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ORIGINAL ARTICLE: NEONATAL LUNG DISEASE

Lung ultrasonography score versus chest X-ray score to
predict surfactant administration in newborns with
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distress syndrome (RDS), and to compare it with a chest X-ray score.

score to early predict the need for surfactant therapy in newborns with respiratory
Methods: In this prospective diagnostic accuracy study we included all newborns admitted
for respiratory distress and initially treated with nasal CPAP. LUS was performed within 2 h
from nasal CPAP positioning and in any case before surfactant administration. A chest X-ray
was also performed. A LUS score and an X-ray score were used and compared. Ability of the
scores to predict surfactant administration was evaluated through ROC analysis.
Results: In our population of 56 newborns with mean gestational age of 31 weeks (SD
3) and mean birth weight of 1442 g (SD 520), LUS score showed higher AUC than X-ray
score in early recognition of infants with respiratory distress syndrome requiring
surfactant treatment (0.94; 95%CI, 0.89-0.98; P < 0.001 vs 0.80; 95%CI, 0.74-0.86;
P < 0.001). It showed also higher sensitivity (86% vs 82%), higher specificity (88% vs
76%), better positive (83% vs 69%), and negative (91% vs 87%) predictive values.
Conclusions: LUS is a non-invasive, bedside and reproducible method that could
improve the management of neonatal respiratory distress. It is accurate and reliable
to early identify patients who will need treatment with surfactant allowing both an
early treatment and a reduction of radiation exposure.
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1 | INTRODUCTION

Development Neonatal Research Network reports a 93 percent
incidence of RDS in a cohort of extremely preterm infants (GA

Respiratory distress syndrome (RDS) is a common problem in preterm

28 weeks or below).1 Although the risk is lower, RDS occurs even in a

infants. This condition is caused by deficiency of pulmonary surfactant

significant number of late preterm infants.2 Diagnosis of RDS is based

in an immature lung and is related with morbidity and mortality in

on clinical manifestations, arterial blood gas and chest X-ray findings.

preterm infants. The incidence of RDS increases with the decreasing of

Chest X-ray is considered a first-line imaging test for diagnosis of RDS.

gestational age (GA). The National Institute of Child Health and Human

Chest X-ray findings, however, are not related to the respiratory
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prognosis.3 Recently, lung ultrasonography (LUS) has been used in

births per year. Dyspnoeic newborns of any GA, admitted to the

critically ill patient and it has become an important tool for

neonatal ward for respiratory distress within 2 h of life and treated with

neonatologists.4 Specific LUS patterns have been described for typical

nCPAP were eligible. Exclusion criteria were: delivery room intubation,

neonatal respiratory conditions such as RDS,5 transient tachypnea of

chromosomal abnormalities or complex congenital malformations,

the newborn (TTN),6 meconium aspiration syndrome (MAS),7 and

congenital lung diseases, sepsis, and meconium aspiration syndrome.

8,9

As reported in The Consensus Conference on lung

Symptoms of dyspnea included shallow breathing, grunting, nasal

ultrasound, both LUS and chest X-ray are accurate in the diagnosis of

flaring, sub- and intercostal retractions. Intubation in the delivery room

RDS and TTN in neonates.10 Surfactant replacement therapy is crucial

was performed only on babies unresponsive to positive pressure via

in the management of RDS. Recent guidelines recommend to treat

face-mask ventilation. In these babies, poractant-α was administered

affected babies with early nasal continuous positive airway pressure

immediately in the delivery room. In all other cases, poractant-α was

(nCPAP) and early selective surfactant administration. The European

administered whenever the fraction of inspired oxygen (FiO2) was

Association of Perinatal Medicine and the American Academy of

greater than 0.3 or 0.4 for babies with a GA less than or greater than

Pediatrics advise surfactant administration when oxygen requirement

26 weeks, respectively, according to European Consensus Guidelines

pneumothorax.

11,12

increases despite early nCPAP treatment.

Some studies have

on the Management of Respiratory Distress Syndrome—2016

recently highlighted the usefulness of LUS in predicting neonatal

Update.11 LUS was performed within 2 h from the initiation of nCPAP,

intensive care unit admission or the need for mechanical ventila-

and in any case before surfactant administration. It was performed by

tion13,14 or nCPAP failure.15 Many scores based on LUS findings have

two physicians who received formal training before the study. The

16,17

proved their reliability in adult critical care.

training consisted in a theoretical-practical course of 18 h; physicians

In the neonatal field few studies presented chest X-ray derived

performing LUS have also previously performed at least 30 LUS in the

scores18 or directly compared LUS with chest X-ray.18–20 There are no

neonatal intensive care unit. An image was recorded for each lung area

data, to our knowledge, that compare the accuracy of LUS with chest

by the operator (who was not the patient's physician) and a specific

X-ray in predicting the need for surfactant administration in infants

echogram (Figure 1) was elaborated and saved with a specific code.

with RDS. Aim of this study was to identify the best non-invasive

The exam was executed after the patient's care, consisting in achieving

radiological technique in predicting surfactant needs in neonates with

a comfortable position and gaining stability of vital signs, in order to

RDS. A validated Neonatal Lung Ultrasonography Score (nLUS)21

minimize potential adverse effects of opening the incubator and

based on LUS findings has been used, and its accuracy in predicting

performing the procedure. At the end of the study all the echograms

the need for surfactant administration in infants with RDS was

were analyzed, and the scores were given by a radiologist blinded to

evaluated.21 The nLUS was compared with a validated neonatal X-ray

the patients’ clinical conditions. The nLUS has been previously

score (nXR) based on chest X-ray's findings.22

validated in the neonatal field.18 Each lung was divided in three areas
(upper anterior, lower anterior, lateral) and examined using a linear
probe, frequency 12 MHz, through both transverse and longitudinal

2 | M E TH O D S

scans. Images were obtained using a LOGIQ E9 General Electrics
ultrasound machine. For each lung area (upper anterior, lower anterior

This is a prospective diagnostic accuracy study conducted from

and lateral), a 0-3 score was given relating to lung's echogenicity

October 2016 to April 2017 in our level three hospital with 4000 total

patterns (Figure 2).

FIGURE 1 Specific echogram used in this study. Left lung is represented in the upper part of the echogram while the right lung is
represented in the lower part. From left to right: upper anterior, lower anterior, lateral part of the lung. The last image on the right, which is
taken at the middle axillary line, reports the number of intercostal spaces (as marked by the operator)
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FIGURE 2 Description of the lung ultrasonography score (nLUS). Lungs have been divided into three areas, upper anterior, lower anterior,
and lateral. For each area, a score of 0-3 has been assigned. Score values correspond to different patterns as shown in the lower part of the
figure. Scores were given as follows: 0, presence of only A-lines; 1, presence of A-lines in the upper part of the lung and coalescent B-lines in
the lower part of the lung (pattern 1a) or at least 3 B-lines (pattern 1b); 2, presence of crowded and coalescent B lines with or without
consolidations limited to sub-pleural space; 3, presence of extended consolidation

A chest X-ray was also performed in all studied infants. The timing

intention to test the interobserver agreement for image interpretation

of its execution was decided by physicians following standard

between neonatologists performing LUS and the radiologist who

protocols of our unit, in any case before surfactant administration.

scored both echograms and radiograms. A sample size of 56 neonates

Each radiogram was saved with a specific code and scored, at the end

would have been needed to have an area under the ROC curve of 0.7 or

of the study, by a radiologist blinded to the patient condition. The nXR

higher with α = 0.05 and 80% power, considering that in 2015

has been previously validated in the neonatal field.22 Radiolucency of
the radiogram was considered in order to build the score and it was
graded in both lungs as follows: 0, normal radiolucent lung fields

TABLE 1

Basic population details

Characteristic

All babies n = 56

GA, wk, mean (SD)

31 (3)

markedly reduced radiolucency with retained cardiac and diaphrag-

GA ≤ 30, No. (%)

27 (48)

matic margins; 3, severely reduced radiolucency with air bronchogram

30 < GA > 33, No. (%)

23 (41)

and blurred cardiac and diaphragmatic margins; and 4, almost

GA ≥ 33, No. (%)

6 (11)

completely white lung fields with or without air bronchogram and

Birth weight,mean (SD), g

1442 (520)

barely visible cardiac and diaphragmatic margin.

Small for GA, No. (%)

10 (18)

Cesarean delivery, No. (%)

54 (96)

with sharp cardiac and diaphragmatic margins; 1, slightly reduced
radiolucency with still sharp cardiac and diaphragmatic margins; 2,

Pulse oximetry-derived saturation, level of CPAP, FiO2, SatO2/
FiO2 ratio, postnatal age (expressed in hours) at time of lung
ultrasound, at time of chest X-ray, number of intercostal spaces
with a displayable pleural line (taken with LUS at the middle axillary
line) and duration of lung ultrasound were collected in a dedicated data

Female, No. (%)

31 (55)

CPAP Level at LUS, median (IQR)

7 (6-8)

Fi02 at LUS, median (IQR)

0.25 (0.21-0.3)

base. Linear regression analysis was performed to assess relationship

Sat02 at LUS, median (IQR)

94 (91-95)

between the surfactant administration and the collected parameters.

Surfactan administred, No (%)

22 (39)

Correlation between SatO2/FiO2 ratio and both nLUS and nXR was

Postnatal age at LUS, mean (SD), h

2.5 (2.5)

analyzed with Spearman coefficient (ρ). Receiver operating character-

Postnatal age at XR, mean (SD), h

3.1 (1.6)

istic (ROC) analysis was used to evaluate the ability of nLUS and nXR to

LUS duration, mean (SD), min

5.2 (1.3)

LUS score, median (IQR)

4.5 (1.88-12)

RX score, median (IQR)

4 (1-6.6)

Brat's LUS score, median (IQR)

4 (0.5-11)

predict surfactant administration: areas under the curves (AUCs) and
cutoff values were reported. P < 0.05 was considered statistically
significant. The difference between the two AUCs was evaluated with
Delong procedure. Cohen κ coefficients were analyzed with the

4
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Regression analysis

nLUS

nXR

GA

BW

CPAP level

SpO2/FiO2

No. of intercostal spaces (measured with LUS)

0.5924

0.2922

0.0187

0.0238

0.0681

0.5380

0.2724

<0.0001

<0.0001

0.3144

0.2561

0.0520

<0.0001

<0.0001

Surfactant administration is set as independent variable

surfactant had been administered in 43% of babies fulfilling the

nXR, and SatO2/FiO2 ratio. Spearman's coefficients were, respec-

inclusion criteria and following the same surfactant administration

tively, 0.48 and 0.29, with P values <0.001. We performed multivariate

protocol of the study (allocation ratio of 2.3). The statistical analysis

linear regression analysis, where the surfactant administration was

was performed using Xlstat, version 2014.5.03.

set as independent variable (Table 2). The number of intercostal

The study was approved by the local ethic committee, and written
informed consent was obtained from parents.

spaces measured with LUS, nLUS, nXR, and SatO2/FiO2 ratio were
significantly related to surfactant administration. The ROC analysis
for the nLUS and nXR (Figure 3) yielded respectively an AUC of 0.94

3 | RE SULTS
During the study, 67 babies were considered eligible. Nine patients
were excluded because of exclusion criteria (3 with complex
malformation, 3 with congenital lung diseases and 3 with early severe
sepsis) and 2 patients because consent was denied, leaving 56 in the
study. Basic population details are summarized in Table 1. The mean
GA (SD) was 31 (3) weeks and the mean birth weight (SD) was 1442

(95%CI, 0.89-0.98; P < 0.001), 0.80 (95%CI, 0.74-0.86; P < 0.001). In
our population, a nLUS equal or greater than five showed a sensitivity
of 86%, a specificity of 88%, a negative predicted value of 91% and a
positive predicted value of 83% while a nXR equal or greater than four
showed a sensitivity of 82%, a specificity of 76%, a negative predicted
value of 87% and a positive predicted value of 69% as reported in
Table 3. The two AUCs are significantly different (P = 0.02). Cohen κ
coefficients for nLUS and nXR were, respectively, 0.85 and 0.86.

(520) grams. The mean CPAP level (IQR) was 7 (6-8) cmH2O.
Surfactant was administered in 22 patients (39% of the total

4 | DISCUSSION

population). Lung ultrasonography was performed at a mean postnatal
age (SD) of 2.5 (2.5) hours and the chest X-ray was performed at a

LUS is a non-invasive tool validated in intensive care unit allowing fast

mean postnatal age (SD) of 3.1 (1.6). The nLUS lasted a mean (SD) of

and accurate bedside examinations of several acute respiratory

5.2 (1.3) minutes. Significant correlations were found between nLUS,

disorders.23–25 LUS has gained a role in the management of adult

FIGURE 3

ROC curve analysis for the neonatal lung ultrasonography (nLUS) score and neonatal X-ray score (nXR)
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Reliability of neonatal lung ultrasonography score (nLUS) and neonatal X-ray score (nXR) for surfactant administration
AUC

Best cut off

Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

Accuracy

P-value

nLUS

0.94

5

86

88

83

91

0.88

<0.01

nXR

0.80

4

82

76

69

87

0.79

<0.01

AUC, area under curve; PPV, positive predictive value; NPV, negative predictive value.

and child respiratory disease, as recognized by evidence-based

a reduction of patients’ radiation exposure. This is true even when an

international guidelines.10

umbilical venous catheterization is needed, considering that it has

The growing awareness of the usefulness of LUS has implemented its

been demonstrated that umbilical venous tip localization can be achieved

use in neonatal intensive care unit.26 LUS allows an early recognition of

with targeted neonatal echocardiography, a technique that showed to be

neonates that will be admitted to neonatal intensive care unit and predicts

superior to X-ray for identification of malpositioned catheters.30

the need for respiratory support and the failure of noninvasive ventilation.

The main strength of our study is that we directly compared a

Typical ultrasonography signs of neonatal respiratory conditions,

LUS derived score with a chest X-ray derived score, clearly showing

such as RDS, TTN, MAS, and pneumothorax have been described.

which one can be considered a better tool for neonatologist in the

Other conditions, such as pneumonia and atelectasis, show recogniz-

management of RDS. No other studies have performed such

able ultrasound features.27,28 LUS is also consistent in the differential

evaluation. Furthermore, our study has been performed in a selected

diagnosis between RDS and TTN.6

and at-risk population. Achieving early recognition of these patients

Surfactant replacement therapy is a crucial part of the management
of RDS, and its administration after early CPAP in preterm infants with

and prompt surfactant treatment for RDS is in line with the
international guidelines and therefore has a great clinical relevance.

increasing oxygen requirements is recommended. A first neonatal

The main limitations of our study is the small population. Despite

adapted LUS score has been used by Brat et al.21 Such a score showed

these limitation, our findings encourage the use of LUS rather than

good accuracy in predicting oxygenation and the need for surfactant

chest radiography in the management of neonatal respiratory distress.

administration in infants with RDS. Typically, RDS occurs within the first

However, data from multicenter studies are advisable, in order to

hour of life and LUS is promptly performed as it can help the

reproduce our results in different settings and populations, before we

neonatologist to recognize a specific cause of respiratory distress. Blank

can definitely replace conventional radiology with LUS.

et al demonstrated, however, that LUS patterns can mutate, in a
neonate, in the first hours of life, even with a so called “backsliding” (the
LUS grade worsening) and a complete airway liquid clearance is not

5 | CONCL US IO NS

achieved before the first 4 h after birth.29 Such a study included only
term neonates, but conclusion about fluid clearance is consistent with

Our findings show that lung ultrasounds and nLUS are useful tools in

another study which included preterm newborns.19 A LUS derived score

managing neonatal respiratory distress syndrome, with the benefits of

was previously used, in neonatology, at our knowledge, only in Brat's

a non-invasive, bedside and repeatable method and with higher

study. Therefore, it was necessary to demonstrate data consistency with

predictive power compared with chest radiography. Nevertheless, this

other studies in different centers. With the nLUS we confirmed results

is a relatively new technique, which implies proper staff training and

previously obtained by Brat, such as the good correlation of the score

validation of results with multicenter studies.

with the oxygenation. Our study also demonstrated that the number of

What is known about this topic

intercostal spaces measured along middle axillary line with LUS is
significantly related to surfactant administration. It is the first time, to

 Lung ultrasonography has become an important diagnostic tool for

our knowledge, such a data is demonstrated. This can be explained as, in

neonatologists in the management of conditions as RDS, transient

neonates with RDS, intercostal space count, which is related to lung's

tachypnea of the neonate, meconium aspiration syndrome and

expansion, can vary with the severity of the disease.

pneumothorax.

Raimondi et al demonstrated the reliability of LUS patterns in predicting

 There are no data that compare the accuracy of lung ultrasonogra-

failure of non-invasive ventilation.15 A “white lung” pattern at LUS had

phy with chest X-ray in predicting the need of surfactant

higher sensitivity and specificity than a “fine homogeneous ground glass

administration in preterm babies with RDS.

shadowing” pattern at chest X-Ray. The LUS score can be considered as an
optimal tool, as it can exceed situations in which LUS findings are not easily

What this study adds

categorized in a specific pattern. Comparing the nLUS with the nXR we
demonstrated that LUS predicts surfactant needs more reliably than chest
X-ray. In fact, nLUS performed better than nXR in terms of AUC, sensitivity

 Lung ultrasonography predicts need for surfactant more reliably
than chest X-ray.

and specificity, and showed to be a highly reliable tool to early identify

 The lung ultrasonography score is accurate and reliable to early

patients who will (and especially who will not) need surfactant treatment. It

identify patients with RDS who will need surfactant therapy,

is to be marked that this data can be used to guide clinical practice leading to

allowing early treatment and reduction of radiation exposure.
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