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ORIGINAL ARTICLE

Use of beta subunit of human chorionic gonadotropin assay as a diagnostic
tool for prelabor rupture of membranes

Ashraf Eldalya, Eman Omrana, Mohamed A. Youssefa, Ahmed Abdallaha, Ahmed Metwallya,
Hisham Haggaga,b and Rasha Elkaffasc

aDepartment of Obstetrics and Gynecology, Cairo University, Cairo, Egypt; bDepartment of Obstetrics and Gynecology, University of
W€urzburg, W€urzburg, Germany; cDepartment of Chemical Pathology, Cairo University, Cairo, Egypt

ABSTRACT
Purpose: The study aimed at assessment of the accuracy of the b-hCG test in vaginal washing
fluid for diagnosis of prelabor rupture of membranes (PROM).
Patients and methods: Two groups of pregnant women from 17 to 38 weeks of gestation were
recruited. The first group (PROM group) included 50 pregnant women with unequivocal PROM.
The other group included 50 pregnant women with intact membranes. A sterile speculum exam-
ination was performed. If less than 5 cc was collected or no fluid found, 10 cc sterile saline was
sprinkled on the vaginal wall and 5 cc were recollected in a sterile syringe. Two drops of col-
lected fluid were used for qualitative testing of b-hCG. The remaining fluid was used for quanti-
tative assessment of b-hCG.
Results: The quantitative b-hCG test results were significantly higher in PROM group (median
and range: 138.5 (23–475) versus 13 (1–55); the difference in medians and 95% CI: 105 (91–166);
p value: <.001). The qualitative b-hCG test was positive in 42/50 (84%) of the PROM group, while
it was negative in 50/50 (100%) of the intact membranes group. Areas under receiver operating
characteristics (AUC) for both the quantitative and qualitative b-hCG tests were high (0.97, 95%
CI: 0.91–0.99, p value: <.001 and .92, 95% CI: 0.84–0.96, p value: <.001, respectively). The sug-
gested cut-off of b-hCG for the quantitative test was 32 mIU/ml. The sensitivity of quantitative
and qualitative tests are: 94, 95% CI: 83.5–98.7% and 84, 95% CI: 70.9–92.8%, respectively.
The specificity of quantitative and qualitative tests are: 94, 95% CI: 83.5–98.7% and 100, 95%
CI: 92.9–100%, respectively.
Conclusion: b-hCG test (either quantitative or qualitative) in vaginal washing fluid can be used
in the diagnosis of PROM in both preterm and term cases.
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Introduction

Prelabor rupture of membranes (PROM) is a common
antenatal obstetric problem affecting around 2.3–20%
of all pregnancies [1,2]. It may result in many compli-
cations as chorioamnionitis, fetal pulmonary hypopla-
sia and fetal deformities [3]. Moreover, rupture of
membranes is responsible for 30–40% of preterm
deliveries [4,5], which may result in neurological dis-
abilities, necrotizing enterocolitis, intraventricular hem-
orrhage, periventricular leukomalacia and perinatal
deaths [3,6].

Accurate timely diagnosis of PROM is of utmost
importance, especially in early preterm cases. A false
positive result of a diagnostic test for PROM leads to
unnecessary medications like antibiotics and steroids
and hospitalization, while false negative test result
delays management of serious complications especially

chorioamnionitis, decidual hemorrhage, placental
abruption and cord prolapse, preterm labor increasing
maternal and perinatal morbidity and mortality [7].

In 90% of cases of PROM, the diagnosis is straight-
forward by history and clinical assessment. However,
in 10% of cases, the diagnosis is challenging [8]. Some
of the developed tests include alkaline pH determin-
ation and ferning detection of vaginal fluid but are
seldom used because of the very low accuracy [9].
The gold standard amniocentesis with dye injection is
not popular too as it is invasive and expensive [8],
introduces infection, may itself cause PROM, can cause
hemolytic anemia and hemolytic jaundice with some
dyes [10].

Therefore, many markers found in the amniotic
fluid were suggested for diagnosis of PROM. Fetal
fibronectin was investigated, but its presence
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indicates fetal membrane stretching and separation
and not necessarily its rupture [11]. Other markers as
alpha fetoprotein (AFP), insulin-like growth factor B-1
(IGFB-1) and placental alpha macroglobulin 1 (PAMG-
1) were also investigated [12–16].van der Ham and
associates in their systematic review concluded that
only three out of 146 studies investigating different
markers in the diagnosis of PROM were fulfilling diag-
nostic accuracy reporting. They advised that the use
of particular test could not be recommended due to
limited evidence [11].

Amniotic fluid beta-human chorionic gonadotropin
b-hCG has a mean of 68,100 ± 8422 mIU/ml at 8–10
weeks decreasing from week 18 to plateau of
2005 ± 260 mIU/ml. Serum level has similar pattern
throughout pregnancy [17]. Few studies investigated
the role of (b-hCG) testing in the diagnosis of PROM
with variable results [18–21]. Testing for b-hCG is inex-
pensive and widely available. Therefore, the present
study aimed at investigating B-HCG test in vaginal
washing for diagnosis of PROM.

Materials and methods

Setting, population of the study and sampling

The study was conducted at Cairo University Hospital
from April 2017 to June 2017. It was approved by
the local ethical committee of the hospital.
Participants were pregnant women between 17 and
38 weeks of gestation. Two groups were recruited
from the antenatal care clinic and emergency depart-
ment. The first group were 50 pregnant women with
unequivocal PROM diagnosed by definitive history
and sterile speculum examination revealing pooling
of liquor through the cervix. The second group
included 50 pregnant women with intact membranes.
Method of sampling was a consecutive one. Patients
in labor, with bleeding, or having any obstetric emer-
gency as cord prolapse were excluded. Informed con-
sent was taken from participants. The study was
registered at ClinicalTrial.gov registry; its ID was:
NCT03106311.

Sample size calculation was done considering sig-
nificant area under receiver operating characteristics
curve for the b-hCG test to be at least 0.7. Alpha error
and power was set at 0.01 and 80% respectively. The
ratio of PROM cases to intact membranes cases was
set at 1:1. The needed sample size was at least 47
cases in each group. Thus, 50 cases in each group
were recruited for the study. The sample size was esti-
mated by MedCalc Statistical Software version 12.4
(MedCalc Software bvba, Ostend, Belgium).

Methods

In both groups, a sterile speculum examination was
performed. If less than 5 cc was collected or no fluid
found, 10 cc sterile saline was sprinkled on the vaginal
wall and was 5 cc were recollected by aspiration in a
sterile syringe. Two drops of this collected fluid were
used for qualitative testing of b-hCG (Baby check,
Biotecx Laboratories, Inc., TX). The remaining fluid was
used for quantitative assessment of b-hCG. All samples
were collected on plain tubes and assayed in the
same laboratory using the same technique. Samples
were transported to the lab, centrifuged within 1 h at
3000 rpm for 3min and the supernatant was assayed
promptly for b-hCG by electrochemiluminiscent
immunoassay technology performed on Cobas e411
(Roche Diagnostics GmbH, Sandhofer Strasse 116,
Mannheim). All samples were assayed using the same
lot number of reagents and after passing quality con-
trol checks provided by the manufacturer. The tech-
nical specification achieved for this assay was on
analytical measurement range of 0.1–10 000 mIU/ml
and results were determined by a calibration curve
generated by 2-point calibration and a master curve
supplied by the manufacturer. The investigator who
did the laboratory assay of b-hCG was blinded to the
diagnosis of the case.

Ultrasound was done for participants for assessment
of the liquor. Calculation of the amniotic fluid index
(AFI) was done by summing up the depths of the four
quadrants pockets of liquor.

Statistical analysis

Description of data depended upon its distribution.
Normality test (Kolmogorov–Smirnov test) was done for
variables to assess the distribution of data. Median and
range were defined for the age, parity, body mass index
(BMI) and gestational age. Mann–Whitney test was
done to detect the significance in the difference
between medians. Fisher’s exact and chi-square tests
were done to assess the significance of difference
between proportions. Receiver operating characteristics
(ROC) analysis was performed to test the accuracy of
both the qualitative and quantitative b-hCG tests in the
diagnosis of PROM. All hypothesis testing were done
two-tailed. 95% confidence intervals (CI) were described
for relevant measures. Statistical analyses were done by
SPSS software, version 23 (IBM Corp, Armonk, NY).

Results

One hundred and five cases were examined for eligi-
bility. Five pregnant women were excluded due to the
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presence of bleeding (n¼ 1), the patient being in labor
(n¼ 2) and refusal to participate (n¼ 2). One hundred
participants (50 with PROM and 50 with intact mem-
branes) completed the study.

Characteristics of the study groups are illustrated
in Table 1. The two study groups were similar in age,
parity, BMI and gestational age. However, the AFI
was less in the PROM group (median and range: 5
(0–14) versus 7 (4–14) in intact membranes group;
95% CI for the difference in medians: �1 to �3;
p value: <.001).

The quantitative b-hCG test results were signifi-
cantly higher in PROM group (median and range:
138.5 (23–475) versus 13 (1–55); the difference in
medians and 95% CI: 105 (91–166); p value: <.001).
Regarding the qualitative b-hCG results, the test was
positive in 42/50 (84%) of the PROM group, while it
was negative in 50/50 (100%) of the intact membranes
group, Table 2.

The overall accuracy demonstrated by area under
ROC curve (AUC) for both the quantitative and

qualitative b-hCG tests was high (0.97, 95% CI:
0.91–0.99, p value: <.001 and .92, 95% CI: 0.84–0.96,
p value: <.001, respectively); Table 3, Figure 1. The dif-
ference between the two AUCs of both tests was not
statistically different; p value: .06. The suggested cut-
off of b-hCG for the quantitative test was 32 mIU/ml.
The sensitivity of quantitative and qualitative tests are:
94, 95% CI: 83.5–98.7 and 84, 95% CI: 70.9–92.8%,
respectively. The specificity of quantitative and qualita-
tive tests are: 94, 95% CI: 83.5–98.7 and 100, 95% CI:
92.9–100%, respectively. Other accuracy measures are
demonstrated in Table 3.

Discussion

PROM is a common obstetric problem affecting
2.3–20% of pregnancies [1,2]. It can lead to increased
perinatal maternal and fetal morbidity and mortality
[3,5,6]. The correct diagnosis of PROM is important
especially in preterm pregnancies as timely manage-
ment decreases the complications rate [7].

Table 1. General characteristics of the study groups.
ROM group (50 patients) Intact membranes group (50 patients) Difference between groups (95% CI) p value

Age 23 (17–45)a 26.5 (17–40)a 3.5 (�4 to 1) .32
Parity 0.1 (�0.08 to 0.28)c .38
Nulliparity 18 (36%)b 13 (26%)b

Multiparity 32 (64%)b 37 (74%)b

BMI 27 (18–40)a 28 (17–38)a 1 (�3 to 2) .55
GA 38 (27–41)a 38 (31–41)a 0 (�1 to 0.99) .59
AFI 5 (0–14)a 7 (2–14)a �2 (�3 to �1) <.001

ROM: rupture of membranes; CI: confidence interval; BMI: body mass index; GA: gestational age; AFI: amniotic fluid index.
aMedian (range).
bcount (percentage).
cdifference in proportion of multiparous women in the two groups.

Table 2. Value of beta subunit of human chorionic gonadotropin (BhCG) in the two study groups.
ROM group
(50 patients)

Intact membranes group
(50 patients)

Difference between groups
(95% CI) p value

Quantitative b-hCG test 138.5 (23–475)a 13 (1–55)a 125 (91–166) <.001
Qualitative b-hCG test 0.84 (0.74–0.94)c <.001
Positive 42 (84%)b 0 (0%)b

Negative 8 (16%) 50 (100%)

ROM: rupture of membranes; CI: confidence interval; b-hCG: beta subunit of human chorionic gonadotropin.
aMedian (range).
bcount (percentage).
cdifference in proportion of women with positive test in the two groups.

Table 3. Accuracy measures for quantitative and qualitative b-hCG for diagnosis of rupture of membranes (setting the unequivo-
cal clinical diagnosis as the reference standard).

AUC p valuea
Cut-off
value Sensitivity Specificity PPV NPV

Quantitative b-hCG test 0.967 (0.910–0.992) <.001 >32 94% (83.5–98.7%) 94% (83.5–98.7%) 94% (83.5–98.7%) 94% (83.5–98.7%)
Qualitative b-hCG test 0.920 (0.848–0.965) <.001 NA 84% (70.9–92.8%) 100% (92.9–100%) 100% (91.6–100%) 86.2% (74.6–93.9%)

Values are presented with their 95% CI.
b-hCG: beta subunit of human chorionic gonadotropin; ROC: receiver operator characteristics; PPV: positive predictive value; NPV: negative predictive
value; NA: not applicable.
ap value for area under ROC curve. Difference between the areas under curve of the two index tests (95% CI), 0.0466 (–0.00247 to 0.0957), p value: .06.
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Over the past decades, many tests were suggested
for diagnosis of rupture of membranes as pH test,
ferning, fetal fibronectin, AFP, IGFB-1 and PAMG-1
[9,13–16]. Some of these markers have low accuracy
while others are expensive or not widely available [8].
Recently, PAMG-1 testing in some studies had good
accuracy measures [13], however, the test is not widely
available. b-hCG is also one of the suggested markers
for PROM.

In the present study, where we investigated the
role of b-hCG in the vaginal washing fluid, we found
that both the quantitative and qualitative tests for
b-hCG had high overall accuracy; AUCs: 0.97 and 0.92,
respectively. However, the sensitivity of quantitative
and qualitative tests are: 94, and 84%, respectively.
The specificity of quantitative and qualitative tests are:
94, and 100%, respectively. Other accuracy measures
were similar between the two tests. The suggested
cut-off for the quantitative test is 32 mIU/ml.

Few studies investigated the role of b-hCG testing
in the diagnosis of PROM, the accuracy measures and
suggested cut-offs were variable (sensitivity: 68–95%,
specificity: 70–95% and cut-off: 30–65 mIU/ml).
However, the reference standard against which the
investigators measured the accuracy of the test was
not clear in these studies [18–21].

Esim et al. [18] concluded a cut off for b-hCG of 65
mIU/ml (sensitivity 68%, specificity 95%, positive pre-
dictive value 82%, negative predictive value 90%,
accuracy 87%). Shahin and Raslan [19] suggested that

b-hCG had sensitivity, specificity, positive and negative
predictive values, and efficiency of 84, 72, 75, 81.8 and
78%, respectively. Temel et al. [20] had a cut off sug-
gestion for b-hCG as 100 mIU/ml with sensitivity, spe-
cificity, positive predictive and negative predictive
values as 71.2, 100, 100, and 65.1%, respectively.
Bahasadri et al. [21] suggested a cut-off value of 79.5
mIU/ml for b-hCG with a sensitivity of 95% and specifi-
city of 84%.

Diagnostic studies for PROM over the past years
presented a challenge as there is no acceptable nonin-
vasive gold standard test [8]. Thus, attempts were
made to impute or construct a reference standard
when equivocal cases of PROM were tested. However,
these methods may sometimes falsely classify cases
[22]. In the present study, we directly selected cases
with clinically unequivocal PROM and cases with intact
membranes as the reference standard. This resulted in
reliably estimating the accuracy measures of the
b-hCG tests. Also, the b-hCG test is easy to perform,
inexpensive and can be used in term and preterm
cases. But it should be admitted that this test cannot
be used in cases that have some bleeding as b-hCG is
present in the blood.

The good standard test for diagnosing rupture of
membranes namely the insulin-like growth factor bind-
ing protein-1 (IGFB-1) (Actim PROM) and placental
alpha macroglobulin-1 (PAMG-1) (AmniSure) are
commonly used as they have sensitivity, specificity,
positive predictive value and negative predictive

Figure 1. ROC curves for the qualitative and quantitative b-hCG tests for diagnosis of PROM.
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value of: 98.2, 95.8, 96, 98 for Actim PROM respectively
and 96.5, 98.2, 98.2, 96.5 for AmniSure, respectively
[23]. The average cost of these good standard tests
ranges from 30–50United States (US) dollars for a sin-
gle test kit yet the whole cost for the b-hCG in the
amniotic fluid testing is no more than 3US dollars
with very acceptable results. These results and its asso-
ciated costs make the b-hCG a good choice in low-
income high birth rate countries where it can be used
easily and safely in a suggested protocol.

Our suggested protocol is to do a sterile speculum
examination for patients with suspected rupture of
membranes. If we cannot detect pooling of liquor in
the posterior fornix, then 10 cc of sterile saline will be
sprinkled on the vaginal wall and 5 cc will be recol-
lected by aspiration in a sterile syringe. Qualitative
b-hCG testing is done if it is negative then this will
indicate absent rupture of membranes but if positive
then quantitative test to be done and rupture of mem-
branes is diagnosed if the result is above 32 mIU/ml.
The observer can choose higher cutoff to be sure and/
or if he finds results near the cut-off point then a
good standard test like Actim PROM or AmniSure can
be done. In this way, the cost will be reduced signifi-
cantly. In patients with bleeding or where repeated
complaints of rupture of membranes despite negative
b-hCG testing, good standard tests can be used as
repeat tests.

Conclusion

b-hCG test (either quantitative or qualitative) in vaginal
washing fluid can be used in the diagnosis of PROM in
both preterm and term cases. Our suggested protocol
can be used easily and safely to diagnose PROM with
reduced cost. Despite our results and recommenda-
tions, yet bigger studies with larger number of
patients are needed to add to our results and increase
the weight of our recommendations.

Disclosure statement

The author reports no conflicts of interest in this work.
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