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ABSTRACT
Background: To develop a simple and accurate method of predicting birth asphyxia of neonates born from preterm
premature rupture of membranes (PPROM) women utilizing clinical parameters that are generally available before
delivery in the practical setting.
Methods: A retrospective cohort was conducted at single tertiary hospital in Jakarta between January and December
2013. Subjects were PPROM women with singleton live pregnancy who had their delivery on 24 to 34 weeks of
gestational age (GA). Primary outcome was birth asphyxia defined by 5th minutes APGAR score < 7. The variables
studied were leukocyte counts, gestational age at PPROM, clinical chorioamnitis, severe preeclampsia, mode of
delivery, and PPROM-admission duration. Prediction model was developed using logistic regression analysis.
Results: One hundred and seventy five out of 380 PPROM women registered in our database met the inclusion
criteria. The incidence of BA was 14.29% (25/175). The cutoff value for maternal leukocyte counts and gestational
age to predict birth asphyxia was respectively 12,450/mm3 (area under the curve 0.68, 95%CI 0.57-0.80) and 32
weeks (area under the curve 0.81, 95%CI 0.70-0.92). A prediction model was developed consisted of GA at PPROM
< 32 weeks of GA (OR=9.58, 95%CI 3.32 – 27.62) and maternal leukocyte counts > 12,450/mm3 (OR=3.6, 95%CI
1.11-11.63), (Final AUC=0.82 (95%CI 0.74-0.89). Clinical chorioamnitis, severe preeclampsia, mode of delivery,
PPROM-admission duration was not associated with birth asphyxia.
Conclusions: A prediction model to predict BA among PPROM women at 24-34 weeks GA was developed consisted
of GA at PPROM and maternal leukocyte counts at patient’s admission.
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INTRODUCTION

to severe hypoxic ischaemic organ damage in newborns
followed by other life-long pathologies.5,6

In 2010, there were 15.5% preterm births of all livebirths
in Indonesia.1 Preterm premature rupture of membranes
(PPROM) affected 3% of all pregnancies and is
responsible for nearly one third of all preterm births.2
PPROM is one of the leading causes of perinatal
morbidity and mortality, because it is associated with
neonatal infection and umbilical cord compression due to
oligohydramnios.2-4 Birth asphyxia (BA) is one of the
adverse outcomes occurred due to PPROM that can lead

BA remains a significant cause of infant death and
neurodevelopmental
impairment
accounting
for
approximately 11-20% of all cases cerebral palsy.7 The
definition of BA is still controversial.8 However in
several studies, failure to initiate spontaneous respirations
and/or 5-minute Apgar score <7 was used to define
BA.9,10 Despite the vague definition, low Apgar score
increases Neonatal Intensive Care Unit (NICU), positive
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pressure ventilation (PPV) requirements, respiratory
distress syndrome (RDS), sepsis and intraventrucular
hemorrhage (IVH) rates.11 It also associated with cerebral
palsy and may affects later neurological impairments in
children.7,12,13
Several attempts have been conducted to predict the
adverse outcomes of nenonates born from PPROM
women. Umbilical arterial lactate and neonatal
resuscitation level, gestational age, cervical length,
amniotic fluid and fetal serum interleukin-6 (IL-6),
proteomic biomarkers, microbial invasion of the amniotic
cavity, and acute histologic chorioamnitis have been
studied to predict the neonatal morbidity of PPROM.14-16
Nevertheless, the selection of parameters and specific
outcomes measured were particularly depend on the
facilities and costs provided by each institution.
The aim of this study was to develop a simple, accurate
method of predicting BA of neonates born from PPROM
women, utilizing clinical parameters that are generally
available before delivery.
METHODS
A retrospective cohort study was performed at Cipto
Mangunkusumo Hospital, Jakarta between January and
December 2013. Subjects were women with singleton
live pregnancy suffered from PPROM who had their
delivery on 24 to 34 weeks of GA. Informed consent was
not applied due to the retrospective data used in this study
retrieved from our delivery database. GA was established
according to first-trimester ultrasound scan, or if not
available, last menstrual period. Women with eclampsia,
diabetes mellitus and/or congestive heart failure, known
fetal congenital anomaly were excluded from this study.
PPROM was diagnosed by a sterile speculum
examination under aseptic technique revealing pooling of
amniotic fluid in the vagina.
Primary outcome was birth asphyxia defined by 5th
minutes APGAR score <7 established by competent
perinatology residents. Independent variables evaluated
included clinical chorioamnionitis; severe preeclampsia;
gestational age at delivery; PPROM to hospital
admission-time; and leukocyte counts at pastient’s
admission to the delivery suite. Clinical chorioamnionitis
was defined following the criteria of Gibbs et al as a
temperature elevation >37.8°C and ≥2 of the following
criteria: uterine tenderness, malodorous vaginal
discharge, fetal tachycardia (>160 beats/min), maternal
tachycardia
(>100
beats/min),
and
maternal
leukocytosis>15,000/mm3.17
Two doses of intravenous Dexamethason 6 mg given 24
hours apart, was administered from 24 to 34 weeks.
Tocolysis was administered in all cases of clinical
symptoms of preterm labor (PTL) in the absence of
clinical chorioamnionitis, abruptio placentae, and fetal
distress. The antibiotic regimen of choice in our

institution was intravenous ampicillin 1.5 g every 6
hours.
Patients were diagnosed as preeclampsia if they met all of
the following criteria: systolic blood pressure ≥140 mm
Hg or diastolic blood pressure ≥90 mm Hg on two
occasions 6 hours apart, proteinuria ≥300 mg per 24
hours or + using dipstick test. Severe pre-eclampsia was
defined as systolic blood pressure >160 mm Hg or
diastolic blood pressure >110 mm Hg measured at least
twice 6 hours apart, proteinuria >5000 mg per 24 hours or
≥ ++ using dipstick test, eclampsia, platelet count
persistently <100,000/mm 3, serum transaminases more
than twice normal.
This study was approved by The Ethical Committee of
Faculty of Medicine, Universitas Indonesia. There were
four steps of analysis in this study, i.e. the descriptive and
bivariate analysis using χ2 or Fisher test, ROC analysis to
determine cutoff point of several risk factors,
development of prediction model using logistic
regression (included risk factors with P value < 0.25 at
bivariate analysis), and model simulation finding at the
probabilities rate of the birth asphyxia using several
possible cases scenario. All statistical analyses were
conducted using software IBM ® SPSS ® Statistics
version 20 (Armonk, NY: IBM Corp).
RESULTS
Table 1: Clinical characteristics of study population.
Variables
Age
<25, n (%)
25-35 n (%)
>35 n (%)
Parity
Primiparous n (%)
1 n (%)
2 n (%)
3 n (%)
>3 n (%)

n
27 (15.4%)
125 (71.4%)
22 (12.6%)

Birthweight, gram, (median, range)
Gestational Age at birth, weeks,
(median, range)
Severe Preeclampsia
Yes n (%)
No n (%)
Clinical chorioamnitis
Yes n (%)
No n (%)
Type of Cases
Booked Case n (%)
Non-booked case n (%)

83 (47.4%)
56 (32.0%)
25 (14.3%)
7 (4.0%)
4 (2.3%)
1885 (5002800)
32 (24-34)
6 (4%)
169 (96%)
19 (10.8%)
156 (89.2%)
8 (4.6%)
167 (95.4%)

From January through December 2013, there were 380
PPROM women registered in our database. However,
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only 175 women met the inclusion criteria with PPROM
between 24-34 weeks and complete information. Table 1
display subject characteritics based on demographic
factors. Most of subjects were 25-35 years old women
(71.4%), primiparous (47.4%) and referred by either
primary or secondary health centers (95.4%). GA at
PPROM and birthweight were (median and range) 32
(24-34) weeks and 1885 (500-2800), respectively. The
overall clinical chorioamnitis rate was 10.8% (19/175),
and severe preeclampsia was found on 4% of the
subjects. Birth asphyxia were found on 14.29% (25/175)
of the subjects.

Receiving Operator Characteristics (ROC) curve analysis
(Figure 1 and Figure 2) demonstrated that the best cutoff
value for leukocyte counts and gestational age to predict
birth asphyxia was respectively 12,450/mm3 (area under
the curve 0.68, 95% CI 0.57-0.80, Sensitivity 46.7%,
Specificity 88%) and 32 weeks (area under the curve
0.81, 95% CI 0.70-0.92, Sensitivity 73%, Specificity
80%). PPROM-admission time cutoff was 10 hours (area
under the curve 0.508, 95% CI 0.39-0.62, sensitivity
68%, specificity 42.3%).

Table 2: Comparison of between asphyxia and non- asphyxia group based on obstetrical characteristics.
Variables
Type of Delivery
CS
VD
PPROM-admission time
≥10 hour
< 10 hour
Leukocyte Count
≥12,450/mm3
<12,450/mm3
GA at PPROM
≥32 weeks
< 32 weeks
Clinical chorioamnitis
Yes
No
Severe Preeclampsia
Yes
No

Asphyxia (N=25)

Non-Asphyxia (N=150)

P

OR (95%CI)

12 (48.0%)
13 (52.0%)

60 (40%)
90 (60%)

0.26*

0.62 (0.26-1.44)

17 (68%)
8 (32%)

86 (57.7%)
118 (42.3%)

0.33*

1.55 (0.63-3.83)

21 (84%)
4 (16%)

79 (52.7%)
71 (47.3%)

0.003*

4.7 (1.55-14.40)

5 (20%)
20 (80%)

110(73.3%)
40 (26.7%)

<0.0001*

4.64 (2.09-10.30)

2 (8%)
23 (92%)

17 (11.4%)
133 (88.6%)

0.632*

0.70 (0.16-3.11)

0 (0 %)
25 (100%)

6 (4%)
144 (96%)

0.596**

0.96 (0.91-0.97)

* Chi Square, **Fisher’s Exact test

After numeric variables was transformed into categoric
data considering the cutoff values, the bivariate analysis
was conducted (Table 2). GA at PPROM and leukocyte
counts were significantly associated with birth asphyxia
(p < 0.05, Chi-Square). Eighty percent (20/25) asphyxia
neonates were born at < 32 weeks of gestational age.
Twenty one out of 25 asphyxia neonates were born from
PPROM mothers with leukocyte counts >12,450/mm3 at
presentation. Clinical chorioamnitis, severe preeclampsia,
mode of delivery, PPROM-admission time were not
associated with birth asphyxia. On multivariate analysis,
logistic regression was performed included independent
variables with p value <0.25 (leukocyte counts and GA at
PPROM). The first step as well as final model was
further transformed into a score system.

Notes:
leukocyte count=1, if ≥12,450/mm3, Leukocyte count =0
if <12,450/mm3
Gestational Age=1 if <32 weeks, Gestatonal Age=0 if≥
32 weeeks.

The logistic regrsesion resulted in formula below:
Y (birth asphyxia) = -1.656+1.281 (Leukocyte count) 2.259(Gestational Age at PPROM)

Figure 1: ROC of Leukocyte counts to predict birth
asphyxia (AUC=0.68.4, 95%CI 0.57-0.80).
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Table 3: Logistic regression analysis for birth asphyxia prediction model.

Step
1

gestational age at PPROM < 32 weeks
Leukocyte ≥ 12,450//mm3
Constant

B

S.E.

Wald

P

OR

2.259
1.281
-3.915

0.55
0.60
0.65

17.477
4.59
36.219

0.<0.0001
0.032
0.<0.0001

9.58
3.60
0.191

95% C.I.
Lower Upper
3.32
27.62
1.11
11.63

Hosmer and Lemeshow test p= 0.348

Table 4: Probability of having birth asphyxia based on logistic regression formula on leukocyte and gestational age
at birth model.
Variable
Case 1
Case 2
Case 3
Case 4

Leukocyte count
≥12,450/mm3
V

<12,450/mm3
V

V
V

Weeks of gestational age
< 32 weeks
≥ 32 weeks
V
V
V
V

Probability
40.73%
16.03%
6.69%
1.95%

DISCUSSION

Figure 2: ROC of GA at PPROM to predict birth
asphyxia (AUC=0.81, 95%CI 0.70-0.92).
Consequently 4 probabilities type of cases were
developed as shown on the table 4. PPROM woman who
has leukocyte count below 12,450/mm3 and admit to the
hospital at more than 32 weeks of gestation will have
only 1.95 % chance to have asphyxia neonate.
Conversely, they who have leukocyte count ≥ 12,450 and
≥ 32 weeks of GA at PPROM will have chance 40.73%
to have their neonate’s asphyxia. This model resulted in
AUC of 0.82 (95% CI 0.74-0.89) as shown in Figure 3.

Figure 3: ROC of final model to predict birth
asphyxia (AUC=0.82 (95%CI 0.74-0.89).

The major finding in our study was an accurate and
simple model to predict birth asphyxia using leukocytosis
and GA at PPROM. To our knowledge this was the first
study developing the model using widely available
parameters i.e. maternal leukocyte counts and GA at
PPROM to predict birth Asphyxia. Using the definition
of 5th minutes Apgar score < 7, the incidence of BA in
our study was 14.29%. Kumari et al studied the trend of
birth asphyxia were ranging from 5.8% to 7.2% during
1981 to 1988 in a single referral hospital. However, they
used 1st minute Apgar score ≤ 6 to define BA.18 Our
study could be considered in practical settings, because
though understanding of pathophysiology of asphyxia is
progress significantly, predictive diagnostics studies are
still limited.19
Weeks of GA at PPROM as a strong risk factor of
adverse
respiratory
outcomes
were
obviously
documented in several studies.20-22 Verspyck, et al
concluded extreme prematurity (26-28 weeks) was an
independent risk factor for perinatal adverse outcomes
(odds ratio (OR) 43.9; p = 0.001).5 In larger PPROM
study, Neonatal outcomes improved as gestational age
advanced.20 The correlation between leukocyte counts
and birth asphyxia could possibly explained by fetal
inflammatory response syndrome (FIRS) in PPROM.
Maternal leukocyte count is one of the indicators of
intrauterine infection as well as development of FIRS.
Before labor, maternal leukocytes count of 11,810/mm3
could predict FIRS with the AUC of 0.61 (95% CI 0.500.71).23 FIRS defined by fetal plasma interleukin-6 (IL-6)
concentrations >11 pg/mL.24 It significantly correlated
with spontaneous preterm delivery among PPROM
women.25 Moreover, it was associated with adverse
neonatal outcomes including intraventricuar hemorrhage,
early-onset sepsis, bronchopulmonary dysplasia, death,
and RDS.26,27 In our study, 12,450/mm3 is the cutoff
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point to predict BA (AUC 0.68, 95%CI 0.57-0.80,
Sensitivity 46.7%, Specificity 88%). In addition, Gibbs,
et al found 15,750/mm3 as significant mean level
correlated with intraamniotic infection.18
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Using multivariate analysis, maternal leukocyte counts
and GA at PPROM were significantly associated with the
birth asphyxia. In practice settings, the measurement of
IL-6 is unavailable.
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