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Abstract

Introduction: Prelabor rupture of membranes (PROM) is a
frequent clinical situation, and the decision about the best
time for delivery remains controversial, mainly due to the
risk of neonatal respiratory morbidity (NRM). Assessment of
fetal lung maturity using ultrasound, a safe method and
widely used in current obstetrical practice, could change this
scenario. This study was designed to evaluate the ability of
quantitative ultrasound method QuantusFLM® to predict
NRM in patients with PROM and whether maternal BMI, ges-
tational age, occurrence of the disease, and presence of oli-
gohydramnios influenced the performance. Methods: Pa-
tients with singleton gestations, diagnosis of PROM, and
gestational age between 24 and 38 weeks and 6 days were

included. Fetal lung image was acquired by ultrasound with-
in 48 h prior to delivery and analyzed by QuantusFLM®. The
results were then paired with neonatal outcomes to assess
the program’s ability to predict the NRM in this specific
group. A logistic regression model was created to analyze
factors that could affect the test results. Results: Fifty-four
patients were included. Mean maternal BMI was 28.99 kg/
m?, and in 25 patients (46.2%), oligohydramnios was ob-
served at the time of examination. Mean gestational age at
delivery was 35 weeks and 4 days, and the NRM prevalence
was of 18.5%. QuantusFLM® predicted NRM with a 60% sen-
sitivity, 79.5% specificity, 40% positive predictive value,
89.7% negative predictive value, and 75.6% accuracy. Mater-
nal BMI, disease occurrence, presence of oligohydramnios,
and gestational age did not interfere with the evaluation.
Conclusion: This study demonstrates a good accuracy of
QuantusFLM® as a NRM predictor in patients with PROM,
with particular reliability in identifying that pulmonary ma-
turity has already occurred. ©2020S. Karger AG, Basel
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Introduction

Prelabor rupture of membranes (PROM) affects 8% of
full-term pregnancies and 2% of pregnancies <37 weeks,
being associated with 40% of preterm births [1]. In the
absence of maternal or fetal indications for immediate
delivery, management is currently based on gestational
age. Delivery is recommended after 34 weeks of pregnan-
cy, while expectant management should be considered
before that gestational age [1, 2].

However, this ideal gestational age for delivery re-
mains controversial due to the risk of respiratory compli-
cations, which remains high for newborns classified as
late preterm (between 34 and 36 weeks and 6 days) or as
early term (between 37 and 38 weeks and 6 days). In this
context, a test to assess the risk of neonatal respiratory
morbidity (NRM) may be a helpful tool to decide the best
time of delivery.

The most widely used methods for assessing fetal lung
maturity in current clinical practice relies on an amnio-
centesis and fluid analysis, with risks of placental abrup-
tion, maternal and/or fetal hemorrhage, infection, and
anticipation of delivery [3]. Recently, a quantitative ultra-
sonographic method for evaluating the risk of NRM was
developed (QuantusFLM®), with similar accuracy to that
found in biochemical tests performed on the amniotic
fluid [4, 5].

This test was previously validated in a multicenter
study [5], but there was no specific analysis of patients
with PROM. Oligohydramnios is often present in this
context, acting as a limiting factor for the accomplish-
ment of an obstetric ultrasonographic study [6] and could
interfere with the results of the test. Therefore, this study
was designed to evaluate the performance of Quantus-
FLM® in predicting NRM in a series of patients with
PROM.

Materials and Methods

This was a prospective observational study in 2 maternities in
Rio de Janeiro, Brazil (Clinica Perinatal de Laranjeiras and Hospi-
tal Universitario Anténio Pedro), performed from June 2016 until
December 2018. Patients with singleton pregnancies, without pre-
vious diagnosis of congenital and/or genetic anomalies and with
diagnosis of PROM between 24 and 38 weeks and 6 days were in-
vited to participate in the study. Only patients whose delivery oc-
curred up to 48 h after ultrasound evaluation were included, to
ensure that QuantusFLM® result was related to the neonatal result.
All patients have given their written informed consent, and the
study protocol was approved by both institutes’ committees on hu-
man research. Exclusion criteria applied were administration of
corticosteroids for fetal lung maturation after ultrasound evalua-
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tion, sonographic evaluation of fetal lung with poor quality for
evaluation by QuantusFLM® program, decline to participate or to
sign the consent form, and neonatal sepsis, as this diagnosis could
increase the incidence of NRM regardless of the stage of lung ma-
turity.

Ultrasound examination was performed in all eligible patients
by the principal investigator of the study (FBF) using General Elec-
tric Healthcare machines (Pollards Wood, UK) previously vali-
dated by QuantusFLM®, using an abdominal probe with 2-6 MHz
of frequency. An axial image of fetal thorax was obtained as recom-
mended by the manufacturers, at the level of 4 chamber heart view
and without any postprocessing manipulation. The thorax occu-
pied two-thirds of the screen, and there were no significant shad-
ows in fetal lungs deriving from ribs or spine. The image was saved
as DICOM file and sent to the commercial Web site of Quantus-
FLM® (www.quantusflm.com) [4, 7].

After submission, the result was available in the online plat-
form up to 120 min, being expressed as “high risk” or “low risk” of
NRM. The PI, the assistant obstetrician, and the neonatologists
were blinded for this analysis, to avoid interference of the result in
obstetric management. The decision of the moment for delivery
was made by the assistant obstetrician, using current protocols for
PROM [1, 2]. Neonatal care was also performed by the assistant
pediatric team, without any influence of the investigators. During
ultrasound examination for acquisition of lung images, amniotic
fluid was evaluated measuring the deepest vertical pocket, consid-
ering oligohydramnios when the deepest vertical pocket was below
2 cm and polyhydramnios when above 8 cm [8].

Data about delivery and neonatal outcomes were retrieved re-
viewing medical charts, and a descriptive statistical analysis was
performed. The main outcome was occurrence of NRM, which
includes transient tachypnea of the newborn (TTN) and respira-
tory distress syndrome (RDS). Secondary outcomes were the
5-min Apgar score, neonatal resuscitation in the delivery room,
admission to neonatal intensive care unit, length of stay in neona-
tal intensive care unit, and neonatal death.

TTN was defined as (1) respiratory distress (tachypnea, nasal
flaring, chest retraction, or need for oxygen to prevent hypoxemia
of <40%), with a benign and self-limiting course, beginning in the
first 30 min of life, persisting for at least 6 h, and resolution in up
to 96 h; (2) chest X-ray evidencing fluid retention; and (3) absence
of any concurrent diagnosis to explain respiratory distress [9]. The
definition of RDS was (1) evidence of respiratory distress (tachy-
pnea, chest retractions, or nasal flaring) immediately after delivery
and requiring respiratory support (oxygen or ventilation with pos-
itive pressure) for at least 24 h, (2) administration of exogenous
pulmonary surfactant, and/or (3) a chest X-ray with hyaline mem-
brane disease [3].

Performance of QuantusFLM® to predict NRM in patients
with PROM was calculated in a 2 x 2 contingency table, using data
about risk analysis and neonatal outcome, and one proportion test
was used to compare the accuracy of the current study with previ-
ously published validation study [5]. The Kappa (k) coefficient was
also calculated to express the reliability of the test.

To evaluate if oligohydramnios, maternal BMI, route of deliv-
ery, and the own occurrence of the NRM would influence the test
results, a logistic regression model was created considering if the
reported risk was compatible with the neonatal outcome. First, the
variables were tested separately and then included in the model
one by one.
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Results

The study included 54 patients with PROM, and there
were no losses according to the exclusion criteria. Five
patients with PROM and expectant management were
eligible for the study but were not included because of
rapid evolution to labor, precluding the acquisition of ul-
trasonographic fetal lung image.

Demographic and pregnancy-related characteristics
are described in Table 1. Mean gestational age of the
PROM diagnosis was 34 weeks and 4 days, and in 25 pa-
tients (46.3%), oligohydramnios was observed at the time
of the examination.

Results of delivery and neonatal outcomes are shown
in Table 2. Mean gestational age at delivery was 35 weeks
and 5 days and mean interval between the diagnosis of
PROM and childbirth was 5.3 days. Eleven patients had
delivery before 34 weeks and in 43 patients delivery oc-
curred with 34 weeks or more. Only 6 patients (11.1%)
underwent vaginal delivery, while 3 patients (5.6%) had
intrapartum cesarean section and 45 patients (83.3%)
were submitted to cesarean section without labor.

Ten newborns developed respiratory morbidity
(18.5%), 9 of whom had newborn RDS (16.7%) and one
had a TTN (1.8%). The rate of NRM in late preterm in-
fants was 13.1% (3/23), while there was no respiratory
morbidity in early-term infants (0/20). There were no
neonatal deaths.

Table 3 describes the performance of QuantusFLM®
in this study: considering all included patients, sensitivity
was 60%, specificity was 79.5%, and positive likelihood
ratio was 2.93, with a negative likelihood ratio of 0.50.
Positive predictive value was of 40%, while negative pre-
dictive value was of 89.7% and the test accuracy was
75.9%. Kappa coefficient was 0.33, suggesting a fair agree-
ment between the test result and the absence or presence
of the disease.

Logistic regression assessed the relationship between
test accuracy and the presence of disease (NRM), mater-
nal BMI, presence of oligohydramnios, and gestational
age at ultrasound evaluation, as shown in Table 4. The
results suggest that none of the variables influenced the
accuracy of the test.

Using one proportion test, we compared the accuracy
of our study (75.9%) with previously published results
(86%) [5]. With a null hypothesis of 0.86, there was no
statistical difference between the 2 studies (Z statistic
0.0796, 95% CI 0.00017-8.0347%; p = 0.93). Delivery
route was not analyzed as an independent variable for the
outcome considering the high cesarean rates in this study.
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Table 1. Maternal demographics and pregnancy-related character-
istics

Total (n = 54)

32.52 (25-45)

33 (61.1%)

20 (37%)
28.99 (22.1-37.5)

Maternal age, years

Nulliparity

Comorbidities

Maternal BMI, kg/m?

Gestational age at the time of diagnosis of
PROM, weeks (min.-max.)

Corticosteroid therapy

Corticosteroid-to-delivery interval, days

Oligohydramnios

34.5 (22.7-38.7)
21 (38.8%)
9.7 (0-39)

25 (46.3%)

Data expressed as mean (variation) or n (%), when appropriate.
PROM, prelabor rupture of membranes.

Table 2. Delivery and neonatal outcomes

Total (n = 54)

Gestational age at birth, weeks 35.5 (25.1-38.7)

Interval between PROM and birth, days 5.3 (0-76)
Type of birth
Vaginal delivery 6(11.1%)
Cesarean section without labor 45 (83.3%)
Cesarean section in labor 3 (5.6%)

Female newborn
Birth weight, g

28 (51.8%)
2,376 (795-3,435)

Apgar <7 in the 5th min 1(1.8%)
Resuscitation in delivery room 5(9.2%)
Admission to NICU 20 (37.0%)
Length of stay in NICU, days 30.88 (4-133)
NRM 10 (18.5%)
Respiratory distress syndrome 9 (16.6%)
TTN 1(1.8%)
Neonatal death 0

Data expressed as mean (variation) or n (%), when appropriate.
NICU, neonatal intensive care unit; PROM, prelabor rupture of
membranes; NRM, neonatal respiratory morbidity; TTN, tran-
sient tachypnea of the newborn.

Discussion/Conclusion

The present study demonstrated that evaluation of the
risk of NRM through quantitative analysis of fetal lung
texture by QuantusFLM® had good accuracy (75.9%) in
patients with PROM whose delivery occurred between 24
and 38 weeks and 6 days. Negative predictive value of the
test can be considered the most relevant feature (89.7%),
indicating that the test is especially reliable in affirming
that pulmonary maturity has already occurred.
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Table 3. Performance of QuantusFLM® in prediction of NRM in patients with PROM

Total number Delivery with Delivery with
of patients <34 weeks >34 weeks
(n=>54) (n=11) (n=43)
Sensitivity 60.0% (6/10) 71.4% (5/7) 33.3% (1/3)
Specificity 79.5% (35/44) 75.0% (3/4) 80.0% (32/40)
Positive likelihood ratio 2.93 2.85 1.66
Negative likelihood ratio 0.50 0.38 0.83

Positive predictive value
Negative predictive value
Accuracy

40.0% (6/15)
89.7% (35/39)
75.9% (41/54)

83.3% (5/6)
60.0% (3/5)
72% (8/11)

11.1% (1/9)
94.1% (32/34)
76.7% (33/43)

PROM, prelabor rupture of membranes; NRM, neonatal respiratory morbidity.

Table 4. Logistic regression evaluating the relationship between
test accuracy and selected variables

Variables OR (95% CI)

Oligohydramnios 0.89 (0.29-2.65)
Gestational age at ultrasound evaluation 1.23 (0.99-1.52)
Maternal BMI 0.97 (0.84-1.12)
NRM 0.35 (0.08-1.58)

NRM, neonatal respiratory morbidity.

The results are similar to those reported by other tests
for evaluation of fetal lung maturity [4, 5]. However, the
most accurate tests are performed on amniotic fluid ob-
tained through amniocentesis — an invasive procedure
with risks to maternal-fetal binomial. For this reason,
they have low acceptance by patients and are often unde-
rutilized [5]. One advantage of QuantusFLM® is to use
ultrasonography, a noninvasive, safe, and widely per-
formed exam in today’s obstetrical practice [10]. In addi-
tion, quantitative analysis of the fetal lung texture allows
a computerized evaluation of the image, removing sub-
jective feature of the method [4].

Another positive aspect of the test is the knowledge of
fetal lung maturity through the remote analysis of an ul-
trasound image (via online platform of the program).
This favors the applicability of QuantusFLM® in most
centers, since ultrasound is widely available and easily
performed, contrasting to tests performed on the amni-
otic fluid which require shipping of the biologic material
to a specialized laboratory for analysis [11]. In this con-
text, it can even be used in regions with low medical re-
sources when maternal transfer to more qualified centers
is considered [12].

Assessment of Fetal Lung Maturity Using
Quantitative Ultrasound in PROM

QuantusFLM® was previously evaluated in a large,
prospective multicenter study published by Palacio et al.
[5]. These authors analyzed 730 patients between 25 and
38 weeks and 6 days, with a prevalence of NRM of 13.8%.
QuantusFLM® was able to predict this event with 74.3%
sensitivity, 88.6% specificity, and a positive predictive val-
ue of 51% and negative predictive value of 95.5%. The
reported accuracy was 86.5% for prediction of NRM
through this method, with no statistical difference to the
accuracy found in this study [5].

Although the publication of Palacio et al. included pa-
tients diagnosed with PROM, the authors did not evalu-
ate the performance of QuantusFLM® in this subgroup
separately. Due to controversy about the best time for de-
livery [2], as well as possibility of technical difficulty to
perform ultrasonographic examination in these patients
[6], we consider the evaluation of performance of Quan-
tusFLM® in this specific subgroup of patients to be par-
ticularly relevant. According to literature review, this is
the first study to evaluate the performance of Quantus-
FLM® exclusively in patients with PROM, evaluating
whether amniotic fluid volume and maternal BMI could
interfere with the performance of the test.

The incidence of NRM found in the present study was
of 18.5%, similar to that found in other publications [5].
When the group of late preterm infants was analyzed, the
observed rate of NRM was 13.1%. It should be empha-
sized that current guidelines recommend prompt deliv-
ery after 34 weeks in patients with PROM, without ad-
ministration of corticosteroids or evaluation of fetal lung
maturity [1, 2].

Considering the high rates of NRM described above,
the use of QuantusFLM® analysis could individualize the
administration of corticosteroid in patients diagnosed
with PROM and gestational age between 34 and 36 weeks
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and 6 days. This could contribute to reduce neonatal
morbidity, as already verified with use of corticosteroid
therapy at this gestational age in patients with PROM as
well as intact membranes [13].

The recommendation of immediate delivery - pro-
posed in current guidelines [1, 2] - is based on the fact
that disability-free survival after late preterm birth is high
[14]. However, there is a growing concern about the risks
of adverse outcomes of this group, with reports of in-
creased risk of neonatal morbidity [15], hospital admis-
sion in early childhood [16], and academic limitations in
school-age children compared to term newborns [17].

The present study also had as objective the evaluation
of some factors that could interfere in the accuracy of the
test. Oligohydramnios complicates 37-45% of cases of
preterm PROM [18] and may be a limiting factor for per-
forming obstetric ultrasound in these patients since it
worsens the accuracy of the examination [6]. However,
the current study did not demonstrate a statistical differ-
ence in the ability to predict the risk of NRM by Quantus-
FLM® in patients with oligohydramnios compared to pa-
tients who presented with normohydramnios or polyhy-
dramnios at the time of examination.

Regarding maternal BMI, it is known that adipose tis-
sue promotes attenuation of sound beams, with conse-
quent decrease in the quality of the ultrasound image
[19]. Similarly to the volume of amniotic fluid, however,
maternal BMI also did not influence the accuracy of the
test.

Despite being one of the objectives of the study, it was
not possible to analyze the influence of route of delivery
considering the high cesarean rate that occurred in this
study. This is probably due in part to the design of the
study, in which sonographic analysis of the fetal lung
should occur within 48 h of delivery, favoring the recruit-
ment of patients scheduled for cesarean section, as well as
the high cesarean rates in Brazil, especially in private hos-
pitals [20].

All ultrasonographic examinations in this study were
performed by the same professional, post-graduated in
fetal medicine, which probably justified the absence of
loss of patients due to poor image quality compared to
15.6% of loss for this reason in the study published by Pa-
lacio et al. [5]. However, the acquisition of the fetal image
for lung maturity analysis is technically simple and can be
easily learned by a qualified professional, which favors the
reproduction of these results.

This study has some limitations that need to be recog-
nized. First, the number of included patients (54) was
lower than other previous studies that evaluated the ac-
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curacy of QuantusFLM®[4, 5], especially when a subanal-
ysis regarding gestational age at delivery was performed.
Also, the analysis of factors that could influence the test
accuracy should be interpreted with caution, as there
were a small number of primary outcomes. Nonetheless,
included patients belong to a specific subgroup diagnosed
with PROM, a frequent and relevant complication in cur-
rent obstetric practice [2]. In addition, the study was per-
formed in only 2 centers and ultrasonographic images
were obtained by a single professional, which may limit
the generalization of the findings.

In conclusion, quantitative ultrasound method Quan-
tusFLM® presented a good accuracy in prediction of
NRM in patients with singleton gestations and PROM be-
tween 24 and 38 weeks and 6 days. The test shows par-
ticular reliability in identifying that pulmonary maturity
has already occurred and may support the decision of de-
livery when the analysis reports a low risk of NRM, de-
spite its small overall positive predictive value. This study
also suggests that maternal BMI, presence of oligohy-
dramnios, gestational age, and occurrence of the disease
did not influence the predictive capacity of NRM by
QuantusFLM®, although these results should be con-
firmed in larger studies.
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