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~—ABSTRACT

Background: The evaluation and management of neonatal respiratory pathologies require precise and careful
diagnostic approaches, particularly in preterm infants who are at higher risk of respiratory complications.
This research compares lung ultrasound (LUS) and chest X-ray for diagnosing and monitoring respiratory
conditions in preterm and term neonates.

Methods: We conducted a prospective analysis of the imaging practices for neonatal respiratory pathologies
in a cohort of 82 preterm and term infants with a gestational age ranging from 31-41 weeks presenting
with respiratory distress syndrome (RDS) diagnostically categorized based on clinical and paraclinical
investigations, who were admitted to the neonatal intensive care unit (NICU) immediately after birth.

Results: The most common diagnosis was moderate RDS, which affected 17 neonates, followed by moderate
transient tachypnea of the newborn (TTN) in 16 patients, severe RDS in 14 patients and meconium aspiration
syndrome (MAS) in 12 patients. Additionally, seven patients presented with mild RDS and six were diagnosed
with congenital pneumonia. There were four cases of severe TTN, four cases of mild TTN and only two cases
of pneumothorax. This study identified the ultrasound and radiological findings and aimed to highlight the
current trend in the evaluation and management of respiratory conditions in preterm and term neonates. The
results demonstrate an increasing trend in the use of ultrasound due to its advantages, especially in preterm
patients who are at higher risk of respiratory impairment.

Conclusion: The benefits of ultrasound, including absence of radiation and dynamic imaging capabilities,
make it a valuable tool for ongoing assessment and management. While X-rays remain an important imaging
tool in certain clinical scenarios, their use should be judicious to minimize radiation exposure. These findings
support the continued integration of ultrasound in neonatal practice and suggest further research into
optimizing imaging protocols to improve long-term outcomes for neonates.
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INTRODUCTION

e ability of a newborn to adapt to
extrauterine life is essential in the deve-
lopment of neonatal respiratory patho-
logy. Neonatal respiratory adaptation is
influenced by a multitude of factors,

such as developmental insufficiency of surfactant
production and function or structural immaturity
of the lungs. Other causes of neonatal respiratory
pathology can include congenital malformations,
infections and fetal growth restriction (1).

Numerous factors can contribute to neonatal
respiratory disorders, such as genetic defects, in-
fections acquired before or after delivery, or de-
layed or inappropriate adaptation to life outside
the womb. According to the literature, 6.7% of
babies in India and 2.2% of births in Italy are
complicated by respiratory diseases. These con-
ditions are the primary reason for both term and
preterm neonatal unit admissions. According to
one research, 33.3% of all neonatal intensive
care unit (NICU) admissions for newborns whose
gestational age (GA) is greater than 28 weeks,
excluding those who have surgical or congenital
defects diseases, with the major admission dia-
gnosis being respiratory disorders (2).

According to another study, clinical symp-
toms of respiratory distress were seen in 20.5%
of all NICU patients. Authors also reported
higher rates of NICU admissions for respiratory
conditions, potentially as a result of the increased
prevalence of cesarean section delivery (3). The
clinical presentation of various respiratory pa-
thologies is similar, and establishing a diagnosis
requires the support of paraclinical investiga-
tions. Until recently, clinicians primarily used
chest X-rays to establish a diagnosis; however,
lung ultrasonography has recently gained trac-
tion as a first-line tool. It can provide valuable
information for diagnosis and treatment, as well
as for determining the prognosis and disease
progression. U

MATERIALS AND METHODS

he present prospective study was conducted
over a two-year period (2022-2023) in the
Neonatology Clinic of “Elias” University Emer-
gency Hospital, Bucharest, Romania. The study
included 82 neonates with gestational ages ran-
ging from 31 to 41 weeks. The primary focus was

on analyzing the initial diagnoses upon admis-
sion to NICU. In the first hours after birth, ac-
cording to the protocols of the neonatology unit,
the newborns were subjected to the following
investigations: arterial blood gas analysis, chest
X-ray and pulmonary ultrasound; the score of
the latter imaging procedure was subsequently
calculated.

Statistical methods, including medians, inter-
quartile ranges and the t-independent sample
test, were used to assess differences between the
two groups.

Given that newborns have a smaller thorax
and thinner chest wall, a high-frequency linear
probe is recommended because it provides a
better picture quality and full lung surface view-
ing. Prone, lateral, or supine positions were used
for lung ultrasonography.

To calculate the pulmonary ultrasound score,
which was subsequently used to determine the
diagnosis and severity, each hemithorax was di-
vided into anterior, lateral and posterior regions
based on the anterior and posterior axillary lines.
Each thorax was then divided into three distinct
zones: superior anterior, inferior anterior and la-
teral. Each zone could receive an individual score
ranging from O to 3 points. The maximum ultra-
sound score that can be obtained is 18 points.

To enhance visualization of the neonatal
lung, a high-frequency linear array transducer
(=10 MHz) was used in our unit. Pulmonary ul-
trasound was performed and interpreted by a
clinician with certification in ultrasonography.

Ethical issues

The hospital scientific committees approved the
study protocol and all participating patients
signed a consent form.

Statistical analysis

The analysis utilized IBM SPSS Statistics version
29.0.1.1 (IBM Corporation, USA, 2024). De-
scriptive statistics were utilized to define the
sample based on patient count, as the sample
size was below 100, in conjunction with analyti-
cal statistics. Descriptive statistics were calcula-
ted to summarize the characteristics of the study
population and imaging practices, including
minimum, maximum, median and interquartile
ranges for the number of ultrasounds and X-rays
which were performed. The t-independent sam-
ple test was utilized to compare the distributions
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of imaging studies between preterm and term
groups, given the non-normal distribution of
data. A p value of less that 0.05 was considered
to be statistically significant. O

RESULTS

he present study included a total of 82 new-

borns with gestational ages between
31-41 weeks, of whom 55 patients were born
preterm and the remaining 27 at term.

Respiratory distress syndrome (RDS)

On X-ray, 27 patients showed hypoaeration,
20 subjects had a ground-glass appearance and
20 patients exhibited an air bronchogram; on ul-
trasound, 12 patients had white lung, 12 pleural
line abnormalities and 34 showed small subpleu-
ral consolidations (Figure 1).

Transient tachypnea of the newborn (TTN)

On X-ray, interstitial edema and the "sunburst"
sign were observed in 10 patients each and fis-
sures were detected in five subjects; on ultra-
sound, interstitial edema was seen in 15 patients
and symmetric bilateral B-lines were identified
in 20 subjects (Figure 2).

Meconium aspiration syndrome (MAS)

On ultrasound, eight patients showed the disap-
pearance of A-lines and eight patients had inter-
stitial syndrome; on X-ray, seven patients had
consolidation with an air bronchogram, hyperin-
flation and pulmonary opacities were observed
in three patients each and rib horizontalization
was present in one patient (Figure 3).

Pneumothorax

On X-ray, hyperlucency and mediastinal shift
were observed in one patient each; on ultra-
sound, the absence of lung sliding and presence
of lung point and A lines without B lines were
identified in two patients each (Figure 4).

Congenital pneumonia

On X-ray, four patients showed pleural line ab-
normalities, six subjects subpleural consolidation
and six patients had an air bronchogram, while
ultrasound revealed alveolo-reticular opacities in
five patients, air bronchogram in four patients
and interstitial edema in four patients; on
(Figure 5).

Imaging investigations in respiratory distress syndrome
(RDS)
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FIGURE 1. Study population distribution according to the results of
imaging investigations, including X-ray and ultrasound (US) in
respiratory distress syndrome (RDS)
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FIGURE 2. Study population distribution according to the
results of imaging investigations, including X-ray and
ultrasound (US) in transient tachypnea of the newborn (TTN)
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FIGURE 3. Study population distribution according to the results of
imaging investigations, including X-ray and ultrasound (US), in
meconium aspiration syndrome (MAS)
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FIGURE 5. Study population distribution according to the results of
imaging investigations, including X-ray and ultrasound (US), in
congenital pneumonia

a0 N
3 7 7.00
5 6
E 5 5.00
SE 4
.E 3
E 2
= 1 o 1.00
0 1
The data has been Term Premature

Newborn

\rcprcscmcd as Mean£5D.
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borns). The mean number of ultrasounds was
2.15+0.98 (n=27 patients) in term newborns
and significantly lower (3.25%1.57) in prema-
ture newborns (n=55) (t(80)=3.33, p<0.001)
(Figure 6) (Table 1).

TABLE 1. Number of ultrasounds in preterm and
term newborns

Number of ultrasounds pr Nl{ml:e;;ii’en 4 s rr::z::llt':erm
Minimum 1 1
Quartile 1 2 1.5

Median 3 2
Quartile 3 4 3
Maximum 7 5

TABLE 2. Number of X-ray in preterm and
term newborns

Number Xexay Number of Numhe_r of
premature patients| term patients
Minimum 0 0
Quartile 1 0 0
Median 1 0
Quartile 3 1 1
Maximum 3 2

Number of X-rays in preterm and term
newborns

The data has been represented as mean=SD of
number of chest X-rays which were performed
per group of patients (term and premature new-
borns). The mean number of chest X-rays was
0.33%0.55 in term newborns (n=27 patients)
and significantly lower (0.89%0.78) in prema-
ture newborns (n=55 patients) (t(80)=3.30,
p<0.001) (Figure 7) (Table 2). Q

DISCUSSION

I n the studied cohort, we drew comparisons be-
tween radiological and ultrasound findings con-
cerning neonatal respiratory pathologies. These
findings align with the existing literature, con-
firming that respiratory pathology remains the
leading cause of admission to NICU for both pre-
term and term neonates. The present study also
included graphical analyses using boxplots to vi-
sualize the distribution of imaging studies, in-
cluding lung ultrasound (US) and chest X-ray
(RX), which were performed in preterm and term
neonates. The boxplots depicted the range, me-
dian and interquartile ranges of the number of
imaging studies, providing a clear representation
of the variability and central tendencies within
each group. These graphical tools helped em-
phasize the differences in imaging practices, par-
ticularly the greater reliance on US in preterm
infants compared to term infants.
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The results demonstrate an increasing trend
in the use of US due to its advantages, especially
in preterm patients who are at higher risk of res-
piratory impairment.

The analysis indicates that preterm newborns
require more frequent US examinations than
term neonates, which reflects a higher need for
ultrasound monitoring in preterm infants, largely
due to their increased risk of respiratory compli-
cations. Ultrasound is preferred for its advan-
tages, such as the absence of radiation and its
ability to provide real-time imaging, which sup-
ports dynamic assessment and timely manage-
ment of neonatal respiratory issues.

Preterm infants tend to undergo more X-rays
than term ones, which is driven by clinical insta-
bility and the frequent occurrence of respiratory
complications in this group of patients. However,
X-ray use remains limited overall, thus high-
lighting concerns about radiation exposure and a
preference for ultrasound, which is a safer and
less invasive imaging method.

According to our results, ultrasonography
should remain the main diagnosis and surveil-
lance method for newborn respiratory disorders,
especially in preterm infants. The use of X-rays
should be carefully considered, taking into ac-
count the risks of radiation exposure. Future re-
search should explore the relationship between
different imaging techniques and long-term out-
comes to improve neonatal care protocols.

In a study conducted by Ma et al, which in-
cluded a systematic review and meta-analysis of
nine studies totalizing 703 patients, the diagnos-
tic accuracy of lung ultrasound (LUS) for the neo-
natal respiratory distress syndrome (NRDS) was
evaluated. The authors found a significant vari-
ability among studies in terms of LUS techniques,

timing relative to chest X-rays (CXR), study design
and diagnostic criteria. Their findings indicate
that the transthoracic ultrasound approach is
highly effective for diagnosing neonatal respira-
tory distress syndrome, with a sensitivity of 99%
and specificity of 97%, surpassing both the trans-
abdominal approach and chest X-ray. The pooled
sensitivity and specificity of LUS were 0.99 and
0.95, respectively, with an area under the curve
of 0.99, which demonstrated a high diagnostic
accuracy. The authors concluded that LUS was a
promising non-invasive bedside tool for diagnos-
ing NRDS and an effective alternative to tradi-
tional imaging methods (4).

In a study conducted by J. Liu, in 2023, on
275 newborns, including both premature and
full-term infants, the authors found that 42.5%
had primary RDS and the remaining 57.5% sec-
ondary RDS. Lung ultrasound identified three
distinct ~ patterns of lung involvement:
ground-glass opacity, snowflake-like consolida-
tions and snowflake-like signs with complica-
tions. The study suggests that RDS can be effec-
tively classified into mild, moderate and severe
grades based on LUS findings. Severe RDS is as-
sociated with extensive lung involvement or
complications like pneumothorax and pulmo-
nary hemorrhage (5).

In order to assist treatment choices by giving
clear insights into the severity and course of RDS,
the literature emphasizes LUS as an efficient and
trustworthy technique for detecting RDS in both
preterm and full-term neonates (5).

In a meta-analysis conducted by Silviera et al,
1,686 studies were reviewed, of which only 23
were selected, involving a total of 2,245 new-
borns. All selected studies used chest X-rays to
diagnose neonatal RDS, with 91% also utilizing it
to assess disease severity. While 30% of studies
suggested that chest X-rays were irreplaceable,
43% found that alternative methods were supe-
rior for assessing severity, monitoring progress,
predicting the need for surfactant therapy, antici-
pating continuous positive airway pressure
(CPAP) failure and aiding in differential diagno-
ses. Despite the continued use of chest X-rays in
clinical practice, the results of Silviera’s study
suggest they may not fully reflect global practi-
ces, particularly in resource-limited settings
where managing neonatal RDS early remains
crucial for newborn survival (6).
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In another study assessing the reliability of
lung sonography in neonates with respiratory dis-
tress, interpretations were compared among
physicians with different levels of experience. A
retrospective analysis of 465 lung sonograms
from 114 neonates was conducted and four ob-
servers independently evaluated the scans. The
Cohen « coefficient demonstrated high interob-
server agreement between experienced and less
experienced interpreters (k1 = 0.94, k2 = 0.72,
k3 = 0.81). For RDS and transient tachypnea,
agreement remained strong. The study con-
cludes that lung sonography is a reliable diagnos-
tic tool, even with varying levels of interpreter
experience (7).

Transient tachypnea of the newborn is a pri-
mary cause of respiratory distress in neonates.
This generally benign and self-resolving condi-
tion arises from delayed clearance of the fetal
lung fluid after birth. Transient tachypnea of the
newborn more frequently occurs in preterm in-
fants, affecting approximately 10% of those born
at 33 to 34 weeks of gestation, whereas it is seen
in less than 1% of full-term infants. The diagnosis
of TTN relies on clinical signs and chest X-ray
(CXR), though CXR findings associated with TTN
frequently lack specificity (8).

Copetti R. et al conducted a study on lung
sonography in 32 newborns with clinical and ra-
diological signs of TTN within the first hour after
birth. Their findings were compared to those of
60 healthy infants and those with different con-
ditions such as respiratory distress syndrome,
pneumonia, pulmonary hemorrhage and atelec-
tasis. The study identified a unique sonographic
pattern, the so-called 'double lung point' in TTN
patients, characterized by a difference in echo-
genicity between the upper and lower lung areas
and dense comet-tail artifacts in the lower fields.
This pattern was not observed in either healthy
infants or those with other respiratory conditions.
The 'double lung point' demonstrated 100% sen-
sitivity and specificity for diagnosing TTN. The
authors concluded that lung sonography was a
highly reliable tool for the early diagnosis of TTN
and recommended its use as a first-line imaging
technique for neonatal respiratory distress (9).

In a prospective cohort study involving
59 neonates with respiratory distress, LUS de-
monstrated a sensitivity of 93.3% and a specific-
ity of 96.5% for diagnosing TTN, thus surpassing
the sensitivity of 89.4% and specificity of 91.3%

observed with X-ray. The findings indicate that
lung ultrasound is an accurate and reliable dia-
gnostic tool for TTN, which is also supported by
current evidence (10).

A prospective observational study included
117 newborns diagnosed with MAS and 100
control newborns without lung or heart disease,
who were admitted to NICU in Bayi Children’s
Hospital, Beijing, China, between January 2014
and August 2015. Meconium aspiration syn-
drome was identified by medical history, clinical
symptoms, CXR results, US findings and abnor-
mal blood gas analyses. Chest X-ray included
lung overexpansion, widespread coarse and
massive bilateral patchy infiltrates, with or with-
out pleural fluid. The study found that all MAS
patients had pulmonary consolidation with air
bronchograms, pleural line abnormalities with
the disappearance of the A-line and alveolar-in-
terstitial syndrome or B-line in non-consolidated
areas. Additionally, 16.2% of subjects had atelec-
tasis with visible lung pulse and 13.7% pleural
effusion. The data indicate that ultrasonography
is a dependable, precise, convenient and non-in-
vasive method for diagnosing MAS (11).

Pneumothorax occurs when air accumulates
in the potential space between the parietal and
visceral pleurae within the thoracic cavity, cau-
sing the pressure inside the lung to exceed the
pressure outside the pleura. While PTX is not a
disease itself, it can be life-threatening. The inci-
dence of PTX is relatively low in term neonates,
around 1%, but it is significantly higher in pre-
term and very low birth weight (VLBW) infants,
ranging from 6% to 10%, likely due to poor lung
compliance (12).

In a meta-analysis conducted by Qiang Fei
et al in 2020, the effectiveness of LUS was com-
pared to CXR for diagnosing neonatal PTX. The
analysis included eight studies and found that
the combined sensitivity and specificity of LUS
for diagnosing PTX were 98% and 99%, respec-
tively, which indicated a high accuracy with a
diagnostic odds ratio (DOR) of 920.01 and mini-
mal heterogeneity among studies. In compari-
son, CXR had lower sensitivity (82%) and speci-
ficity (96%), with a DOR of 44.54, showing less
accuracy than LUS. Lung ultrasound was also
more effective in detecting mild to moderate
PTX, especially in premature infants, while CXR
was less sensitive and could miss cases depen-
ding on the patient's position. Additionally, LUS
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showed superior diagnostic performance in the
absence of pulmonary consolidation, using indi-
cators like the absence of lung sliding or B-lines
and the lung point, which can help determine
the severity of PTX. Overall, LUS demonstrated
higher sensitivity and specificity compared to
CXR in diagnosing neonatal PTX (13).

A study conducted by Jing Liu et al between
2013 and 2016 found that LUS was extremely
accurate and reliable for diagnosing neonatal
pneumothorax. Key ultrasound indicators, such
as the absence of lung sliding and B-lines and the
presence of the pleural line and A-line, showed
100% sensitivity, specificity, positive predictive
value and negative predictive value. The pre-
sence of a lung point indicated mild to moderate
pneumothorax, while its absence suggested a se-
vere pneumothorax. The above-mentioned
study concluded that lung ultrasound was as ef-
fective as chest X-ray in diagnosing neonatal
pneumothorax (14).

In a multicenter study conducted in 2022 on
135 newborns with neonatal pneumonia and
50 healthy newborns as a control group, the use
of LUS was evaluated for diagnosing and dif-
ferentiating the severity of pneumonia. All pa-
tients with pneumonia exhibited abnormal pleu-
ral lines and pulmonary consolidations, with the
majority also showing signs of pulmonary edema,
and some presenting with air bronchograms and
pleural effusion. In the control group, no signifi-
cant abnormalities were observed, except for a
few isolated cases of pulmonary edema. The
study results showed that LUS could effectively
distinguish between severe and mild forms of
pneumonia, highlighting its utility as an impor-
tant diagnostic tool for newborns (15).

In a study on the value of lung ultrasound in
neonatal pneumonia, Jing Liu et al showed that
LUS had 100% sensitivity and specificity for de-
tecting large regions of lung consolidation with
irregular borders, making it a dependable dia-
gnostic technique for newborn pneumonia. Ac-
cording to Liu’s study, lung ultrasonography
might be used in the NICU to diagnose pneumo-
nia instead of chest radiography (16).

Based on the appearance of large consolida-
ted regions with irregular boundaries and air
bronchograms, a 2013 study showed that LUS
was very successful in detecting newborn pneu-
monia, with stated sensitivity and specificity both
at 100% accuracy. These findings highlighted
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LUS as a reliable diagnostic tool, particularly in
NICUs, where it has been used to assess ultraso-
nographic changes before and after treatment. In
addition to diagnosing neonatal pneumonia, LUS
has been proven effective for monitoring disease
progression, evaluating severity through LUS
scores (which are inversely related to disease se-
verity) and serving as an alternative to CXR for
diagnosing  ventilator-associated =~ pneumonia
(17).

In 2020, a literature review assessed the glo-
bal practices regarding radiation exposure in
neonatal intensive care units (NICU) due to the
risks associated with X-ray radiation in premature
infants. Twenty-five empirical studies published
after 2000 were analyzed, comparing radiation
doses, number of X-rays per NICU stay and re-
commendations. The number of X-rays ranged
from O to 159 per patient, with younger and
lower birth weight infants receiving more. Re-
commendations varied, reflecting inconsistent
interpretations of the ALARA principle. The re-
view highlights the need for standardized ima-
ging protocols and dose monitoring in NICUs to
reduce the public health risk associated with ra-
diation exposure (18).

In a retrospective study conducted in China,
the feasibility of using LUS instead of CXR to di-
agnose neonatal lung diseases (NLDs) was as-
sessed. Data from 1,381 newborns with respira-
tory distress admitted to NICU between 2017
and 2020 were analyzed. Lung ultrasound de-
monstrated higher diagnostic accuracy com-
pared to CXR, which had a misdiagnosis rate of
20.7% and a missed diagnosis rate of 5.5%. The
findings suggest that LUS can fully replace CXR
for diagnosing NLDs in the NICU setting, offering
improved reliability and accuracy (19). 4

CONCLUSIONS

he present study emphasizes the need for in-

dividualized neonatal management based on
prematurity and respiratory risk. Lung ultrasound
is becoming increasingly preferred due to its
multiple benefits, while X-ray is used more selec-
tively.

The findings demonstrate a higher frequency
of ultrasound use in preterm infants compared to
term infants, reflecting a significant need for
non-invasive, real-time imaging in managing
their increased respiratory risks. Conversely,
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X-ray use was less frequent in both groups, with
preterm infants undergoing more X-rays than
term infants, likely due to their clinical instability
and higher incidence of respiratory complica-
tions. The significant inter-group differences in

systematic review concerning
low-resource birth scenarios.

Glob Health Action 2024;17:2338633. doi:
10.1080/16549716.2024.2338633.
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