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Background: This study aimed to establish a prediction model based on the maternal laboratory index score (Lab-score) for
histologic chorioamnionitis (HCA) in patients with prelabor rupture of membranes (PROM) during late pregnancy.
Material/Methods: Sixty-nine cases of pregnant women with PROM were retrospectively analyzed. The general information and
laboratory indicators were compared between the HCA (n=22) and non-HCA (n=47) groups. A multivariate lo-
gistic regression method was used to establish the prediction model. We plotted the receiver operating char-
acteristic curve and calculated the area under the curve (AUC). The clinical effectiveness of each model was

compared by decision curve analysis.

Results: Only C-reactive protein (CRP) in the laboratory index predicted HCA, but its diagnostic efficacy was not ide-
al (AUC=0.651). Then, we added CRP to the platelet/white blood cell count ratio and triglyceride level to con-
struct the Lab-score. Based on the Lab-score, important clinical parameters, including body mass index, diastol-
ic blood pressure, and preterm birth, were introduced to construct a complex joint prediction model. The AUC
of this model was significantly larger than that of CRP (0.828 vs. 0.651, P=0.035), but not significantly differ-
ent from that of Lab-score (0.828 vs. 0.724, P=0.120). Considering the purpose of HCA screening, the net ben-
efit of the complex model was better than that of Lab-score and CRP.

Conclusions: The complex model based on Lab-score is useful in the clinical screening of high-risk populations with PROM
and HCA during late pregnancy.
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Material and Methods

Prelabor rupture of membranes (PROM), which is defined as
the spontaneous rupture of the membranes before the onset
of labor, causes a significant proportion of preterm births. It
is divided into PROM (prelabor rupture of membranes) and
PPROM (preterm PROM), based on the gestational stage when
it occurs [1]. PROM frequently causes chorioamnionitis, one of
the leading causes of preterm labor [2]. The delayed diagnosis
and treatment of chorioamnionitis and its resulting infection
are associated with an increased risk of maternal and infant
inflammation, fetal hypoxia, and cerebral palsy. Therefore, the
early detection of chorioamnionitis is critical in obstetrics [3,4].
Chorioamnionitis is divided into 2 types: clinical chorioamnio-
nitis and histologic chorioamnionitis (HCA). The symptoms of
clinical chorioamnionitis in pregnant women are usually fever
or other symptoms of infection, such as tachycardia, elevated
body temperature, and uterine tenderness [5]. However, HCA
has no obvious early symptoms and is mainly diagnosed by
pathological examination of the placenta. To date, there are
no satisfactory clinical or laboratory indicators for the prena-
tal diagnosis of HCA [6-10].

Clinically, some maternal biomarkers have been used to pre-
dict chorioamnionitis, such as C-reactive protein (CRP), white
blood cell count (WBC), procalcitonin (PCT), interleukin IL-6
(IL-6), interleukin IL-10, tumor necrosis factor-alpha, and gran-
ulocyte colony-stimulating factor [11,12]. Since WBC can be in-
creased by pregnancy-associated physiological changes and is
also affected by steroid administration, it has minimal value
in HCA prediction [13,14]. PCT is an acute-phase reactant and
marker for monocyte activity and is widely used to predict in-
fection under various conditions [15], especially bacterial in-
fection [16]. However, whether PCT can predict chorioamnio-
nitis in pregnant women is controversial [17]. CRP is elevated
in both infectious (viral and bacterial) and non-infectious dis-
eases [18], but its value is limited because of its association
with physiological changes during pregnancy [19]. Some stud-
ies have suggested that PCT is a better criterion for chorio-
amnionitis diagnosis compared to CRP and WBC [20,21], but
some researchers believe maternal serum CRP is the criteri-
on standard for the noninvasive identification of infection-re-
lated intraamniotic complications in cases of PROM [22,23].

We hypothesized that a prediction model of laboratory tests
could accurately predict HCA caused by PROM in late preg-
nancy. To test this hypothesis, we retrospectively analyzed
the general information and laboratory indicators of women
with and without HCA and developed a prediction model. We
evaluated the benefit of this prediction model in screening for
PROM with HCA in late pregnancy to control delivery time and
prevent complications.

General information

This retrospective case-control study included 69 patients
with PROM who were treated in the Department of Obstetrics
and Gynecology of the Third Affiliated Hospital of Soochow
University from March 2018 to June 2019. The clinical data
of the patients are shown in Table 1. All patients included in
this study had live births. The exclusion criteria were as fol-
lows: severe or chronic diseases including other pregnancy
complications (such as gestational diabetes, preeclampsia,
intrahepatic cholestasis, and placental abruption), cardiovas-
cular disease, autoimmune disease, cancer, diabetes, kidney
disease, infectious disease, hyperthyroidism, twin pregnancy,
history of inherited diseases, and any structural abnormality
of the heart, liver, lungs, and kidneys as found by ultrasound
or electrocardiogram.

The following indicators were recorded from all enrolled pa-
tients at admission: age, sex, gravidity, parity, blood pressure,
weight, and vital signs including temperature, heart rate, and
respiratory rate. All participants signed written informed con-
sent, and the study was approved by the Ethics Committee of
the Third Affiliated Hospital of Soochow University.

Diagnosis

Most cases of PROM can be diagnosed based on patient med-
ical history and physical examination. The diagnostic criteria
for PROM [1] are as follows: patient complained of vaginal
fluid or wet vulva; vaginal examination showed fluid flowing
from the internal cervix or a liquid pool formed in the poste-
rior fornix; ultrasound examination showed reduced amniot-
ic fluid after the rupture of the membranes; and changes in
vaginal pH (the normal vaginal pH ranges between 4.4 and
6.0, while the pH of amniotic fluid is 8.0 [24]).

No patients in our study received antibiotics prior to admis-
sion. After the PROM was confirmed, the patients were asked
to rest in bed in a high hip position. Body temperature, pulse,
heart rate, fetal heart rate, and vaginal secretions were mea-
sured, vaginal examinations were done, the uterus was checked
for tenderness, and rectal contents were voided as necessary.
After admission, patients were scrubbed daily to keep the
vulva clean. If the time since membrane rupture was equal
to 12 h or more, antibiotics were used to prevent infection.
The antibiotic of choice was ampicillin, with a loading dose
of 2 g1V, then 1 g IV every 4 h until delivery. For women with
severe penicillin allergy, cefazolin was used, with a loading
dose of 2 g IV, and then 1 g IV every 8 h until delivery. Most
patients received rectal and vaginal tests for group B strep-
tococci. Fetal heart rate monitoring and B-mode ultrasounds
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Table 1. Comparison of admission general information and laboratory indicators between the two groups.

Non-HCA group n=47 HCA group n=22 P-value

Age (years) 29.1+4.9 27.6+3.5 0.188

N 279 @16-400) 258 (01-297) 0008
Systolic pressure (mmHg) 122 (01-169) 122 (100-128) 0169
Diastolic pressure (mmHg) 78 (60-109) 73 (58-89)  00%
| Gestational week (weeks) 38 (3474049 38 (35-409 0400
Premature delivery 6 (%) 7 (% 0059
 Number of pregnancies 2 (-8 1o o024
 Numberof deliveres 0o (02 0 (02 0698
 Membrane rupture time (hours) 12 (e 10 @) 0490
Neonatalbody weight ()~ 3261x458  3le4s384 0394
© Amniotic fluid volume (m) 500 (s0-20000 500 (150-800) 0681
Amniotic fluid status . om3
"""" Clear a5 ©ew 20 @%»
"""" e 2 aw 2w
Delivery method . o3
"""" Natural delvery 37 @ 15 (8%
"""" Cesareansecton 10 Q% 7 @G%
Postpartum hemorrhage 8 (79 3 (4% 0720
 Neonatalgender (male) 2 @ww 13 (9% 0342
e s %) 4 (5% 0328
W@y s (g9-13) 119 (92-134) 0435
ATeeny 2040 (1110-3580) 2120 (990-2780) 0701
Cpotowec 232 (102-575 193 (124418 0105
6w (mmoy 46 (984 45 (2-81) 0745
CTCEmoy 610 (419-903 640 (406-938 0644
6 omovy) 364 (162902 343 (140-601) 0158
CcRPMgm 42 (©6113) 47 (0-313) 0039
CweC oy 892 (454-1377) 875 (440-1970) 0063
N 754 (626-864) 767 (520-930) 0291
CRCT(gm) 0040 (00100395 0023 (0010-0089) 0098

The data are expressed as Mean+SD/Median (Min—-Max)/N (%). * Indicates 17 missing cases. GBS — group B Streptococcus;
HB — hemoglobin; PLT — platelet count; WBC — white blood cell count; GLU — glucose; TC — total cholesterol; TG — triglycerides;
CRP — C-reaction protein; N% — neutrophil percentage; PCT — procalcitonin.

were performed regularly. Routine blood tests, CRP, and PCT proceed with delivery. If the patient requested expectant treat-
were measured every 1 to 3 days. ment, we would carefully consider the options and discuss the

benefits and risks with the patient. However, expectant man-
The enrolled patients were pregnant women with PROM at agement should not exceed 37 weeks [25]. If clinical chorio-
>34 weeks of pregnancy; all patients were recommended to amnionitis and fetal distress were found, the recommendation
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was to immediately proceed with delivery, and the specific
delivery method was determined by the obstetric situation.

The diagnostic criteria for clinical chorioamnionitis [6] are
as follows: (1) maternal body temperature >38°C; (2) vag-
inal secretion with an abnormal smell; (3) increased fetal
heart rate (>160 beats/min) or increased maternal heart rate
(>100 beats/min); (4) maternal WBC >15x10%/L; and (5) uterus
irritation and tenderness. If the increased maternal body tem-
perature was accompanied by any of the other symptoms (2-5),
the patient was diagnosed with chorioamnionitis. The criterion
standard for HCA diagnosis is the pathological examination of
placental and fetal membrane showing >5 neutrophil infiltra-
tion in each high-magnification field under a microscope [6].

Laboratory testing

A Sysmex XN9000 analyzer (Hyogo, Japan) was used to per-
form routine prenatal blood examination, which included
WBC (range, 5.8-20x10°/L), neutrophil percentage (range,
64-89%), red blood cell count (range, 2.9-4.5x10'?/L), he-
moglobin (range, 83-136 g/L), and platelet count (PLT; range,
96-297x10°/L). The Roche Cobas 8000 system (Indianapolis,
IN, USA) was used to determine maternal serum PCT levels in
the range of 0.020-100.00 ng/mL. CRP (0~10.0 mg/L) and oth-
er biochemical indicators, including total cholesterol (range,
4.09-8.63mmol/L) and triglycerides (TG; range, 1.34-4.03
mmol/L), were measured by a Beckman Coulter AU5800 ana-
lyzer (Brea, CA, USA). The criteria of the above laboratory in-
dexes refer to the normal ranges of healthy late-term pregnant
women [26,27]. Postnatal records included delivery method,
neonatal sex, neonatal weight, Apgar scores at 1 min and 5
min, amniotic fluid volume, amniotic fluid status (clear, degree
I, 11, and 1), and 24 h postnatal bleeding.

After delivery, samples of placenta and fetal membrane tis-
sues measuring 3x3 cm were removed, fixed in 10% formal-
dehyde, embedded in paraffin, and stored at room tempera-
ture. The samples were sent to the pathology department for
HCA diagnosis.

Statistical analysis

Continuous variables were expressed as meantstandard de-
viation (SD) or median (min—-max), and categorical variables
were expressed as frequencies (%). When appropriate, contin-
uous variables were compared using unpaired t tests or Mann-
Whitney nonparametric tests, and categorical variables were
compared using the Pearson chi-square test and Fisher’s ex-
act test. Multivariate logistic regression was used to establish
the prediction model, and the minimum Akaike’s information
criterion was used to select optimal model parameters and
draw the nomogram and calibration curves. For each model|,
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receiver operating characteristic (ROC) curves were drawn, and
the area under the curve (AUC) of different models was com-
pared using the DeLong method [28]. The Bootstrap resam-
pling (times=500) method recommended by TRIPOD reporting
specifications [12] was used to internally validate the model
and calculate the 95% confidence interval of the AUC. Finally,
a decision curve analysis was performed to quantify and com-
pare the clinical effectiveness of all models. This method uses
threshold probabilities to express the relative harm from false
positives and false negatives. By subtracting the proportion of
false positives from the proportion of true positives, and then
weighing the relative harm of false positives and false nega-
tives, we could get the quantification for net benefit. The fol-
lowing formula was used to calculate the net benefit of mod-
el-based decision:

True positives Pt False positives
- X
1 — Pt n

Net benefit =

Where n is the total number of patients in the study, and Pt
is the given threshold of probability. All analyses were per-
formed using R-3.4.3 (http://www.R-project.org; software
packages: pROC, rms, dca.R). P<0.05 was considered statisti-
cally significant.

Results

A total of 69 pregnant women were included in the study, with
ages ranging from 19 to 43 years (28.7+4.6), and a median
gestational week of 38 (range, 34*! to 40** weeks). Following
delivery, 22 (31.9%) patients were diagnosed with HCA (HCA
group), of which 8 (11.6%) were diagnosed with clinical cho-
rioamnionitis. The remaining 47 (68.1%) patients did not have
chorioamnionitis (non-HCA group). The comparison of general
information and laboratory indicators between the 2 groups
is shown in Table 1. The HCA group had a lower body mass
index (BMI) and diastolic blood pressure (P=0.008 and 0.026,
respectively), and higher CRP levels (P=0.039) compared with
those of the non-HCA group.

We first drew ROC curves of HCA prediction based on the
laboratory indicators. We found that only CRP was signif-
icant (AUC=0.651; 95% confidence interval, 0.501~0.802;
sensitivity, 0.810; and specificity, 0.500) (Figure 1, Table 2).
Next, we performed multivariate logistic regression analy-
sis, which used HCA occurrence as the dependent variable
and the laboratory indicators hemoglobin, WBC, PLT/WBC ra-
tio, CRP, glucose, total cholesterol, TG, neutrophil percent-
age, and PCT as independent variables. From this, the Lab-
score was calculated as follows: Lab-score=1.93388-0.09814x
PLT/WBC-0.32428xTG+0.14708xCRP.
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Figure 1. The receiver operating characteristic (ROC) curve
of histologic chorioamnionitis (HCA) predicted by
C-reactive protein (CRP).

Based on the Lab-score, we introduced other clinical pa-
rameters including BMI, diastolic blood pressure, and pre-
mature delivery to conduct logistic regression analysis and
build a complex joint prediction model (herein referred
to as “complex model”). The AUC confidence interval and
significance test of the complex model used a nonpara-
metric repeated sampling method (Bootstrap resampling
times=500). The complex model was calculated as follows:
Logit (P)=15.72802+2.89525x(premature birth=1)-0.30453x
BMI-0.10903xdiastolic blood pressure+1.61265xLab-score,
where P is the probability of HCA. The nomogram and calibra-
tion curve of the complex model were drawn (Figures 2, 3),
and there was a good consistency between the predicted and
observed values. For patients with suspected HCA, we first
calculated the respective points for premature birth, BMI, di-
astolic blood pressure, and Lab-score, and then added these
points to obtain the total points, using the nomogram to as-
sess the risk of HCA based on the total points. For example,
a pregnant woman with PROM at 35 weeks of gestation (16

CLINICAL RESEARCH

points), BMI of 26 (30 points), diastolic blood pressure of 75
mmHg (20 points), and Lab-score of 1 (70 points), would have
136 total points and an HCA risk of 0.88. The higher of risk
value, the higher the probability of HCA.

The ROC curve was used to compare the diagnostic effect of
the 3 models (Figure 4, Table 2). The AUC of the complex mod-
el was significantly greater than that of CRP (0.828 vs. 0.651,
P=0.035); it was also greater than that of the Lab-score, but
the difference was not significant (0.828 vs. 0.724, P=0.120).
A further comparison of the sensitivity and specificity revealed
that when the sensitivity of the complex model was the same
as that of CRP (0.810) its specificity was better (0.735); and
when the specificity of the complex model was the same as
that of CRP (0.500), its sensitivity was better (0.912). Similarly,
the complex model had better specificity (0.735) when its sen-
sitivity was the same as that of the Lab-score (0.833) and bet-
ter sensitivity (0.912) when its specificity was same as that of
the Lab-score (0.588).

Since the AUC of the complex model was not significantly dif-
ferent from that of the Lab-score, we introduced a decision
curve analysis method (Figure 5) to evaluate the performance
of the different models. Considering the purpose of screen-
ing for HCA (sensitivity >0.833), the threshold probability was
set between 0.35 and 0.75. As shown in Figure 5, the net ben-
efit of the complex model was better than that of the Lab-
score and CRP.

Discussion

Early diagnosis of chorioamnionitis and timely delivery can
significantly reduce the complications of mother and child in
cases of PROM. Chorioamnionitis is usually asymptomatic and
lacks sensitivity or specificity in clinical symptoms. More than
one-third of women with these symptoms do not have histo-
logical evidence of placental inflammation. Other diseases may
also produce clinical signs similar to chorioamnionitis [29,30].
Therefore, it is important to find early identification markers
of PROM with HCA to screen for high-risk patients, which can
provide a basis for clinical decision-making.

Table 2. Comparison of the diagnostic effects of the three models in predicting histological chorioamnionitis.

95% CI low 95% Cl up Best threshold

Specificity

Sensitivity

Complex model

AUC - area under the curve; Cl — confidence interval; Lab-Score — laboratory index score.
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Figure 2. The nomogram of the complex model.

Despite the advances in perinatal medicine, chorioamnion-
itis is still the leading cause of premature delivery, account-
ing for more than 70% of neonatal mortality in developed
countries [31]. HCA can result in either premature delivery
or PPROM [32]. Similarly, in our study, the premature deliv-
ery rate in the HCA group was significantly higher than that
of the non-HCA group. Therefore, early detection of HCA in
PROM is essential.

The weight gain during pregnancy reflects multiple charac-
teristics including maternal fat accumulation, fluid swelling,
and the development of the fetus, placenta, and uterus [33].
Proper weight gain during pregnancy is necessary for fetal
health, and lower weight gain is associated with increased
risk of adverse outcomes for the mother and newborn [34]. In
the present study, the average BMI before delivery was low-
er in the HCA group than in the non-HCA group and it was a
protective factor in the model, indicating that an appropriate
increase in body weight before delivery was associated with
a lower incidence of HCA.
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We found that the diastolic blood pressure in the HCA group
was significantly lower than that in the non-HCA group, and
diastolic blood pressure was an independent protective fac-
tor in the complex model. Recent studies have suggested that
infections related to anti-inflammatory reactions will lead to
a reduction in diastolic blood pressure [35]. Compared to the
babies born after idiopathic premature delivery or PROM, the
babies born from hypertensive mothers have a lower risk of
brain damage [36]. Our findings also suggest that the inflam-
mation caused by PROM may cause vasodilation and reduced
diastolic blood pressure.

Some studies have suggested that the PLT/WBC ratio and PLT
level were significantly increased in HCA patients; therefore,
PLT/WBC ratio and PLT are sensitive biomarkers that can dis-
tinguish HCA patients from non-HCA patients in premature de-
livery [2]. However, in the current study, the PLT level of the
HCA group was higher than that of the non-HCA group, but
the difference was not significant. Moreover, the PLT/WBC ratio
was lower in the HCA group, which is contrary to the previous
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Figure 3. Calibration curve of the nomogram. The horizontal
axis is the predicted incidence of histologic
chorioamnionitis (HCA). The vertical axis is the
observed incidence of HCA. The red diagonal line is
the reference line, indicating that the predicted value
is equal to the observed value. The black line is the
calibration curve, and the yellow areas on both sides
represent the 95% confidence interval.

results. Because the population of the above-mentioned study
included patients with preterm delivery, and our study includ-
ed both preterm and full-term delivery, this discrepancy may
have led to the difference in results.

The changes in progesterone and estrogen levels during preg-
nancy can cause changes in maternal blood lipid levels [27]. All
lipid components increase gradually, and some components
can increase by 2-fold. These metabolic changes are essen-
tial to support the development of the fetus [37]. Our results
showed that the TG level was higher in the non-HCA group than
in the HCA group and was an independent protective factor.

CRP is an acute reaction protein, which is produced and released
into blood circulation after infection or tissue damage [38]. In
the early stages of chorioamnionitis, infection and inflamma-
tion are limited to the chorion and amniotic membrane, and
IL-6 is released from the membrane to the maternal blood cir-
culation, which causes the mother to secrete CRP. Therefore,
CRP is an indirect indicator of IL-6 secretion and can be used
as a screening biomarker for chorioamnionitis [39]. Studies
have shown that the maternal serum PCT and WBC of wom-
en with PPROM are not accurate predictors for chorioamnio-
nitis, whereas CRP levels are more reliable and can be used
for diagnosis [17]. In our study, CRP levels were higher in the
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Figure 4. The receiver operating characteristic (ROC) curves of
the 3 models in diagnosing histologic chorioamnionitis

(HCA).
10
— P
Lab-Score
| Complex model
08 —
None
&
2 05 1
<
S 04
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00
00 02 04 06 08 10
High risk threshold
1:100 14 23 32 0 1001

Cost: benefit ratio

Figure 5. The decision curve analysis of the 3 models in
predicting the correct diagnosis of histologic
chorioamnionitis (HCA).

HCA group than in the non-HCA group, and prenatal CRP was
an independent risk factor for HCA.

In the present study, the diagnostic efficacy of CRP was not
ideal. Therefore, we combined CRP, PLT/WBC, and TG level to
construct the Lab-score, which included all commonly used
laboratory indicators. Based on the Lab-score, we introduced
other meaningful clinical parameters including BMI, diastol-
ic blood pressure, and premature birth and built a complex
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model. The complex model was better at prediction than were
the Lab-score and prenatal CRP, and its advantage was more
significant for the purpose of HCA screening. The nomogram
of the complex model can make it easy for clinicians to as-
sess the risk of HCA.

This study had several limitations. First, the sample size was
small, and subsequent studies are needed to increase the
sample size and further explore the diagnostic values of dif-
ferent indicators. Second, the analysis on preterm membrane
rupture and full-term membrane rupture were not stratified.
Finally, this study is based on the Chinese Han population and
therefore requires external validation to verify the applicabil-
ity of the model.
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Conclusions

CRP was the only laboratory indicator that could predict HCA,
but its prediction efficacy was not ideal. The Lab-score improved
the diagnostic performance; however, the complex model built
on the Lab-score showed the most benefit for patient screen-
ing purposes. This prediction model can help screen the high-
risk population with HCA caused by PROM in late pregnancy.
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