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Clinical value of bedside ultrasound in different degrees of 
neonatal chest imaging 

INTRODUCTION 

Recently, the incidence of preterm infants has 
gradually increased (1), and the incidence of preterm 
infants in China is also on the rise. At present, about 
1.2 to 1.5 million preterm infants are born every year 
(2). With the increase of premature births, the                 
prevention and reasonable diagnosis and treatment 
of neonatal respiratory distress syndrome (NRDS) 
are attracting increasing attention. NRDS, also known 
as hyaline membrane-disease, is a serious respiratory 
disease caused by insufficient pulmonary surfactant 
(PS) secreted by type II epithelial cells. It is                     
often found in premature infants, manifested as                 
progressive dyspnea, hypoxemia, and respiratory 
failure a few hours after survival, with high mortality 
and disability rates (3). Over the past 20 years, the 
application of exogenous PS in treatment of NRDS has 
been studied at home and abroad for many years, and 
both pharmacokinetic and clinical studies have               
confirmed that exogenous PS can effectively and             
rapidly improve lung dilation and gas exchange in 
children with NRDS, improve pulmonary oxygenation 
function, and significantly reduce inhaled oxygen      
concentration (4). Many clinical practices have also 
proved (5-9) that the application of PS can improve the 
survival rate of children with NRDS and shorten time 
of oxygen and mechanical ventilation. Other studies 
have shown (10, 11) that the treatment of NRDS with 

large doses of PS can improve respiratory function of 
children to the greatest extent in a short period,            
reduce incidence of related complications, and thus 
shorten course of treatment and length of hospital 
stay, and improve outcome of children. 

However, after years of clinical practice, perinatal 
medicine community has gradually realized that not 
all preterm infants need early prevention and                  
treatment of PS, and the methods of endotracheal 
administration of PS are also insufficient, and some 
children receiving high-dose PS treatment may have 
complications such as pulmonary edema, which                
limits clinical application of PS in clinical practice. 
Because of this, the 2016 updated European                 
Guidelines for the Management of Respiratory            
Distress Syndrome in Preterm infants (12) also put 
forward reasonable choice of PS application more 
cautiously, and since Go pel et al. (13) published a 
method of administering alveolar surfactant to               
preterm infants with a thinner catheter in the Lancet 
in 2011, more and more people have paid attention to 
application of less invasive surfactant administration 
(LISA) technology in premature infant NRDS (14-16). 
Based on above situation, more studies are urgently 
needed to provide relevant evidence to guide clinical 
practice. 

The traditional diagnosis of NRDS in preterm              
infants mainly relies on history, clinical                       
presentations, arterial blood gas analysis, along with 
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chest X-ray examination. For critically ill children, 
continuous and dynamic X-ray examination is not 
only difficult to achieve, but also has great side             
effects. Recently, with advancement of technology 
and improvement of understanding, ultrasound has 
been extensively applied in diagnosis of lung                   
diseases. Moreover, relative to chest X-ray                      
examination, ultrasound has higher sensitivity and 
specificity and has been gradually accepted and           
applied in clinical practice (17-19). Therefore, this study 
aimed to investigate classical medical history, clinical 
manifestations and appropriate chest radiography of 
children diagnosed with different degrees of NRDS, 
and dynamically monitor their lung changes through 
real-time color ultrasound at the bedside, which was 
the first time to study characteristics of each method 
and response of severe NRDS children to different 
doses of PS, so as to provide clinical clues. 

 
 

MATERIALS AND METHODS 
 

General data 
Eighty premature children who were admitted to 

the neonatalintensive care unit (NICU) within 6-12 
hours after birth from January 2019 to December 

602 

2019, were diagnosed with NRDS by clinical and 
chest X-ray. All the children met the diagnostic              
criteria of the fifth edition of Practical Neonatology, 
including 54 males and 26 females, with an average 
gestational age of 32.61±1.40 weeks. The birth 
weight was 150-3000 g, and the average weight was 
(2078.13±419.17) g. The Apgar score was 8.2±2.2 
points in 1 min and 9.0±1.9 points in 5 min (table 1). 
There were 63 cesarean section births, 17 vaginal 
births, 76 single births and 14 twin births. There 
were 21 cases of unnatural conception, including  
artificial insemination, test-tube baby, and fresh            
embryo transfer. This study met the standards of 
medical ethics and was approved by the Ethics           
Committee. All enrolled children obtained informed 
consent from their families and signed informed            
consent. According to respiratory distress score, 80 
children with NRDS were separated into mild group, 
moderate group as well as severe group, of which 29 
cases were mild group, 25 cases were moderate 
group, and 26 cases were severe group. Based on 
chest X-ray, 80 children with NRDS were divided into 
grade I-IV, including 27 cases of grade I, 25 cases of 
grade II, 17 cases of grade III, along with 11 cases of 
grade IV. 
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Table 1. Descriptive statistics. SE=standard error; SD=Standard deviation. 

  N Range Minimum value Maximum value Average ± SE (SD) Variance 

Birth weight 80 1500 1500 3000 2078.125± 46.8644 (419.1676) 175701.503 

Gestational age 80 5.14 29.71 34.86 32.6143± 0.15607 (1.3959) 1.949 

Apgar 1 80 10 0 10 8.24±0.226 (2.020) 4.082 

Apgar 5 80 10 0 10 8.97±0.215 (1.922) 3.696 

Effective N (listwise) 80           

Inclusion and exclusion criterion 
Inclusion criterion: (1) Gestational age: 28 weeks 

≤34 weeks; (2) Weight: 1500 g≤ weight < 4000 g; (3) 
The time of admission was within 6 hours after birth; 
(4) Met the diagnostic criteria of neonatal respiratory 
distress syndrome; (5) No obvious heart or brain 
malformations were observed; (6) Children’s families 
sign informed consent. 

Exclusion criterion: (1) Any one did not meet the 
inclusion criteria; (2) Patients who had been treated 
with pulmonary surfactant before admission; (3) 
There were any factors that endanger the safety of 
the subject; (4) Children with respiratory distress 
caused by meconium aspiration syndrome. 

 

X-ray diagnostic criteria and grading 
The X-ray diagnostic criteria and grading were as 

follows (20): Grade I: The opacity of the lung field was 
reduced, only extensive granular shadows were seen 
in the lung, and the heart shadow and transverse  
septum outline were clearly visible. Grade II: The 
opacity of the lung field was further reduced,                
extensive mesh and granular shadows were seen in 
the lung, and air bronchial signs appeared, and the 

heart shadow and transverse septum outline were 
still clear. Grade III: The opacity of the lung field was 
significantly reduced, the mesh and granular shadows 
in the lung were significantly increased and enlarged, 
the boundary was blurred, extensive fusion could be 
seen, the air bronchial sign was more extensive, and 
the heart shadow and the transverse septum were 
blurred. Grade IV: The lung field presented a dense 
shadow (white lung), and the heart shadow and 
transverse septal contour edges were difficult to       
distinguish. 

 

Neonatal respiratory distress score 
Neonatal respiratory distress score (21) included 

the score of respiratory rate, inhaled oxygen                    
concentration, groan, trisfovea sign, pulmonary 
breathing sound and gestational age, each of which 
was assigned three grades of 0, 1 and 2, with a total of 
12 points. <5 was classified as mild; 5 to 8 was               
moderate, which required further respiratory         
support, containing nasal continuous positive airway 
pressure, or even mechanical ventilation, and > 8 was 
severe, which required immediate tracheal                
intubation and mechanical ventilation. 
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Brief introduction of pulmonary ultrasound            
scoring criteria 

The lung ultrasound scoring system was based on 
dividing the lung into 12 regions, and then scanning 
each lung region. According to the scanning results, 
each partition was scored separately, and the final 
score was obtained by adding the scores of the 12 
partitions. The lowest score was 0 and the highest 
score was 36. 0 point was classified as normal,              
otherwise it may be abnormal, and the higher the 
score, the more serious the condition. The specific 
criteria were as follows: 0 point: normal lung volume 
(i.e. normal lung); 1 point: moderate reduction in 
lung volume, and the specific criteria were: 1 point: 
The presence of pulmonary interstitial syndrome 
(multiple isolated B-lines) or focal pulmonary edema 
(fusion of B-lines < 50% of intercostal space on               
vertical scan) or subpleural consolidation; 2 points: 
Severe reduction of lung volume (presence of               
alveolar edema, that is, diffuse fusion line B,                 
occupying the entire intercostal space); 3 points: 
Complete loss of lung volume (presence of lung            
consolidation, i.e., hepatoid changes in lung tissue 
with or without air bronchogram) (22, 23). 

 

Lung ultrasonography 
A total of 80 preterm infants with gestational age 

and weight that met the inclusion criteria and were 
clearly diagnosed with NRDS were selected and six 
areas on both sides of the children (the upper chest, 
lower anterior, upper axillary, lower armpit, upper 
posterior and lower posterior) were detected            
respectively by Philips d70 color Doppler ultrasound 
high-frequency linear array probe (Philips,                 
Amsterdam, Netherlands) 2 h after pulmonary               
alveolar surfactant (PS; Poractant Alfa, Curosurf®, 
Italy) and assisted ventilation therapy. The front and 
back chest walls were connected by the anterior               
axillary line, the posterior axillary line and the double 
nipple line were divided into lung B-ultrasound. At 
the same time, according to the clinical                            
manifestations, arterial blood gas analysis and 12 
regions of the upper chest, anterior inferior, axillary, 
axillary, posterior upper and posterior inferior, the 
lung ultrasound (LUS) score (each region was               
calculated based on the most severe ultrasound 
score), the total score of the 12 regions was                
calculated, and the score was compared with the  
clinical neonates with different degrees of NRDS of 
different gestational ages to grasp the ultrasound 
characteristics of different degrees of NRDS. Blood 
gas and chest X-ray examination were completed, and 
NRDS classification (grade I-IV) was determined, 
which was divided into 4 groups according to the 
classification. Combined with the degree of                   
respiratory distress (severe) and chest X-ray (grade 
III-IV), children with severe RDS (22 cases) were  
selected. At the same time, changes in skin color, 
heart rate, and blood oxygen saturation of the         

children were observed and recorded. B-ultrasound 
examination was performed 2 h after medication, and 
respiratory distress score was given, and severe            
improvement was defined as mild as effective. 

 

Statistical methods 
SPSS 22.0 statistical analysis software (IBM Corp., 

NY, USA) was adopted to analyze the data, and the 
measurement data were exhibited as (x±s). The          
correlation analysis between ultrasound score and           
X-ray grading in 12 areas of double lungs was                
analyzed, and the correlation analysis between              
ultrasound score and respiratory distress score was 
analyzed by Spearman analysis. ANOVA was adopted 
for comparison of ultrasound scores between               
different groups, and Dunnett test was adopted for 
comparison between groups. The rank sum test is 
used for non-normally distributed data. Paired             
sample t test was used to compare the mean                 
ultrasound scores before and after the use of PS. 
P<0.05 was considered statistically significant. 

 
 

RESULTS 
 

Comparison of ultrasound score and chest X-ray 
grading 

The contrast-enhanced X-ray solography of             
varying degrees of respiratory distress were                 
displayed in figure 1. The average ultrasound score in 
12 areas of both lungs was (14.36±7.21) points. X-ray 
grading and ultrasound scores among each group 
were shown in the following table 2. 

 

Grade I: Small particle shadows were found in the 
lung field, and the shadows in the lower lung lobes 
were more severe. Grade II: Decreased lung field 
transparency, accompanied by bronchial inflation 
sign and significant consolidation of both lungs; small 
reticular granule shadows, especially in the lower 
lung lobes, were more severe. Grade III: A large         
shadow area in the lung field, with a significant             
decrease in lung transparency and bronchial inflation 
sign, manifested as ground glass-like changes. Grade 
IV: Significant increase in lung field density, white 
lung in both lungs, and disappearance of heart               
shadow. 

 

Correlation analysis of ultrasound score and chest 
X-ray grading 

There was a positive correlation between the       

Weng et al. / Bedside ultrasound in neonatal chest imaging 603 

Figure 1. X-ray solography of varying degrees of respiratory 
distress. 
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ultrasound scores in 12 areas of double lung and               
X-ray grading (r=0.872, P<0.001). There were                 
statistically significant differences in ultrasound 
scores among different groups (P<0.001) and                
statistically significant differences in ultrasound 
scores among different groups (P<0.001). The higher 
the grade of chest film, the higher the ultrasound 
score was (tables 3-5). 

Comparison of ultrasound score and respiratory 
distress degree 

The ultrasound scores analysis of respiratory    
distress group among all groups showed that the  
ultrasound score of lung increased with the severity 
of respiratory distress (table 6). There were                 
statistically significant differences in ultrasound 

scores between different groups (P<0.001), and             
pairwise comparison of rank sum test between 
groups had statistically significant differences in            
ultrasound scores (P<0.001, table 7). 

Correlation analysis between ultrasound score and 
respiratory distress degree 

Ultrasound score was positively correlated with 
the degree of respiratory distress (r=0.905, P<0.001), 
as shown in the table 8. 

Comparison of respiratory distress relief after 2 
hours of administration of PS 

In PS administration group, the degree of                   
respiratory distress improved from severe to mild 
(10 cases) and non-mild (12 cases) 2 hours after            
administration, with an effective rate of 100%. 

 
 

DISCUSSION 
 

Recently, with the improvement of people’s           
understanding of pulmonary ultrasound and the           
increasing maturity of ultrasound technology,                    
pulmonary ultrasound has been widely applied in the 
diagnosis of neonatal lung diseases (24, 25), providing 
more medical information, and has formed domestic 
or international guidelines (26, 27). Due to its high              
accuracy and reliability, continuous dynamic                     
observation and reduced radiation effects, providing 
more safety (28), pulmonary ultrasound has gradually 
replaced X-ray examination and been routinely             
applied in neonatal units and NICU (29, 30). 
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Table 2. Comparison of ultrasound score and chest X-ray  
grading. SD= standard deviation. 

X Average ± SD Minimum value Maximum value N 
1 8±2.386 1 13 27 
2 11.88±3.308 6 20 25 
3 20.47±3.300 15 26 17 
4 26.18±3.125 18 30 11 

Total 14.36±7.205 1 30 80 

Table 3. Correlation analysis of ultrasound score and chest           
X-ray grading. 

    X Ultrasound score 

X 
Correlation coefficient 1.000 0.872** 

P (double tail)   0.000 
N 80 80 

Ultrasound 
score 

Correlation coefficient 0.872** 1.000 
P (double tail) 0.000   

N 80 80 
Note: **The correlation was significant at layer 0.01 (double tail). 

Table 4. Variance analysis. 

  
Quadratic 

sum 
df 

Mean 
square 

F P 

Between groups 3417.976 3 1139.325 126.868 0.000 
In group 682.512 76 9.980     

Total 4100.488 79       

Table 5. Multiple comparisons. 

(I) 
X 

(J) 
X 

Average 
variance 

(I-J) 

Standard 
error 

P 

95% confidence 
interval 

    
Lower 
limit 

Upper 
limit 

Bonferroni 
method 

1 
2 -3.880* 0.832 0.000 -6.13 -1.63 
3 -12.471* 0.928 0.000 -14.98 -9.96 
4 -18.182* 1.072 0.000 -21.09 -15.28 

2 
1 3.880* 0.832 0.000 1.63 6.13 
3 -8.591* 0.942 0.000 -11.14 -6.04 
4 -14.302* 1.084 0.000 -17.24 -11.36 

3 
1 12.471* 0.928 0.000 9.96 14.98 
2 8.591* 0.942 0.000 6.04 11.14 
4 -5.711* 1.160 0.000 -8.85 -2.57 

4 
1 18.182* 1.072 0.000 15.28 21.09 
2 14.302* 1.084 0.000 11.36 17.24 
3 5.711* 1.160 0.000 2.57 8.85 

Dunnett t 
(bilateral) b 

2 1 3.880* 0.832 0.000 1.87 5.89 
3 1 12.471* 0.928 0.000 10.23 14.71 
4 1 18.182* 1.072 0.000 15.59 20.77 

Note: *The mean difference was significant at 0.05 level. b: Dunnett t 
test treated one group as a control and compared all other groups to 
it. 

Table 6. Ultrasonographic score analysis of respiratory distress 
group among all groups. SD= standard deviation. 

Respiratory 
distress degree 

Average±SD 
Minimum 

value 
Maximum 

value 
N 

Mild 7.76±2.166 1 13 29 
Moderate 12.84±2.764 8 18 25 

Severe 23.19±4.176 12 30 26 
Total 14.36±7.205 1 30 80 

Table 7. Ultrasound scores between different groups. 
Respiratory distress degree N Average grade 

Mild 29 16.57 
Moderate 25 40.88 

Severe 26 66.83 
Total 80   

Chi-square   64.739 
df   2 
P   0.000*** 

Note: ***P<0.001. 

Table 8. Correlation analysis between ultrasound score and 
respiratory distress degree. 

    
Ultrasound 

score 
Respiratory 

distress degree 

Ultrasound 
score 

Correlation coefficient 1.000 0.905** 
P (double tail)   0.000 

N 80 80 
Respiratory 

distress 
degree 

Correlation coefficient 0.905** 1.000 
P (double tail) 0.000   

N 80 80 
Note: **The correlation was significant at layer 0.01 (double tail). 
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The exploration of 12 different areas of the double 
lung can visually observe the lesions in each area of 
the lung and help to find focal lesions. In our study, 
there was a positive correlation between the 12-zone 
pulmonary ultrasound scoring method used and the 
currently recognized X-ray grading to judge the            
severity of NRDS in children (r=0.872, P<0.001), 
which was consistent with previous studies. Our  
findings suggest that the higher the X-ray grade, the 
higher the pulmonary ultrasound score. Neonatal 
respiratory distress score is a simple and objective 
evaluation criterion, which can quickly and                       
effectively judge the respiratory condition of                
children. The higher the respiratory distress score, 
the more serious the respiratory distress degree and 
the more serious the condition. Our results displayed 
that the ultrasound score was positively correlated 
with the degree of respiratory distress (r=0.905, 
P<0.001), that is, the more severe the degree of               
respiratory distress, the higher the ultrasound score 
and the more serious the disease. According to the 
respiratory distress score, they were divided into 
three groups: mild, moderate and severe, and                
pairwise comparison among the three groups 
showed statistically significant differences (P<0.001). 
These results indicated that pulmonary ultrasound 
score and respiratory distress score were consistent 
in predicting the severity of NRDS. An ultrasound 
score of >12.8 points can indicate moderate                  
respiratory distress, and an ultrasound score of >23.2 
points can indicate severe respiratory distress. Our 
findings indicate that clinicians can quickly                     
understand the degree of respiratory distress of          
children according to the ultrasound score, and            
timely take appropriate respiratory support,                    
containing nasal continuous positive airway pressure 
ventilation, or even tracheal intubation mechanical 
ventilation. 

In this study, comparison and observation of the 
effect of PS before and after use, we conducted a              
control observation of 22 cases of children using PS. 
Ultrasound indicated that the respiratory distress 
received great relief 2 hours after PS treatment,               
indicating that the condition of the children was          
significantly improved after 2 hours after PS                   
treatment, which was consistent with the results of 
ultrasound score. Our findings indicate that                    
ultrasound score was consistent with the clinical 
treatment effect, and further indicate that ultrasound 
score was credible and feasible, with high clinical 
value in dynamic monitoring of children’s condition. 
Furthermore, our findings indicate that lung                 
ultrasound score can more intuitively describe lung 
lesions by means of ultrasonic quantification. If the 
lung ultrasound score is lower than before within 2 
hours of medication, it can indicate that clinical  
treatment is effective. If the change of 2-hour                  
ultrasound score is not obvious or increased, it can 
also prompt clinicians to adjust the treatment plan in 

time. With the development of perinatal medicine 
technology and the improvement of neonatal                  
resuscitation level, some NRDS children are given PS 
injection in the delivery room or the local hospital at 
birth to control the condition, so the number of cases 
can be included less. Meanwhile, more clinical             
evidence is needed to accurately assess the condition 
of children. In addition, we are concerned that new 
research suggests that lung ultrasound images may 
be confounded by other factors, such as heart             
disease, patient fluid management, and diaphragm 
function, which are not included in the LUS score (31, 
32). As a result, pulmonary ultrasound skills require 
more extensive training and guidance to ensure that 
the necessary support is provided for physicians to 
identify children with non-critical and critical NRDS. 

 
 

CONCLUSION 
 

Ultrasonography can be used as a non-invasive 
imaging method to diagnose condition of children 
with NRDS and dynamically predict prognosis of 
NRDS, which may offer a preliminary basis for              
ultrasonic-assisted clinical diagnosis and therapy. 

 

ACKNOWLEDGMENT 
None. 
 

Funding: The current study was supported by                
Jiangsu Province Maternal and Child Health Research 
Project (No. F201938). 
Conflicts of interests: The authors declared no             
conflict of interest. 
Ethical consideration: All patients signed a                    
documented, voluntarily informed consent form. All 
methods were carried out in compliance with the 
Helsinki Declaration criteria, and this study was             
authorized by the ethics committee of School of            
Medicine, Zhongda Hospital, Southeast University 
with the approval No. ZD2019-002A (January 2019). 
Author contribution: X.W.; conceived and designed 
experiments. X.W., M.Y. and Y.Z.; contributed                
markedly to experiments and arranging data. W.J. 
and L.Q.; conducted data analysis. M.Y.; wrote a draft 
manuscript. X.W.; revised the manuscript. All authors 
read and approved of the final manuscript. 

 
 

REFERENCES 
 

1. Huff K, Rose RS, Engle WA (2019) Late preterm infants: morbidi-
ties, mortality, and management recommendations. Pediatr Clin 
North Am, 66(2): 387-402. 

2. Han T, Wang D, Xie W, et al. (2022) Obstetricians' attitudes toward 
the treatment of extremely preterm infants in China. JAMA Netw 
Open, 5(9): e2233511. 

3. Hogden L, Munger K,  Duffek S (2021) Neonatal respiratory dis-
tress. SD Med, 74(1): 28-35. 

4. Bohlin K, Gudmundsdottir T, Katz-Salamon M, et al. (2007) Imple-
mentation of surfactant treatment during continuous positive 
airway pressure. J Perinatol, 27(7): 422-7. 

Weng et al. / Bedside ultrasound in neonatal chest imaging 605 

 [
 D

O
I:

 1
0.

61
88

2/
ijr

r.
23

.3
.1

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

25
-1

2-
22

 ]
 

                               5 / 6

http://dx.doi.org/10.61882/ijrr.23.3.13
http://ijrr.com/article-1-6576-en.html


5. Ramanathan R (2009) Choosing a right surfactant for respiratory 
distress syndrome treatment. Neonatology, 95(1): 1-5. 

6. Dunn MS, Shennan AT, Zayack D, et al. (1991) Bovine surfactant 
replacement therapy in neonates of less than 30 weeks' gestation: 
a randomized controlled trial of prophylaxis versus treatment. 
Pediatrics, 87(3): 377-86. 

7. Rubarth LB and Quinn J (2015) Respiratory development and res-
piratory distress syndrome. Neonatal Netw, 34(4): 231-8. 

8. Bae CW, Kim CY, Chung SH, et al. (2019) History of pulmonary 
surfactant replacement therapy for neonatal respiratory distress 
syndrome in Korea. J Korean Med Sci, 34(25): e175. 

9. Ma CC and Ma S (2012) The role of surfactant in respiratory dis-
tress syndrome. Open Respir Med J, 6: 44-53. 

10. Polin RA and Carlo WA (2014) Surfactant replacement therapy for 
preterm and term neonates with respiratory distress. Pediatrics, 
133(1): 156-63. 

11. Jasani B, Kabra N,  Nanavati R (2016) Surfactant replacement ther-
apy beyond respiratory distress syndrome in neonates. Indian 
Pediatr, 53(3): 229-34. 

12. Sweet DG, Carnielli V, Greisen G, et al. (2017) European consensus 
guidelines on the management of respiratory distress syndrome - 
2016 update. Neonatology, 111(2): 107-125. 

13. Göpel W, Kribs A, Ziegler A, et al. (2011) Avoidance of mechanical 
ventilation by surfactant treatment of spontaneously breathing 
preterm infants (AMV): an open-label, randomised, controlled 
trial. Lancet, 378(9803): 1627-34. 

14. Aldana-Aguirre JC, Pinto M, Featherstone RM, et al. (2017) Less 
invasive surfactant administration versus intubation for surfactant 
delivery in preterm infants with respiratory distress syndrome: a 
systematic review and meta-analysis. Arch Dis Child Fetal Neonatal 
Ed, 102(1): F17-f23. 

15. Rigo V, Lefebvre C,  Broux I (2016) Surfactant instillation in sponta-
neously breathing preterm infants: a systematic review and meta-
analysis. Eur J Pediatr, 175(12): 1933-1942. 

16. Kribs A, Roll C, Göpel W, et al. (2015) Nonintubated surfactant 
application vs conventional therapy in extremely preterm infants: 
A randomized clinical trial. JAMA Pediatr, 169(8): 723-30. 

17. Liu J (2023) Ultrasound diagnosis and grading criteria of neonatal 
respiratory distress syndrome. J Matern Fetal Neonatal Med, 36
(1): 2206943. 

18. Lovrenski J (2012) Lung ultrasonography of pulmonary complica-
tions in preterm infants with respiratory distress syndrome. Ups J 
Med Sci, 117(1): 10-7. 

19. Szymański P, Kruczek P, Hożejowski R, et al. (2021) Modified lung 
ultrasound score predicts ventilation requirements in neonatal 
respiratory distress syndrome. BMC Pediatr, 21(1): 17. 

20. Khemani RG, Smith LS, Zimmerman JJ, et al. (2015) Pediatric acute 
respiratory distress syndrome: definition, incidence, and epidemi-
ology: proceedings from the Pediatric Acute Lung Injury Consensus 
Conference. Pediatr Crit Care Med, 16(5 Suppl 1): S23-40. 

21. Singhal N, Lockyer J, Fidler H, et al. (2012) Acute care of at-risk 
newborns (ACoRN): quantitative and qualitative educational evalu-
ation of the program in a region of China. BMC Med Educ, 12: 44. 

22. Brat R, Yousef N, Klifa R, et al. (2015) Lung ultrasonography score 
to evaluate oxygenation and surfactant need in neonates treated 
with continuous positive airway pressure. JAMA Pediatr, 169(8): 
e151797. 

23. Rouby JJ, Arbelot C, Gao Y, et al. (2018) Training for lung ultra-
sound score measurement in critically ill patients. Am J Respir Crit 
Care Med, 198(3): 398-401. 

24. Liu J, Lovrenski J, Ye Hlaing A, et al. (2021) Neonatal lung diseases: 
lung ultrasound or chest x-ray. J Matern Fetal Neonatal Med, 34
(7): 1177-1182. 

25. Miller LE, Stoller JZ, Fraga MV (2020) Point-of-care ultrasound in 
the neonatal ICU. Curr Opin Pediatr, 32(2): 216-227. 

26. Miller DL, Dou C,  Dong Z (2022) Lung ultrasound induction of 
pulmonary capillary hemorrhage in neonatal swine. Ultrasound 
Med Biol, 48(11): 2276-2291. 

27. Liu J, Copetti R, Sorantin E, et al. (2019) Protocol and guidelines for 
point-of-care lung ultrasound in diagnosing neonatal pulmonary 
diseases based on international expert consensus. J Vis Exp, 145: 
58990. 

28. Jones BP, Tay ET, Elikashvili I, et al. (2016) Feasibility and safety of 
substituting lung ultrasonography for chest radiography when 
diagnosing pneumonia in children: a randomized controlled trial. 
Chest, 150(1): 131-8. 

29. Chen SW, Fu W, Liu J, et al. (2017) Routine application of lung 
ultrasonography in the neonatal intensive care unit. Medicine 
(Baltimore), 96(2): e5826. 

30. Liu J, Cao HY, Wang XL, et al. (2016) The significance and the ne-
cessity of routinely performing lung ultrasound in the neonatal 
intensive care units. J Matern Fetal Neonatal Med, 29(24): 4025-
30. 

31. Karagodin I, Carvalho Singulane C, Woodward GM, et al. (2021) 
Echocardiographic correlates of in-hospital death in patients with 
acute COVID-19 infection: The world alliance societies of echocar-
diography (WASE-COVID) study. J Am Soc Echocardiogr, 34(8): 819-
830. 

32. Corradi F, Vetrugno L, Orso D, et al. (2021) Diaphragmatic thicken-
ing fraction as a potential predictor of response to continuous 
positive airway pressure ventilation in Covid-19 pneumonia: A 
single-center pilot study. Respir Physiol Neurobiol, 284: 103585. 

606 Int. J. Radiat. Res., Vol. 23 No. 3, July 2025 

 [
 D

O
I:

 1
0.

61
88

2/
ijr

r.
23

.3
.1

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

25
-1

2-
22

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

http://dx.doi.org/10.61882/ijrr.23.3.13
http://ijrr.com/article-1-6576-en.html
http://www.tcpdf.org

