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Clinical application of amino-terminal pro-brain
natriuretic peptide concentration in amniotic fluid
for the prediction of preterm birth in symptomatic
women

Fernando A. Ferrer-Marquez, MD; Rocío P. Astudillo, MD; Jorge A. Carvajal, MD, PhD
BACKGROUND: Preterm birth accounts for 60% to 80% of neonatal mortality. Approximately one-third of preterm births are caused by the
spontaneous onset of preterm labor. Nevertheless, 70% to 90% of women diagnosed with preterm labor will not deliver within 7 days. Thus,
many women will be unnecessarily treated by preterm labor with risk medications. Better tools are needed to categorize women in preterm labor
into high or low risk of preterm delivery.
OBJECTIVE: This study aimed to evaluate the amino-terminal pro-brain natriuretic peptide concentration in the amniotic fluid as a prognostic
test to predict the risk of delivery within 48 hours or 7 days and before 34 0/7 or 37 0/7 weeks of gestation in women in preterm labor.
STUDY DESIGN: A total of 102 pregnant women presenting signs and symptoms of spontaneous preterm birth (22 0/7 to 34 0/7 weeks of
gestation) were included. Amniotic fluid was obtained by amniocentesis, and amino-terminal pro-brain natriuretic peptide concentration was mea-
sured. Below normal concentration was defined as <0.5 multiples of the median of the standard curve according to gestational age. The risk of
preterm delivery was estimated according to normal or lower-than-normal amino-terminal pro-brain natriuretic peptide concentrations. The pre-
dictive capacity of the test (below normal amino-terminal pro-brain natriuretic peptide concentration) was evaluated to identify spontaneous pre-
term birth at 48 hours or 7 days from amniocentesis and less than 34 0/7 or 37 0/7 weeks at delivery.
RESULTS: For the outcome delivery within 48 hours, lower-than-normal amino-terminal pro-brain natriuretic peptide concentration had 94.6%
sensitivity, 73.8% specificity, 96.0% negative predictive value, 3.61 positive likelihood ratio, and 0.07 negative likelihood ratio. For the outcome
delivery within 7 days, the test had 93.9% sensitivity, 88.7% specificity, 94.0% negative predictive value, 8.31 positive likelihood ratio, and 0.07
negative likelihood ratio. For the outcomes of spontaneous preterm birth before 34 0/7 and 37 0/7 weeks of gestation, below normal amino-ter-
minal pro-brain natriuretic peptide concentrations had 80.0% sensitivity, 83.0% specificity, 78.0% negative predictive value, 4.70 positive likeli-
hood ratio, and 0.24 negative likelihood ratio and 64.1% sensitivity, 91.7% specificity, 44.0% negative predictive value, 7.70 positive likelihood
ratio, and 0.39 negative likelihood ratio, respectively.
CONCLUSION: Among patients in spontaneous preterm labor, the detection of lower-than-normal amino-terminal pro-brain natriuretic pep-
tide concentrations (<0.5 multiples of the median) in amniotic fluid has an excellent predictive capacity to identify those patients at low risk of
preterm delivery within 48 hours or 7 days.
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Introduction
The World Health Organization defines
a preterm birth (PTB) as the birth of an
infant before 37 weeks of gestation. In
Chile, spontaneous PTB (sPTB) occurs
in 5% to 7% of pregnancies before 37
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weeks of gestation and approximately
4% of pregnancies before 34 weeks of
gestation.1 PTB accounts for 60% to
80% of neonatal mortality and 75% of
severe morbidity.2 Approximately one-
third of preterm deliveries are due to
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the spontaneous initiation of preterm
labor (PTL).3−5

There is no optimal intervention to
prevent preterm delivery; tocolytics
delay delivery but do not prevent it.6−8

Nevertheless, there are effective
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Why was this study conducted?
This study aimed to evaluate a diagnostic test that allows categorizing between
high or low risk of preterm birth among women in preterm labor (PTL).

Key findings
Normal amino-terminal pro-brain natriuretic peptide (NT-proBNP) levels in
amniotic fluid in women in spontaneous PTL correctly identified those patients
at low risk of preterm delivery.

What does this add to what is known?
Knowing the NT-proBNP concentration in the amniotic fluid in women in PTL
may guide clinical management and avoid unnecessary interventions in those
women with a low risk of delivery within 48 hours or 7 days.
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therapies to improve perinatal out-
comes, such as antenatal administration
of corticosteroids to induce fetal lung
maturation9−11 or magnesium sulfate
administration to promote fetal neuro-
protection.12−14 In addition, it is very
important to arrange a transfer to a cen-
ter with appropriate neonatal care facili-
ties.
It has been reported that 70% to 90%

of women diagnosed with PTL do not
deliver within 7 days, even without
treatment.15 In those cases, repeated use
of corticosteroids and tocolytics can be
harmful or not beneficial.16 Therefore,
researchers have studied several bio-
markers to identify patients in PTL at
high risk of preterm delivery to enhance
targeted interventions.17

There are 2 commonly used tests for
PTB prediction in women with sponta-
neous PTL (sPTL): fetal fibronectin and
cervical length.18,19 Each test accurately
predicts preterm delivery risk; however,
when combined, they have a better pre-
dictive value of preterm delivery.20,21 In
addition, amniotic fluid inflammatory
markers have been shown to be useful
in predicting preterm delivery risk in
women with PTL.22,23

The human fetal membranes, both
the amnion and chorion, synthetize
brain natriuretic peptide (BNP).24 This
locally produced BNP inhibits the con-
traction of the human myometrium,
contributing to the maintenance of
myometrial quiescence during preg-
nancy.25 Hence, low levels of BNP pro-
duction may lead to PTB in a subset of
women.25
2 AJOG Global Reports May 2024
The precursor of BNP (pre-proBNP)
is a 134 amino acids (aa) chain. Cleav-
age at the 26th aa produces proBNP of
108 aa. During secretion, proBNP is
divided into 2 equimolar products:
BNP, the active peptide of 32 aa, and
amino-terminal pro-brain natriuretic
peptide (NT-proBNP), the amino-ter-
minal portion of pro-BNP of 76 aa. The
preferred method of estimating BNP
concentration in a biological fluid is to
measure NT-proBNP levels.26

We reported the normal levels of NT-
proBNP in amniotic fluid during preg-
nancy according to gestational age at
sampling.27 In the second trimester of
pregnancy, high NT-proBNP concen-
trations are expected, and toward the
end of gestation, progressive reduction
of NT-proBNP levels is anticipated.

Thus, we postulate that lower-than-
normal NT-proBNP concentration in
amniotic fluid may predict preterm
delivery risk in PTL women. Hence, this
study aimed to determine the prognos-
tic accuracy of NT-proBNP concentra-
tion in amniotic fluid for the prediction
of sPTB in patients in PTL.

Materials and Methods
Study designs
We conducted a prospective, observa-
tional, noninterventional study. Over a
6-year period, all patients admitted to
our hospital (Red de Salud UC Chris-
tus) with the diagnosis of PTL were
invited to participate and included in
the study if they consented to partici-
pate, the inclusion criteria were met,
and there were no exclusion criteria. In
all amniotic fluid samples, we measured
the NT-proBNP concentration, but the
result of the examination was not made
known to the treating team and did not
affect the medical decisions adopted.

Inclusion criteria
The inclusion criteria included single-
ton pregnancy, gestational age deter-
mined by early ultrasound at 7 to 12
weeks of gestation, preterm labor
defined as two or more regular uterine
contractions in ten minutes and cervical
changes defined as cervical dilation ≥
1cm and ≥ 80% effacement, and gesta-
tional age at the diagnosis of PTL
between 22 0/7 and 34 0/7 weeks of ges-
tation. The exclusion criteria were mul-
tiple pregnancy, clinically evident
chorioamnionitis, amniotic fluid com-
patible with intra-amniotic infection
(Table 1), and fetal conditions that may
alter NT-proBNP levels, such as ane-
mia, hydrops, congenital cardiopathy,
red cell isoimmunization, and fetal
arrhythmia.

Procedure
Amniocentesis was performed with
ultrasound guidance. After the proce-
dure, all women received corticosteroids
to induce fetal maturation and tocolysis
according to local guidelines. First-line
tocolytic therapy was nifedipine 20 mg
orally every 20 minutes for 1 hour. Suc-
cessful tocolysis was defined as 0 or 1
contraction in 10 minutes associated
with the absence of cervical changes
1 hour after treatment. If tocolysis was
successful, nifedipine 10 mg every
6 hours orally was maintained for
48 hours. In those cases of failure to
treatment with nifedipine after 1 hour
of initiation, and if intra-amniotic infec-
tion had been ruled out, a second-line
treatment with intravenous fenoterol in
a continuous infusion pump was started
until completing 48 hours of treatment.
In those cases, in which uterine contrac-
tions persisted and the active phase of
labor began, tocolytic treatment was
suspended, continuous fetal surveillance
was maintained, and delivery care, vagi-
nal or cesarean delivery, was prepared
according to the characteristics of the
patient.
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TABLE 1
Criteria for the diagnosis of intra-amniotic infection
Variable Abnormal value

Glucose concentration <0.771 mmol/L

Lactate dehydrogenase concentration >6.68 mKat/L

Leukocyte concentration >50 per mm3

Gram staining Presence of microorganisms

Aerobic and anaerobic cultures Positive culture

Ureaplasma and mycoplasma cultures Positive culture
If the sample had 1 abnormal value, the case was considered compatible with intra-amniotic infection and discarded from the
study.

Ferrer-Marquez. Amniotic amino-terminal pro-brain natriuretic peptide to predict preterm delivery risk. Am J
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TABLE 2
Clinical characteristics of included women
Variables N=102

Age (y) 28.70§5.43

Nulliparous 23 (22.5)

Multiparous 79 (77.5)

Previous preterm delivery 8 (7.8)

BMI (kg/m2) 24.3§3.3

Hispanic 102 (100.0)

Gestational age at amniocentesis (wk) 30.5§2.9

Gestational age at delivery (wk) 33.8§3.8

Deliveries<48 h 33 (32.3)

Deliveries<7 d 49 (48.0)

Deliveries<34 wk 52 (50.9)

Deliveries<37 wk 71 (69.6)

Term deliveries 31 (30.4)

Vaginal delivery 69 (67.6)

Cesarean delivery 33 (32.4)

Medical comorbidities: hypertension and diabetes mellitus 10 (9.8)
Data are presented as mean§standard deviation or number (percentage).

Ferrer-Marquez. Amniotic amino-terminal pro-brain natriuretic peptide to predict preterm delivery risk. Am J
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Sample processing
A 10-mL sample of amniotic fluid was
obtained by amniocentesis. Samples
were stored at room temperature until
assayed and analyzed within two hours
from collected to measure NT-proBNP
measurement. Measurements took place
at the hospital laboratory, an ISO 15189
accredited medical laboratory.
NT-proBNP was estimated by the

automated Elecsys proBNP assay from
Roche Diagnosis, Indianapolis, Indiana.
An electrochemiluminescent immuno-
assay with 2 polyclonal NT-proBNP
−specific antibodies was performed in a
sandwich test format. The assay mea-
suring range reported by the vendor
was 5 to 35,000 pg/mL; the assay varia-
tion within-run was 1.8% to 2.7% and
was 2.2% to 3.2% overall.
The cutoff threshold for low NT-

proBNP values was defined as <0.5
multiple of the median (MoM) accord-
ing to gestational age following the stan-
dard normality curve published.27 The
ability of low NT-proBNP values (<0.5
MoM) to predict sPTB within 48 hours,
7 days, <34 0/7 weeks, and <37 0/7
weeks of testing was assessed. Positive
predictive value (PPV), negative predic-
tive value (NPV), likelihood ratios (LR),
sensitivity, and specificity were calcu-
lated.
Statistical analysis was performed

with median and interquartile range
values for continuous variables and
number and percentage values to
describe demographic and obstetrical
outcomes. The rates of maternal out-
comes were obtained by dividing the
number of maternal outcomes by the
total number of included pregnancies.
The rates of perinatal outcomes were
obtained by dividing the number of
perinatal outcomes by the total number
of newborns.
Sample size calculation
We calculated the sample size according
to the guidelines for calculating the
sample size in diagnostic or prognostic
testing-type studies.28 A 90% sensitivity,
80% specificity and 10% risk of delivery
were postulated, with significance of 5%
and power of 80%. It was estimated that
100 women should be included in the
study.
Ethics
Patient data were deidentified for confi-
dentiality purposes. The local institu-
tional ethics committee approved the
research protocol. All participants were
informed and signed the consent form.

Results
A total of 102 samples of amniotic fluid
of patient in spontaneous preterm labor
(sPTL) were analyzed. Table 2 provides
the details of the clinical characteristics
of the group of patients.
The measurements performed

showed us, for the low concentration
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TABLE 3
Predictive capacity of NT-ProBNP concentration in amniotic fluid of
<0.5 MoM
Delivery Sensitivity Specificity PPV NPV LR (+) LR (�)

<48 h 94.6% 73.8% 67.3% 96.0% 3.61 0.07

<7 d 93.9% 88.7% 88.5% 94.0% 8.31 0.07

<34 wk 80.0% 83.0% 84.6% 78.0% 4.71 0.24

<37 wk 64.1% 91.7% 96.2% 44.0% 7.72 0.39
LR (�), negative likelihood ratio; LR (+), positive likelihood ratio; MoM, multiples of the median; NPV, negative predictive value;
NT-ProBNP, amino-terminal pro-brain natriuretic peptide; PPV, positive predictive value.

Ferrer-Marquez. Amniotic amino-terminal pro-brain natriuretic peptide to predict preterm delivery risk. Am J
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test of NT-proBNP in amniotic fluid,
defined as a concentration of <0.5
MoM, a high sensitivity (94.6% and
93.9%) and NPV (96.0% and 94.0%) for
the risk of delivery within 48 hours or
7 days, respectively. In Table 3, we pres-
ent all the diagnostic performance char-
acteristics of the test.
We detected a high capacity of NT-

proBNP measurement in amniotic fluid
as a diagnostic test to discard PTB risk
within 48 hours or 7 days in patients in
sPTL. As depicted in Table 3, low values
of NT-proBNP have a significant nega-
tive LR of 0.07 for the prediction of
sPTB within 48 hours and 7 days. In
other words, a negative test (>0.5 MoM
NT-proBNP concentration in the amni-
otic fluid) significantly reduces the
delivery risk in the following 48 hours
or 7 days.
In addition, the test has a moderate

ability to predict a high risk of delivery
within 48 hours, 7 days, or before 34 or
37 weeks of gestation, with positive LRs
of 3.61, 8.31, 4.71, and 7.72, respectively
(Table 3).

Discussion
Principal findings
Normal levels of NT-proBNP in amni-
otic fluid in patients in PTL best define
a subgroup with extremely low risk of
delivery within 48 hours and 7 days.
Low NT-proBNP concentration as a
prognostic test has good capacity (sensi-
tivity, specificity, PPV, and NPV) to
predict the risk of delivery before
48 hours, 7 days, or premature delivery
(<34 or <37 weeks of gestation), but its
4 AJOG Global Reports May 2024
main characteristic is the ability to dis-
charge the risk of birth within 48 hours
or 7 days, considering its very low nega-
tive LR. A woman in PTL has a 10.0%
to 30.0% risk of delivering within
48 hours or 7 days, and that risk
decreases to 0.8% to 3.0% if the BNP
concentration in the amniotic fluid is
normal.

This study proposed that NT-
proBNP measurement in amniotic fluid
can be a diagnostic test to predict sPTB
in patients in sPTL. It has been well
defined that a prognostic test is capable
of generating important and often con-
clusive changes between pretest and
posttest probabilities if the positive LR
is >10 or the negative LR is <0.1.29

Thus, the main finding of this research
is the negative LR of 0.07 for the low
NT-proBNP test in amniotic fluid. The
test becomes an appropriate tool to rule
out the risk of premature delivery in
women in sPTL.

The most frequently used tests to pre-
dict preterm delivery risk in symptom-
atic women are cervical length and
fibronectin.30,31 The presence of fetal
fibronectin (>50 ng/mL) or a short cer-
vix (<15 mm) has been studied in
women in PTL to improve the clinical
ability to predict the risk of PTB in
symptomatic women and, thus, enhance
clinical management. However, the
American College of Obstetricians and
Gynecologists warns that although the
results of observational studies have
been promising, the findings have not
been confirmed by randomized trials.32

In their clinical guidelines, they state
that the PPV of a positive fetal fibronec-
tin test result or a short cervix alone is
low and should not be used exclusively
to guide management in women in
PTL.32 This lack of clinical use under-
scores the need for further research.
Recent studies on the usefulness of

these markers in predicting the risk of
PTB in women in PTL have been
encouraging. A prospective cohort
study concluded that, in multiparous
women, the detection of fetal fibronec-
tin in the cervix (regardless of the cutoff
value) has low sensitivity and specificity
for the risk of PTB. For multiparous
women, cervicometry is recommended,
with cutoff values of ≥25 or ≥20 mm,
to select a low-risk population for PTB
in multiparous women with or without
a history of previous PTB.30 The pres-
ence of fetal fibronectin (>20 ng/mL) in
nulliparous women has a sensitivity,
specificity, and NPV of 69.2%, 83.0%,
and 91.1%, respectively. Researchers
suggest that, in nulliparous women, a
negative fetal fibronectin test allows the
identification of those with the lowest
risk of PTB.30

However, the low NT-proBNP test
has better predictive capacity than the
other tests to rule out delivery risk
within 48 hours or 7 days. For example,
a short cervix (<15 mm) in women in
PTL has a negative LR of just 0.4 and
0.4 for delivery within 48 hours or
7 days,20 and that negative cervicovagi-
nal fibronectin has a negative LR of 0.5
and 0.4 for the same outcomes.20 Simi-
larly, the analysis of data from the
recent cross-sectional study allows for
the calculation of a positive LR and neg-
ative LR of 4.07 and 0.37, respectively,
for the fetal fibronectin test of
>20 mg/mL.30 It is clear that the NT-
proBNP test presented here has a much
better ability to identify the group of
women at low risk of delivery within
the next 48 hours or 7 days than fetal
fibronectin or cervical length.

Clinical implications
Clinical guidelines recommend the use
of corticosteroids and tocolytics in
women in PTL.32 However, 70% to 90%
of these women will not deliver within
the next 48 hours or 7 days, making this

http://www.ajog.org
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treatment unnecessary and exposing the
women and fetuses to potentially risky
medications. The main finding of this
research is that those women in PTL in
whom NT-proBNP is demonstrated
within the normal range for gestational
age (negative NT-proBNP test of <0.5
MoM) have a minimal risk of delivery
within 48 hours or 7 days. In these
women, the use of corticosteroids and
tocolytics could be omitted, considering
the very low risk of delivery in the
period for which these medications are
useful.
Research implications
Here, we have demonstrated the diag-
nostic ability of low NT-proBNP to pre-
dict the risk of PTB in women in PTL,
concluding that it has a very good abil-
ity to rule out the risk of birth within
48 hours or 7 days. However, the clini-
cal usefulness of this test must be dem-
onstrated in an experimental clinical
investigation, that is, in a randomized
study in which a group of women in
PTL is managed according to the result
of the measurement of NT-proBNP or
in the absence of this result, to demon-
strate the implementation of the test
results in a better clinical outcome than
its nonuse. It is considered that a ran-
domized clinical investigation is essen-
tial for the inclusion of a new diagnostic
or prognostic test in routine clinical
practice, recognizing that, sometimes,
such tests may not be the best study
option and that, occasionally, cohort
studies can provide the best
approximation.33

In addition, NT-proBNP testing
should be compared against cervical
length and fetal fibronectin, alone or in
combination. It is possible that the com-
bination of these diagnostic tests is bet-
ter than each one separately, as has
already been demonstrated with cervical
length and fetal fibronectin.34,35 Each
test points to different causes of prema-
ture birth: cervical length looks for dys-
functional cervix, elevated fetal
fibronectin suggests activation of fetal
membranes, and low NT-proBNP level
predicts increased myometrial contrac-
tility; thus, using several tests together
can be more effective than each one
alone.

Strengths and limitations
The main strength of our research was
being a blind, nonexperimental clinical
trial, in which all subjects were sub-
jected to the diagnostic test, in a real
clinical scenario. In this way, given the
accurate calculation and completeness
of the sample size, the diagnostic capac-
ity results detected are clinically reliable.

Another very important aspect is that
the measurement of the NT-proBNP
concentration in a biological liquid
should be available in all emergency lab-
oratories. The NT-proBNP concentra-
tion is frequently measured in the
plasma of people who present to the
emergency room with chest pain to rule
out the risk of heart failure.36 We report
normal levels of NT-proBNP in amni-
otic fluid by measuring its concentra-
tion in the same way as would have
been done to measure it in plasma. In
this way, any obstetrics service can eas-
ily implement the test in the same
way.27

The main limitation of our study was
that the measurement of NT-proBNP
required a collection of amniotic fluid
obtained by amniocentesis. This inva-
sive procedure is not routinely used in
all services in managing PTB. However,
clinical recommendations routinely rec-
ommend amniocentesis in women with
cervical dilation or a short cervix (<15
mm), as is the case of the women
included in this investigation.32

Another limitation of our study was
that it was conducted at a single-hospi-
tal center, and the included population
was Hispanic. The NT-proBNP concen-
tration may differ in other populations.
For this reason, the normal curves of
NT-proBNP and its alterations to pre-
dict the risk of PTB should be validated
in other populations and ethnicities.

Conclusions
The measurement of NT-proBNP
seems to be useful in clinical practice as
a diagnostic test in emergency depart-
ments to estimate the risk of delivery in
patients with spontaneous threatened
PTL. Selecting women in PTL with a
low risk of delivery within the next
48 hours or 7 days will avoid unneces-
sary interventions, such as corticoste-
roids or tocolytics. &
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