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 Background: The aim of this study was to identify factors predicting histologic chorioamnionitis (HCA) in women with pre-
term premature rupture of membranes (PPROM).

 Material/Methods: We retrospectively enrolled 371 women diagnosed with PPROM at less than 34 weeks of gestation at the Second 
Affiliated Hospital of Wenzhou Medical University between January 2008 and December 2012. HCA was diag-
nosed by placental histopathology in 70% of participants. Binary logistic regression was used to identify fac-
tors associated with HCA and neonatal outcomes.

 Results: Patient age, rate of parity, tocolysis, cesarean section, serum C reactive protein (CRP) level at admission, white 
blood cell count, and latency duration did not significantly differ between the 2 groups. Binary logistic regres-
sion revealed that oligohydramnios at admission, gestational age at PPROM, and serum CRP >8 mg/L before 
delivery were significantly associated with HCA. Gestational age at delivery and birth weight were significant-
ly lower in HCA patients than control patients. The rate of 1-min Apgar score <7, abnormal neonatal intracra-
nial ultrasound findings, neonatal pneumonia, bronchopulmonary dysplasia, early-onset neonatal sepsis, and 
mortality were higher in HCA patients, but no significant difference was observed in the incidence of neonatal 
respiratory distress syndrome, necrotizing enterocolitis, hyperbilirubinemia, or hypoglycemia.

 Conclusions: Younger gestational age at time of PPROM, higher CRP level before delivery, and oligohydramnios at admission 
in women with PPROM are associated with HCA, and HCA is associated with some adverse neonatal outcomes.
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Background

Pre-labor rupture of membranes before the 37th week of gesta-
tion, termed preterm premature rupture of membrane (PPROM), 
is a common obstetric complication which occurs in approx-
imately 3–4.5% of all pregnancies [1]. PPROM is associated 
with 30% of neonatal morbidities and mortalities in preterm 
delivery [2], and remains a challenge for the obstetrician [3]. 
Over the past decade, studies have emerged associating ma-
ternal upper genital tract infection with PPROM and sponta-
neous preterm delivery [4,5].

Acute inflammation of the membranes and chorion of the pla-
centa, chorioamnionitis (ChA), indicates a high risk of adverse 
neonatal outcomes [6–17]. ChA is typically the result of micro-
bial invasion in patients with PPROM, but can also be caused 
by genital mycoplasmas, such as Ureaplasma and Mycoplasma 
hominis or systemic infection in spite of intact membranes [18]. 
Clinical ChA is diagnosed in patients presenting two or more 
of the following criteria: high temperature, maternal tachycar-
dia, fetal tachycardia, uterine tenderness, foul-smelling amni-
otic fluid, maternal leukocytosis with bands, and positive C 
reactive protein (CRP) [19]. However, as symptoms are rarely 
recognized before birth, ChA is more frequently diagnosed by 
microscopic examination of the placenta after birth [18,20]. 
Infiltration of polymorphonuclear leukocytes and other immu-
nocytes, such as macrophages and T-cells, inform the diagno-
sis of histologic chorioamnionitis (HCA), applied in 40–70% of 
pre-term births and 1–13% of term births [18,21].

Clinical measures that reliably predict HCA are readily sought 
[22–25]. Serologic or amniotic fluid tests have the potential to 
highlight activation of the host immune and inflammatory re-
sponses by microbial invasion of the amniotic cavity (e.g., cy-
tokine or CRP and white blood cell count) [5,26,27], but none 
have been approved for clinical use. Currently, guidelines for 
the management of PPROM do not take prediction of HCA 
into account, and are usually based on the gestational age at 
which PPROM occurs [28].

An emerging theme in the literature concerns the association 
of HCA with neonatal outcomes [6–17]. Several studies have 
demonstrated that HCA was associated with increased risk 
of neonatal morbidity, including sepsis [7], pneumonia [7], in-
traventricular hemorrhage [8], cystic periventricular leukom-
alacia [9,10], cerebral palsy [10], bronchopulmonary dyspla-
sia [11,12], respiratory distress syndrome, perinatal hypoxia 
and PDA [6], and mortality [29]. Chorionic vasculitis, reflect-
ing placental infection of fetal origin and villous edema, has 
been reported to be a risk factor of brain damage in neonates 
born before the 34th week of gestation [30]. Other studies, 
however, have not shown an impact of HCA on adverse neo-
natal outcome [13–16].

Without placental examination, it is easy to overlook HCA, thus 
the condition remains under diagnosed. Pathologic examina-
tion of the placenta is a noninvasive and simple method with 
which to identify inflammation and determine whether the fe-
tus developed a substantial systemic inflammatory response 
[31]. Therefore, the placental pathological examination is an 
important part of routine examination, and may contribute 
to early diagnosis of HCA, and thus highlight the potential for 
neonatal complications.

Our objective in this study was to determine factors predict-
ing HCA in women with PPROM, and to evaluate the associa-
tion between HCA and adverse neonatal outcomes.

Material and Methods

Study design

This work has been carried out in accordance with the 
Declaration of Helsinki (2000) of the World Medical Association. 
This study received ethics approval from the Second Affiliated 
Hospital of Wenzhou Medical University (L-20080012). All pa-
tients provided informed written consent.

We designed a retrospective study of 371 pregnant women 
admitted to Second Affiliated Hospital of Wenzhou Medical 
University for obstetric care between 18 and 38 years of age. 
Inclusion criteria included delivery between January 2008 and 
December 2012 following confirmed PPROM at less than 34 
weeks of gestation. PPROM was diagnosed according to a stan-
dardized evaluation protocol consisting of assessment of vag-
inal fluid pH and ferning characteristics. Exclusion criteria in-
cluded pregnancies complicated by multiple gestations, active 
labor at admission, and pregnancy-related complications such 
as gestational diabetes mellitus and/or hypertensive disorder. 
Patients diagnosed with clinical ChA at admission or during 
expectant management were also excluded.

In all patients, ultrasonographic examination was performed 
to evaluate oligohydramnios, characterized as an amniotic flu-
id index <5 cm [32], and fetal vitality at admission. Laboratory 
examinations such as white blood cell count and serum CRP 
level were performed at admission. Histologic examination of 
the placenta was performed after delivery.

Patients were monitored for 34 weeks after conception, at 
which point labor was induced. Prophylactic antibiotics such as 
cephalosporin and azithromycin were administrated. Ritodrine 
or magnesium sulfate was administrated intravenously to inhib-
it uterine contraction and steroids were given in 4 intramuscu-
lar doses of 6 mg to promote fetal lung maturation. Maternal 
and fetal status was closely monitored for development of 
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ChA, labor, and/or fetal compromise. Delivery was induced in 
the case of clinical ChA, active labor, fetal compromise, placen-
tal abruption, progressive decrease of amniotic fluid, or when 
gestational age reached 34 weeks.

Based on histologic examination of the placenta, patients were 
divided by diagnosis of HCA into the “HCA group” (n=261) 
and “control group” (n=110). Maternal and neonate charac-
teristics were recorded, including maternal age, multiparity, 
gestational age at time of PPROM, duration of latency, white 
blood cell count, CRP, body temperature, and the rate of ce-
sarean section and oligohydramnios, neonate gestational age 
at delivery, birth weight, 1-min Apgar score of <7, abnormal 
neonatal intracranial ultrasound findings, neonatal respira-
tory distress syndrome, neonatal pneumonia, bronchopulmo-
nary dysplasia, necrotizing enterocolitis, neonatal early-on-
set sepsis, hyperbilirubinemia, hypoglycemia, and neonatal 
mortality. Early-onset sepsis was defined as sepsis develop-
ing within 72 h after birth [33]. Abnormal neonatal intracra-
nial ultrasound findings included abnormal cerebral ventricle 
echo, intraventricular hemorrhage, and cystic periventricu-
lar leukomalacia.

Statistical analysis

Statistical analysis was performed using SPSS 16.0 (SSPS 
Inc.). The Kolmogorov-Smirnov test of normality was applied 
to patient data. Continuous variables are shown as mean ± 
standard deviation. The t test was used to compare the vari-
ables that exhibited normal Gaussian distribution, between 2 
groups, and the Mann-Whitney U-test was used to compare 
patient group non-normally distributed data. The chi-square 
test or Fisher’s exact test was used to compare patient group 
categorical data, shown as incidence (%). Binary logistic re-
gression analysis was performed to identify factors associat-
ed with HCA. A 2-sided P value of less than 0.05 was consid-
ered statistically significant.

Results

Seventy percent (261/371) of participants with PPROM were 
diagnosed with HCA. The mean gestational age at PROM was 
31.1±1.6 weeks, and the incidence of HCA increased signifi-
cantly with decreasing gestational age (Figure 1). Mean ges-
tational age at time of PPROM was significantly lower in the 
HCA group (30.9±1.6 weeks) than the control group (31.7±1.3 
weeks) (Table 1).

As shown in Table 1, mean CRP before delivery and rate of oli-
gohydramnios were also significantly higher in the HCA group 
(18.6±21.5 mg/L and 51.7%, respectively) than that in the con-
trol group (10.7±11.4 mg/L and 27.3%, respectively).

A binary logistic regression analysis of predictive factors asso-
ciated with HCA found that oligohydramnios (OR=2.47), gesta-
tional age at time of PPROM (OR=0.755), and serum CRP level 
>8 mg/L before delivery (OR=2.586) were significantly associ-
ated with HCA (P<0.05). However, duration of latency, serum 
CRP level >8 mg/L at admission, and white blood cell count 
>15×109/L at admission or before delivery were not associat-
ed with HCA (P>0.05) (Table 2).

The mean gestational age at delivery (32.5±1.4 weeks) and 
birth weight (1903.0±338.3 g) in the HCA group were signifi-
cantly lower than those in the control group (31.7±1.6 weeks 
and 1684.5±406.0 g, respectively) (P<0.05, Table 3). The inci-
dence of 1-min Apgar score of <7, abnormal neonatal intra-
cranial ultrasound findings, neonatal pneumonia, bronchopul-
monary dysplasia, early-onset neonatal sepsis, and mortality 
in the HCA group were significantly higher than those in the 
control group (P<0.05). There were no significant differences 
between the 2 groups in the incidence of necrotizing entero-
colitis, hyperbilirubinemia, hypoglycemia, or neonatal respira-
tory distress syndrome (P>0.05, Table 3).

Discussion

Recently, numerous studies have failed to identify predictive 
factors for HCA [22–25]. We sought to identify factors predict-
ing HCA in women with PPROM. In our sample, 70% of women 
with PPROM were diagnosed with HCA. Patients diagnosed with 
HCA had significantly lower gestational ages at PPROM, high-
er CRP before delivery, and a higher rate of oligohydramnios.

We also sought to evaluate the association between HCA and 
adverse neonatal outcomes. The gestational age at delivery 
and birth weight of HCA group infants were significantly low-
er than those of control group infants, and 1-min Apgar score 

Figure 1.  Incidence of HCA after PPROM at various gestational 
ages.
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of <7, abnormal neonatal intracranial ultrasound findings, neo-
natal pneumonia, bronchopulmonary dysplasia, early-onset 
neonatal sepsis, and mortality were higher in the HCA group 
than in the control group.

The incidence of HCA is reported to range from 33% to 71%, 
varying according to the diagnostic criteria used [11]. The 
incidence of HCA in our sample of PPROM patients was 
68.0%, which is likely higher than the incidence in the general 

population because we enrolled women with PPROM diag-
nosed before 34 weeks of gestation.

We found HCA to be significantly correlated with lower ges-
tational age, as previously reported [22,25,34]. Although oth-
er studies reported contradictory results, a meta-analysis of 
6 trials including 466 patients has suggested that maternal 
CRP is not a good predictor for ChA [35]. Nowak et al. also 
found CRP to be a more accurate and earlier predictor of 

HCA (n=261) Without HCA (n=110) P value

Maternal age (y)  27.6±4.8  28.2±4.8 0.276

Multiparity (%)  128 (49.0%)  42 (38.2%) 0.055

Gestational age at PPROM (weeks)  30.9±1.6  31.7±1.3 <0.001

Duration of latency (h)  136.9±117.9  133.4±137.6 0.802

White blood cell count (109/L)

 At admission  11.9±3.3  11.3±2.7 0.081

 Before delivery  13.5±4.0  12.6±3.8 0.061

C reactive protein (mg/L)

 At admission  9.2±7.1  7.7±6.9 0.058

 Before delivery  18.6±21.5  10.7±11.4 <0.001

Oligohydramnios (%)  135 (51.7%)  30 (27.3%) <0.001

Cesarean section (%)  94 (36.0%)  45 (40.9%) 0.374

Tocolysis (%)  183 (70.1%)  68 (61.8%) 0.119

Table 1. Clinical characteristics of patients with or without HCA.

Data is presented as mean ± standard deviation or frequency (percentage). A two-sided P value of less than 0.05 was considered 
statistically significant.

OR (95% CI) P-value

Gestational age at PPROM (weeks)  0.755 (0.637–0.894) 0.001

Oligohydramnios (%)  2.476 (1.459–4.202) 0.001

Duration of latency (h)  1.001 (0.999–1.003) 0.552

White blood cell count (>15×109/L)

 At admission  1.784 (0.788–4.037) 0.165

 Before delivery  0.868 (0.481–1.567) 0.639

C reactive protein (>8 mg/L)

 At admission  1.474 (0.817–2.659) 0.197

 Before delivery  2.586 (1.525–4.386) <0.001

Table 2. Binary logistic regression analysis of factors contributing to HCA.

OR – Odds Ratio; 95% CI – 95% confidence interval. A two-sided P value of less than 0.05 was considered statistically significant.
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HCA than white blood cell count and erythrocyte sedimen-
tation rate in a group of 80 pregnant women with PPROM 
[34]. Consistent with the findings of Nowak et al., we found 
plasma CRP levels to be elevated before delivery in the HCA 
group, and serum CRP levels above 8 mg/L indicated signif-
icantly increased risk of HCA. The concentration of CRP at 
admission appears to be the most accurate marker for the 
prediction of early-onset neonatal infection in routine use, 
with a sensitivity >90%.

We also observed that HCA was associated with oligohydram-
nios. Yoon et al. previously reported that oligohydramnios was 
associated with inflammatory responses in fetal, amniotic, 
and maternal compartments, such as in HCA [32]. Conversely, 
a secondary analysis of 290 women participating in a trial of 
antibiotic therapy for PPROM at 24–32 weeks did not confirm 
an association between low amniotic fluid index and subse-
quent histologic amnionitis [36]. This observation may be ex-
plained by the fact that oligohydramnios appears to be as-
sociated with HCA in some women, but antibiotic treatment 
reduces the impact of this association.

Aziz et al. found that the latency duration was not related to 
higher rates of perinatal infection, including ChA and neona-
tal sepsis, in patients experiencing latency lasting longer than 
1 week [24]. Similarly, we also found the duration of latency 
in the HCA group to be longer than in the control group, and 
the gestational age at which PPROM occurred was inversely 
associated with HCA. Hence, strict monitoring of patients in 

which PPROM occurred before the 34th week may guide clini-
cal intervention and improve outcomes.

Previous studies have identified adverse neonatal outcomes 
such as neonatal pneumonia, bronchopulmonary dysplasia, cys-
tic periventricular leukomalacia, intraventricular hemorrhage, 
cerebral palsy, and neonatal early-onset sepsis to be associat-
ed with HCA [6–8,11,12,16]. We found that infants in the HCA 
group were more likely to suffer morbidity than those in the 
control group. Adverse neonatal outcomes such as broncho-
pulmonary dysplasia, neonatal pneumonia, bronchopulmonary 
dysplasia, early-onset neonatal sepsis, and neonatal mortali-
ty were significantly associated with HCA. Although neonatal 
respiratory distress syndrome was not associated with HCA 
in this study, HCA was associated with increased risk of bron-
chopulmonary dysplasia. This may be explained by a matura-
tional effect accelerated by adrenal stimulation in HCA, which 
in turn may influence lung susceptibility to further injury, fos-
tering bronchopulmonary dysplasia [17]. The decreased pro-
liferation of epithelial, endothelial, and smooth muscle cells 
and increased apoptosis observed in the distal airways of fe-
tal lungs exposed to ChA might be responsible for the devel-
opment of bronchopulmonary dysplasia [37].

Conclusions

HCA is associated with the gestational age of PPROM, am-
niotic fluid index, duration of latency, and serum CRP level 

HCA (n=261) No HCA (n=110) P value

Gestational age at delivery (w)  32.5±1.4  31.7±1.6 <0.001

Birth weight (g)  1903.0±338.3  1684.5±406.0 <0.001

1-min Apgar score of <7  48 (18.4%)  10 (9.1%) 0.024

Abnormal neonatal intracranial ultrasound findings  38 (17.0%)  7 (6.8%) 0.027

Neonatal respiratory distress syndrome  68 (26.1%)  30 (27.3%) 0.808

Neonatal pneumonia  34 (13.0%)  6 (5.5%) 0.032

Bronchopulmonary dysplasia  15 (5.9%)  1 (0.92%) 0.036

Necrotizing enterocolitis  10 (3.8%)  1 (0.9%) 0.130

Early-onset neonatal sepsis  17 (6.5%)  1 (0.92%) 0.022

Hypoglycemia  24 (9.2%)  11 (10.0%) 0.809

Hyperbilirubinemia  20 (7.7%)  4 (3.6%) 0.150

Prenatal mortality  30 (11.5%)  5 (4.5%) 0.037

Table 3. Neonatal outcome of pregnancies with and without HCA.

Data is presented as mean ± standard deviation or frequency (percentage). A two-sided P value of less than 0.05 was considered 
statistically significant.
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before delivery, resulting in poor outcomes such as broncho-
pulmonary dysplasia, early-onset sepsis, and neonatal mo-
rality in preterm infants. Detection of factors predicting HCA 
and evaluation of the risk of HCA for the patients with PPROM 
before the 34th week of gestation may facilitate preemptive 
treatment and improvement in neonatal outcomes. Further 
prospective studies are required to validate our observations 

and explore more sensitive and specific predictive factors for 
HCA and the relationship between HCA and adverse neona-
tal outcomes.
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