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Abstract

Background: There is an urgent need to evaluate the clinical value of soluble intercellular adhesion molecule-1 (sICAM-1) based rapid
tests (Leakection) for a quick and relatively accurate diagnosis of prelabor rupture of membranes (PROM), especially atypical PROM,
in the emergency setting. This is a retrospective study. The data collection was planned after all the index test and reference standard
were performed retrospectively. Methods: A total of 267 pregnant women complaining of increased vaginal effusion were recruited. For
preliminary diagnoses, patients were examined by observing posterior vault pooling and by performing nitrazine tests and Leakection
tests. PROMwas subsequently confirmedwith a clinical diagnosis consisting of both patient history and the results of a panel of tests. The
sensitivity and specificity of posterior vault pooling, Leakection from the posterior vault and the nitrazine test in the emergency setting
were retrospectively reported to evaluate their power of diagnosis in PROM. Results: One hundred thirty-two patients were diagnosed
with PROM, and 135 patients were found not to have PROM. When samples were collected from the posterior vault, Leakection had a
sensitivity of 97.0%, a specificity of 91.1%, and a false negative rate of 3.0%. In contrast, the nitrazine test had a sensitivity of 68.9%,
a specificity of 100.0%, and a false negative rate of 31.1%. Conclusions: Leakection is a noninvasive and inexpensive rapid test for the
screening and diagnosis of PROM with both high sensitivity and specificity. This test can greatly aid in the clinical diagnosis of PROM,
especially atypical PROM, in the emergency setting.
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1. Introduction

Prelabor rupture of membranes (PROM) is the rupture
of the fetal membranes and leakage of amniotic fluid before
the onset of labor. The incidence rate of PROM is about
6–19% of term pregnancies, with the high risk of perinatal
and neonatal complications [1]. The clinical management
of women with PROM remains challenging. When vagi-
nal pooling of amniotic fluid, vernix, or meconium is ob-
served at speculum examination, the diagnosis is easy and
straight forward [2]. However, in pregnant women with in-
creased vaginal fluid but no obvious pooling, the diagnosis
of PROM requires lab tests for confirmation or exclusion
[3]. Multiple tests could be used, including nitrazine pa-
per, the fern test, and ultrasound examination, all of which
are traditionally and widely used [3]. More recently, im-
munoassays detecting proteins in amniotic fluid have been
developed and reported to be quick and accurate. These
proteins are considered biomarkers for PROM, including
soluble intercellular adhesion molecule-1 (sICAM-1) [4,5],
insulin-like growth factor binding protein-1 [6–8], and pla-
cental alpha microglobulin-1 [6–9]. These point-of-care

immunoassays can detect trace amounts of leaked amniotic
fluid, and therefore are assumed to be especially useful for
a quick and preliminary diagnosis for a patient presenting
at the emergency room.

sICAM-1 as a biomarker for PROM was originally
discovered at our hospital, and then developed into a bed-
side rapid strip test with the name of Leakection. It is re-
ported to be sensitive and specific, and clinically useful for
detecting PROM [4,5]. In this study we conducted a real-
world assessment of this test for use at emergency to detect
atypical PROM, pregnant women complaining of increased
vaginal fluid but with no obvious pooling. For the purpose
of reaching a quick decision at emergency, we included ob-
servation of amniotic fluid and the nitrazine test as reference
examinations, but excluded assays that are time-consuming
including fern test and ultrasound examination. We hope to
illuminate a noninvasive and inexpensive rapid test for the
screening and diagnosis of PROM, especially in atypical
PROM, through a test with high sensitivity and specificity.
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Table 1. Clinical Characteristic of the Study Subjects.
PROM (n = 132) 95% CI Non-PROM (n = 135) 95% CI

Maternal Age (Year)
Mean ± SD 30.46 ± 3.90 30.46 ± 0.65 31.17 ± 3.46 31.17 ± 0.59
Range 20–39 25–39

Gestational Age at Sample Collection (Week+Day)
Mean ± SD 35.33 ± 6.05 35.33 ± 1.12 34.22 ± 7.37 34.22 ± 1.26
Range 17–40+6 14–40+6

PROM, prelabor rupture of membranes; CI, confidence interval; SD, standard deviation.

2. Materials and Methods
2.1 Study Design

The data collection was planned after all the index test
and reference standard were performed retrospectively.

2.2 Subjects

Eligibility criteria: pregnant women who complained
increased vaginal effusion when they consult in our emer-
gency room (from 24 March 2022 to 30 August 2022 con-
secutively), excluded those who have vaginal bleeding,
vaginal pooling of amniotic fluid or vernix or meconium in
effusion. The research design was approved by the Insti-
tutional Review Board of West China Second University
Hospital, Sichuan University, and informed consent was
signed by all patients. A total of 267 pregnant women
were recruited. All participants were predominantly orig-
inated from the Han Chinese. Each woman was examined
by speculum examination for posterior vault pooling, ni-
trazine test, and Leakection on samples separately collected
from the posterior vault and vagina. The detailed patient
demography is presented in Table 1. PROMwas diagnosed
according to the initial preliminary screening done in the
emergency setting and the follow-up results of the inpatient
department and outpatient department (Fig. 1). The follow-
ing diagnostic standard according to our clinical practice in
West China Second University Hospital and the Textbook
of Obstetrics and Gynecology of China and the guideline of
PROM from Society of Obstetricians and Gynaecologists
of Canada (SOGC) and American College of Obstetricians
and Gynecologists (ACOG) was used as showed in Fig. 1:
(1) Vaginal pooling of amniotic fluid, (2) Vernix or meco-
nium is observed, (3) positive nitrazine test (inpatient de-
partment re-test result), (4) positive crystallization test, (5)
decreased amount of amniotic fluid at ultrasound examina-
tion; (1)+(2)/(3)/(4)/(5) or (3)+(4)+(5) at inpatient depart-
ment was diagnosed as PROM.All data were collected from
our HIS system and nomissing happened in all participants.

2.3 Nitrazine Test

A nitrazine test paper was placed at the posterior vault
for approximately 5 seconds on a pregnant woman at specu-
lum examination. Test paper that changes to blue is consid-
ered a positive result, suggesting the occurrence of PROM.

2.4 Leakection Test

Posterior vault and vaginal fluid samples were col-
lected separately from each patient to avoid visible blood
contamination. The posterior vault sample was collected
underneath the posterior cervical lip, and the vaginal sam-
ple was collected 3–5 cm inward the vagina. The Leakec-
tion test was performed according to previous work [4,5].
Briefly, the samples were collected and added into the sam-
ple well of the Leakection test card (Origissay Diagnostic,
Ltd., Chengdu, Sichuan, China). The results were observed
within 3–5 minutes, with the presence of the test line and
control line being interpreted as a positive result for PROM
while the presence of the control line but not the test line
being interpreted as a negative result for PROM.

2.5 Statistical Analysis

The sample size was based on the primary endpoint.
Assuming a clinical requirement of 90% test accuracy, the
test is expected to be 95% accuracy. To detect this differ-
ent between the test and the margin of clinical requirement
with 90% power with a two-sided significance level of 5%,
our research required more than 239 patients (PASS 15.0,
Number Cruncher Statistical System, Atlanta, GA, USA).
The number of patients diagnosed with PROM as well as
those found to be negative for PROM was counted. Sen-
sitivity, specificity, positive predictive value, negative pre-
dictive value, validity, false positive diagnostic rate, and
false negative diagnostic rate of the test were calculated us-
ing the algorithm reported in previous work [4,5].

3. Results
Totally, 267 pregnant women who presented at the

emergency room complaining of increased vaginal fluid but
with no obvious pooling, and therefore suspected of PROM,
were tested in this real-world study. Following the initial
assessment in the emergency room, 132 patients were con-
firmed to have PROM, and 135 patients were confirmed
to not have PROM. The results are presented in Table 2.
Posterior vault pooling was observed in 92/132 (69.7%) of
the patients diagnosed with PROM and in 9/135 (6.7%) of
the patients that were found to not have PROM. The ni-
trazine test was positive in 91/132 (68.9%) of the patients
diagnosed with PROM and 0/135 (0%) of the patients that
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Fig. 1. Definite diagnosis of prelabor rupture of membranes (PROM) and non-PROM in the study.

were found to not have PROM. The above two exams over-
lapped in the PROM, as only in those patients having pos-
terior vault pooling the nitrazine test was positive. Leakec-
tion examining the posterior vault samples was positive in
128/132 (97.0%) of the patients diagnosed with PROM and
in 12/135 (8.9%) of the patients that were found to not
have PROM. Leakection examining the vaginal samples
was positive in 115/132 (87.1%) of the patients diagnosed
with PROM and in 7/135 (5.2%) of the patients that were
found to not have PROM.

Leakection had a high sensitivity and specificity, and
the samples collected from the posterior vault showed a
higher sensitivity (97.0% vs. 87.1%) and a similar speci-
ficity (91.1% vs. 94.8%) compared to the samples collected
from the vagina. Although observation of posterior vault
pooling and the nitrazine test had a high specificity (93.3%
and 100%), their low sensitivity (69.7% and 68.9%) led to

a high false negative diagnostic rate (30.3% and 31.1%). In
contrast, Leakection had a low omission diagnostic value,
especially when tested on samples collected from the pos-
terior vault (3.0%) (Table 3).

Sixteen cases were revealed to be weakly positive by
Leakection on posterior vault samples, and 10 were con-
firmed to be PROM, and 6 were non-PROM. Twenty cases
were revealed to be weakly positive by Leakection on vagi-
nal samples, 14 were confirmed to be PROM, and 6 were
non-PROM. The mistaken diagnosis rate of Leakection ex-
amination was therefore mainly contributed by the weak
positive cases.

4. Discussion
To date, the gold standard for PROM diagnosis is in-

stillation of indigo carmine dye into the amniotic cavity,
which is invasive and very hard for routinely clinical use
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Table 2. Test Results of Posterior Vault Pooling, Nitrazine Test and Leakection Examination.

Posterior vault pooling Nitrazine test
Leakection

Posterior vault sample Vagina sample

Positive Negative Positive Negative Positive Negative Positive Negative

PROM (n = 132) 92 40 91 41 128 4 115 17
Non-PROM (n = 135) 9 126 0 135 12 123 7 128
PROM, prelabor rupture of membranes.

Table 3. Diagnostic value of Posterior Vault Pooling, Nitrazine Test and Leakection Examination.

Posterior vault pooling Nitrazine test
Leakection

Posterior vault sample Vaginal sample

Sensitivity 69.7 68.9 97.0 87.1
Specificity 93.3 100 91.1 94.8
Positive predictive value 91.1 100 91.4 94.3
Negative predictive value 78.5 76.7 96.9 88.3
Validity 81.6 84.6 94.0 91.0
False positive diagnostic rate 6.7 0 8.9 5.2
False negative diagnostic rate 30.3 31.1 3.0 12.9

[10–13]. In this study, a clinical working diagnosis was
adopted in the emergency setting following a thorough col-
lection of patient history, physical examination of the pa-
tient for visible pooling of amniotic fluid in the posterior
vault, and additional tests: nitrazine tests, crystallization
tests with ferning pattern, and ultrasound examinations.

In this clinical study of patients presenting at the emer-
gency room, we assessed the efficacy of the rapid tests in-
cluding observation of posterior vault pooling, the nitrazine
test and Leakection for a quick and preliminary differentia-
tion between patients likely to have PROM and those who
do not.

sICAMwas previously reported as a useful biomarker
for the diagnosis of PROMwith a high sensitivity and speci-
ficity [4,5], which has been developed into bedside rapid
test tool named Leakection. The clinical value of Leakec-
tion, especially when a quick decision has to be made, was
again revealed in the current study, with the sensitivity and
specificity of 97.0% and 91.1%, respectively in this real-
world assessment, similar to the results previously reported
[4,5]. The other two indicators used in this assessment were
observation of posterior vault pooling and the nitrazine test;
both were highly specific but low in sensitivity (69.7% and
68.9%). This low sensitivity suggests these methods are
inadequate to quickly and accurately screen for PROM.
Other noninvasive and inexpensive products, such as Am-
nioquick and Leakection were reported to have high sensi-
tivity and specificity, while Leakection provides higher sen-
sitivity and specificity [14]. Taken together, we may con-
clude that Leakection might be a rapid test for aiding with
the initial and perhaps final diagnosis of PROM, especially
for atypical PROM, and especially at a busy emergency de-
partment, and/or at hospitals with expertise and sophisti-
cated equipment unavailable.

For the Leakection test a small percentage of patients
showed weakly positive results. Of the samples collected in
both ways, 60–70% of these weakly positive patients turned
out to be having PROM. Therefore, when observing weak
positivity from the Leakection test, it is important to follow
up with additional testing prior to diagnosis.

Sampling from the posterior vault was revealed to
have a much higher sensitivity compared to sampling from
the vagina. It has been suggested that at a clinic samples
collected from the posterior vault should always be used for
Leakection testing. Nevertheless, sampling from the vagina
is easier to conduct, and this sampling method may be uti-
lized by pregnant women to test at home when considered
at high risk for PROM. If positive by self-test, the pregnant
woman should go to a hospital for confirmation and poten-
tial intervention to treat PROM.

5. Conclusions

In conclusion, in this real-world study at a busy emer-
gency department, we found that Leakection for screen-
ing PROM is both highly sensitive and specific and has an
omission diagnostic value as low as 3%. Because of the ad-
vantage of Leakection compared to posterior vault pooling
and nitrazine tests, we suggest that Leakection be used as
the primary choice for PROM screening in the emergency
setting, and in particular for detecting atypical PROM.

Availability of Data and Materials

The datasets used and/or analyzed during the current
study are available from the corresponding author on rea-
sonable request.
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