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decreased the length of stay of neonates in the intensive 
care unit (Or = 0.85, 95 % cI = 0.39–1.79; p = 0.021).
Conclusion Gestational age at PPrOM, twin gestation, 
and oligohydramnios significantly affected the latency 
period. Although a latency period >72 h was associated 
with chorioamnionitis and placental abruption, adverse 
neonatal outcomes were not affected.

Keywords Inflammatory marker · latency · Perinatal 
outcomes · Preterm premature rupture of membranes 
(PPrOM) · risk factors

Introduction

 Preterm premature rupture of membranes (PPrOM) occurs 
in approximately 1–3 % of all pregnancies and is responsi-
ble for one-third of all premature births [1]. It is generally 
accepted that PPrOM occurring at a gestational age of 24–
34 weeks should be conservatively managed, meaning that 
the pregnancy is prolonged to improve neonatal outcomes 
[2]. During antenatal surveillance, however, conservatively 
managed PPrOM is associated with an increased risk of 
serious maternal, fetal, and neonatal morbidities. Gesta-
tional age and amniotic fluid volume at the time of PPrOM 
are known factors affecting the incidence of maternal and 
neonatal complications. In recent years, the latency period 
(i.e., the time interval between rupture of membranes and 
delivery) has been suggested as another important fac-
tor related to neonatal survival [3, 4]. However, very few 
studies have comprehensively investigated the relationship 
between latency period and perinatal outcomes.

Previous reports explored some of the etiologies thought 
to be responsible for variation in latency period follow-
ing PPrOM. Intra-amniotic infection [5], gestational age 
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[6, 7], placental abruption [5], and fetal distress are some 
of the key factors associated with a short latency period. 
Among these risk factors, intra-amniotic infection plays an 
important role in the initiation and progression of PPrOM. 
However, no previous study has examined the relationship 
between latency period after PPrOM and known inflam-
matory markers, such as c-reactive protein (crP), platelet 
count, total leukocyte count (and its subtypes), neutrophil 
to lymphocyte ratio (nlr), or platelet to lymphocyte ratio 
(Plr).

In this study, we aimed to determine whether a variety of 
known risk factors, including inflammatory markers, could 
be used to estimate the duration of the latency period after 
PPrOM and to investigate the effect of latency period on 
both maternal and neonatal outcomes.

Methods

Data were collected retrospectively from the database of 
a single tertiary center between January 2009 and Octo-
ber 2013. PPrOM was defined as the spontaneous rup-
ture of membranes prior to 37 weeks without active labor. 
Approval of our institutional review board was obtained 
for this study. the following data were obtained from 
original medical records: maternal age, parity, type of 
conception (spontaneous vs. in vitro fertilization [IVF]), 
maternal illness (preeclampsia or pre-gestational diabe-
tes mellitus [DM]), history of PPrOM, previous cesar-
ean section, antenatal bleeding, tobacco use, fetal gender, 
gestational age at time of PPrOM and delivery, latency 
period, amniotic fluid index (AFI) upon admission, and 
maternal serum levels of inflammatory markers (crP, 
platelet count, and total leukocyte, lymphocyte and neu-
trophil counts) upon admission before the administration 
of antibiotics or steroids. the nlr and Plr were also 
calculated. the nlr was defined as the absolute neutro-
phil count divided by the absolute lymphocyte count, and 
the Plr was defined as the absolute platelet count divided 
by the lymphocyte count.

We included patients with a confirmed diagnosis of 
PPrOM, as indicated by one or more of the following: (1) 
a positive nitrazine paper test; (2) the presence of insulin 
growth factor binding protein (IGFBP)-1 in the vaginal dis-
charge; (3) gross pooling of amniotic fluid in the vagina. 
Due to termination of pregnancies with PPrOM before 
24 weeks and induction of pregnancies after 34 weeks, only 
patients with a diagnosis of PPrOM between 24 weeks 
0 days and 33 weeks 6 days were included in this study. 
Patients with clinical signs of chorioamnionitis, fetal dis-
tress, or active labor upon initial admission were excluded. 
Patients who had previously underwent cervical cerclage or 
amniocentesis, or those with fetuses with chromosomal or 

major structural anomalies and/or an estimated birth weight 
below the 10th percentile, were also excluded.

According to our protocol, patients were hospitalized 
for conservative management without tocolytic therapy 
after diagnosis. All patients received betamethasone (two 
intramuscular doses of 12 mg 24 h apart) for fetal lung 
maturation and antibiotic prophylaxis consisting of intrave-
nous ampicillin (2 g every 6 h) and erythromycin (250 mg 
every 6 h) for 48 h, followed by oral amoxicillin (250 mg 
every 8 h) for 7 days after admission. Upon admission, all 
patients underwent an ultrasound to confirm gestational 
age and measure the cumulative four-quadrant AFI [8]. An 
AFI of <5 cm was considered oligohydramnios. the study 
protocol for the management of PPrOM was based on our 
experience, as there is currently no consensus regarding 
the optimal management of PPrOM or frequency of sur-
veillance testing [9]. Accordingly, daily nonstress testing, 
twice-weekly ultrasonography, and as-needed biophysi-
cal profiling were performed for fetal surveillance. Dur-
ing ultrasound examinations, placental and amniotic fluid 
volume were assessed alongside fetal growth to detect pla-
cental abruption and pregnancies at high risk of cord com-
pression. Indications for delivery included labor, non-reas-
suring fetal test results, or a diagnosis of chorioamnionitis 
or placental abruption.

Obstetric outcomes included gestational age at delivery, 
chorioamnionitis, placental abruption, cord prolapse, and 
delivery mode. chorioamnionitis was clinically defined as 
the presence of maternal fever (≥38 °c) with two of the 
following signs in the absence of other potential sources of 
infection: uterine tenderness, maternal tachycardia (>100 
beats/min), maternal leukocytosis (>15,000 cells/mm3), 
fetal tachycardia (>160 beats/min), and foul odor of amni-
otic fluid. Histopathological examination of the placenta 
was performed after all deliveries, but data on the histo-
pathological diagnosis of chorioamnionitis were incom-
plete and therefore not included in the present study. In 
cases of clinical chorioamnionitis, patients were treated 
with ampicillin and gentamicin.

Fetal outcomes included birth weight, Apgar scores at 
1 and 5 min, respiratory distress syndrome (rDS), early 
neonatal sepsis and death, duration of stay in the neonatal 
intensive care unit (nIcU), emergency intubation (within 
24 h after birth), and phototherapy. early neonatal sepsis 
was defined as sepsis in a neonate with a positive blood or 
cerebrospinal culture in the first 48 h of life prior to antibi-
otic administration. Diagnosis of rDS was made based on 
the need for ventilation for 24 h and radiographic findings.

We categorized patients with PPrOM into two groups 
based on time elapsed between the rupture of membranes 
and delivery (known as the latency period). Patients in 
Group 1 had a latency period of ≤72 h, whereas those in 
Group 2 had a latency period of >72 h. the two groups 
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were compared in terms of demographic characteristics and 
perinatal outcomes.

Statistical analyses were performed using SPSS 20.0 
for Windows. continuous data were expressed as the 
mean ± standard deviation, while categorical data were 
presented as the number of patients. After assessing nor-
mality, continuous variables were compared between 
groups using Student’s t test. categorical variables were 
compared between groups using the chi-square test. Fol-
lowing univariate analysis, multivariate logistic regression 
modeling, with backward elimination, was performed to 
identify independent risk factors and perinatal outcomes 
significantly associated with prolonged latency (>72 h). 
Odds ratios (Ors) and their 95 % confidence intervals 
(cIs) were calculated. A p value of <0.05 was considered 
significant.

Results

During the study period, a total of 3,257 patients deliv-
ered after PPrOM. Among these, 204 women experi-
enced PPrOM between 24 and 34 weeks of gestation, 
which included 91 patients (44.6 %) in Group 1 (latency 
period ≤72 h) and 113 patients (55.4 %) in Group 2 
(latency period >72 h). the demographic and obstetric data 

for Groups 1 and 2 are shown in table 1. Groups 1 and 2 
were similar with respect to maternal age, fetal gender, IVF 
conception rate, pre-gestational DM, history of PPrOM, 
previous cesarean section, antenatal bleeding, tobacco use, 
and inflammatory markers. Higher gestational age upon 
admission, nulliparity, twin gestation, and the occurrence 
of oligohydramnios or preeclampsia upon admission were 
associated with a shorter latency period (≤72 h). In the 
multiple logistic regression analysis to identify predictors 
of latency, gestational age at PPrOM (p < 0.001), occur-
rence of oligohydramnios (p = 0.018), and twin gestation 
(p = 0.032) demonstrated a significant independent associ-
ation with short latency period (table 2). A plot of latency 
period vs. gestational age at PPrOM is shown in Fig. 1 
(Pearson correlation coefficient r = −0.563, p < 0.001). 
nulliparity, preeclampsia, and antenatal bleeding were 
unrelated to the duration of the latency period.

We next examined differences in perinatal outcomes in 
patients with PPrOM according to latency period (table 3). 
latency period ≥72 h was associated with an increased risk 
of chorioamnionitis, placental abruption, cord prolapse, 
and emergency cesarean delivery. In addition, prolonged 
latency was negatively correlated with the occurrence of 
rDS, low Apgar scores at 1 min (<7), and length of stay in 
the nIcU, but was positively correlated with the frequency 
of early neonatal sepsis. to further examine maternal and 

Table 1  clinical characteristics 
of pregnancies with preterm 
premature rupture of 
membranes according to latency 
period

CRP c-reactive protein, DM 
diabetes mellitus, IVF in vitro 
fertilization, NLR neutrophil to 
lymphocyte ratio, PLR platelet 
to lymphocyte ratio, PPROM 
pretem premature rupture 
of membranes, SD standard 
deviation, WBC white blood cell

≤72 h (n = 91) >72 h (n = 113) p value

Maternal age (years, mean ± SD) 26.9 ± 4.4 28.6 ± 5.9 0.319

twin gestation 10 (11 %) 4 (3.5 %) 0.036

Gestational age at PPrOM (weeks, mean ± SD) 30.6 ± 2.8 28.4 ± 2.9 <0.001

latency (hours, mean ± SD) 42.9 ± 19.7 292.1 ± 243.7 <0.001

Oligohydramnios 56 (61.5 %) 41 (36.3 %) <0.001

Female to male ratio 1.2 0.9 0.253

conception by IVF 4 (4.4 %) 3 (2.6 %) 0.497

nulliparity 42 (46.1 %) 36 (31.9) 0.037

Preeclampsia 7 (7.7 %) 2 (1.8 %) 0.041

Pre-gestational DM 3 (3.3 %) 5 (4.4 %) 0.680

Smoking 4 (4.4 %) 2 (1.8 %) 0.270

History of

 PPrOM 3 (3.3 %) 3 (2.6 %) 0.787

 cesarean section 16 (17.6 %) 26 (23 %) 0.341

 Antenatal bleeding 13 (14.3 %) 6 (5.3 %) 0.028

Inflammatory markers (mean ± SD)

 crP (mg/l) 6.9 ± 5.1 7.5 ± 4.5 0.356

 WBc (×103 μl) 13.5 ± 3.5 13 ± 2.9 0.270

 neutrophil (×103 μl) 10.6 ± 2.7 10.2 ± 2.4 0.252

 lymphocyte (×103 μl) 1.9 ± 0.7 2.1 ± 0.9 0.104

 Platelet (×103 μl) 230.3 ± 55.8 241 ± 69.4 0.192

 nlr 5.5 ± 3.1 5.7 ± 2.2 0.640

 Plr 123.6 ± 44.7 133.6 ± 48.5 0.130
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neonatal outcomes associated with prolonged latency, mul-
tiple logistic regression analysis was performed to control 
for potential confounders (table 4). regarding maternal 
outcomes, the incidence of chorioamnionitis (p < 0.002) 
and placental abruption (p = 0.033) was independently 
associated with prolonged latency, whereas length of stay 
in the nIcU (p = 0.021) was the only neonatal outcome 
independently associated with latency period. Overall, the 
duration of latency was not associated with poor neonatal 
outcomes.

Discussion

Our study indicates that gestational age at the time of 
PPrOM, twin gestation, and oligohydramnios are inde-
pendent predictors of latency period after PPrOM. In 
accordance with our observations, several studies have 
shown an inverse correlation between latency period and 
gestational age [9–12]. Savitz et al. [11] stated that when 

PPrOM occurs at an early gestational age, it is less likely 
to proceed to labor within a specified time period. On the 
other hand, other studies have failed to observe any correla-
tion between latency period and gestational age. Atarjavdan 
et al. [13] compared latency periods in patients who experi-
enced PPrOM at a gestational age of ≤30 weeks vs. those 
at a gestational age of >30 weeks and found no significant 
difference.

Patients with oligohydramnios (AFI<5 cm) were 
found to have shorter latency periods [14]. In addition to 

Table 2  Multivariable logistic regression analysis of risk factors and 
prolonged latency (>72 h)

CI confidence interval, OR odds ratio, PPROM preterm premature 
rupture of membranes

risk factor Or 95 % cI p value

Gestational age at PPrOM 0.83 0.79–0.87 <0.001

nulliparity 0.71 0.59–1.28 0.274

Oligohydramnios 0.47 0.25–0.91 0.018

twin gestation 0.67 0.45–0.89 0.032

Preeclampsia 0.61 0.54–1.39 0.191

Antenatal bleeding 0.86 0.75–1.48 0.398

Fig. 1  Scatter plot of the duration of the latency period by gesta-
tional age at PPrOM

Table 3  Perinatal outcomes associated with preterm premature rup-
ture of membranes according to latency period

RDS respiratory distress syndrome, SD standard deviation, NICU 
neonatal intensive care unit

≤72 h >72 h p value

Obstetric outcomes

 chorioamnionitis 4 (4.4 %) 15 (13.3 %) 0.030

 Placental abruption 3 (3.3 %) 12 (10.6 %) 0.046

 cord prolapse 0 (0 %) 5 (4.4 %) 0.042

 Vaginal delivery 50 (54.9 %) 52 (46 %) 0.204

cesarean delivery

 elective 24 (26.4 %) 26 (23 %) 0.579

 emergency 17 (18.7 %) 35 (31 %) 0.045

neonatal outcomes

 Birthweight  
(g, mean ± SD)

1,496.4 ± 537.7 1,619.2 ± 496.8 0.092

 First minute Apgar 
score <7

44 (48.3 %) 38 (33.6 %) 0.033

 Five minute Apgar 
score <7

20 (22 %) 15 (13.3 %) 0.101

 rDS 19 (20.9 %) 13 (11.5 %) 0.067

 early neonatal sepsis 7 (7.7 %) 11 (9.7 %) 0.609

 early neonatal death 5 (5.5 %) 3 (2.6) 0.299

 length of stay at nIcU 
(days, mean ± SD)

23.9 ± 5.6 17.4 ± 3.1 0.002

 emergency intubation 11 (12.1 %) 9 (8 %) 0.325

 Phototherapy 10 (11 %) 7 (6.2 %) 0.218

Table 4  Multivariable logistic regression analysis of perinatal out-
comes and prolonged latency (>72 h)

RDS respiratory disress syndrome, NICU neonatal intensive care unit

Perinatal outcome Or 95 % cI p value

chorioamnionitis 2.23 1.48–3.14 0.002

cord prolapse 1.35 0.68–2.24 0.427

Placental abruption 1.9 0.95–3.53 0.033

Birthweight 1.13 0.77–1.82 0.243

rDS 1.5 0.66–3.24 0.121

length of stay at nIcU 0.85 0.39–1.79 0.021

early neonatal sepsis 1.71 0.85–3.49 0.087
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shortened latency period, several other adverse pregnancy 
outcomes have been associated with oligohydramnios 
[15]. the suspected pathophysiology of this relationship 
is that low amniotic fluid volume increases the frequency 
of microbial invasion and subsequent fetal inflammatory 
response syndrome [14].

Our data also indicated that twin gestation significantly 
reduced the latency period after PPrOM. A similar cor-
relation was found in the studies of Jacquemyn et al. [16] 
and Hsieh et al. [17], who examined women experiencing 
PPrOM before and after 30 weeks of gestation, respec-
tively. the finding that multiple gestations were associated 
with a shorter latency period was also confirmed at differ-
ent gestational ages [18–20]. With the exception of Mela-
med et al. [10], who found no relationship between multife-
tal gestation and duration of the latency period, our results 
confirm the majority of previous studies.

It has been previously reported that the latency period 
is affected by additional factors such as nulliparity [21, 
22]. test et al. [21] demonstrated a significant association 
between nulliparity and shorter latency periods, although 
the reason for this relationship was unclear. Our study, in 
contrast, did not indicate that nulliparity is an independent 
factor in the prediction of latency after PPrOM.

Inflammation of the amniotic cavity, extraplacental 
membranes, and fetus has been implicated in the initia-
tion and progression of PPrOM [23]. crP, total leukocyte 
count (and its subtypes), nlr, and Plr are predictors of 
inflammation. therefore, high levels of these inflamma-
tory markers may be a risk factor for intrauterine infection. 
For example, Perrone et al. [24] suggested that high mater-
nal serum crP levels in PPrOM patients upon admission 
might be an early indicator of funisitis. to our knowl-
edge, there are no previous reports investigating the effect 
of inflammatory markers on latency period after PPrOM. 
In addition, we observed no correlation between latency 
period and laboratory markers of the systemic inflammatory 
response, including serum crP levels. However, further 
research is needed to investigate the role of other inflam-
matory markers, particularly interleukin (Il)-6, which is a 
hallmark of fetal inflammatory response syndrome.

Our study demonstrates that gestational age at PPrOM, 
chorioamnionitis, placental abruption, and length of stay 
in the nIcU are independently associated with prolonged 
latency. A direct relationship between PPrOM and chorio-
amnionitis has been demonstrated in multiple studies [10, 
20, 21, 25–28]. It is expected that the presence of chorio-
amnionitis at the time of PPrOM will decrease the time 
to delivery [20]. On the other hand, women showing pro-
longed latency are at greater risk of chorioamnionitis, as 
observed in our study [21, 27]. A recent cochrane review 
also demonstrated that latency periods >24 h were associ-
ated with an increased risk of chorioamnionitis [28]. It is 

thought that this relationship between prolonged latency 
and chorioamnionitis is due to the fact bacterial patho-
gens have more time to ascend into the amniotic cavity 
after membrane rupture [29]. In addition, the bacteriostatic 
effect of amniotic fluid will also decrease over time due to 
fluid loss.

We also observed a significant association between 
prolonged latency (≥72 h) and placental abruption. In our 
study, the rate of placental abruption was 7.3 %, which falls 
within the reported range of 4–12 % [30]. this is consist-
ent with the findings of Hnat et al. [22], who reported that 
placental abruption is more common in pregnancies com-
plicated by PPrOM prior to 28 weeks of gestation. In con-
trast to our study, Melamed et al. [10] found no relation-
ship between placental abruption and latency period. they 
attributed this to a lack of statistical power to detect such an 
association. Our data indicate that patients with prolonged 
latency were more likely to undergo emergency cesarean 
delivery because of chorioamnionitis and placental abrup-
tion, which is consistent with the findings of previous stud-
ies [6, 15].

Although adverse outcomes, such as chorioamnionitis 
and placental abruption, were significantly associated with 
a prolonged latency period, length of stay in the nIcU was 
the only neonatal outcome that was significantly associated 
with prolonged latency. Unlike chorioamnionitis, develop-
ment of sepsis in the neonate was not related to the dura-
tion of latency. this finding is consistent with the results of 
several recent observational studies [7, 10, 27, 31]. Manuck 
et al. [32] suggested that prolonged latency does not appear 
to worsen outcomes in pregnancies that are complicated by 
PPrOM. likewise, in a study by nayot et al. [26], the peri-
natal death rate was not affected by a latency period >72 h, 
and the incidence of moderate to severe neonatal morbid-
ity decreased for infants born at up to 34 weeks of gesta-
tion. Similarly, Aziz et al. [7] reported that a longer latency 
period is not associated with increased neonatal sepsis. the 
reason for more favorable neonatal outcomes in patients 
with latency periods over 72 h could be the use of antibiotic 
prophylaxis after PPrOM, which reduces the incidence of 
adverse neonatal outcomes, including early neonatal sepsis, 
in pregnancies before 34 weeks [33]. Another explanation 
is that gestational age itself rather than the latency period 
may be the major determinant of neonatal outcomes [34].

In conclusion, this study identifies the pregnancy-related 
factors affecting the duration of the latency period in cases 
of PPrOM. Our study showed that higher gestational age at 
PPrOM, oligohydramnios, and twin gestation are associ-
ated with a shortened latency period. Accordingly, the data 
presented in this study can be used by physicians to predict 
the expected duration of latency. Furthermore, we observed 
that neonatal morbidity and mortality were not affected by 
the duration of latency period for infants delivered at up 
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to 33 weeks 6 days gestation. Generally, a conservative 
approach directed toward extending pregnancy to improve 
neonatal outcomes is recommended following PPrOM at 
gestational ages between 24 and 34 weeks [2]. Our results 
support this approach, provided that women with a latency 
period >72 h are monitored closely for chorioamnionitis 
and placental abruption.
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