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Abstract 
Background: The evaluation of ultrasonic parameters of the lungs, especially the pulmonary arteries for gestational 
age, is still the first assessment of fetal lung maturity. We aimed to assess the relationship between pulmonary artery 
Doppler and non-Doppler sonographic parameters in the lung maturation of a fetus according to gestational age. 

Methods: This cross-sectional study was performed on pregnant women at different gestational ages that were indicated 
for Doppler ultrasonography as an indication for assessing fetal lung maturity. The correlation between non-Doppler 
sonographic indices and fetal pulmonary artery Doppler indices was evaluated. 

Results: Epiphyseal ossification centers, BPD, pulmonary echogenicity and free particles immersed in amniotic fluid 
were significantly higher in the group with a gestational age of 34 to 40 weeks than the group with a gestational age of 
25 to 32 weeks. There was a significant difference in the mean of peak systolic velocity (PSV), ejection time (ET), accel-
eration time (AT) as well as acceleration time/ejection time (AT/ET) ratio between the two groups with a gestational age 
of 34 to 40 weeks and the group with a gestational age of 25 to 32 weeks. PSV, AT, ET, and AT/ET ration could predict 
fetal lung maturity with high sensitivity and specificity. 

Conclusion: With increasing gestational age, an increase in PSV, increase in AT, decrease in ET, and increase in AT/
ET indices are expected. In this regard, PSA, AT, ET, and AT/ET values are able to predict neonatal lung maturity with 
acceptable sensitivity and specificity. 
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Introduction
Ultrasonic Doppler is at the forefront of all measures used to assess 
fetal lung maturity (FLM). In fact, Doppler effects make it possible 
to evaluate various parameters of fetal hemodynamic status [1]. 
In fact, based on the available evidence, the effects of ultrasonic 
Doppler have been a reliable way to predict FLM in the fetus [2]. 
The importance of Doppler is that it has always been considered a 
non-invasive method in assessing and estimating pulmonary artery 
pressure in infants as well as adults [3]. Doppler evaluation of the 
main pulmonary artery has been widely used in vascular system 
impedance analysis, and accordingly, pulmonary vascular Doppler 
evaluation seems to have a strong relationship with gestational 
age and FLM [4]. Fetal pulmonary artery Doppler volumetric may 

have major benefits in predicting FLM, which in fact is highly 
dependent on the sonographic echogenicity of fetal lung changes 
[5]. In fact, fetal pulmonary artery Doppler volumetric has also 
made it possible to assess the risk of fetal lung hypoplasia and the 
occurrence of RDS [6]. Recently, it has been shown that the pre-
dictability of fetal pulmonary artery indices has been much higher 
than biomechanical tests [7]. Accordingly, several formulas have 
been proposed to evaluate and estimate pulmonary artery pressure 
by determining the Doppler wave acceleration time (DWAT). In 
one of these formulas, a strong significant relationship was estab-
lished between DWAT and pulmonary artery pressure [8,9]. In this 
regard, both in infants and even adults, shortening of the acceler-
ation time/ejection time (AT/ET) ratio of pulmonary arteries has 
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been suggested as a factor related to heart rate as well as increased 
pulmonary artery pressure [10-13].

Therefore, what many experts have agreed upon today is the value 
of Doppler of the main pulmonary artery of the fetus in predicting 
the onset and severity of RDS in late fetal and early infant lacta-
tion. In particular, the evaluation of this index in the two ranges 
of gestational age, late preterm (birth in weeks 34 to 36) and early 
term (birth in weeks between 37 to 38) has been very valuable 
[14,15]. Before the 34th week, the risk of fetal lung immaturity is 
very high and FLM evaluation is not very beneficial. Fetuses born 
after 39 weeks, on the other hand, have a very low risk of develop-
ing RDS [16,17]. It is possible to develop RDS between 34 and 38 
weeks of pregnancy, but it is critical to assess FLM status before 
attempting to conceive a baby [18]. Today, various guidelines such 
as ACOG and SMFM are strongly recommended to use the FLM 
decision test for delivery [19,20]. Importantly, infants born at 36 to 
38 weeks of gestation may be at high risk for RDS with hyperbili-
rubinemia and hypoglycemia despite full neonatal lung maturation 
[21]. Therefore, in order to reduce the risk of developing RDS de-
spite fetal lung maturation, steroid therapy is still recommended 
(Guideline for Women and Pregnancy Canada) [22]. However, ac-
cording to European guidelines, the assessment and achievement 
of FLM is still a priority over steroid therapy [23]. Therefore, the 
evaluation of ultrasonic parameters of the lungs, especially the 
pulmonary arteries for gestational age, is still the first assessment 
of fetal FLM. In other words, pulmonary artery Doppler remains 
an important criterion in the evaluation of FLM. Some studies 
have shown that decreased impedance in the vascular bed of the 
fetal lungs in the third trimester will be an important predictor of 
neonatal RDS. In addition, infants with RDS will experience a de-
crease in AT/ET ratio as well as an increase in pulsatility index 
(PI), vascular resistance index (RI), the systolic-diastolic pressure 
ratio of the pulmonary artery (S/D) ratio [24]. In assessing the risk 
of RDS, evaluation of the AT/ET ratio has also made it possible to 
assess the fetal pulmonary vascular resistance [24]. Therefore, it is 
not unreasonable to expect that pulmonary vascular Doppler char-
acteristics in the third trimester of pregnancy are closely related to 
non-vascular Doppler parameters such as RI and PI, and of course, 
this correlation will be directly related to gestational age. What we 
did in the present study was to investigate the relationship between 
pulmonary artery Doppler and non-Doppler sonographic factors in 
the lung maturation of a fetus according to gestational age.

Materials and Methods
This cross-sectional study was performed on pregnant women at 
different gestational ages that were indicated for Doppler ultraso-
nography as an indication for assessing FLM. At the beginning 

of the study, background information including maternal age, 
parity, gestational age, maternal underlying diseases, and medi-
cations used were extracted. Mothers at risk for preterm delivery 
for various reasons were evaluated by ultrasonography before and 
after receiving the first dose of betamethasone. The most import-
ant non-Doppler parameters evaluated in these mothers were the 
presence of lower epiphyseal centers including the distal femoral 
epiphysis and proximal tibial epiphysis and the presence of free 
particles immersed in amniotic fluid, all of which indicate pulmo-
nary maturity in the fetus. In addition, the most important indica-
tors of pulmonary artery Doppler in the fetus were PI, RI, S/D, AT, 
ET, and AT/ET ratio. Finally, both before and after betamethasone 
injection, the correlation between non-Doppler sonographic indi-
ces and fetal pulmonary artery Doppler indices was evaluated. In 
this regard, individuals were classified into two groups based on 
gestational age (25 to 32 weeks of gestation and between 34 to 40 
weeks of gestation) and all correlations were evaluated in these 
two times. 

For statistical analysis, results were presented as mean ± standard 
deviation (SD) for quantitative variables and were summarized by 
frequency (percentage) for categorical variables. Continuous vari-
ables were compared using a t-test or Mann-Whitney test when-
ever the data did not appear to have normal distribution or when 
the assumption of equal variances was violated across the study 
groups. P values of ≤ 0.05 were considered statistically significant. 
The correlation between the parameters was tested by Pearson or 
Spearman’s correlation test. The value of Doppler parameters in 
predicting FLM was assessed by the ROC curve analysis. For the 
statistical analysis, the statistical software SPSS version 23.0 for 
windows (IBM, Armonk, New York) was used. 

Results
In the present study, individuals were classified into two groups 
based on gestational age, including pregnant women with a ges-
tational age of 25 to 32 weeks (20 cases) and pregnant women 
with a gestational age of 34 to 40 weeks (20 cases). Evaluations 
of non-Doppler ultrasonic indices in two groups are presented in 
Table 1. As can be seen, the mean of epiphyseal ossification cen-
ters in the group with a gestational age of 34 to 40 weeks was 
significantly higher than the group with a gestational age of 25 to 
32 weeks (P = 0.009). Similarly, the mean BPD in the group with a 
gestational age of 34 to 40 weeks was significantly higher than the 
group with a gestational age of 25 to 32 weeks (P = 0.001). Also, 
the frequency of two parameters of pulmonary echogenicity and 
free particles immersed in amniotic fluid in the group with a ges-
tational age of 34 to 40 weeks was much higher than in the group 
with a gestational age of 25 to 32 weeks (P = 0.001).
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Table 1: Non-Doppler sonographic parameters in the two groups

Doppler sonographic indices of the pulmonary artery in two 
groups are presented in Table 2. As can be seen, there was a signif-
icant difference in the mean of PSV, ET, AT as well as AT/ET ratio 
between the two groups with a gestational age of 34 to 40 weeks 

and the group with a gestational age of 25 to 32 weeks, but there 
was no significant difference in other indicators including RI and 
PI between the two groups. 

Table 2: Doppler sonographic parameters in the two groups 

Parameter GA: 25 to 32 weeks GA: 34 to 40 weeks P value
Mean of epiphyseal centers 3.02±2.79 7.98±0.63 0.009
Mean BPD 67.21±6.69 88.45±3.25 0.001
Mean lung echogenicity 3 (15.0) 18 (90.0) 0.001
Free particles immersed in amniotic fluid 3 (15.0) 16 (80.0) 0.001

Parameter GA: 25 to 32 weeks GA: 34 to 40 weeks P value
Mean RI 0.87±0.02 0.86±0.03 0.529
Mean PI 2.17±0.43 2.16±0.23 0.820
Mean PSV 57.11±15.11 71.21±14.65 0.006
Mean AT 0.11±0.04 0.14±0.04 0.030
Mean ET 0.22±0.06 0.17±0.03 0.005
Mean AT/ET ratio 0.47±0.06 0.17±0.03 0.001

In the group with a gestational age of 25 to 32 weeks, in evaluat-
ing the relationship between non-Doppler indices and ultrasonic 
parameters of the pulmonary artery, a significant direct correlation 
was observed between the RI index and pulmonary echogenicity. 
There was also a significant direct correlation between the PSV in-
dex and BPD. However, AT, ET, or AT/ET ratios had no significant 
relationship with non-Doppler parameters (Table 3). However, in 
the group with a gestational age of 34 to 40 weeks, in evaluating 

the relationship between non-Doppler indices and pulmonary ar-
tery ultrasonic parameters, first, a direct correlation was obtained 
between RI index with two parameters of BPD and pulmonary 
echogenicity. There was a significant inverse correlation between 
AT and the number of bony epiphyseal centers. In addition, a sig-
nificant inverse correlation was obtained between AT/ET ratio and 
the number of bony epiphyseal centers as well as the number of 
particles immersed in amniotic fluid.

Table 3: The association of Doppler sonographic and non-Doppler parameters 

Parameter RI PI PSA AT ET AT/ET
Age: 25 to 32 weeks
Mean of epiphyseal centers 0.380 0.138 -0.216 -0.098 -0.214 -0.085
Mean BPD 0.089 -0.207 0.463* 0.320 0.043 0.331
Mean lung echogenicity 0.489* 0.192 0.382 0.337 -0.240 0.412
Free particles immersed in amniotic fluid -0.137 -0.073 -0.392 -0.168 -0.239 -0.151
Age: 34 to 40 weeks
Mean of epiphyseal centers 0.160 -0.219 0.201 -0.578* 0.035 -0.564*
Mean BPD 0.467* 0.270 0.279 -0.363 0.055 -0.399
Mean lung echogenicity 0.459* 0.198 0.366 0.183 -0.345 0.182
Free particles immersed in amniotic fluid 0.128 0.159 0.114 -0.435 0.189 -0.497*
* p < 0.05

Based on the analysis of the area under the ROC curve, the best 
cut-off point for PSV in predicting FLM was 55, which was able 
to predict neonatal lung maturity with a sensitivity of 84.2% and 
a specificity of 55%. The best cut-off value for AT index in pre-
dicting lung maturity was 0.04, which was able to predict neonatal 
lung maturity with 84.2% sensitivity and 55% specificity. The best 

cut-off point for ET index in predicting lung maturity was 0.17, 
which was able to predict neonatal lung maturity with a sensitivity 
of 0.85% and a specificity of 60%. In addition, the best cut-off 
point for AT/ET index in predicting lung maturity was 0.28, yield-
ing a sensitivity of 89.7% and a specificity of 76% (Figure 1).
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Figure 1: The ROC curve analysis to determine the value of Doppler parameters of PSV (A), AT (B), ET (C), and AT/ET (D) in predict-
ing fetal lung maturity

Discussion
There are various criteria based on the structural characteristics 
of the fetus to predict the maturity of the fetal lung and in fact to 
predict the possible occurrence of respiratory distress in the in-
fant. However, some of the tools used to assess such features were 
aggressive and some were not very sensitive or specific for as-
sessing fetal pulmonary maturity. Based on the available evidence, 
it seems that ultra-sonographic evaluation of fetal pulmonary ar-
teries (via Doppler ultrasound) can play a role in predicting fetal 
lung maturation with much higher accuracy and specificity. What 
was evaluated in the present study was the evaluation of the cor-
relation between non-Doppler ultrasonic parameters of the fetus 
and ultrasonic Doppler indices of the main pulmonary artery in 
the fetus. Given that gestational age is a confounding factor af-
fecting FLM, it is necessary to consider different gestational age 
groups in such an assessment. Therefore, in this study, two groups 
of fetuses with a gestational age of 25 to 32 weeks and 34 to 40 
weeks were considered and statistical analyzes were considered in 
these two groups. First, in the present study, it was clearly shown 

that significant changes occurred in both categories of non-Dop-
pler sonographic indices as well as fetal pulmonary artery Dop-
pler indices with increasing gestational age. Accordingly, with in-
creasing gestational age, the increase in mean epiphyseal centers, 
BPD, pulmonary echogenicity, and also immersed free particles 
as non-Doppler sonographic indices and, consequently, significant 
changes in arterial Doppler indices including AT, ET, and PSV was 
recorded with (although changes in RI and PI indices were not sta-
tistically significant). Therefore, in general, it can be said that the 
changes in terms of gestational age in non-Doppler and Doppler 
indices of the pulmonary artery occur parallel and simultaneously 
with each other.

In the second step, we evaluated the relationship between these 
two categories of non-Doppler and Doppler pulmonary artery in-
dices. This evaluation was performed separately in two subgroups 
including the group with gestational age under 34 weeks and over 
34 weeks and was observed that first in the group between 25 to 
32 weeks, the correlation between RI with echocardiography of 
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lung tissue and also the correlation between PSA and BPD was ap-
proved. . In other words, in this age group, despite the fact that we 
do not face complete immaturity of the fetal lungs, but there is also 
a significant relationship between arterial and non-arterial pulmo-
nary indices. Besides, at this age, fetal pulmonary artery Doppler 
indices did not show a significant correlation with non-pulmonary 
parameters such as the number of bone epiphyseal centers or the 
number of particles immersed in amniotic fluid. With increasing 
gestational age (in the group with a gestational age of 34 to 40 
weeks) but the correlation between arterial Doppler indices and 
the above two non-pulmonary parameters also became statistical-
ly significant. First, the number of ossification epiphysis centers 
was predictable by both Doppler parameters AT and AT/ET. The 
RI index was also a predictor of echocardiography and BPD, and 
the number of free particles immersed in the high-amniotic fluid 
was predictable by the AT/ET ratio index. In conclusion, especial-
ly in the age group of 34 to 40 years, there is a strong correlation 
between non-Doppler parameters predicting pulmonary maturity 
or respiratory distress with pulmonary artery Doppler parameters.

The results of our study are consistent with some previous studies, 
but in general, the evaluation of fetal pulmonary artery Doppler 
indices in predicting fetal pulmonary immaturity or predicting the 
occurrence of RDS has been used. However, in some indices, there 
was no significant relationship between the occurrence of RDS and 
arterial Doppler indices. In the study of Moiety et al, PSV, RI, PI, 
and AT/ET ratio indices had a significant positive relationship with 
gestational age, which in our study was unique to PSV and AT/ET 
ratio. In addition, there was a significant difference between PI and 
RI, AT/ET ratio, and PSV indices between infants with and with-
out RDS [25]. In the study of Mohamed et al, the occurrence of 
RDS was closely and significantly related to each of the RI, PI, and 
AT/ET ratios [26]. In the study of Nasr Mohamed et al, there was a 
significant relationship between the occurrence of RDS and AT/ET 
ratio, but there was no relationship between the occurrence of RDS 
with two parameters PI and RI [27]. In the study of Mehrjardi et al. 
and quite similar to our study, RI and PI did not show a significant 
difference between the two groups of neonates with and without 
respiratory distress admitted to the NICU. However, the AT/ET 
ratio in infants with RDS was different from other infants [28].

Finally, although in the present study we did not evaluate the AT/
ET cut-off point for predicting RDS in neonates, this index with a 
cut-off point of 0.3 (in all studies) was able to predict the occur-
rence of RDS with high sensitivity and specificity. Finally, it can 
be acknowledged that the Doppler characteristics of the pulmo-
nary artery will be reliable indices for predicting fetal pulmonary 
maturity. Of course, it is recommended that the cut-off point of this 
index and other Doppler indices in predicting RDS in our society 
be considered and evaluated.

Conclusion
In a conclusion, firstly, with increasing gestational age, we will 

see an increase in PSV increase in AT, a decrease in ET, and an 
increase in AT/ET indices. In this regard, PSA values above 55, AT 
above 0.04, ET below 0.17, and AT/ET values above 0.28 will be 
able to predict neonatal lung maturity with acceptable sensitivity 
and specificity. Therefore, evaluation of pulmonary artery indices 
along with non-Doppler indices can be used to predict fetal pul-
monary maturity and therefore predict the occurrence of RDS in 
the infant. 
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