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Role of 3D Ultrasound for Assessment of Fetal Lungs  
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Abstract  

Background:  Fetal lung maturity is vital to the survival  
rate of neonates, and is a determinant of extra uterine life.  
Neonatal respiratory distress syndrome and associated com-
plications account for 28% of neonatal deaths. Although the  

wide use of glucocorticoids has decreased the incidence of  

Neonatal respiratory distress syndrome, approximately 10%  

of neonates still develop the syndrome.  

Aim of Study:  To study the role of 3D ultrasound for  
assessment of fetal lungs.  

Patients and Methods:  A total of 50 pregnant women 34- 
40 weeks gestation after a complication-free normal course  

of pregnancy were enrolled in the study. They were classified  

into 2 groups as follows: 1. Group A: (n=25) women 34-37  

weeks gestation. 2. Group B: (n=25) women 37-40 weeks  

gestation. All the included women were subjected to: Full  
history taken. Ultrasound examination to confirm GA, assess  

Amniotic Fluid Index (AFI) and to exclude fetal anomalies.  
3D ultrasound was carried out to asses fetal lung volume.  
After child birth, APGAR score at (1, 5 and 10min) was  

assessed together with occurrence of RDS and the further  

need for neonatal ICU admission and respiratory support  
measurements.  

Results:  The mean value of fetal lung volume was signif-
icantly increased in term group (52.96 ±4.91) when compared  
to preterm group (44.08 ±6.43) (p=0.001). In the term group  
the percentage of neonates which did not experience Respira-
tory Distress Syndrome (RDS) was 60% compared to 24% in  
the preterm group (p=0.001). In the preterm group the per-
centage of admitted neonates in the Intensive Care Unit (ICU)  

was statistically increased (68%) when compared to the term  

group (54%) (p=0.047). The percentage of women in the  
preterm group received prenatal steroids 36% was statistically  

higher than those in the term group 24% (p=0.047). In the  
present study, fetal lung volume was positively correlating  
with gestational age (r=0.531; p-value=0.001). In the present  
study, in the preterm group RDS was negatively correlated  

with steroids (r=–0.304; p -value=0.032).  

Conclusion:  Ultrasound indices, including fetal lung  
volume may serve as useful alternatives to amniotic fluid  

phospholipids in analyzing fetal lung maturity. Fetal lung  
volume might be an accurate non-invasive predictor for the  

occurrence of neonatal RDS among preterm fetuses in whom  
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the risk of RDS development deserve fetal lung maturity  

testing.  
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Introduction  

THE  maturation of fetal pulmonary system is a  

complex process entailing cellular, physiological,  
and biological interactions that usually occurs late  
in gestation being one of the last maturing fetal  

systems [1] .  

Therefore, respiratory distress is commonly  
encountered among premature babies immediately  

after birth resulting in significant neonatal morbid-
ity or mortality. It has been established to correlate  

with structural and functional lung immaturity. It  

is described as respiratory distress in infants that  

sets in within a few hours of parturition. The  

incidence of RDS is inversely proportional to  

gestational length and has been estimated to range  
from 30% below gestational week 28 to 5% in  

neonates born in a gestational week above 34 [2] .  

Three types of tests are traditionally used to  

assess the degree of Fetal Lung Maturity (FLM)  

namely; the biochemical testing for surfactant  

components (e.g. Lecithin/sphingomyelin ratio),  
biophysical testing for surfactant functionality (e.g.  

Foam stability index) or physical testing of the  

amniotic fluid opacity (e.g. lamellar body counts  
[3] .  

All these tests involve the use of amniotic fluid  
(as it communicates directly with lung fluid),  
therefore, invasively and indirectly evaluate the  

probability of lung maturity. Moreover, they predict  

lung maturity more accurately than immaturity.  

Tests that directly assess fetal lung function are  

yet not available [4] .  

Ultrasound cannot measure biochemical chang-
es in the growing lung or histological changes but  
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it is reasonable to assume that both morphological  
and biochemical changes alter the propagation  
properties in the fetal lung. The possibilities of  
using ultrasound as a non-invasive method for  
assessment of fetal lung maturity have been greatly  

explored over the last 30 years [5] .  

Three-dimensional sonographic measurements  
are shown to be helpful in assessing the fetal lung  
volume. Fetal lung volumetry with 3D sonography  
can be regarded as a good alternative to MRI [6] .  

Aim of the work:  

The purpose of this study is to correlate lung  

parameters using three dimensional ultrasound (3D  
US) with lung maturity assessed by postnatal out-
come, and to develop reference cutoff value for  

these parameters (mean FLV) as measure that could  

be used to predict the development of neonatal  

RDS.  

Patients and Methods  

This study cross section study was conducted  
on fifty pregnant females aged 18 years up to 40  

years between 34 to 40 weeks gestational age of  

pregnancy at Ain Shams University Hospitals,  

Egypt, between March 2019 and August 2019.  

The study included female participants from  

18 years up to 40 years old, with singleton preg-
nancy with no history of chronic hypertension or  
diabetes (type I or type II) before pregnancy. While  
patients who refused to participate in the study  

and fetal malformation were excluded from the  

study.  

The participants were divided into two groups;  

Group A (women pregnant 34-37 weeks gestation)  

and Group B (women pregnant 37 to 40-week  

gestation. Gestational Age (GA) was established  

by menstrual dates, which was confirmed by ob-
stetric ultrasound.  

For both groups, full history was taken. Ultra-
sound was done to confirm GA, assess Amniotic  
Fluid Index (AFI) and to exclude fetal anomalies.  
GE Voluson S6 ultrasound machine, equipped with  

3D probe RAB2-6-RS 2-5MHz was carried out to  

assess fetal lung volume.  

All participants signed an informed consent  
after explaining the objective of the study to them.  

The methods and procedures of the present  

study are in agreement with the Heliniski Declaratin  

for Ethical Medical research.  

The protocol was revised by the Ethical com-
mittee of Obstetrics and Gynecology Department  
and/or the Ethical Committee of Faculty of Medi-
cine, Ain Shams University.  

Women had adequate time to consider enroll-
ment and discuss options with their physician prior  

to cesarean section. All eligible patients who present  

to labor and delivery for cesarean section were  

examined upon presentation. After inclusion criteria  
have been met, the patient was approached for  

consent to participate in the study. Patients were  

given study information and the consent form to  
review. Consent was documented by the patient's  

signature indicating understanding and agreement  

to participate in the study.  

The participating women have the right to  
withdraw from the study without being adversely  
impacted regarding the medical service she should  

receive.  

Statistical analysis comparisons among patients  
underwent cleaning uterine cavities with a dry  

laparotomy sponge after delivery of the placenta  

and patients who didn't undergo cleaning uterine  
cavities were done using the Student's t-test for  
continuous variables and Pearson's chi square test  

for categorical variables.  

Statistical package:  Data entry and statistical  
analysis were done using Statistical Package for  

Social Science (SPSS) version 21.0.  

Statistical analysis:  
Data collected throughout history, basic clinical  

examination, laboratory investigations and outcome  

measures coded, entered and analyzed using Mi-
crosoft Excel software. The data collected were  

tabulated and analyzed by SPSS (statistical package  

for social science) version 25 (Armonk, NY: IBM  

Corp) on IBM compatible computer. The data was  
tested for normality using Kolmogorov-Smirnov  

test, Shapiro-Wilk tests. Two types of statistics  

were done:  

Descriptive statistics:  
According to the type of data qualitative repre-

sent as number and percentage, quantitative con-
tinues group represent by mean ±  SD (for paramet-
ric data) median and inter-quartile range (for non-
parametric data).  

Analytic statistics:  

Chi-square test (χ
2
): Was used to study com-

parison and association between two qualitative  
variables. Student t-test: Was used for comparison  
between two groups having quantitative variables  



0.001**  44-61  
52.96±4.91  

35-55  
44.08±6.43  

Range  
Mean ±  SD  

%  N  N % N %  

No RDS  10  40  23  92  33  66  0.001*  
RDS  15  60  2  8  17  34  

Total  25  100  25  100  50  100  

Group A (n=25)  
(Preterm Group)  

Group B (n=25)  
(Term Group)  

Fetal lung  
volume  

p - 
value  

Groups  
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with normal distribution (for parametric data).  

Mann-Whitney U-Test: Is a test of significance  

used for comparison between two groups having  

quantitative variables without normal distribution  
(for non-parametric data), correlation by Spear-
man's correlation. A p-value of <0.05 was consid-
ered statistically significant.  

Results  

Table (1): Demographic data of the two studied groups.  

Groups  

Group A (n=25)  
(Preterm Group)  

Group B (n=25)  
(Term Group)  

p - 
value  

Age (years):  
Range  18-33  18-33  0.974  
Mean ±  SD  23.96±4.21  23.92±4.415  

GA (weeks):  

Range  34-37  38-40  0.001**  
Mean ±  SD  34.88±0.781  38.92±0.759  

The (Table 1) shows preterm group (n=25)  
where the pregnant women at 34-37 weeks of  
gestation, their age ranged from 18 to 33 years  

with mean age was equal to 23.96 years ( ±  SD  
=4.21) and term group (n=25) where the pregnant  
women at 37-40 weeks gestation, their age ranged  
from 18 to 33 years with mean age was equal to  

23.92 years (±  SD=4.41), There was no statistical  
significant difference between the mean age in the  

two studied groups.  

Table (2): Comparison between mode of delivery in the two  
studied groups.  

Groups  

Group A  Group B  
Mode of  
delivery  

(n=25)  
(Preterm  

(n=25)  
(Term  Total  

p -
value  

Group)  Group)  

N %  N %  N  %  

Normal  10 40  13 52  23  46  0.395  
CS  15 60  12 48  27  54  

Total  25 100  25 100  50  100  

The (Table 2) shows that in preterm group, 15  
women out of 25 had a cesarean delivery 60%,  
while in term group 12 women out of 25 had a  
cesarean delivery 48% with no statistically signif-
icant difference (p=0.395).  

This (Table 3) shows that, the mean value of  

fetal lung volume had statistically significant in-
crease in term group (52.96 ±4.91) when compared  
to preterm group (44.08 ±6.43) (p<0.001).  

Table (4): APGR score measured at different time of meas-
urements in the two studied groups.  

Groups  

APGR score  

N  %  N  %  

APGR1 minute:  
Normal foal  1  4.0  23  92.0  0.001**  
Intervention  15  60.0  2  8.0  
Life threatening  9  36.0  0  0.0  

APGR 5 minutes:  
Normal foal  5  20.0  23  92.0  0.001**  
Intervention  20  80.0  2  8.0  

APGR 10 minutes:  
Normal foal  7  28.0  23  92.0  0.001**  
Intervention  18  72.0  2  8.0  

This table shows that the percentage of neonates  

who had life threatening APGR score measured at  
1 minute in preterm group was 36%, while in term  
group was zero which statistically significant in-
crease in preterm group (p=0.001). APGR score  
measured at both 5 and 10 minutes recorded that  

the percentage of neonates who needed intervention  

in preterm group was 80% & 72% and in term  

group 8.0% & 8.0% respectively indicating statis-
tically significant increase in preterm group ( p=  
0.001 & 0.001, respectively).  

Table (5): Respiratory distress syndrome in the two studied  

groups.  

Groups  

Group A Group B  
(n=25) (n=25) p - 

(Preterm (Term value  
Group) Group)  

Table (3): Comparison between fetal lung volume in the two  
studied groups.  

RDS  

Group A  
(n=25)  

(Preterm  
Group)  

Group B  
(n=25)  
(Term  
Group)  

Total  
p - 

value  
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32  
68  

No admission  
Admission  

25  
0  

100  
0  

10  
15  

23  
27  

46  
54  

0.047*  

Parameters  
Respiratory distress syndrome (RDS)  

r  p-value  

Steroids  –0.304  0.032*  

25 100 25 100 50 100 This table shows that RDS was negatively  Total  

0.001*  
0.001*  
0.010**  
0.001**  
0.001**  
0.001**  
0.088  

0.531  
–0.687  
–0.692  
–0.693  
–0.768  
–0.766  
0.244  

Gestational age  
APGR 1 minute  
APGR 5 minutes  
APGR 10 minutes  
RDS  
NICU admission  
Steroids  

Specificity PPV  Cutoff Sensitivity  NPV  

>49.50*  87.80 88.20  92.90 68.2  

This table shows that in the term group th e  

percentage of neonates which did not experience  
Respiratory Distress Syndrome (RDS) was 92%  
which was significantly higher than the 40% in  

the preterm group (p=0.001).  

Table (6): Neonatal Intensive Care Unit (ICU) admission in  

the two studied groups.  

Groups  

ICU  
admission  

Group A  
(n=25)  

(Preterm  
Group)  

Group B  
(n=25)  
(Term  
Group)  

Total  

N %  N % N %  

p -
value  

At the same time, fetal lung volume was nega-
tively correlated with APGR score at 1 minute  

(r=0.687; p-value=0.001), 5 minutes ( r=0.692;  
p-value=0.001), and 10 minutes ( r=–0.693; p-value  
=0.001), RDS (r=–0.768; p-value=0.001) and NICU  
admission (r=0.766; p-value=0.00 1).  

On the other hand, the fetal lung volume was  

no statistically correlated with prenatal adminis-
tration of steroids (r=0.244; p=0.088).  

Table (9): Correlation between RDS and steroids in both groups.  

p -
value  Total  

Group B  
(n=25)  
(Term  
Group)  

Group A  
(n=25)  

(Preterm  
Group)  

Prenatal  
Steroids  
administration  

N % N %  N %  

22  0.047*  64  No  
Yes  

16  88  38  76  
12  24  3  36  9  12  

Total  25  100  25  100  50  100  

Parameters  
Fetal Lung Volume (FLV)  

r  p-value  

This table shows that in the preterm group the  

percentage of admitted neonates in the Intensive  

Care Unit (ICU) was statistically higher (68%)  
when compared to the term group (0%) (p=0.047).  

Table (7): Prenatal steroids administration in the two studied  
groups.  

Groups  

This table shows that, the percentage of women  
who were administrated prenatal steroids in the  
preterm group 36%, was statistically higher than  

those in the term group 12%, whereas (p=0.047).  

Table (8): Correlation between fetal lung volume and different  

studied parameters in both groups.  

Fetal Lung Volume (FLV) was positively cor-
related with gestational age ( r=0.531; p-value=  
0.001).  

correlated with steroids ( r=–0.304; p-value=0.032).  

Table (10): The diagnostic indices (sensitivity, specificity,  
positive predictive and negative predictive values)  

of FLV in the studied patients.  

Receiver Operating Curve (ROC) was used to  

determine the cutoff value of FLV in determining  
neonatal respiratory function outcome. Our ROC  

results revealed that the FLV cutoff value is greater  

than 49.50 and the area under the ROC curve is  

equal to 0.936 which indicating that it is an excel-
lent predictor for neonatal respiratory function  
outcome. The sensitivity, specificity, positive pre-
dictive and negative predictive values of FLV were  

87.80%, 88.20%, 92.90% and 68.2%.  

• Clinical background:  

Female patient 28 years old (pregnant ±35 weeks).  

Fig. (1): 3D ultrasound using VOCAL method shows fetal  
right lung volume measuring 45.29cm (group A - a  
case pregnant ±35 weeks).  
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Female patient 30 years old (pregnant ±37 weeks).  

Fig. (2): 3D ultrasound using VOCAL method shows fetal  
right lung volume measuring 55.47cm (group B - a  

case pregnant ±37 weeks).  

Discussion  

Neonatal respiratory morbidity due to either  

respiratory distress syndrome or transient tachypnea  

of the newborn is the most common complication  
in infants born preterm and early term (<39 weeks)  
[7] .  

Assessment of fetal lung maturity for the pre-
diction of Neonatal respiratory morbidity may be  
relevant, particularly after 34 weeks of gestation,  

when the risk of Neonatal respiratory morbidity  
ranges from 5% to 20%, to better assess the risk/  
benefit ratio of elective delivery in late pregnancy  

complications [8]  and/or with the use of corticos-
teroids (Gyamfi-Bannerman et al., 2016).  

RDS is the most common cause of neonatal  
respiratory morbidity. The underlying mechanism  

has been correlated to functional or/and structural  

lung immaturity [2] .  

Accurate predelivery assessment of fetal lung  

maturity, especially in high-risk pregnancy, is  

critical to improving neonatal survival rate [9] .  

The evaluation of the risk of Neonatal respira-
tory morbidity relies on the study of different  
components of the amniotic fluid that requires an  
amniocentesis, which is an invasive method and  

carries risks [10] .  

There is no simple, non-invasive method for  

assessing fetal pulmonary maturity. Because the  
duration of respiration and of inspiration is variable  
due to internal and external simulations, the spec-
trum of breathing-related movement is variable  

and difficult to calculate. Therefore, a reliable and  

simple estimation method of fetal lung maturity is  
needed [9] .  

In the current study, the mean value of fetal  
lung volume was significantly increased in term  

group (52.96 ±4.91) when compared to preterm  
group (44.08±6.43) (p=0.001). This agrees with  
Laban and his colleagues, in a cross-sectional  

study, women aged 20-35 years were enrolled and  

admitted to a tertiary hospital in Cairo, Egypt, for  

elective repeat cesarean at 37-40 weeks of preg-
nancy between January 1, 2012, and July 31, 2013,  
found that; healthy neonates, compared with ne-
onates with RDS, had significantly higher FLVs  
(p<0.001) [11] .  

Previous studies have shown that fetal heart  

movements can be a main limiting factor for 3D  
ultrasonographic lung volume measurement, [13,14] ,  
and have suggested that a system combining fetal  

electrocardiography with 3D ultrasonography is  

required [12] .  

Kalache and his colleagues used relatively fast  

volume acquisition rates so that fetal heart contrac-
tions did not appear to prevent lung measurements  

by VOCAL, despite the fact that the six measured  

slices included outer cardiac borders [15] .  

As pointed out by Peralta and his colleagues  

the advantage of the VOCAL technique is that the  
lower parts of the lung that extend below the dome  

of the diaphragm can be included and the contour  

of the lung in each plane can be modified to ensure  
a more accurate lung volume measurement [16] .  

In the term group the percentage of neonates  

which did not experience Respiratory Distress  

Syndrome (RDS) was 60% compared to 24% in  

the preterm group (p=0.001). Kantake and his co-
workers, in a prospective cohort study, found that  

52.6% of the preterm group had RDS while no one  

in the term group experience respiratory distress  

syndrome [17] .  

In the preterm group the percentage of admitted  

neonates in the Intensive Care Unit (ICU) was  

statistically increased (68%) when compared to  

the term group (54%) (p=0.047).  

Our result showed that, the percentage of wom-
en in the preterm group received prenatal steroids  

36% was statistically higher than those in the term  

group 24% (p=0.047). This is in accordance with  
Kantake and his co-workers 50% of women in the  
preterm group received prenatal steroids while 0%  

of those in the term group received prenatal steroids  
[17] .  
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In the present study, fetal lung volume was  

positively correlating with gestational age ( r=0.531;  
p-value=0.001). As the image quality more influ-
enced by the shadowing of the spine and ribs  

especially after 34 weeks with inaccurate measure-
ment of the lung volume [18]  and this is in agree-
ment with the study of Osada and his colleagues  
which included one hundred twenty-five healthy  

neonates with birth weights.  

In the present study, in the preterm group RDS  

was negatively correlated with steroids ( r=–0.304;  
p-value=0.032).  

In the present study, Receiver Operating Curve  

(ROC) was used to determine the cutoff value of  

FLV in determining neonatal respiratory function  

outcome. Our ROC results revealed that the FLV  
cutoff value is greater than 49.50 and the area  

under the ROC curve is equal to 0.936 which  

indicating that it is an excellent predictor for neo-
natal respiratory function outcome. The sensitivity,  
specificity, positive predictive and negative predic-
tive values of FLV were 87.80%, 88.20%, 92.90%  
and 68.2% respectively.  

Laban and his colleagues found that neonatal  

RDS is less likely with FLV of at least 32cm3  [11] .  

Prendergast and his colleagues reported that  
3D FLVs might be useful in predicting neonatal  

respiratory outcome among fetuses with abnormal  
lung growth (with congenital diaphragmatic hernia  

& with anterior wall defects) [19] .  

Wang and his colleagues reported that; based  

on comparison with the amniotic fluid phospholi-
pids analysis, FLV >50mL was considered to indi-
cate fetal lung maturity with high sensitivity and  

specificity [9] .  

Conclusion:  
To date, no unified sonographic standard of  

fetal lung maturity exists, due to the variability of  

fetal lung echoes during pregnancy and complica-
tions associated with the fetal position, pregnant  
mother, or equipment. Ultrasound indices, including  
fetal lung volume may serve as useful alternatives  
to amniotic fluid phospholipids in analyzing fetal  
lung maturity. Fetal lung volume might be an  
accurate non-invasive predictor for the occurrence  

of neonatal RDS among preterm fetuses in whom  

the risk of RDS development deserve fetal lung  

maturity testing.  
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