
262

Rev Assoc Med Bras 2023;69(2):262-266

ORIGINAL ARTICLE https://doi.org/10.1590/1806-9282.20220960

The clinical value of lung ultrasound in premature infants with 
bronchopulmonary dysplasia
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INTRODUCTION
Bronchopulmonary dysplasia (BPD) is one of the most com-
mon and serious respiratory diseases in premature infants1 
and is life-threatening2. In recent years, the incidence of BPD 
has increased3. Since the pathogenesis of BPD is not yet clear, 
there is still no effective clinical treatment for BPD, and only 
supportive care is used. To further improve the survival rate of 
premature infants and life quality in later growth and devel-
opment, early and effective diagnosis of BPD is particularly 
important. It is necessary to identify the occurrence of BPD 
in premature infants early and take preventive and control 
measures. The diagnostic criteria formulated by the National 
Institute of Child and Human Development (NICHD) are not 
of great value for early diagnosis (within 28 days). Although 
X-rays are applied in early diagnosis, they are not convenient 
for detection and cannot be used at the bedside. Moreover, 
due to radiation, X-rays cannot be used for continuous moni-
toring. With the rapid development of ultrasound technology, 
lung ultrasound (LUS) has been widely used in the diagnosis 

of paediatric lung diseases. As a method for the diagnosis and 
treatment of pulmonary diseases in children, LUS has a high 
probability of producing a correct diagnosis and a high sen-
sitivity and specificity4. At present, the application of LUS in 
the diagnosis of neonatal diseases is gradually being promoted 
and recognised by many clinicians. In this study, the NICHD’s 
standard was used as the gold standard for BPD diagnosis, and 
the predictive values of LUS and X-ray examinations for BPD 
in premature infants were compared.

METHODS

Research objects
Preterm infants under 32 weeks who were admitted to our 
hospital from January 2021 to August 2021 were selected as 
the research subjects (a total of 248 neonates under 32 weeks 
were admitted during the period). Inclusion criteria include 
(1) admission within 24 h after birth and (2) a gestational 
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SUMMARY
OBJECTIVE: This study aimed to explore the risk factors of bronchopulmonary dysplasia in premature infants and the clinical application value of 

lung ultrasound in the diagnosis of bronchopulmonary dysplasia.

METHODS: A total of 80 premature infants with a gestational age of <32 weeks or a birth weight of <1,500 g who were treated in our hospital from 

January to August 2021 were randomly divided into a bronchopulmonary dysplasia group (n=12) and a non-bronchopulmonary dysplasia group 

(n=62). The clinical data, lung ultrasound, and X-ray image characteristics of the two groups were compared.

RESULTS: Among the 74 preterm infants, 12 preterm infants were diagnosed with bronchopulmonary dysplasia, and 62 preterm infants were 

determined not to have bronchopulmonary dysplasia. There were significant differences in sex, severe asphyxia, invasive mechanical ventilation, 

premature membrane ruptures, and intrauterine infection between the two groups (p<0.05). Lung ultrasound showed abnormal pleural lines and 

alveolar-interstitial syndrome in all 12 patients with bronchopulmonary dysplasia and vesicle inflatable signs in 3 patients. Before clinical diagnosis, 

the accuracy, sensitivity, specificity, positive predictive value, and negative predictive value of lung ultrasound in the diagnosis of bronchopulmonary 

dysplasia were 98.65, 100, 98.39, 92.31, and 100%, respectively. The accuracy, sensitivity, specificity, positive predictive value, and negative predictive 

value of X-rays in the diagnosis of bronchopulmonary dysplasia were 85.14, 75.00, 87.10, 52.94, and 94.74%, respectively.

CONCLUSION: The diagnostic efficiency of lung ultrasound for premature bronchopulmonary dysplasia is better than that of X-rays. The application 

of lung ultrasound can screen patients with bronchopulmonary dysplasia early for timely intervention.
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age score at birth of <32 weeks or a birth weight of <1500 g. 
Exclusion criteria include (1) the mother received an abnor-
mal non-invasive DNA test or amniocentesis during her 
obstetric examination; (2) severe congenital malformations 
were suggested before birth; (3) imaging showed congenital 
pulmonary dysplasia, such as a congenital diaphragmatic her-
nia or isolated lung; or (4) corrected gestational age before 
36 weeks of death. A total of 80 neonates were randomly 
enrolled. Treatment was ceased for three of these patients 
due to financial difficulties, and three died during treatment. 
The final sample size was 74.

The participants were divided into a BPD group (n=12) and 
a non-BPD group (n=62). The diagnostic criteria of BPD fol-
low the consensus of the NICHD: children with a gestational 
age of <32 weeks should be diagnosed with BPD at 36 weeks 
of corrected gestational age or 28 days after birth (56 days at 
the latest). The diagnostic criterion includes any neonate who 
is oxygen-dependent [inspired oxygen concentration (FiO2) 
>21%] for more than 28 days5.

Research methods

Lung ultrasound inspection
Lung ultrasound examination method: Neonates were placed 
in supine and lateral positions, and GE LOGIQ P6 Pro and 
GE high-frequency line shock probe (15 Hz) ultrasonic diag-
nostic apparatuses were used for ultrasonography in a quiet 
state. The parasternal line, the anterior axillary line, the pos-
terior axillary line, and the double nipple line were divided 
into six lung areas, namely, anterior superior, anterior infe-
rior, superior axillary, axillary, posterior superior, and pos-
terior inferior. A total of 12 lung areas on both sides were 
scanned, and the images were saved. The first LUS examina-
tion was performed within 24 h after the neonate was admit-
ted to the hospital, and thereafter, it was reviewed twice a 
week until discharge.

Observation indicators for the diagnosis of BPD by LUS 
include the following: ① abnormal pleural line, ② B-line, 
③ alveolar-interstitial syndrome, and ④ signs of vesicular 
effusion or bronchial fluid filling.

Chest X-ray examination
A MobileDiagnost wDR (Philips Medical DMC GmbH) 
machine was selected, and the supine position and anterior-pos-
terior views were taken. X-ray examinations were performed 
within 24 h of the neonate’s admission, and chest X-ray exam-
inations were performed at 4 weeks after birth or at 36 weeks 
of corrected gestational age.

Observational indicators of the X-ray diagnosis of BPD: 
① Stage I (1–3 days): ground-glass-like changes in both lungs, 
② Stage II (4–10 days): complete opacity of both lungs, ③ 
Stage III (11–30 days): small transparent cysts with restarting 
between linear or patchy shadows in both lung fields, and ④ 
Stage IV (after 1 month): the luminal areas of both lung fields 
enlarged to form vesicles, with hyperinflation and atelectasis.

Statistical analysis
The SPSS version 22.0 software was used for statistical analy-
sis. The measurement data were analysed with an independent 
sample t-test, and the count data were analysed with a χ2 test. 
A p<0.05 indicated a statistically significant difference.

RESULTS

Comparison of clinical data between 
bronchopulmonary dysplasia and non-
bronchopulmonary dysplasia
Among the 74 premature infants, 12 were patients with BPD, 
and 62 were patients without BPD. There were 11 males and 1 
female in the BPD group, with an average age of 29.29±2.79 
weeks and a weight of 1240±75.41 g. There were 31 males 
and 31 females in the non-BPD group, with an average age of 
30.43±1.71 weeks and a weight of 1439±40.65 g. There were 
significant differences in birth weight, gender, severe asphyxia, 
use of invasive mechanical ventilation, premature rupture of 
membranes, and intrauterine infection between the two groups 
(p<0.05) (see Table 1).

Image features of lung ultrasound and X-ray 
diagnosis of bronchopulmonary dysplasia
A total of 12 children with BPD underwent dynamic LUS 
examination (Figure 1A). All of them showed abnormal pleu-
ral lines and alveolar-interstitial syndrome changes, and three 
patients showed signs of air vesicles.

A total of 12 children with BPD were examined using X-rays 
(Figure 1B). There were three cases with no obvious abnormal 
features, nine cases with bilateral lung ground-glass-like changes, 
five cases with linear or patchy shadows, and three cases with 
cystic translucent shadows.

Comparison of bronchopulmonary  
dysplasia prediction results  
between lung ultrasound and X-rays
Before clinical diagnosis, the LUS results were consistent 
with the confirmed cases in 73 children, and the diagnostic 
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accuracy was 98.65%. When LUS was used to predict BPD, 
its sensitivity, specificity, positive predictive value, and neg-
ative predictive value were 100, 98.39, 92.31, and 100%, 
respectively. The X-ray results were consistent with the con-
firmed cases in 63 children, and the diagnostic accuracy rate 
was 85.14%. When X-rays were used to predict BPD, their 
sensitivity, specificity, positive predictive value, and nega-
tive predictive value were 75.00, 87.10, 52.94, and 94.74%, 
respectively (see Table 2).

DISCUSSION
Prolonged use of supplemental oxygen for BPD in preterm 
infants, high mortality, residual airway hyperresponsiveness 
in surviving infants, repeated lower respiratory tract infec-
tions, feeding difficulties, and growth retardation6-8 make the 
prevention and treatment of BPD a key research topic in the 
Department of Neonatology. Compared with the non-BPD 
group, the BPD group had lower birth weights and a higher 
proportion of male infants, severe asphyxia, invasive mechani-
cal ventilation, premature membrane ruptures, and intrauterine 
infections. This is generally consistent with previous reports of 
risk factors for BPD in preterm infants9,10. There was an inverse 
linear relationship between low birth weight and the incidence 
of BPD. Neonates with a birth weight of <1500 g have a 20% 
chance of developing BPD11, and those with a birth weight 
of <1000 g have an even higher chance of developing BPD12. 
The high risk of BPD in premature infants with very low birth 
weights is mainly related to the defective development of their 
organs13. The high incidence of BPD in male infants is mainly 
due to the relationship between oestrogen and pulmonary sur-
factant production. Costeloe et al. reported that the incidence of 
BPD in male infants was twice that of female infants14. Invasive 
mechanical ventilation produces a large amount of toxic per-
oxide substances under high concentrations of oxygen, causing 
lung damage and increasing the incidence of BPD15. Infection 
is a key link in the occurrence of BPD. Intrauterine infection 
can induce the premature rupturing of membranes. Relevant 

Table 1. Comparison of clinical data between the bronchopulmonary dysplasia group and non-bronchopulmonary dysplasia group.

Group
Gestational age 

(week)
Sex  

(male/female)
Born body  

(g)

Small for 
gestational age 

(yes/no)

Severe asphyxia 
(yes/no)

Invasive 
mechanical 

ventilation (yes/no)

Non-BPD 
group (n=62)

30.43±1.71 31/31 1439±40.65 7/55 1/61 20/42

BPD group 
(n=12)

29.29±2.79 11/1 1240±75.41 3/9 3/9 8/4

t/χ2 value 1.91 7.11 2.09 1.62 10.75 5.06

p 0.06 0.01 0.04 0.20 <0.01 0.02

Group
Premature rupture 

of membranes  
(yes/no)

Intrauterine 
infection  
(yes/No)

Preeclampsia 
(yes/no)

Gestational 
diabetes  
(yes/no)

Prenatal use of 
antibiotics  

(yes/no)

Prenatal  
hormone use  

(yes/no)

Non-BPD 
group (n=62)

46/16 5/57 4/58 6/56 26/36 46/16

BPD group 
(n=12)

4/8 5/7 1/11 0/12 2/10 6/6

t/χ2 value 7.66 9.71 0.06 1.26 2.73 2.82

p <0.01 <0.01 0.81 0.26 0.10 0.09

Figure 1. (A) Lung ultrasound image features. (B) X-ray image features.
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literature reports that when the mother has an intrauterine infec-
tion, the inflammatory factors that are produced can mediate 
foetal lung injury in preterm infants16. Birth weight, asphyxia, 
invasive mechanical ventilation, premature membrane rupture, 
and intrauterine infection can be used as important indicators 
for predicting BPD in preterm infants.

In recent years, LUS examination has been widely used in the 
diagnosis of respiratory diseases in premature infants. Compared 
with computed tomography (CT) and X-ray examinations, 
LUS has the advantages of being able to be carried out at the 
bedside, without radiation, and being able to be dynamically 
monitored17. Some studies of ultrasound for the diagnosis of 
BPD have been reported. Alonso-Ojebarrena et al. performed 
a dynamic LUS examination on 59 premature infants with a 
gestational age of ≤32 weeks and/or birth weight of ≤1,500 g18. 
Their results show that the sensitivity and specificity of LUS for 
diagnosing BPD were 71 and 80%, respectively, at 1 week after 
birth; 74 and 100%, respectively, at 2 weeks after birth; and 
100 and 100%, respectively, at 4 weeks after birth. The exper-
imental results of Balany et al. indicated that LUS can be used 
as an auxiliary examination method to predict the risk of BPD 
in premature infants19. In this study, before the clinical diagno-
sis of BPD, the accuracy, sensitivity, specificity, positive predic-
tive value, and negative predictive value of LUS in diagnosing 
BPD were 98.65, 100, 98.39, 92.31, and 100%, respectively, 
which are significantly higher than the clinical efficacy index 
of X-rays for the diagnosis of BPD. The characteristic images 
of LUS in children with BPD +are mainly abnormal pleural 
lines, alveolar-interstitial syndrome, and changes in air vesicle 
signs. The results of this study are basically consistent with the 
previous reports of Liu et al.20. Liu et al. observed ultrasound 
signs such as pleural line abnormalities (insect-eaten changes), 
interstitial pulmonary syndrome, and air vesicle signs, and the 
sensitivity and specificity for diagnosing BPD were both 100%. 
It is completely feasible to use LUS to replace X-rays in neona-
tal wards for the early diagnosis of neonatal BPD20.

However, this study has certain limitations. First, when 
using ultrasound to diagnose BPD, although physicians in the 

ultrasound department took the pictures and read the reports 
independently of each other, due to the subjectivity of inter-
pretation and the influence of clinical information, the results 
may be biased in selection and measurement. Second, this study 
discussed only the diagnostic value of LUS for BPD but not 
its correlation with clinical features (such as the degree of lung 
lesions). Third, the sample size of this study was small, and an 
experiment with a large sample should be conducted in the 
future to confirm the generalisability of the results of this study.

CONCLUSION
In the process of clinical diagnosis and treatment, interven-
tion strategies should be formulated according to their risk 
factors to improve the survival rate and prognosis of prema-
ture infants. As an effective detection method to predict the 
occurrence of BPD in premature infants, LUS can replace 
X-ray examination to guide the clinical formulation of accu-
rate treatment plans, track the progress and outcome of the 
disease, and reduce the incidence of BPD. Therefore, LUS is 
recommended for clinical use.
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Inspection method Sensitivity (%) Specificity (%)
Positive predictive 

value (%)
Negative predictive 

value (%)
Diagnostic accuracy 

(%)

LUS 100 98.39 92.31 100 98.65

X-rays 75.00 87.10 52.94 94.74 85.14

Table 2. Clinical value of lung ultrasound and X-rays in predicting bronchopulmonary dysplasia (%).
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