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Predictive Value of Pulmonary Artery Doppler Ultrasonography
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ABSTRACT Objective: This study aimed to investigate the predictive value of pulmonary pressure parameters detected by Doppler ultra-
sonography for respiratory distress syndrome (RDS). Material and Methods: This study was conducted between January 2017 and Decem-
ber 2018. Twenty five newborns who were born before 37th gestational week without anomalies and had no pregnancy complications were
included in the study. All pregnants were examined with Doppler ultrasonography in the last 3 days before birth. Pulmonary artery accelera-
tion time (AT) and pulmonary artery ejection time (ET) were evaluated. Newborns were evaluated for RDS and divided into two groups as
positive and negative. SPSS 25.0 program was used for statistical analysis. p<0.05 values were considered statistically significant. Results:
Six newborns were diagnosed with RDS and 19 were not. The difference between the mean age of the mothers of the RDS (+) and RDS (-)
groups was significant (p<0.05). However, there was no significant relationship between the groups in terms of height, weight, body mass index,
gravida, and parity (p>0.05). For AT, ET, and AT/ET, statistical differences were observed between the groups (p=0.003, p=0.012, p=0.001).
Conclusion: It showed an inverse correlation between fetal AT/ET and premature neonatal RDS. Fetal AT/ET ratio measurement may be a
useful and reliable non-invasive method for predicting RDS.
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Preterm birth is one of the most important fac- medical or obstetric problems that put the fetus and
tors that cause perinatal morbidity and mortality, mother at risk, such as maternal hypertension, dia-
which is still up to date in obstetrics despite techno- betes, placenta previa, and intrauterine growth retar-
logical advances. Preterm birth is defined as a birth dation. Prevention of preterm birth is based on the
before 37 gestational weeks that is irrelevant to the prevention and treatment of the underlying disease.’
baby’s birth weight.! Nowadays, the incidence of One of the significant issues encountered in pre-
preterm birth varies between 10 and 12%.>* Thereis ~ mature infants is respiratory distress syndrome
also a familial predisposition. Furthermore, women (RDS), which results mainly from insufficient sur-
with a history of premature birth have an elevated risk ~ factant in the lungs. This deficiency results in an in-
of premature birth.* Almost 75% of preterm births  adequate airflow in the lungs, thereby hindering the
occur spontaneously after preterm labor and preterm  transition from intrauterine to neonatal life. Surfac-
membrane rupture; the remaining 25% are caused by tant is a combination of phospholipids that reduces
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alveolar surface tension and maintains alveolar sta-
bility. The synthesis of surfactant starts in the fetus
at around 26 weeks of pregnancy. The occurrence of
RDS is more frequent in infants with lower birth
weight and gestational age, with the highest inci-
dence in babies born before 28 weeks. Race, gender,
maternal diseases, and antenatal glucocorticoid treat-
ment affect incidence.® Diagnosis requires tachyp-
nea, retraction, cyanosis in the room air, and a
characteristic chest radiograph. Clinical progression
varies depending on the baby size, disease severity,
surfactant treatment, the presence of infection, the
degree of shunt formed by patent ductus arteriosus,
and the initiation of ventilator therapy.”® RDS is
characterized by pulmonary edema caused by respi-
ratory distress, impaired blood gas exchange, re-
duced static compliance, and impaired integrity of
the alveolocapillary membrane due to surfactant de-
ficiency.”!!

It is crucial to accurately determine fetal lung
maturity during the prenatal period to prevent RDS.
Several prenatal methods are used to evaluate fetal
lung maturity. However, some of these methods are
not sufficient for diagnosis, and some are inva-
sive.'>!3 Therefore, the present study aimed to exam-
ine the predictive value of pulmonary pressure
parameters detected by Doppler ultrasonography for
RDS.

MATERIAL AND METHODS

The present study was carried out at Kartal City Hos-
pital between January 2017 and December 2018. This
is a case series comprised twenty-five newborns who
were born before the 37" gestational week, had no
congenital anomalies, and had no pregnancy compli-
cations. The study participants were classified into
two groups: RDS (+) and RDS (-). This study was
granted approval from the ethics committee of Kartal
City Hospital (date: September 27, 2023, no:
2023/514/258/4) and the Declaration of Helsinki was
followed.

All pregnants were examined with Doppler US
in the last 3 days before birth. Verbal informed con-
sent was taken from the patients prior to examina-
tions. Ultrasonographic evaluation was performed by
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a gynecologist using VOLUSON ES8 ultrasono-
graphic (General Electric Healthcare, Little Chalfont,
UK) device considering fetal movements and respi-
ratory periods. To evaluate blood flow in the fetal
pulmonary artery, measurements of several parame-
ters were taken through three consecutive examina-
tions, including the pulsatility index, systolic and
diastolic ratio, peak systolic velocity, acceleration
time (AT), ejection time (ET), and AT to ET of the
main pulmonary artery. Care was taken to ensure pre-
cise measurements by magnifying the image and
keeping the angle of insonation less than 20 degrees.

To diagnose RDS, in the absence of other causes
of dyspnoea, fine granule densities, decreasing lung
volume (inspired oxygen>0.4 fractional concentra-
tion) with increased oxygen demand were used. In
addition, patient characteristics such as APGAR
scores, and neonatal intensive care unit requirement
were recorded.

STATISTICAL ANALYSIS

The SPSS 25.0 program (IBM, USA) was utilized to
perform statistical analysis. Mean+tstandard deviation,
median, range, and percentage (%) were used to pre-
sent numerical and categorical data. The normality of
variable distribution was assessed using the Shapiro-
Wilk test. Comparisons between groups were made
by using independent tests and the Mann-Whitney
test. The Rho correlation coefficient of Spearman was
used to determine any correlation between AT/ET
value and RDS development. The defined variables
were calculated to obtain the area under the curve
(AUC) and the 95% confidence interval. Statistical
significance was established as p<0.05.

RESULTS

The study examined the medical records of six new-
borns with RDS, and 19 newborns who were not di-
agnosed with RDS. The mothers of RDS-positive
newborns had a mean age of 28.35 years, while the
mothers of RDS-negative newborns had a mean age
of 33.68 years (p<0.05). No significant difference was
found in height and weight between groups (Table 1).
The groups did not differ significantly regarding par-
ity and gravidity (p=0.634, p=0.525, respectively) or
intensive care needs (p=0.449) (Table 2).
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TABLE 1: Baseline characteristics of the study groups.

RDS (+) (n=6)
XSD Minimum-Maximum

Age (year) 28.35+7.22 22-39

Height (cm) 163.22+8.27 153-178
Weight (kg) 71.47+6.41 61-78

Body mass index 26.75+3.54 22.1-28.3
Gravidity 2.15+1.63 1-5

Parity 0.82+0.91 0-2

RDS (-) (n=19)

X+SD Minimum-Maximum t-test p value
33.68+3.71 23-41 1.038 0.004
159.2246.39 151-171 3.647 0.228
75.98+8.39 57-97 4120 0.497
29.44+4 17 21.5-414 1.087 0.551
2.37+1.58 1-7 -1.641 0.738
0.91£1.01 0-3 -0.937 0.772

RDS: Respiratory distress syndrome; SD: Sandard deviation.

AT was 77.81£11.88 sec in the RDS (+) group
and 69.04+19.83 sec in the RDS (-) group. ET was
244.17+£122.53 sec in the RDS (+) group and
258.414+42.28 sec in the RDS (-) group. AT/ET was
found to be 0.36+£0.17 in the RDS (+) group and
0.28+0.11 in the RDS (-) group (p=0.003, p=0.012,
and p=0.001, respectively) (Table 3).

There was a significant difference between the
1*tand 5" minute APGAR scores of RDS (+) and RDS

(-) groups (p=0.001, p=0.004, respectively) (Table 4).

A negative correlation was found between the
mean AT/ET value and RDS diagnosis (r=-0.666,
p=0.001) (Figure 1). The study found that the opti-
mal cut-off value for predicting RDS in newborns
was 0.824 (AUC) and a cut-off (AT/ET) of 0.478.
Sensitivity, specificity, and negative and positive pre-
dictive values were calculated as 94%, 72.2%, 95.9%,
and 64.8%, respectively.

TABLE 2: Gravidity and parity values of patient groups.
RDS (+) (n=6) RDS (-) (n=19)
n % n % t-test p value

Parity 0 3 12.00 9 36.00 -1.274 0.634

1 2 8.00 6 24.00

2 1 4.00 1 4.00

3 0 0.00 3 12.00
Gravidity 1 3 12.00 4 16.00 -1.058 0.525

2 1 4.00 8 32.00

3 1 4.00 3 12.00

4 1 4.00 2 8.00

5 0 0.00 1 4.00

6 0 0.00 1 4.00

7 0 0.00 0 0.00

RDS: Respiratory distress syndrome.
TABLE 3: Pulmonary artery AT, pulmonary artery ET and AT/ET values of the study groups.
RDS (+) (n=6) RDS (-) (n=19)
X£SD Minimum-Maximum X£SD Minimum-Maximum p=value

AT 77.81+11.88 66-92 69.04+19.83 39-105 0.003
ET 24417412253 151-222 258.41+42.28 179-325 0.012
AT/ET 0.36+0.17 0.173-0.514 0.28+0.11 0.112-0.471 0.001

AT: Acceleration time; ET: Ejection time; RDS: Respiratory distress syndrome; SD: Standard deviation.
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TABLE 4: APGAR scores and intensive care needs of groups.

RDS (+) (n=6)

APGAR score of 1-minute
7<
72
7<

Intensive care unit requirement +

APGAR score of 5-minute

o o &~ NN N B~ S

%
16.00
8.00
8.00
16.00
24.00
0.00

RDS () (n=19)

n %

9 36.00
40.00
2 8.00
68.00
2 8.00
68.00

12 test
33.21

p=value
0.001
28.69 0.004

7.89 0.449

RDS: Respiratory distress syndrome.
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FIGURE 1: ROC curve for mean pulmonary artery acceleration time/pulmonary
artery ejection time value and respiratory distress syndrome.

DISCUSSION

Although there were significant improvements in
the prognosis of low birth weight infants with the
development of newborn care facilities, preterm de-
livery rates could not be decreased.'* A major cause
of mortality and morbidity among newborns is
RDS.

A recent study reported that the most powerful
risk factor associated with preterm labor was mater-
nal age. According to the same study, preterm labor
has a moderate correlation with low weight gain dur-
ing pregnancy and poor correlation with low socioe-
conomic status.'’ A study by Alvestad et al.reported
that maternal folate deficiency increased the risk of
preterm labor and birth in the third trimester.'® RDS
is closely associated with the gestational age of the
newborn, with a higher incidence in premature births
before the 28" week of gestation. The risk of RDS in-
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creases by 93% in such cases. The findings of the
study showed that the average maternal age of new-
borns with RDS was 28.35+7.22 years, whereas the
average maternal age of newborns without RDS was
33.6843.71 years, which is consistent with existing
literature. Studies have reported that only maternal
age (<20 years) is important among sociodemo-
graphic factors in the etiology of spontaneous preterm
delivery.!”!8 Perez et al. reported a significant in-
crease in preterm labor rates in pregnancies under 20
years of age."”

Prior research found that the fetal lung matu-
rity increases with an increase in the AT/ET ratio.”
Similarly, Azpurua et al. indicated that despite an
increased AT/ET ratio, the amniotic fluid lecithin/
sphingomyelin ratio showed an inverse relationship
with fetal lung maturation.'® Kim et al. showed that
as the AT/ET ratio increased, the fetal lung matu-
rity decreased.?! The result of the present study
showed an inverse correlation between fetal AT/ET
values and RDS. Eraslan Sahin et al. demonstrated
that the risk of transient tachypnea of the newborn
(TTN) increases in uncomplicated term small-for-
gestational-age (SGA) fetuses (A).” In this study, a
cut-off value of 0.298 was found to provide optimal
specificity of 93.0% and sensitivity of 81.0% for the
subsequent diagnosis of TTN in term SGA new-
borns in the neonatal period. The results of the study
showed 72.2% specificity, 94.5% sensitivity, 95.9%
negative predictive value, and 64.8% positive pre-
dictive value for neonatal RDS. Additionally, the
current study indicates that fetal AT/ET measure-
ments are a highly effective diagnostic test in pre-
dicting RDS. In practical terms, this test can predict



Ugur Kemal OZTURK et al.

JCOG. 2024;34(3):77-82

RDS with high specificity and sensitivity compared
to our study data when the cut-off value is 0.478.
This test can be a good alternative in predicting
RDS with its easy applicability and high diagnostic
accuracy in all neonatal units where ultrasonogra-
phy is available.

CONCLUSION

The study concluded that measuring the fetal AT/ET
ratio with Doppler US is a reliable and non-invasive
method for predicting neonatal RDS.
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