betamethasone exposure, all cases in both cohorts

completed the betamethasone course at least 24 hours be-

fore delivery. However, because betamethasone course was

started at a significantly earlier time point in the PPROM

cohorts, the duration from betamethasone exposure to de-

livery was significantly longer (p < 0.001), and the pro-

portion of the cases who completed the betamethasone

course seven days before delivery was significantly higher

in this cohort than in the controls (p < 0.001). There were

no differences in the incidence of maternal sepsis, H-CAM,

and C-CAM.

Table 2 presents the neonatal outcomes in the PPROM

and control cohorts. The rates of survival to discharge from

the NICU were 93.9% in the PPROM cohort and 84.8% in

the control cohort, and this difference was not significant (P
= 0.43). Although no intrauterine fetal deaths or stillbirth

occurred in either cohort, two neonates in the PPROM co-

hort and five in the control cohort died in the NICU. In the

PPROM cohort, one neonate died of early-onset sepsis and

IVH at one day of age, and the other died of IVH and cir-

culatory failure at 43 days of age. In the control cohort, two

neonates died of early-onset sepsis at four days and six days

of age, respectively, and one neonate died of late-onset sep-

sis at 28 days of age. In addition, one neonate died of short-

bowel syndrome after surgery for NEC, and another

neonate died of pneumonia at 176 days of age after long-

term respiratory management. No differences were ob-

served between the two cohorts in terms of IVH, PVL, and

PDA requiring treatment, retinopathy of prematurity with

laser photocoagulation, oxygen requirement at 28 days of

postnatal age, 40 weeks of postmenstrual age, and at one

year of corrected age, and respiratory complication at one

year of corrected age. In the PPROM cohort, two infants

developed respiratory complications at one year of cor-

rected age. One of these infants was delivered at 23 weeks

and six days of gestation and had not been exposed to oligo-

hydramnios, requiring continuous oxygen therapy. The

other infant was delivered at 24 weeks and two days of ges-

tation and had been exposed to oligohydramnios for only

two days before delivery, requiring tracheotomy and respi-

ratory management because of laryngomalacia. On the

other hand, in the control cohort, one infant who was de-

livered at 27 weeks and six days of gestation, developed

respiratory complications requiring tracheotomy because

of laryngomalacia.

Discussion

Infant with prolonged PPROM at 22–23 weeks of gesta-

tion had a favorable rate of survival to discharge from

NICU (93.9%). No difference was observed in the rate of

survival to discharge from NICU between PPROM and

control cohorts. Moreover, there was no difference in res-

piratory outcomes between infants with and those without

prolonged PPROM at 22-23 weeks of gestation.

No difference was observed in the rate of survival to dis-

charge from the NICU between the PPROM and control

cohorts (93.9% vs. 84.8%, p = 0.43). Several studies have

investigated the mid-trimester rupture of membranes [11-

15]. Waters et al., who conducted a meta-analysis of cases

of expectantly managed rupture of membranes at or before

24 weeks of gestation, reported a survival rate of 34.9%

(38/109) among evaluated infants [3]. The prognosis for

the expectant management of rupture of membranes at less

than 24 weeks of gestation is known to be poor. However,

Brumbaugh et al. [6] reported in 2014 that the rate of sur-

vival to discharge from NICU was 90% for infants with

prolonged PPROM (at least one week) before the gesta-

tional age of 24 weeks. The authors reported that perinatal

outcomes had improved dramatically in comparison to the

outcomes 20 years earlier and that the causes for the dis-

crepancy between theirs and previous reports were exposed

to antenatal betamethasone and improvements in the respi-

Table 2. — Comparison of neonatal outcome between PPROM cohorts and control cohorts.
Neonatal outcomes PPROM

*

(n=33) control (n=33) P value OR (95% CI) 

Stillbirth 0 (0) 0 (0) 1.00 -

Survival to discharge 31 (93.9) 28 (84.8) 0.43 0.36 (0.065, 2.01)

Grade 3 or 4 intraventricular hemorrhage 2 (6.1) 2 (6.1) 1.00 1.00 (0.13, 7.56)

Periventricular leukomalacia 1/31 (3.2) 1/28 (3.6) 1.00 0.90 (0.054, 15.10) 

Patent ductus arteriosus 5/31 (16.1) 8/28 (28.6) 0.35 0.48 (0.14, 1.70)

Necrotizing enterocolitis 0/31 (0) 1/29 (3.4) 0.48 0.97 (0.90, 1.03)

Retinopathy of prematurity with laser photocoagulation 4/31 (12.9) 1/28 (3.6) 0.36 4.00 (0.42, 38.15)

Oxygen requirement at 28 days of postnatal age 21/31 (67.7) 18/29(62.1) 0.79 1.28 (0.44, 3.72)

Oxygen requirement at 40 weeks of postmenstrual age 10/31 (32.3) 7/28 (21.4) 0.39 1.75 (0.54, 5.66)

Oxygen requirement at one year of corrected age 1/31 (3.2) 0/28 (0) 1.00 -

Respiratory complication

‡
2/31 (6.5) 1/28 (3.6) 1.00 1.86 (0.16, 21.7)

*PPROM: preterm premature rupture of membranes. 
‡Respiratory complication was defined as requirement of oxygen therapy or respiratory management at one year of corrected age. 
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ratory management of neonates [6]. In the study conducted

by Brumbaugh et al. [6], however, selection bias may have

been introduced by the termination of pregnancy when an

adverse perinatal outcome was expected. In Japan, expul-

sion of a fetus at or after 22 weeks and 0 days of gestation

is considered premature birth, rather than abortion, from a

legal perspective, and therefore induced abortion is not

legally allowed at or after 22 weeks of gestation. Therefore,

in the present study, there is no bias towards pregnancy ter-

mination when poor prognosis is expected. The present re-

sults, which were not affected by such bias, are consistent

with the results reported by Brumbaugh et al. and support

the validity of expectant management for cases involving

the rupture of membranes at 22–23 weeks of gestation. In

the present study, the rate of survival to discharge from

NICU was lower in the control cohort than in the PPROM

cohort. Neonatal deaths due to sepsis occurred in both co-

horts. In the PPROM cohort, one neonate died of early-

onset sepsis. In the control cohort, one neonate died of

early-onset of sepsis and two neonates died of late-onset

sepsis. There was no difference in occurrence of early-onset

sepsis associated with chorioamnionitis. In the present

study, betamethasone course was started significantly ear-

lier in the PPROM than in the control cohort. In addition,

the proportion of the cases who completed the betametha-

sone course seven days before, delivery was significantly

higher in the PPROM cohort than in the control cohort.

These differences may have affected the neonatal out-

comes. Moreover, there was no difference in respiratory

outcomes between infants with and those without pro-

longed PPROM at 22-23 weeks gestation. Increased mor-

bidity, particularly postnatal pulmonary hypoplasia, and

bronchopulmonary dysplasia are challenges encountered

during the expectant management of patients with mid-

trimester rupture of membranes [4, 11-16]. In fact, Waters

et al. reported that the rupture of membranes at or less than

24 weeks of gestation resulted in pulmonary hypoplasia in

19.2% (23/120) of infants and bronchopulmonary dyspla-

sia in 29.1% (30/103) of infants [3]. In the present study,

oxygen requirements at three time points—28 days of post-

natal age, 40 weeks of postmenstrual age, and one year of

corrected age — and respiratory complication at one year

of corrected age were assessed to determine the impact on

the fetal lungs; no difference was observed between the

PPROM and control cohorts at any time point. 

Most infants with respiratory complications gradually

improve with a decrease in oxygen requirement. In the

present study, the rate of oxygen requirement dramatically

decreased from 67.7% at 28 days of postnatal age to 3.2%

at one year of corrected age. 

Two infants with respiratory complications in the

PPROM cohort were delivered at gestational ages of 23

weeks and six days and 24 weeks and two days, respec-

tively. These cases were delivered at an extremely early

gestational age (23.9-33.7 weeks) in these infants. In the

infant who required oxygen therapy at one year of corrected

age, no oligohydramnios was noted.

Although the development of fatal pulmonary hypoplasia

is inevitable in the context of early mid-trimester oligohy-

dramnios, as seen in Potter syndrome [17], this finding sug-

gests that the rupture of membranes at or after 22 weeks of

gestation does not cause pulmonary hypoplasia with a fatal

impact on the fetal respiratory organs. Neonatal respiratory

complications may not be affected by the duration of oligo-

hydramnios, or the presence or absence of oligohydram-

nios, but affected by the gestational age at birth.

The present study had several limitations. First, it was a

single-center retrospective study with a small sample size

in which decisions regarding the administration of antibi-

otics, selection of tocolytic agents, and dosing regimens of

these agents were dependent on the discretion of attending

obstetricians. Second, given the long study period (2000–

2015), changes in the respiratory management of neonates

might have affected the results. Third, because the neonates

were followed up to one year of age to observe infant out-

comes, future studies of long-term outcomes may reveal

differences. Despite these limitations, it is noteworthy that

prolonged PPROM near the limit of fetal viability may not

affect the long-term respiratory outcomes. The additional

accumulation of cases and studies with long-term follow-

up are needed in the future to determine the effects of pro-

longed PPROM near the limit of fetal viability on

respiratory function.

Conclusion

Prolonged rupture of membranes near the limit of fetal

viability (22–23 weeks of gestation) does not exert fatal ef-

fects on the neonatal respiratory function at one year of cor-

rected age. This finding suggests that cases involving the

rupture of membranes at 22–23 weeks of gestation are can-

didates for expectant management.
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