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Objective: To investigate the predictive value of lung ultrasound score (LUS) in the

extubation failure from mechanical ventilation (MV) among premature infants with

neonatal respiratory distress syndrome (RDS).

Methods: The retrospective cohort study was conducted with a total of 314 RDS

newborns who received MV support for over 24 h. After extubation from MV, infants

were divided into extubation success and extubation failure groups. Extubation failure

was defined as re-intubation within 48 h after extubation. Univariate and multivariate

logistic regression analyses were used to identify the predictors of the extubation failure.

The predictive effectiveness of the combined model and LUS in the extubation failure

was assessed by receiver operating characteristic curve, area under curve (AUC), and

internal validation.

Results: 106 infants failed extubation from MV. The combined model for predicting the

extubation failure was performed according to the predictors of gestational age, body

length, birth weight, and LUS. The AUC of this combined model was 0.871 (sensitivity:

86.67%, specificity: 74.31%). The AUC of LUSwas 0.858 (sensitivity: 84.00%, specificity:

80.69%), and the cutoff value was 18. There was no statistical difference in the predictive

power between the combined model and LUS (Z = 0.880, P = 0.379). The internal

validation result showed that the AUC of LUS was 0.855.

Conclusions: LUS presented a good ability in predicting the extubation failure among

RDS newborns after MV.

Keywords: lung ultrasound score, premature infants, neonatal respiratory distress syndrome, mechanical

ventilation, pulmonary

INTRODUCTION

Neonatal respiratory distress syndrome (RDS), a common respiratory disease, is a leading cause
of early morbidity and mortality among infants and children (1, 2). It is characterized by diffuse
lesions of the pulmonary capillaries and increased permeability (3). Pieces of evidence showed
that premature deaths caused by neonatal RDS accounted for 50–70% of all premature deaths,
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and survivors seemed more likely to suffer from severe sequelae
(4, 5). Mechanical ventilation (MV) is frequently applied in a
neonatal intensive care unit (6) and can efficiently relieve the
clinical symptoms of premature infants undergoing severe RDS
(7), whereas long-term MV may be associated with the risk
of ventilator-relevant lung injury, bronchopulmonary dysplasia,
and infection (8, 9). Of note, the ultimate aim of treatment is
to help patients weaning from MV support, not to provide MV
support (9).

The extubation success of MV has been gradually attracted
attention in the treatment of respiratory support in recent years.
Studies reported that the extubation of MV is associated with
chronic obstructive airway disease, heart failure, decompensation
of cardiopulmonary function, positive fluid balance, pneumonia,
and diaphragmatic dysfunction (10, 11). A common reason for
the weaning failure is the imbalance between ventilation demand
and the capacity of spontaneous breathing, such as respiratory
pump failure (12). To the best of our knowledge, pulmonary
function is an important factor affecting the extubation success
from MV in RDS infants. At present, lung ultrasound score
(LUS), a reliable measuring method for the bedside evaluation
of pulmonary ventilation, is widely used for critically ill
patients, especially for neonatal RDS (13, 14). Early researches
mentioned that LUS could predict the use of surfactants under
continuous positive airway pressure in premature babies (15, 16).
Furthermore, LUS and the area of lung consolidation are closely
related to the severity of neonatal RDS, which has also been
confirmed in several studies (17). However, the application of
LUS in the extubation of MV in babies with RDS has not yet been
concluded, and further researches are needed to explore.

Herein, we observed the pulmonary ultrasound performance
of neonatal RDS and measured the LUS in premature infants,
thereby further assessing the reliability and accuracy of LUS in
predicting the extubation failure, which may provide guidance
for the extubation of MV.

METHODS

Patients
This was a retrospective cohort study. A total of 314
eligible infants who received MV support within 72 h after
birth were enrolled consecutively between January 1, 2019,
and June 30, 2020. After extubation from MV, infants
were divided into extubation success and extubation failure
groups. This study was approved by the Institutional Review
Board of Guangdong Second Provincial General Hospital
(approval number: No.20191101-01-YXKXYJ-SYX), and the
written informed consent was obtained from the parents or
guardians of the minors.

Eligibility
Inclusion criteria were (1) gestational age <37 weeks, (2) infants
with RDS, and (3) MV support for ≥24 h.

Exclusion criteria were (1) congenital diseases, such as
congenital heart disease, respiratory malformation, and
chromosome abnormality; (2) a history of pneumothorax, air
leak, or meconium aspiration syndrome; (3) arrhythmias and

hemodynamic instability; (4)>stage III intracranial hemorrhage;
(5) taking other experimental drugs or participating in other
clinical trials within 1 month before the inclusion in this
study; (6) respiratory distress caused by other diseases; and (7)
incomplete clinical data.

The definition of neonatal RDS based on the Practice of
Neonatology (5th edition) (3) were as follows: (1) infants with
progressive dyspnea within 6 h after birth accompanied by
cyanosis, expiratory groan or inspiratory three concave sign;
(2) cases with decreased transparency of bilateral lungs, air
bronchogram, indistinct heart, and septal margins, or white lung
based on chest X-rays.

Clinical Data
All eligible infants were examined by chest radiograph, lung
ultrasound, cardiac color ultrasound, and blood gas analysis
within 1 h before the extubation.

General Data
The characteristics of RDS infants were recorded at admission,
including gestational age (weeks), sex, nationality, weight
(kilogram), and body length (centimeter).

Echocardiographic Indicators
The echocardiographic indicators were recorded including left
ventricular end-diastolic diameter (LVEDD), left ventricular end-
systolic diameter, aortic dimension, pulmonary valve, aortic
valve, tricuspid valve, bicuspid valve, descending aorta, and left
ventricular ejection fraction.

Lung Ultrasound Examination
The lung ultrasound examination was performed using the
Doppler ultrasound diagnostic instrument (Philips CX50), with
a probe frequency of 8–12 MHz. The 12-region method was
conducted to examine the anterior, lateral, and posterior walls
on both sides of the lung (18). The scoring standard of lung
ultrasound is as follows: (1) normal aeration (score = 0);
(2) moderate loss of aeration (interstitial syndrome, defined
by multiple spaced B lines, or localized pulmonary edema,
defined by coalescent B lines in <50% of the intercostal space
examined in the transversal plane, or subpleural consolidations)
(score = 1); (3) severe loss of aeration (alveolar edema, defined
by diffused coalescent B lines occupying the whole intercostal
space) (score = 2); and (4) complete loss of lung aeration
(lung consolidation defined as a tissue pattern with or without
air bronchogram) (score = 3). The images of lung ultrasound
examination are shown in Figure 1. LUS is calculated as the
sum of the 12 regional scores, ranging from 0 to 36; LUS = 0
is normal, and LUS > 0 is abnormal. The observation point
was before the extubation of MV. The lung ultrasound was
conducted by pediatricians who had participated in the training
courses of neonatal pulmonary ultrasound in China. The images
stored by two pediatricians were reviewed and controlled for
quality by a sonographer (chief physician) with proficient skills
in pulmonary ultrasound.
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FIGURE 1 | Imaging examination of lung ultrasound in newborns with RDS. (A) Score = 0, (B) score = 1, (C) score = 2, and (D) score = 3.

Arterial Blood Gas Analysis
The parameters were analyzed, including oxygenation index
(OI), arterial partial pressure of carbon dioxide (PaCO2), and
rapid shallow breathing index (RSBI). OI is the ratio of arterial
partial pressure of oxygen and fraction of inspired oxygen, which
can reflect the severity of acute diseases. RSBI is a ratio of
respiratory rate (beats/min) and tidal volume (liter).

Extubation From Mechanical Ventilation
The extubation of ventilators was based on: (1) when fraction
of inspired oxygen ≤0.4, peak inspiratory pressure = 10–
15 cm H2O, positive end-expiratory pressure) <2–4 cm H2O,
and frequency ≤ 10 beats/min; (2) normal arterial blood gas;
(3) acid-base electrolyte balance; (4) recovery of spontaneous
breathing and sufficient effective ventilation; (5) control or
improvement of the primary disease; and (6) reduced secretion
and good tolerance of sputum suction. After the extubation,
respiratory insufficiency occurred in the infants, which could not
be relieved after treatments with oxygen inhalation, nebulization
inhaled corticosteroids, or β-receptor agonists. If babies were
re-ventilated with endotracheal intubation within 48 h after

extubation, the extubation was deemed as failure; otherwise, it
was successful (19).

Statistical Analysis
Statistical analysis was performed using SAS 9.4 (SAS Institute
Inc.). The normality of data was examined by the Shapiro–Wilk
test (W test). Measurement data with normal distribution were
presented as mean ± standard deviation (x ± s) using t-test and,
with skewed distribution, were presented as median and quartile
[M(Q25, Q75)] byMann–WhitneyU-test. Enumeration data were
presented as n (%) with chi-squared [χ2 (total n≥ 40 and all T≥

5)] or Fisher (total n < 40 and all T < 5) tests. Ranked data were
presented as n (%) utilizing the Mann–Whitney U test. P < 0.05
was considered statistically significant.

All eligible newborns in this study were randomly divided
into the training group (n = 220) and testing group (n = 94)
with a ratio of 7:3. A prediction model was established using the
data of the training group. Univariate and multivariable logistic
regression analyses were used to identify the predictors of the
extubation failure from MV in RDS newborns. A combined
model for predicting the extubation failure was established
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FIGURE 2 | Flow chart of included infants with RDS.

based on the predictors. Then, the predictive power between
the combined model and LUS was compared. The predictive
performance of LUS for the extubation failure was evaluated
using the testing group (as the internal validation). Variance
inflation factor (VIF) was used to assess the collinearity of
independent variables. The power analysis was performed using
SPSS 15.0 (SPSS, Inc., Chicago, IL). The power of the AUC of
the combined model was 1.00, and the power of the AUC of LUS
was 1.00.

RESULTS

Baseline Data of Premature Infants With
Neonatal Respiratory Distress Syndrome
In the current study, a total of 342 premature infants with
neonatal RDS who received MV for ≥24 h in the intensive
care unit were enrolled in this study. After excluding newborns
with congenital diseases (n = 6), a history of pneumothorax,
air leak, or meconium aspiration syndrome (n = 5), >

stage III intracranial hemorrhage (n = 3), arrhythmias or
hemodynamic instability (n = 4), and incomplete clinical data
(n = 10), 314 were finally included. The flow chart of the
included patients has been added in our manuscript; please
see revised Figure 2. One hundred six cases failed extubation
from MV. Of the total, 66.88% were males (n = 210), and
33.12% (n = 104) were females, with the mean gestational
age of (32.94 ± 3.44) weeks, the median birth weight of
1.26 (1.01, 1.80) kg, and the mean body length of (40.02 ±

5.38) cm.

Difference Analysis Between the Training
and Testing Groups
Of the total 314 newborns, 220 were classified into the training
group, and 94 were in the testing group. There were no statistical
differences in all included variables regarding gestational age,
sex, nationality, body length, birth weight, breathing, OI, arterial
partial pressure of oxygen, PaCO2, RSBI, duration of MV,
LVEDD, left ventricular end-systolic diameter, aortic dimension,
pulmonary valve, tricuspid valve, bicuspid valve, descending
aorta, left ventricular ejection fraction, pulmonary artery systolic
pressure, LUS, patent foramen ovale, and artery bypass from left
to right horizontally, with all P > 0.05 (Table 1).

Univariate Logistic Regression Analysis for
the Extubation Failure
The results of the unavailable analysis in the training set are
shown in Table 2. Gestational age (31.65 vs. 33.60, t = 4.04),
body length (36.27 vs. 42.26, t = 9.84), and birth weight (0.99
vs. 1.58, Z = −8.699) in the extubation failure group were lower
than those in the extubation success group, with all P < 0.001.
PaCO2 (43.04 vs. 39.64, t = 2.61), LVEDD (13.32 vs. 12.53,
t = 2.30), aortic aorta (0.95 vs. 0.89, t = 2.19), and LUS (20.72
vs. 19.06, t = −2.92) in the extubation failure group were higher
in comparison with those in the extubation success group, with
all P < 0.05.

Collinearity Analysis of Independent
Variables
The collinear assessment of independent variables is shown in
Table 3. The VIF values of gestational age, body length, birth
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TABLE 1 | Difference analysis between the training and testing groups.

Variables Testing group (n = 94) Training group (n = 220) Statistics P

Gestational age, weeks, x ± s 32.95 ± 3.32 32.93 ± 3.50 t = 0.03 0.972

Sex, n (%), x ± s χ
2 = 1.807 0.179

Male 68 (72.34) 142 (64.55)

Female 26 (27.66) 78 (35.45)

Nationalities, n (%) – 1.000

Han 94 (100.00) 218 (99.09)

Uyghur 0 (0.00) 2 (0.91)

Body length, cm, x ± s 39.56 ± 5.35 40.22 ± 5.39 t = −0.99 0.322

Birth weight, kg, M(Q25, Q75) 1.25 (1.04, 1.72) 1.27 (1.01, 1.80) Z = −0.219 0.826

Breathing, beats/min, x ± s 49.15 ± 6.79 50.15 ± 5.30 t = −1.28 0.203

OI, x ± s 4.20 (2.75, 5.96) 3.74 (2.82, 5.15) Z = 0.704 0.482

PaO2, mmHg, x ± s 78.21 ± 23.07 79.57 ± 20.13 t = −0.52 0.601

PaCO2, mmHg, x ± s 41.98 ± 10.31 40.80 ± 9.25 t = 1.00 0.320

RSBI, x ± s 87.87 ± 5.24 88.13 ± 5.14 t = −0.41 0.682

Duration of MV, h, M(Q25, Q75) 102.00 (61.00, 176.00) 128.00 (79.00, 200.00) Z = −1.330 0.184

LVEDD, x ± s 13.06 ± 2.27 12.80 ± 2.73 t = 0.87 0.385

LVESD, x ± s 8.56 ± 1.54 8.24 ± 1.79 t = 1.52 0.130

Aortic dimension, x ± s 6.47 ± 0.75 6.51 ± 1.08 t = −0.42 0.676

Pulmonary valve, x ± s 0.80 (0.70, 1.00) 0.80 (0.70, 1.00) Z = −1.054 0.292

Aortic valve, x ± s 0.92 ± 0.22 0.91 ± 0.21 t = 0.27 0.784

Tricuspid valve, x ± s 0.61 ± 0.20 0.64 ± 0.14 t = −1.06 0.293

Bicuspid valve, x ± s 0.71 ± 0.17 0.71 ± 0.17 t = −0.11 0.912

Descending aorta, x ± s 1.09 ± 0.23 1.09 ± 0.21 t = −0.30 0.762

LVEF, x ± s 67.03 ± 4.58 67.15 ± 4.20 t = −0.22 0.823

PASP, x ± s 38.40 ± 9.78 38.69 ± 12.32 t = −0.19 0.850

LUS, x ± s 18.78 ± 3.44 19.62 ± 4.08 t = −1.76 0.079

PDA, n (%) χ
2 = 0.268 0.604

No 50 (53.19) 110 (50.00)

Yes 44 (46.81) 110 (50.00)

PFO, n (%) – 1.000

No 3 (3.19) 7 (3.18)

Yes 91 (96.81) 213 (96.82)

Artery bypass from left to right horizontally, n (%) χ
2 = 3.192 0.074

No 69 (73.40) 181 (82.27)

Yes 25 (26.60) 39 (17.73)

–, Using Fisher test.

OI, oxygenation index; RSBI, rapid shallow breathing index; PaO2, arterial partial pressure of oxygen; PaCO2, arterial partial pressure of carbon dioxide; MV, mechanical ventilation;

LVEDD, left ventricular end-diastolic dimension; LVESD, left ventricular end-systolic diameter; LVEF, left ventricular ejection fraction; PASP, pulmonary artery systolic pressure; LUS, lung

ultrasound score; PDA, patent ductus arteriosus; PFO, patent foramen ovale.

weight, PaCO2, LVEDD, and LUS were 2.020, 3.129, 3.676, 1.025,
1.082, and 1.036, respectively. All VIF values were ≤10, and all
tolerance values were <1, indicating no collinearity among the
independent variables.

Multivariate Logistic Regression Analysis
for the Extubation Failure
The stepwise logistic regression was used to evaluate the
predictive factors of the extubation failure among newborns
with RDS (Table 4). The findings showed that gestational age,
body length, birth weight, and LUS were predictive factors of
extubation failure. The risk of the extubation failure decreased
by 0.149 [95% confidence interval (CI): 0.967–0.990, P = 0.037]

and 0.181 times (95% CI: 0.705–0.950, P = 0.009) for every 1-
week increase in gestational age and every 1-cm increase in body
length, respectively.When the birth weight gained 1 kg each time,
the extubation failure risk reduced by 0.905-folds (95%CI: 0.018–
0.504, P= 0.006). In addition, a 0.116–fold (95% CI: 1.012–1.231,
P = 0.028) increase was exhibited in the risk of the extubation
failure with per 1 unit increase in LUS (details in Table 4).

Prediction for the Extubation Failure From
Mechanical Ventilation in Newborns With
Respiratory Distress Syndrome
The combinedmodel for predicting the extubation failure among
infants with neonatal RDS was carried out according to the
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TABLE 2 | Univariate logistic regression analysis for the extubation failure.

Variables Extubation success (n = 145) Extubation failure (n = 75) Statistics P

Gestational age, weeks, x ± s 33.60 ± 3.57 31.65 ± 2.99 t = 4.04 <0.001

Gender, n (%), x ± s χ
2 = 0.224 0.636

Male 92 (63.45) 50 (66.67)

Female 53 (36.55) 25 (33.33)

Nationalities, n (%) – 0.115

Han 145 (100.00) 73 (97.33)

Uyghur 0 (0.00) 2 (2.67)

Body length, cm, x ± s 42.26 ± 4.91 36.27 ± 3.91 t = 9.84 <0.001

Birth weight, kg, M(Q25, Q75) 1.58 (1.24, 2.00) 0.99 (0.92, 1.19) Z = −8.699 <0.001

Breathing, beats/min, x ± s 49.94 ± 5.27 50.57 ± 5.38 t = −0.84 0.401

OI, x ± s 3.76 (2.81, 4.90) 3.65 (2.91, 5.57) Z = 0.782 0.434

PaO2, mmHg, x ± s 80.57 ± 19.89 77.64 ± 20.59 t = 1.02 0.307

PaCO2, mmHg, x ± s 39.64 ± 9.01 43.04 ± 9.38 t = −2.61 0.010

RSBI, x ± s 87.92 ± 5.27 88.54 ± 4.87 t = −0.85 0.397

Duration of MV, h, M(Q25, Q75) 122.0 (66.0, 183.0) 165.0 (81.0, 255.0) Z = 1.865 0.062

LVEDD, x ± s 12.53 ± 3.00 13.32 ± 2.02 t = −2.30 0.023

LVESD, x ± s 8.09 ± 1.97 8.51 ± 1.37 t = −1.84 0.067

Aortic dimension, x ± s 6.45 ± 1.17 6.63 ± 0.89 t = −1.23 0.220

Pulmonary valve, x ± s 0.80 (0.70, 1.00) 0.80 (0.80, 1.00) Z = 1.527 0.127

Aortic valve, x ± s 0.89 ± 0.23 0.95 ± 0.15 t = −2.19 0.030

Tricuspid valve, x ± s 0.63 ± 0.14 0.65 ± 0.14 t = −0.88 0.377

Bicuspid valve, x ± s 0.71 ± 0.19 0.72 ± 0.15 t = −0.54 0.593

Descending aorta, x ± s 1.08 ± 0.23 1.12 ± 0.17 t = −1.54 0.126

LVEF, x ± s 67.04 ± 4.32 67.36 ± 3.97 t = −0.54 0.593

PASP, x ± s 37.0 (35.0, 45.0) 36.0 (35.0, 41.0) Z = −1.384 0.166

LUS, x ± s 19.06 ± 3.94 20.72 ± 4.16 t = −2.92 0.004

PDA, n (%) χ
2 = 0.506 0.477

No 75 (51.72) 35 (46.67)

Yes 70 (48.28) 40 (53.33)

PFO, n (%) – 0.427

No 6 (4.14) 1 (1.33)

Yes 139 (95.86) 74 (98.67)

Artery bypass from left to right horizontally, n (%) χ
2 = 0.233 0.629

No 118 (81.38) 63 (84.00)

Yes 27 (18.62) 12 (16.00)

–, Using Fisher test.

OI, oxygenation index; RSBI, rapid shallow breathing index; PaO2, arterial partial pressure of oxygen; PaCO2, arterial partial pressure of carbon dioxide; MV, mechanical ventilation;

LVEDD, left ventricular end-diastolic dimension; LVESD, left ventricular end-systolic diameter; LVEF, left ventricular ejection fraction; PASP, pulmonary artery systolic pressure; LUS, lung

ultrasound score; PDA, patent ductus arteriosus; PFO, patent foramen ovale.

predictive factors in the training group, i.e., LUS, gestational
age, body length, and birth weight. The AUC of this combined
model was 0.871 (95% CI: 0.819–0.922) with a sensitivity of
86.67% (95% CI: 77.80–93.40) and a specificity of 74.31%
(95% CI: 66.40–81.20). The AUC of LUS was 0.858 (95% CI:
0.804–0.911) with a sensitivity of 84.00% (95% CI: 73.70–91.40)
and a specificity of 80.69% (95% CI: 73.30–86.80). There was
no statistical difference in the predictive power between the
combined model and LUS (Z = 0.880, P = 0.379) (Table 5
and Figure 3A). The cutoff value of LUS was 18, suggesting
LUS > 18 may be associated with the extubation failure in
neonatal RDS. The AUC of LUS for predicting the extubation

failure was superior to the AUCs of gestational age, body length,
and birth weight. The cutoff values of gestational age, body
length, and birth weight were 29 weeks, 37 cm, and 1.19 kg,
respectively. The calibration curve of the predictive effectiveness
of LUS is shown in Figure 4A based on the training group. The
internal validation using the testing set was carried out as shown
in Table 5 and Figure 3B. The AUC of LUS was 0.855 (95%
CI: 0.817–0.954). It was indicated that LUS had the predictive
ability for extubation failure from MV among newborns with
RDS. The fitting effect of the calibration curve is listed in
Figure 4B, which suggests that the predictive effectiveness of LUS
was good.
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TABLE 3 | Collinear assessment of independent variables.

Variables VIF Tolerance

Gestational age 2.020 0.495

Body length 3.129 0.320

Birth weight 3.676 0.272

PaCO2 1.025 0.976

LVEDD 1.082 0.924

LUS 1.036 0.956

VIF, variance inflation factor; PaCO2, arterial partial pressure of carbon dioxide; LVEDD,

left ventricular end-diastolic diameter; LUS, lung ultrasound score.

DISCUSSION

Neonatal RDS is manifested by respiratory dysfunction resulting
from the collapse and sharp reduction of residual gas in the
alveolar due to the lack of sufficient active substances on the
surface of newborn lungs, and it mainly occurs in premature
and low birth weight infants. Imaging examination is a common
diagnostic technique among newborns with RDS, including
chest X-ray, CT, and lung ultrasound (20). Of these, X-ray is
a basic diagnostic method for pulmonary lesions, with simple
operation and low examination cost, but it is easy to be
affected by the overlapping of internal organs in the chest,
resulting in insufficient image clarity and unclear display of
tiny lung lesions, which is prone to missed diagnosis and
misdiagnosis. Both chest X-ray and CT have relatively large
radiation damage, which may have a certain adverse effect
on the development of neonates (21, 22). Moreover, the poor
cooperation of most families made it impossible to perform real-
time dynamic detection and repeated scanning on critically ill
infants, which affects the diagnostic results. As a non-invasive,
dynamic, and real-time imaging technique, ultrasound has
been gradually applied in the diagnosis of neonatal pulmonary
diseases, such as neonatal RDS, transient tachypnea of new-born,
pneumonia, meconium aspiration syndrome, and pneumothorax
(20, 23).

Previous studies reported that LUS has good diagnostic
accuracy and specificity in comparison with chest X-ray,
especially for the quantitative diagnosis of neonatal RDS (24, 25).
To date, LUS-related studies focused on the predictive values
of LUS in need for surfactants and the severity of neonatal
RDS (15, 26). Nonetheless, few studies assessed the role of
LUS in the weaning off from MV among babies with RDS. In
the current study, a total of 314 infants who underwent MV
support were included, with 208 of the extubation success and
106 of the extubation failure. The purpose was to investigate
the predictive power of LUS among RDS neonates who failed
extubation from MV. The results suggested that gestational
age, body length, birth weight, and LUS were the predictive
factors of the extubation failure, and a predictive model was
conducted to evaluate the risk of extubation failure on the
basis of these variables in newborns with RDS. Then, the
comparison of predictive effectiveness between the model and
LUS was carried out, and no significant difference was observed.

The AUC of LUS was 0.858, with a sensitivity of 84.00%, a
specificity of 80.69%, and a cutoff value of 18, which was
similar to the results of the internal validation. It was indicated
that LUS performed the predictive ability for the extubation
failure from MV among RDS newborns. When LUS was over
18, the risk of extubation failure from MV may increase in
RDS newborns.

The alteration in acoustic patterns is determined by the
dynamic change between air and fluids in the lung parenchyma,
which is easy to measure (27). LUS can be applied to detect
vertical hyperechoic comet-tail B-lines artifacts (BLA) (28), and
BLA is commonly considered to be associated with lung aeration
and extravascular lung water (EVLW) (29). The change of
pulmonary condition can be evaluated by the number of B-lines
because B-lines increase with loss of lung aeration and increased
EVLW (30). According to Anile et al. (31), the presence of >3
positive lung quadrants was considered a good index to identify
EVLW. In Brat et al. (32), the LUS was closely related to the
oxygenation status of preterm newborns, and it may be highly
reliable to predict the administration of surfactants in preterm
infants. What’s more, Pang et al. (17) demonstrated that LUS
and consolidation areas can be used to grade neonatal RDS and
to discriminate neonatal RDS from non-neonatal RDS and can
also predict the outcome of applying MV. Tenza-Lozano et al.
(33) also mentioned that the feasibility of MV weaning could be
assessed by LUS, similar to our findings. It was indicated that LUS
is a good predictive tool for the weaning off fromMV, and it may
be useful for clinicians to intervene early to avoid the extubation
failure from MV.

In the present study, we assessed the predictive value of
LUS in the extubation failure among RDS infants, which was
rarely explored. We discovered that the effectiveness of LUS
was similar to that of the combined model in predicting the
extubation failure from MV. Given that the operation of LUS
was not complicated, the interpretation of LUS diagnosis results
has high interobserver agreement even among interpreters with
varying levels of experience (34), indicating that LUS may be an
effective prediction tool for the extubation outcomes after MV.
In addition, some limitations should be warranted caution for
interpreting the findings. First, a retrospective cohort study with
an internal validation was conducted to assess the effectiveness
of LUS in predicting extubation failure among newborns with
RDS. Second, LUS is a semiquantitative measurement. The
reproducibility of B-line between transducers and between raters
was of concern, which depended on the transducer used and
interpretation of the raters (35, 36). Third, two pediatricians
stored the pulmonary ultrasound images, and the consistency
between operators was not evaluated. Further studies with
multiple centers, large samples, and perspective designs are
needed to explore.

In this study, we found gestational age, body length, birth
weight, and LUS were the predictive factors of the extubation
failure from MV. The AUC of LUS was 0.858, with a sensitivity
of 84.00%, a specificity of 80.69%, and a cutoff value of 18,
indicating LUS performed the predictive ability in the extubation
failure from MV among newborns with RDS, which may guide
pediatricians to conduct early interventions and treatments.

Frontiers in Pediatrics | www.frontiersin.org 7 December 2021 | Volume 9 | Article 709160

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Liang et al. Lung Ultrasound Score in the Extubation Failure

TABLE 4 | Multivariate Logistic regression analysis for the extubation failure.

Variables β S. E Wald P OR 95% CI

Lower Upper

Gestational age −0.161 0.077 4.344 0.037 0.851 0.967 0.990

Body length −0.200 0.076 6.902 0.009 0.819 0.705 0.950

Birth weigh −2.351 0.849 7.658 0.006 0.095 0.018 0.504

LUS 0.110 0.050 4.811 0.028 1.116 1.012 1.231

OR, odds ratio; CI, confidence interval; LUS, lung ultrasound score.

FIGURE 3 | ROC curves for predicting extubation failure of MV. (A) Training group, (B) testing group.

TABLE 5 | The prediction for the extubation failure in RDS infants.

Variables AUC Sensitivity (95% CI) Specificity (95% CI) Cut-off Z P

Training group

Combined model 0.871 (0.819–0.922) 86.67 (76.80–93.40) 74.31 (66.40–81.20) 0.306

LUS 0.858 (0.804–0.911) 84.00 (73.70–91.40) 80.69 (73.30–86.80) 18 0.880 0.379

Gestational age 0.655 (0.588–0.717) 38.67 (27.60–50.60) 88.89 (82.63–93.50) 29 5.365 <0.001

Body length 0.739 (0.710–0.767) 80.94 (75.20–86.60) 56.82 (55.32–58.25) 37 4.345 <0.001

Birth weigh 0.635 (0.567–0.698) 70.67 (59.02–80.60) 49.66 (41.30–58.10) 1.19 5.732 <0.001

Internal validation

Combined model 0.892 (0.826–0.958) 93.55 (78.60–99.20) 79.37 (67.30–88.50) 0.306

LUS 0.855 (0.817–0.954) 83.87 (66.30–94.50) 85.48 (74.20–93.10) 18 0.248 0.804

Gestational age 0.648 (0.553–0.744) 72.92 (61.53–84.26) 30.34 (19.20–41.43) 29 4.134 <0.001

Body length 0.412 (0.206–0.617) 64.31 (39.20–89.42) 19.00 (2.36–35.80) 37 4.349 <0.001

Birth weigh 0.652 (0.458–0.847) 67.70 (51.30–84.20) 0.649 (52.56–77.32) 1.19 2.296 0.022

RDS, respiratory distress syndrome; AUC, area under curve; CI, confidence interval; LUS, lung ultrasound score.
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FIGURE 4 | Calibration curves for prediction of LUS. (A) training group, (B) testing group.
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