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ABSTRACT

AIM-To estimate cut off value of lung ultrasound score for neonates less than 34 weeks of gestation with Respiratory
Distress Syndrome.

METHODOLOGY- All preterm neonates (<34 weeks gestation), both inborn and outborn, admitted to the NICU with
respiratory distress were prospectively enrolled after obtaining informed parental consent. Antenatal and perinatal history,
delivery details, and risk factors were recorded. Lung ultrasound (LUS) was performed within 4 hours of admission using
a GE LOGIQ P3 portable ultrasound machine with a high-frequency linear probe (6—12 MHz).

Each lung was divided into anterior, lateral, and posterior zones (six zones total), and examined in longitudinal and
transverse planes. Each zone was assigned a score from 0 to 3 based on lung aeration pattern: 0 = A-lines only (normal
aeration); 1 =>3 well-spaced B-lines; 2 = coalescent B-lines with or without limited subpleural consolidation; 3 = extended
consolidation/white lung. The total LUS score ranged from 0 to 18.

RESULT- In our study of 78 neonates, LUS scores ranged from 3 to 13, with 55.1% requiring surfactant. Most neonates
(85.9%) were managed with CPAP, while 14.1% required mechanical ventilation (MV); all MV cases also needed
surfactant and had higher mortality (27%) and LUS scores. A LUS cut-off >9 was statistically significant (p < 0.001) for
predicting surfactant need, with 93.02% sensitivity and 91.43% specificity. Surfactant use increased with higher LUS
scores, and all neonates with LUS >11 required it. Lower LUS scores (3—8) were observed in those with antenatal steroid
coverage. A significant correlation was found between LUS and SAS, with higher scores in neonates needing surfactant.
CONCLUSION- Lung ultrasound (LUS) is a non-invasive, bedside, and repeatable tool that is increasingly recognized
for its effectiveness in managing neonatal respiratory distress. It offers greater predictive value for intubation than chest x-
ray, with key findings like lung consolidation, pleural line abnormalities, and absence of A-lines being highly specific for
respiratory distress syndrome (RDS). LUS also reduces reliance on chest radiographs, thereby minimizing radiation
exposure in vulnerable preterm infants. As a reliable and radiation-free imaging modality, LUS is valuable for both
diagnosing and monitoring RDS and should be used alongside x-rays to improve neonatal care.
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INTRODUCTION of full-term and 29% of late preterm infants, with even
Respiratory distress is a leading cause of neonatal higher rates in those born before 34 weeks of gestation. It
intensive care unit (NICU) admissions, affecting about 15%  presents with a respiratory rate over 60/min, subcostal and
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intercostal retractions, grunting, nasal and
decreased air entry on auscultation. !

Common causes include transient tachypnoea of the
newborn (TTN), hyaline membrane disease (HMD),
meconium aspiration syndrome (MAS), pneumonia,
persistent pulmonary hypertension, and systemic conditions
like cardiac or neurological anomalies. Surfactant
deficiency remains the main cause of neonatal respiratory
distress syndrome (NRDS).2

NRDS predominantly affects premature, low birth weight
infants due to immature lung development.3 Incidence
correlates with gestational age, ranging from 92% at 24-25
weeks to 57% at 30-31 weeks. Mortality is highest in
infants under 1.0 kg (50%) and negligible in those over 4.0
kg.4,5 Management typically involves pulmonary
surfactant and CPAP, with possible mechanical
ventilation.®’

The severity of distress is evaluated using the Silverman-
Anderson score for preterm and Downe’s score for term
infants. Chest X-rays are standard but pose radiation risks
due to neonates’ sensitivity.

Lung ultrasound (LUS), once thought unsuitable for lung
imaging, is now a reliable, non-invasive, and radiation-free
bedside tool for diagnosing NRDS, TTN, pneumonia,
MAS, and pneumothorax. It distinguishes between normal
aeration and interstitial or alveolar pathology. LUS is
especially effective in neonates due to their thin chest walls
and small lungs.>!2

Point-of-care LUS (POC-LUS) is increasingly replacing
chest X-rays in NICUs, offering higher accuracy, real-time
assessment, and no radiation exposure. It is also used for
semi-quantitative lung aeration scoring and can guide
surfactant therapy decisions.13-16 LUS has a reported
sensitivity of 95.6% and specificity of 94.4% for RDS
diagnosis.!’

Though no universally validated LUS cutoff for surfactant
therapy exists, identifying one could support timely
treatment and reduce morbidity in preterm infants.

flaring,

METHODOLOGY

This hospital-based prospective observational study was
conducted in the NICU of Sharda Hospital, School of
Medical Sciences and Research, Sharda University, Greater
Noida, from May 2023 to November 2024, after
Institutional Ethics Committee approval. A total of 78
preterm neonates (<34 weeks gestation), both inborn and
outborn, admitted with respiratory distress were enrolled.
Neonates >34 weeks gestation, with major congenital
anomalies, sepsis, perinatal asphyxia, respiratory distress
due to other causes, prior surfactant administration at birth,
or refusal of parental consent were excluded. Written
informed consent was obtained from parents/guardians.
Antenatal and perinatal details, mode of delivery, and risk
factors for respiratory distress were recorded. Lung
ultrasound (LUS) was performed within 4 hours of
admission to assess lung aeration. The study aimed to
evaluate the role of LUS in predicting the need for

surfactant therapy and its correlation with clinical
parameters in preterm neonates with respiratory distress.

Lung ultrasound (LUS) was performed and interpreted by
the principal investigator in consultation with a radiologist
using a GE LOGIQ P3 portable ultrasound machine
equipped with a high-frequency linear probe (6—12 MHz).
Respiratory distress was diagnosed clinically using the
Silverman Anderson Score (SAS) and supported by
radiological evidence.

For ultrasound examination, a high-frequency linear probe
(=9 MHz) was used for detailed assessment of the pleural
line, while a low-frequency phased array probe (4-8 MHz)
was employed for evaluation of deeper lung parenchyma to
ensure optimal image resolution. Standard infection control
precautions were followed, with probe disinfection before
and after each examination. Ultrasound gel was applied to
minimize air artifacts, and all scans were performed with
the neonate in the supine position.

Each lung was divided into anterior, lateral, and posterior
regions and examined in both longitudinal and transverse
planes for systematic assessment.

It was examined using a linear microprobe in both
longitudinal and transverse planes. Each region was
assigned a score ranging from 0 to 3, yielding a total Lung
Ultrasound Score (LUS) between 0 and 18."°

On ultrasonography, the pleura appeared as a smooth,
regular echogenic line (pleural line). A-lines were identified
as horizontal, equidistant reverberation artifacts parallel to
the pleural line, indicating preserved aeration. B-lines were
defined as vertical, hyperechoic, laser-like artifacts arising
from the pleural line and extending to the bottom of the
screen without fading. The number of B-lines correlated
with increased interstitial fluid and decreased lung aeration.

B lines are vertical reverberation artifacts occurring due to
decrease in air content and there is subpleural edema
causing acoustic mismatch between fluid and air.

The LUS score was given as follows:

0-Indicates A-pattern (defined by the presence of the only
A-lines)

1-B-pattern (defined as the presence of >3 well-spaced B-
lines)

2-Severe B pattern (defined as the presence of crowded and
coalescent B lines with or without consolidations limited to
the sub pleural space)

3-Extended consolidations / White Lung!®

The total Lung Ultrasound Score (LUS) was calculated by
summing the scores of all six lung zones. All ultrasound
findings were systematically recorded. Surfactant therapy
was administered according to standard NICU protocol.

LUS was determined for all enrolled neonates irrespective
of surfactant administration. At the end of the study,
neonates were categorized into two groups: those who
received surfactant and those managed without surfactant.
The groups were compared with respect to clinical
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outcomes, including need for surfactant therapy, continuous
positive airway pressure (CPAP), and supplemental oxygen
via nasal prongs. LUS was analyzed to determine the
optimal cut-off value for predicting surfactant requirement.
The study was financially supported by SMSR, Sharda
Hospital.

Figure 1

sl

Figure 1 illustrates the standardized lung ultrasound
scanning zones in a neonate, divided into anterior (A),
lateral (B), and posterior (C) regions.

Dashed lines mark the anatomical boundaries used for
systematic Lung Ultrasound Score (LUS) assessment.
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Figure 2: LUS findings showing-

A - Pleural line and A lines

B - Widely spaced B lines

C - More than three crowded and coalescent B lines
D - Extended consolidation / Whiteout lung

E - Barcode sign

STATISTICAL ANALYSIS

The collected data was entered in Microsoft Excel and then
analysed and statistically evaluated using SPSS-22 version.
Normality of each variable was assessed by using the
Kolmogorov- Simirnov test. Quantitative data was
expressed by mean, standard deviation or median with
interquartile range and depends on normal distribution,
difference between two groups was tested by student t test
or Mann Whitney U test. Qualitative data was expressed in
percentage and difference between the proportions was
tested by chi square test or Fisher’s exact test. ROC curve
was prepared using lung ultrasound score in predicting the
need of surfactant in RDS babies. Cut off value was
calculated and based on cutoff value, sensitivity, specificity,
positive predictive value and negative predictive value of
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lung ultrasound score in predicting the need of surfactant in
RDS babies was calculated. ‘P’ value less than 0.05 was
considered statistically significant.

RESULTS

The majority of neonates in the study were delivered via
lower segment cesarean section (LSCS), accounting for
61.5%, while 39.5% were born through vaginal delivery. In
terms of birth status, 46 neonates (59%) were singletons,
whereas 32 (41%) were twins. The study population was
evenly divided between males and females, each
comprising 50%. Most neonates had a gestational age of
32-33+6 weeks (44.9%), followed by 30-31+6 weeks
(32.1%), with only 10.3% born before 28 weeks. The
majority had a birth weight between 1000-1499 grams
(39.7%), followed by 1500—1799 grams (29.4%) and 1800—
2499 grams (19.2%); 11.5% weighed less than 1000 grams.
A total of 67 neonates (85.9%) were managed with CPAP,
while 11 (14.1%) required mechanical ventilation.
Surfactant was administered to 43 neonates (55.1%),
whereas 35 (44.9%) were managed conservatively. The
Silverman Andersen Score (SAS) ranged from 2 to 7, with
the majority scoring 6 (32.1%) or 7 (21.8%). Scores of 2, 3,
4, and 5 were seen in 1.3%, 14.1%, 19.2%, and 11.5% of
neonates, respectively. The mean duration on CPAP was
35.28 hours, compared to 79.71 hours on mechanical
ventilation.

Tablel: Lung Ultrasound Findings and Their
Association with Surfactant Requirement (n = 78)

Parameter Surfactant Surfactant P

Not Needed Needed value

LUS score 5.89 £1.90 10.84 £1.44  <0.001

(mean + SD)

SAS score 4.03+1.09 6.23 £0.71 <0.001

(mean + SD)

A-lines, n 33 (42.3) — —

(%)

B1 lines, n 41 (52.5) — —

(%)

B2 lines, n 43 (55.1) — —

(%)

B3/White 37 (47.4) — —

lung, n (%)

Table 1 shows that among the 78 preterm neonates, B-line
patterns predominated over A-lines, with B2 lines observed
in 55.1% and B3/white lung pattern in 47.4% of cases.

Table 2 : Distribution of Surfactant Requirement
According to LUS Score

LUS Score Range | Surfactant Required n (%)
3-6 0 (0%)

7 3 (42.9%)

8 0 (0%)

10 13 (92.9%)

11 14 (87.5%)

12-13 13 (100%)
Table 2 shows that neonates requiring surfactant had
significantly higher mean LUS and SAS scores compared
to those not requiring surfactant (10.84 + 1.44 vs. 5.89 +
1.90 and 6.23 £ 0.71 vs. 4.03 = 1.09, respectively; p <
0.001).
Surfactant requirement increased with rising LUS scores:
none with scores <6 required surfactant, whereas all
neonates with scores >12 required therapy, indicating a
strong predictive association between higher LUS scores
and surfactant need.

Table 3 -Diagnostic value of LUS score for prediction of
surfactant need

Value (95% CI)

AUC 0.95 (0.91-1.0)

P value <0.001
Cut off value >9

Sensitivity 93.02%
Specificity 91.43%
PPV 93.02%
NPV 91.43%

Table 3 shows that a cut off value of > 9 of LUS was found
statistically significant (p<0.001) at which surfactant was
required with a sensitivity of 93.02%, sensitivity of 91.43%
and PPV and NPV of 93.02% and 91.43% respectively.
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Figure-3 ROC showing LUS score for prediction of
surfactant need
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The ROC curve demonstrates excellent diagnostic
performance of the Lung Ultrasound Score (LUS) in
predicting surfactant requirement. The curve lies well above
the diagonal reference line, indicating strong discriminatory
ability. With an area under the curve (AUC) of
approximately 0.95, LUS shows high accuracy. At the
optimal cut-off (>9), sensitivity and specificity are both
above 90%, suggesting that LUS is a reliable predictor of
surfactant need in preterm neonates with respiratory
distress.

DISCUSSION

This prospective study focused exclusively on preterm
neonates, a high-risk group in whom timely intervention is
crucial. Lung ultrasound (LUS), long established in adult
critical care, has gained increasing acceptance in
neonatology for evaluating conditions such as respiratory
distress syndrome (RDS), congenital pneumonia, and
transient tachypnea of the newborn.9-12,16 Brat et al.'
first proposed a standardized LUS scoring system for
assessing RDS severity in preterm neonates. Subsequently,
Perri et al.'® demonstrated that LUS scoring was superior to
chest radiography in predicting the need for surfactant
therapy in RDS.

In the present study, LUS scores ranged from 3 to 13
(maximum 18), and 55.1% of neonates required surfactant
therapy. Mechanical ventilation was required in 14.1% of
neonates, all of whom had higher LUS scores and increased
mortality (27%). Comparable findings were reported by
Moolimani et al.””, where 12% of neonates required
mechanical ventilation and had poorer outcomes.

A progressive increase in surfactant requirement was
observed with rising LUS scores. At a score of 10, 92.8%
of neonates required surfactant; at 11, 87.5% required
therapy; and all neonates with scores >12 required
surfactant. A cut-off value of >9 was statistically significant
(p <0.001) for predicting surfactant administration. Similar
cut-offs have been reported by Roy et al.?! (>9), Gupta et
al.? (=8), Chan et al.? (=10), De Luca et al.** (=9), and
Nosrati et al.? (=9). Kelner et al.® further reported that a
score >9 predicted surfactant need with 100% sensitivity
and 91% specificity.

In our study, a cut-off of >9 demonstrated high diagnostic
accuracy, with sensitivity of 93.02% and specificity of
91.43%. These findings align with Perri et al.?’, who
reported higher sensitivity, specificity, and predictive values
for LUS compared to chest X-ray in guiding surfactant
therapy. Given concerns regarding radiation exposure in
neonates,8,13 LUS offers a safer and repeatable bedside
alternative.

A significant positive correlation was observed between
LUS and Silverman-Anderson Score (SAS). Neonates
requiring surfactant had significantly higher mean LUS
(10.84 + 1.44) and SAS (6.23 £ 0.71) scores compared to
those managed conservatively (LUS 5.89 + 1.90; SAS 4.03
+ 1.09). Aiswarya et al.?® similarly reported a significant
correlation between LUS and SAS, while Raimondi et al.?

demonstrated that LUS could predict respiratory support
failure. These findings highlight the complementary role of
LUS alongside clinical scoring systems in assessing disease
severity.

Strengths

Surfactant administration is critical. Early LUS assessment
within 4 hours of admission and standardized scoring
enhanced clinical applicability. The use of a portable
ultrasound system (GE LOGIQ P3) with appropriate high-
frequency probes and robust statistical analysis, including
ROC curve evaluation, strengthens the validity of the
findings. LUS proved to be a rapid, bedside, radiation-free
modality with strong predictive value compared to
conventional chest radiography.

Limitations

The primary limitation of this study is the relatively small
sample size (n=78) and single-center design, which may
limit generalizability. Larger multicentric studies are
required to validate the proposed cut-off and establish
standardized recommendations for integrating LUS into
routine management protocols for neonatal RDS.

Despite these limitations, our findings support the use of
LUS as a reliable tool for early prediction of surfactant
requirement and optimized management of preterm
neonates with respiratory distress.
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