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Abstract

Prelabour rupture of membranes (PROM) refers to the disruption of foetal membranes
before the onset of labour, resulting in the leakage of amniotic fluid. PROM complicates 3% and
8% of preterm and term pregnancies, respectively. Accurate and timely diagnosis is crucial
for effective management to prevent adverse maternal- and foetal-outcomes. The diagnosis of
equivocal PROM cases with traditional methods often becomes challenging in current obstetrics
practice; therefore, various novel biochemical markers have emerged as promising diagnostic
tools. This narrative review is sought to review the published data to understand the current and
emerging trends in diagnostic modalities in term and preterm pregnancies complicated with
PROM and the potential role of various markers for predicting preterm PROM (pPROM) and
chorioamnionitis in women with pPROM.
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Introduction

Prelabour rupture of the membranes
(PROM) refers to the leaking of amniotic fluid
before labour onset, caused by the breakage
of foetal membranes. PROM may occur at
term or earlier (1, 2). It affects 5% to 10% of all
pregnancies, 8% of term pregnancies and 3%
of preterm pregnancies (3, 4). PROM at term is
associated with adverse maternal and perinatal
sequelae such as placental abruption, cord
compression, cord prolapse, risk of cesarean
birth, and maternal and neonatal infection
(3, 5-9).

Preterm PROM (pPROM) is associated
with foetal- and maternal-morbidity and
mortality including umbilical cord compression
and prolapse (10), oligohydramnios, placental
abruption (11-13), necrotising enterocolitis,
respiratory distress syndrome, foetal death
(1, 14), maternal intra-amniotic and postpartum
infection risks (2, 4, 15—17). Chorioamnionitis is
associated with neurodevelopment handicap in
preterm infants, early-onset sepsis and severe
intraventricular haemorrhage (18—20).

The latent period is the interval between
PROM and spontaneous labour onset and is
inversely correlated with gestational age (1, 21).
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Most women with PROM at term experience
spontaneous labour, with an incidence of 70%
within 24 h, 85% within 48 h, and over 90%
within 72 h of ruptured membranes (22, 23).
There is a risk of developing an intra-amniotic
infection (chorioamnionitis) in 6%-10% of
pregnant women with PROM at term, which
increases many folds with prolonged rupture of
membranes (2—4, 24, 25). Prolonged rupture of
membranes refers to PROM persisting for more
than 24 h and is associated with an increased
risk of chorioamnionitis and postpartum
endometritis (7, 26—29). The neonatal infection
risk is raised by 2.25 times if the rupture of
membranes is prolonged for 24 h—48 h or more
in a term pregnancy (24).

The etiology of PROM is thought to be
multifactorial (30). However, the underlying
pathophysiologic mechanisms are not well-
understood (8, 31, 32). PROM at term, caused
by the weakening of the chorioamniotic
membranes, can further be aggravated by
forceful uterine contractions during labour
(1). Microbial invasion of the amniotic cavity
and increased placental inflammation can lead
to pPROM in around 20%-50% of pregnant
women (33—35). The possible role of a genetic
predisposition has also been proposed in pPROM
(36—38). Feng et al. (39) explained the role of
prothrombin production in pPROM caused
by urea plasma parvum-induced rupture of
amniotic membranes.

The presence of certain biochemical
processes, such as collagen disruption within
the extracellular matrix of chorioamniotic
membranes and cellular changes such as
programmed cell death in foetal membranes,
has been suggested as the pathophysiological
mechanisms in prelabour rupture of membranes
(31, 32, 38, 40). Mediators, including
prostaglandins, cytokines and hormones,
may contribute to its role in disrupting
the extracellular matrix of chorioamniotic
membranes through certain enzymes, as
postulated by the scientific data (31, 38, 41).
Also, the biophysical stresses may facilitate the
rupture of foetal membranes in the presence
of these concurrent biochemical changes (31,
32). Inflammatory environment, including
the infiltration of leukocytes and upregulation
of proinflammatory chemokines in the
choriodecidual interface, has been emphasised
in the pathophysiology of PROM (41—43).
Proinflammatory cytokines that may play a
significant role in pPROM include interleukin-6,

n www.mjms.usm.my

interleukin-8 and tumour necrosis factor-alpha
(31, 44). These etiopathogenesis findings have
led to the dynamic evolution and development of
several biomarkers to predict and monitor intra-
amniotic inflammation in women with pPROM.

There is a growing concern for rising
trends in adverse outcomes associated with
pPROM, despite the improvements in antenatal
care delivery (45). PROM with the doubtful
presentation may cause pregnant women to
visit emergent care facilities unnecessarily
(46). Therefore, the availability of point-of-
care testing is essential for timely diagnosis
and effective management of pregnant women
with PROM (26). Lack of ancillary screening
tests in preterm birth prediction is the major
challenge in reducing the incidence of preterm
delivery associated with pPROM (47). Until
recently, there have been no significant changes
in obstetric practice for diagnosing PROM for the
last many years (48).

This narrative review summarises the
novel concepts in understanding the current
and emerging trends in diagnostic modalities in
term and preterm pregnancies complicated with
PROM. The potential role of various markers
for predicting chorioamnionitis in women with
pPROM has been discussed.

Methods

This narrative review was performed
through a literature search published between
1982 and 2020 using the Cochrane library
and electronic database, including PubMed
and Google Scholar, through Google search
engine. Following keywords were used for
this narrative review: prelabour rupture of
membranes (PROM), preterm prelabour
rupture of membranes (pPROM), Fern test,

chorioamnionitis, biochemical markers,
biomarkers, foetal fibronectin (fFN),
alpha-fetoprotein ~ (AFP), placental alpha

microglobulin-1 (PAMG-1), insulin-like growth
factor binding protein-1 (IGFBP-1), monoclonal/
polyclonal antibody immunoassay tests, amniotic
fluid interleukin-8 (IL-8) and placental protein
14 (PP14). Also, combinations of the following
search terms were used to retrieve information
regarding the particular topics related to
PROM at preterm and term pregnancy through
Boolean search strategy: ‘biomarkers’ and
‘PROM’; ‘biomarkers’ and ‘preterm PROM’;
‘biochemical markers’ and ‘PROM’; ‘biochemical
markers’ and ‘preterm PROM’ ‘predictive
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markers’ and ‘PROM’; ‘predictive markers’
and ‘preterm PROM’; predictive markers’ and
‘chorioamnionitis in preterm PROM’; ‘diagnosis’
and ‘PROM’; ‘diagnosis’ and ‘preterm PROM’.
Relevant reference lists of retrieved publications
were also reviewed to expand the search. A
total of 106 scientific publications, including
research articles published from 1982 to 2020,
were selected for this narrative review using the
aforementioned methodology.

Discussion

Current and Potential Diagnostic
Strategies for PROM at Term and
Preterm

Several techniques have been developed
for evaluating PROM apart from the clinical
examination in the last many decades. These
methods include the nitrazine test, the Fern test,
the test for determining fFN in cervicovaginal
secretions, intra-amniotic dye injection and
various rapid immunoassay tests for detecting
protein marker present in the vaginal fluid
(49). However, the diagnosis of PROM
becomes a challenge in the presence of a slow
or intermittent amniotic fluid leak, excessive
blood in cervical-vaginal fluid or in the absence
of classic presentation such as sudden painless
‘gush of fluid’ leaking out of the vagina (49,
50). The rupture of foetal membranes is not
grossly apparent in approximately 20%—25%
of pregnant women; therefore, the research for
identifying an ideal diagnostic test is imperative
(51). An ideal test should be non-invasive,
expeditious, accurate, cost-effective, conveniently
applicable and readily available.

Robust and effective intervention to
manage PROM can be possible with a timely
and accurate diagnosis to achieve an optimal
perinatal and maternal outcome (52, 53). An
incorrect diagnosis may lead to unnecessary
obstetrics intervention and related effects such as
iatrogenic preterm birth (54). Equivocal PROM
cases may cause anxiety and inconvenience due
to potential unnecessary emergent care-related
hospital visits and extensive evaluation and
associated healthcare costs in pregnant women.
Such costs could have been avoided with the
availability of at-home accurate and rapid testing
to guide pregnant women in seeking timely
obstetrics care when required.

A sterile speculum examination can help
to identify the leaking fetal membranes by

inspecting the pool of leaked amniotic fluid
from cervical Os or in the vaginal vault (53,
55). However, this examination is a subjective
method to diagnose PROM; therefore, it may
result in an inadequate diagnostic performance
(52, 56). The digital cervical examination is
avoided given the risk of introducing infection;
however, it can be performed in patients
presenting with active labour or having an
imminent delivery (57, 58). Oligohydramnios
using ultrasound imaging may aid in pinpointing
PROM in a pregnant woman with a clinical
diagnosis of PROM (59, 60).

The conventional diagnostic approaches
include the ‘Nitrazine test’ and the ‘Fern test’.
Nitrazine test is a conventional test that has
been used since 1938 for evaluating PROM
(60, 61). This approach utilises pH testing
of leaked amniotic fluid, but it may lead to
equivocal results particularly if the leakage of
amniotic fluid occurred after an hour or more.
Fern test is a microscopic method that was first
described in 1946 for diagnosing PROM (60).
It involves inspecting the amniotic fluid showing
arborised crystals in ‘palm leaf-pattern’ using a
microscope (60). The presence of blood, cervical
mucus, seminal fluid or an antiseptic solution
in the amniotic fluid influences the Fern test’s
diagnostic accuracy (60, 62).

fFN, a family of ubiquitous plasma
proteins, may indicate the extracellular matrix’s
degradation in the second and third trimesters
of gestation when found in the cervicovaginal
secretions (63). This test is known for being
highly sensitive but with low specificity in PROM
diagnosis (64). It is considered quite helpful in
predicting preterm birth in the gestation from
24 to 30 weeks (65). A prospective comparative
study performed on pregnant women with
> 34 and < 37 gestational weeks found foetal
fibronectin test having 91.8% accuracy, 94.5%
sensitivity and 89.1% specificity in diagnosing
PROM and compared it with Fern test (81.4%
accuracy, 84.5% sensitivity and 78.2% specificity)
and Nitrazine test (84.1% accuracy, 87.3%
sensitivity and 80.9% specificity) (59). As
described in this study, a simple bedside fFN
test had better sensitivity and specificity than the
Fern and Nitrazine tests in diagnosing PROM
(59). Several caveats concerning the fFN include
the risk of a false-positive result in preterm
labour, pregnancy exceeding 34 weeks and after
vaginal manipulation in pregnant women with
intact foetal membranes (66).
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Traditional approaches to diagnose
ruptured foetal membranes are associated with
certain limitations such as high subjectivity and
low sensitivity (51). The researchers are more
proactive in identifying novel biomarkers for
screening and diagnosing PROM at term and
preterm, particularly in equivocal or complex
cases (51). Therefore, recent research work has
been revolving around the utility of biomarker
testing, including insulin-like growth factor
binding protein-1 (IGFBP-1) and placental alpha
macroglobulin 1 (PAMG-1) testing (51, 61, 67—
71). The biochemical markers that detect specific
proteins in the amniotic fluid may perform better
compared to the conventional methods; however,
such testing may give false-positive results in the
presence of blood (72).

PAMG-1 is a glycoprotein produced by
the placental decidual cells throughout the
pregnancy. This specific glycoprotein is thought
to transudate through the pores of the foetal
membranes during contractions of the uterus
or by inflammation-induced degradation of the
extracellular matrix of fetal membranes in an
infection or during labour (73, 74). Abdelazim
et al. (66) compared the accuracy of fFN versus
PAMG-1 for detection of PROM in pregnant
women with > 34 and < 37 gestational weeks
and found that a particular test based on
detection of PAMG-1, had 97.3% sensitivity,
98.2% specificity, 97.7% accuracy, 98.2% positive
predictive value (PPV) and 97.3% negative
predictive value (NPV), when compared with
fFN test that was found to have 94.5% sensitivity,
89.1% specificity, 91.8% accuracy, 89.7% PPV
and 94.2% NPV. The authors of this study
found this PAMG-1 testing particularly helpful
in certain clinical scenarios of suspected PROM
with the false-positive result of fFN (66).

Phosphorylated insulin-like growth factor
binding protein-1 (phIGFBP-1) is synthesised
by the placental decidual cells and is believed
to be released into the cervicovaginal secretions
after the tissue damage at the choriodecidual
interface (775). Researchers evaluated the dipstick
method for detecting the amniotic fluid in the
vagina using a commercial kit with monoclonal
antibodies to IGFBP-1. They found this method
had a sensitivity of 95.7% and specificity of 93.1%
in detecting amniotic fluid in PROM (76). In the
1990s, foetal fibronectin and phosphorylated
IGFBP-1 were used to represent markers for
premature rupture of membranes; however, they
were later identified as biomarkers for predicting
preterm birth (72).
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The meta-analysis of research studies
involving various biochemical markers testing
in the PROM diagnosis showed no difference
in terms of the performance of PAMG-1 and
IGFBP-1 tests when employed in a research
setting with the same clinical scenarios (67).
A meta-analysis by Ramsauer et al. (77)
investigated tests that were employed for
diagnosing the rupture of foetal membranes by
detecting IGFBP-1 and PAMG-1 in pregnancies
with 25 to 37 gestational weeks. This study
identified that the PAMG-1 detecting test had
higher accuracy than the IGFBP-1 detecting
test in pregnant women with an unknown
membranes status (77). Also, several other
comparative research studies found PAMG-1
superior to phIGFBP-1 for detecting amniotic
fluid (72, 78, 79). Researchers also found, the test
detecting PAMG-1 was significantly less likely to
be influenced by the presence of blood compared
with the test detecting IGFBP-1 in patients
presenting with signs and symptoms of rupture
of foetal membranes and vaginal bleeding (79).
Moreover, their data showed better performance
of the PAMG-1 compared with the IGFBP-1
detecting tests in all quality parameters that were
evaluated (97.8% sensitivity, 91.5% specificity,
94.6% PPV, 96.4% NPV for PAMG-1 tests versus
91.0% sensitivity, 75.0% specificity, 83.5% PPV,
85.7% NPV for IGFBP-1 tests (79).

Recent studies have suggested combined
monoclonal/polyclonal antibody immunoassay
tests for identifying certain proteins in amniotic
fluid (52). These non-invasive tests are deemed
to detect amniotic fluid-specific proteins with
accuracy, even in the presence of cervical-vaginal
fluid. Initial first-generation immunoassays
were meant to utilise the monoclonal antibody
approach to detect IGFBP-1 and PAMG-1
(80). In recent years, the new combination
monoclonal/polyclonal antibody immunoassays
point-of-care tests for diagnosing rupture of
membranes are developed. One such approach
detects IGFBP-1 and alpha-fetoprotein (AFP),
and another immunoassay test utilises the
detection of placental protein 12 (PP12) and AFP
(52, 80). These immunoassays are expected to
provide quick and accurate results compared to
conventional tests. Diagnostic performance of
novel monoclonal/polyclonal immunoassays in
PROM using the detection of two amniotic fluid
proteins, IGFBP-1 and AFP, can be compared
with that of conventional fern test. Research
shows that monoclonal/polyclonal immunoassay
test has 100% sensitivity, 94.8% specificity, and
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95.5% accuracy, 75% PPV and 100% NPV (52).
On the other hand, the conventional Fern test
has 77.8% sensitivity, 79.3% specificity, and
79.1% accuracy, 36.8% PPV and 95.8% NPV (52).

A research study in the 1990’s era
established the 100% diagnostic rate with
bedside AFP-test kit (anti-AFP monoclonal
antibody kit) in PROM or suspected PROM
cases between 11th and 40th weeks of pregnancy
(81). Kishida et al. (82) found an improved AFP
test with 95.7% diagnostic accuracy through
utilising AFP monoclonal antibody in pPROM.
A systematic review by van der Ham et al.
(83) assessed the accuracy of various tests in
diagnosing equivocal cases of PROM and
compared the AFP test with methods using
pH measurement and IGFBP-1. This review
found the AFP test having 100% sensitivity
and specificity; however, researchers could
not conclude recommending a particular test
given the limited evidence on the diagnostic
accuracy of tests in PROM. Singh and Bhat (84)
performed a prospective study to assess the
efficacy of AFP test in cervicovaginal secretions
to diagnose PROM with 24 gestational weeks
and found this test had 88.9% sensitivity and
98.5% specificity and 93.8% accuracy, PPV
of 98.3%, and NPV of 90.1%. A qualitative
immunochromatographic diagnostic test has
been proposed as a quick point-of-care test
that uses a monoclonal/polyclonal antibody
approach to detect AFP and IGFBP-1 (85). One
of the commercially available immunoassay
tests that detect two amniotic fluid proteins,
i.e., IGFBP-1 and AFP, performs well even in
blood contamination settings (86).

Researchers have also investigated the role
of vaginal washing fluid’s urea and creatinine
measurements as diagnostic methods in
patients with PROM and found these reliable
and simple diagnostic tests for PROM (87,
88). Gezer et al. (89) also suggested measuring
urea and creatinine levels in the vaginal fluid to
diagnose and predict delivery interval after the
membranes rupture in pPROM.

Amnio-dye test is an invasive method
involving intra-amniotic dye instillation using
fluorescein to evaluate the equivocal cases of
PPROM as described by Ireland et al. (90).
Although some researchers believed it was the
standard gold test, this test is not without risks
such as iatrogenic PROM, infection, placental
abruption and miscarriage (60).

A new non-invasive and rapid bedside test
has been recently introduced for pPROM, which

determines interleukin-8 (IL-8) in amniotic fluid
obtained through a device referred to as cervical
amniotic fluid collector (91). Amniotic fluid’s
interleukin-8 is analysed to predict and monitor
the intra-amniotic inflammation in pPROM (91).
Nevertheless, further research is required for
identifying the robust biological markers for the
diagnosis of pPROM (53, 69).

The United States Food and Drug
Administration (USFDA) recommended that
the tests used for diagnosing the rupture of
membranes should be part of the pregnant
women’s overall clinical assessment that
includes physical examination and other
relevant evaluation (92). In its letter to the
health care providers (dated 8 August 2018),
USFDA mentioned that the tests for detection
of ruptured membranes should not be used
without overall clinical assessment due to
certain concerns about ‘misuse, overreliance
and inaccurate interpretation of lab test results
from rupture of membranes tests used to detect
rupture of membranes in pregnant women’. It
further stated, “These can lead to serious adverse
events, including foetal death, infection and
other health complications in pregnant women”
(92).

Prompt and accurate diagnosis is the
hallmark of gestational-age-specific management
without adverse sequelae (92). Efforts to improve
PROM’s diagnostic modalities should be put
together through more scientific research in the
future.

Emerging Markers for Predicting
pPROM and Chorioamnionitis in
Women with pPROM

Potential Markers for Prediction of
pPROM

Prediction of pPROM relies on the
identification of associated risk factors and the
use of specific biomarkers. This strategy can help
in reducing the incidence of preterm birth related
to pPROM (72). Researchers should further
evaluate the prediction testing and diagnostic
methods using newly proposed biomarkers to
guide their rationale and safe use in clinical
practice.

Underhill et al. (93) recently described
a serum panel comprising two proteoglycans,
i.e. biglycan and decorin, together with serum
protein sex hormone-binding globulin (SHBG)
as a promising second-trimester prenatal serum
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screening-based biochemical model with an
ability to predict pPROM in asymptomatic
women. They found that the increased serum
concentrations of biglycan in conjunction with
decreased serum concentrations of decorin and
SHBG in the second trimester were observed in
asymptomatic patients who developed pPROM
later on (93). However, more scientific research
is required to target effective screening strategies
for PROM at term and preterm.

Ryu et al. (94) evaluated the role of the
maternal c-reactive protein (CRP) and oxidative
stress markers in predicting women’s latent
period with pPROM. They found these markers
useful in their research. Tests measuring the
urea and creatinine levels in the vaginal fluid
have the potential to predict the delivery interval
after pPROM (89). Koseoglu et al. (95) suggested
considering second-trimester maternal serum
amyloid A (SAA) levels as a potential marker for
predicting pPROM.

Toprak et al. (96) investigated platelet-
to-lymphocyte ratio (PLR) as an inflammatory
marker for diagnosing pPROM and found
significantly higher PLR and neutrophil-to-
lymphocyte ratio (NLR) in pPROM patients.
These researchers found PLR with 57.8%
sensitivity and 73.7% specificity and considered
it a readily available, cost-effective and feasible
marker for pPROM timely diagnosis (96). Sak
et al. (97) found that increased levels of soluble
vascular cell adhesion molecule-1 (sVCAM-1)
and soluble intercellular adhesion molecule-1
(sICAM-1) levels in maternal serum and vaginal
fluid can be used as biochemical markers to
support the diagnosis of pPROM.

Wang et al. (49) evaluated the diagnostic
value of potential biomarkers for diagnosing
pPROM. Their study identified 540 unique
proteins found in amniotic fluid. They selected
12 of these 540 unique proteins for further
evaluation. Among those proteins, placental
protein 14 (PP14) was observed with outstanding
diagnostic accuracy for pPROM with 100 %
sensitivity and 87.5% specificity (with a cut-
off value of 0.008 ug/mL) (49). This study
suggested considering PP14 as a novel potential
biomarker for pPROM as it is unaffected by
blood in the cervical-vaginal fluid. PP14 is a
glycoprotein synthesised during pregnancy by
the endometrium with high expression level in
amniotic fluid (98). Further research can help in
developing a bedside application using PP14 for
the rapid diagnosis of pPROM.
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Potential Markers for Predicting
Chorioamnionitis in Women with pPROM

pPROM increases the risk of
chorioamnionitis (99). A study by Li et al.
(100) evaluated the diagnostic value of CRP
and procalcitonin (PCT) levels in maternal
serum to predict the subclinical intrauterine
infection in pregnant women with pPROM at
< 34 gestational weeks and found them with
good application potential. Moreover, they
found PCT more applicable to pregnant women
with pPROM between 28 to 33+6 gestational
weeks (100). Likewise, Caloone et al. (101) found
CRP the best maternal marker for predicting
histological chorioamnionitis after pPROM.
Similarly, Popowski et al. (102) demonstrated
the association of CRP with clinical and
histopathologic chorioamnionitis in PROM at or
after 34 weeks of gestation.

Kunze et al. (103) studied the amniotic
fluid interleukin-6 and tumour necrosis factor-a
and identified these as good predictors for
histologic funisitis and foetal inflammatory
response syndrome in pPROM. Researchers
considered giving preference to this non-
invasive daily bedside sampling of amniotic
fluid from cervicovaginal secretions to measure
the cytokines rather than opting for invasive
amniocentesis for this purpose. Martinez-Portilla
et al. (104) suggested a non-invasive model
consisting of maternal serum interleukin-6 and
maternal characteristics. They found this model
a good predictor of histological chorioamnionitis
in women with confirmed pPROM.

Cakar et al. (105) studied maternal plasma
presepsin level to determine its diagnostic and
prognostic value for subclinical chorioamnionitis
that complicates pPROM. Presepsin is a
promising biomarker for inflammation that
can be considered a useful marker for the early
diagnosis and prognosis of various microbial
infections (106). These researchers have
established that presepsin level helps predict
subclinical chorioamnionitis in pregnancies
complicated by pPROM (105). They also
found it useful in determining the optimal
timing for delivery before the clinical signs of
chorioamnionitis are ensued (105).

Conclusion

Accurate diagnosis of prelabour rupture of
membranes in term and preterm pregnancies
is vital for timely gestational-age specific
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intervention and management. Well-timed
prediction and prompt diagnosis of pPROM
are of utmost importance. Such an approach
can enable women to move to higher-level
hospitals with neonatal intensive care for
effective management. Apart from conventional
diagnostic strategies for PROM, various
current and potential emerging biomarkers
derived from different body fluids (such as
cervicovaginal fluid, blood and amniotic fluid)
and immunoassays tests have been proposed by
scientific data for diagnosis of PROM. However,
the PROM diagnostic testing should be part
of the patient’s overall clinical assessment,
including the physical examination and relevant
evaluation. The potential role of various
predictive markers in predicting pPROM and
chorioamnionitis in women with pPROM has
also been evaluated through research work.
Further robust research can help to fill the gaps
in identifying the ideal diagnostic strategy and
prediction testing for pregnancies complicated by
PROM at term and preterm.
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