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ABSTRACT 

Background: Lung ultrasound is an increasingly used tool for monitoring 

pulmonary lesions or improving the diagnosis of pneumonia in critically ill 

children.  

Aim: This study aimed to examine the relationship between the pulmonary 

ultrasound scoring system and clinical metrics in order to follow up with 

patients with acute respiratory failure, assess treatment response, and predict 

weaning.  

Methods: This prospective cohort study included 52 children on mechanical 

ventilation who were admitted to the pediatric intensive care unit (PICU) at 

our institute. The Pediatric Risk of Mortality scores (PRISM III) were 

calculated within 24 hours of PICU admission. Pulmonary Ultrasound 

examinations were performed at 3 time points during a patient’s ICU stay: as 

soon as possible after intubation, 48 hours after the initial examination, and 

after extubation.  

Results: Duration of intubation ranged from 3 to 11 days with a median (IQR) 

of 5 (2.25), while the duration of ICU stays ranged from 3 to 13 days with a 

median (IQR) of 6 (4) and duration of hospital stay ranged from 4 to 33 days 

with median (IQR) of 10(10.25). As regards outcome; (59.6%) of the patients 

died, while (40.4%) of the patients were discharged from ICU. There was a 

highly statistically significant positive correlation between the first total US 

score and the duration of ICU stay and ventilation days (p-value<0.001). Also, 

ROC curve analysis was used to differentiate discharged from dead patients by 

using the second US score at cut point 12; it showed a sensitivity of (93.55%) 

and a specificity of (76.19%) with an AUC of (0.940).  

Conclusion: The pulmonary ultrasound scoring system is a good prognostic 

tool in children with acute respiratory failure, predicting mortality and 

assessment of treatment response, and predicting mortality and treatment 

response assessment. 

Keywords:  Pulmonary Ultrasound, Lung Ultrasound, Respiratory failure 

 

INTRODUCTION 

hest physicians are becoming more interested 

in transthoracic ultrasonography. Modern 

ultrasound equipment is portable, lightweight, 

affordable, and easy to use, making it ideal for both 

bedside examinations of critically sick patients and 

outpatient settings. In the near future, ultrasound 

will be a useful and crucial tool for pulmonologists 

[1]. 

 

 

The use of lung ultrasound (LUS) has grown in both 

adult and pediatric populations because it quickly 

assesses a number of lung and pleural illnesses. 

Many benefits of the approach, including its 

affordability, speed, absence of ionizing radiation, 

bedside accessibility, and repeatability, have 

contributed to its adoption [2]. 

According to Rodriguez, [3] LUS has a well-

established role in directing interventional 

procedures, such as thoracocentesis and biopsy, and 

C 
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it has been demonstrated to improve outcomes by 

lowering complications (such as pneumothorax). 

In order to reduce the use of chest 

radiography, which is linked to the negative effects 

of radiation exposure (particularly in pediatric 

patients), many practitioners have argued for the 

routine use of lung US in the ICU [4].  Due to 

children's small thoracic diameters and the lack of 

ionizing radiation required to provide diagnostic 

imaging results, LUS has a specific role in 

pediatrics, including enhanced visualization of 

abnormalities in the thorax [5].  

LUS is a method that pediatricians are 

increasingly using, particularly in emergency 

rooms, to assess patient response to physiotherapy 

and medication (e.g., diuretics) [6]. 

Pulmonary ultrasonography (PUA) can 

quantify extravascular lung water, which can predict 

outcome in critically ill patients. Scoring systems 

are correlated with mortality in patients with acute 

respiratory distress syndrome (ARDS), on 

hemodialysis, and with congestive heart failure 

(CHF) [7]. 

It has been shown that a new lung 

ultrasonography score has predictive value 

following heart surgery; it can forecast the duration 

of mechanical ventilation and the length of stay in 

the pediatric intensive care unit (PICU) [8]. The aim 

of this study is to examine the relationship between 

the pulmonary ultrasound scoring system and 

clinical metrics to follow up with patients of acute 

respiratory failure, assess treatment response, and 

predict weaning. 

METHODS 

After our Local Ethics Committee approved the 

protocol (IRB# 11174-8-10-2023), this study was 

carried out in the pediatric intensive care unit 

(PICU) from June 2023 to December 2023, the 

pediatric department at our institute. Fifty-two kids 

were put on mechanical ventilation as a result. 

Parents' or guardians' written informed consent was 

acquired for research participants. The World 

Medical Association's code of ethics for human 

research, the Helsinki Declaration, was followed 

throughout the entire study procedure. 

The Inclusion Criteria were all intubated 

children aged between 1 and 14 who were admitted 

to our institute's PICU. 

 Children with persistent lung disease, such as 

cystic fibrosis or bronchopulmonary dysplasia, 

patients unable to change positions safely due to 

significant hemodynamic instability, patients 

deemed unsuitable for lung ultrasonography due to 

severe chest cage deformities or subcutaneous 

emphysema, and patients with less than twenty-four 

hours on mechanical ventilation were excluded from 

the study. 

A comprehensive history-taking procedure, a 

comprehensive clinical examination, and laboratory 

investigations (CBC, ESR, liver and kidney 

function tests, and electrolytes: Na, Ca, Mg, K, and 

Phosphorus) were performed on each patient. Chest 

radiograph. Vital signs, oxygen saturation, blood 

gas analysis, serial Glasco coma scale, and fluid 

input and output evaluation. Within 24 hours of 

PICU admission, the Pediatric Risk of Mortality 

scores (PRISM III) were computed. The PRISM III 

scoring system's 14 parameters were evaluated in 

order to provide a precise mortality risk assessment 

[9].  
During a patient's stay in the intensive care 

unit, pulmonary ultrasound tests were conducted 

three times: as soon as the patient was intubated, 48 

hours after the initial evaluation, and after 

extubation. 

Technique of Ultrasound chest examination: 

Alpinion Color Doppler Ul ultrasound was 

used to do a transthoracic ultrasound. A smal with 

transducer is us; with increasing age, the size of the 

thoracic cavity increases, and non-visualization of 

the deeper lung fields becomes a concern, and a 

convex or micro-convex (5-MHz) probe is used. 

Before beginning the examination, the patient's 

chest CT scan and x-ray should be reviewed in 

order to place them correctly for a chest 

ultrasonographic examination. This will serve as a 

guide for the region of interest and the patient's 

ideal placement [1] 

The development of lung US scanning 

technology requires examining similar regions in 

each hemithorax. The anterior, lateral, and posterior 

parts of the hemithorax are roughly separated by the 

midclavicular line and the anterior and posterior 

axillary lines.  

The lungThe lung is divided into anterior, 

lateral, and posterior segments by three lines: the 

(MC), midclavicular line, anterior axillary line 

(AAX), and posterior axillary line (PAX). The 

anterior lung lies between the parasternal line and 

anterior axillary line and is roughly divided along 

the nipple line into upper and lower zones.  The 

lateral lung lies between the anterior axillary line 

and the posterior axillary line. The posterior lung 

lies posterior to the PAX [10].  

To classify the findings, an image had to be 

frozen, and anomalies had to be counted. The track 
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ball can be used to measure still images created 

using the freeze function[11].  

What area of the scanned image is shown on 

the monitor at a certain magnification is defined by 

the depth function, which is a digital zoom. A 

vertical axis is used to display the scale. The 

maximum depth at which high-frequency scanning 

is carried out is about 3-5 cm. Ideally, the depth 

should be changed so that the area of interest 

completely fills the digital screen [11].  

To optimize the contrast between tissues, alter 

the gain, which measures the amplification of the 

echoes and controls the image's brightness [11].  

To perform a complete lung ultrasound scan 

(LUS), every hemithorax must be evaluated in the 

anterior, lateral, and posterior lung zones. 

Additionally, every lung field must be investigated 

in both the transverse and longitudinal orientations; 

neglecting to do so may result in missing 

abnormalities [12]. 

Scoring system: 

Score 0 indicated that the A-lines were 

predominant, with scattered (<3) B-lines. Score 1 

indicated that multiple non-fused B-lines. Score 2 

indicated that dense, partially fused B-lines. Score 3 

indicated that completely fused B-lines [13] (figure 

1).  

A (normal aeration): lung sliding/lung pulse 

with A lines or less than two B lines for intercostal 

space; B1 (moderate loss of lung aeration): 

multiple spaced B-lines, more or equal than 3 for 

each space;  B2 (severe loss of lung aeration): 

multiple coalescent B lines with or without 

subpleural consolidations; B3 or C (consolidation): 

the presence of a tissue pattern with or without air 

bronchograms where N = 0, B1 = 1, B2 = 2, 

B3 = 3  [14]. The chest was divided into nine zones. 

Total lung score (TLS) was the summation of 

all points across the nine lung zones (possible 

range = 0–36).   The total B score represented the 

sum of only the B-line points (B1, B2, B3) 

(range = 0–27) The total anterior score included 

points from zones 1, 2, 6, and 7 and total posterior 

score from zones 3, 4, 5, 8, and 9, as shown in 

figure and 7, and total posterior score from zones 3, 

4, 5, 8, and 9, as shown in Figure 1. If there was 

effusion, each zone got one extra point. Each zone 

could score up to four points, as shown in Figure 2 

[15]. 

LUS score was directly obtained and 

reported by the observers for each zone in a 

dedicated case report form. 

STATISTICAL ANALYSIS 

IBM SPSS 23.0 for Windows, a database 

software tool, was used to code, input, and analyze 

the gathered data (SPSS Inc., Chicago, IL, USA). 

The averages and standard deviations, median and 

range, were used to summarize numerical data. The 

summary of categorical data was provided by 

percentages and figures. When comparing 

categorical data, the Fisher's exact test or the Chi-

square test were used. An established significance 

threshold of P ≤ 0.05 was set. 

 

RESULTS 

This prospective cohort study involved 52 

mechanically ventilated children Their ages ranged 

from 1 to 14 years with mean ± SD of 5.77 ± 3.29. 

Most of the patients (65.4%) were males, while 

(34.6%) were females. The most frequent diagnosis 

detected was bronchopneumonia, which was 

detected among (34.6%) of the patients, followed by 

pneumonia which was detected among (30.8%), 

acute kidney injury among (9.6%), post-arrest and 

congestive heart failure among (7.7%); septic shock 

among (5.8%), while the least frequent diagnosis 

detected was pleural effusion which was detected 

among (3.8%) of the patients (table 2). total lung 

ultrasound score in parenchymal diseases ranged 

from 8-28, which was higher than that of non-

parenchymal diseases, ranged from 8-28, which was 

higher than that of non-parenchymal diseases, 

which ranged from 10-25, as regarded in Table 3. 

Post- extubation score showed a significant 

reduction than second US score in survived a 

significant reduction than second US score in 

surviving patients (table 4). Table 5 showed that 

there was a statistically significant positive 

correlation between the first US score with duration 

of ventilation, ICU stay, hospital stay, and mortality 

rate (P <0.05). There was a statistically significant 

reduction in the US score among the surviving 

group, as shown in Table 6. 

 We determined  a cutoff point of 12 for predicting 

outcome, with a sensitivity of (93.55%), specificity 

of (76.19%) and AUC of (0.940) as shown in Figure 

7. 
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Table 1: Demographic data among studied patient 

Variables  All patients 

(n=52) 

Age (years) 

Mean ± SD 

Range 

 

5.77 ± 3.29 

(1 – 14) 

Sex (N.%) 

Male 

Female 

 

34 (65.4%) 

18 (34.6%) 

 

Table 2: Diagnosis (etiology) among the studied patient 

Variables (N. %) All patients(n=52) 

Bronchopneumonia 18 (34.6%) 

Pneumonia 16 (30.8%) 

Acute kidney injury 5 (9.6%) 

Congestive heart failure  4 (7.7%) 

Post arrest  4 (7.7%) 

Septic shock 3 (5.8%) 

Pleural effusion 2 (3.8%) 

 

Table 3: Comparison between Parenchymal and Non-parenchymal diseases  

Variables  Non-parenchymal 

(n=15) 

Parenchymal 

(n=37) 

P 

Value 

Anterior score 

Median (IQR) 

Range 

 

6 (3.5) 

(3 – 15) 

 

9 (4) 

(4 – 18) 

 

 

0.42 

Posterior score 

Median (IQR) 

Range 

 

8 (3) 

(4 – 10) 

 

6 (3) 

(3 – 12) 

 

 

0.67 

Total score 

Median (IQR) 

Range 

 

14 (6) 

(10 – 25) 

 

16 (6) 

(8 – 28) 

 

 

0.82 

*Mann-Whittney U test, Non-significant: P >0.05, Significant: P ≤0.05 IQR: Inter-quartile range 

 

Table 4: Second and post extubation US score among studied patient 

Variables  All patients 

(n=52) 

Second US score 

Median (IQR) 

Range 

 

12 (6.75) 

(3 – 28) 

Post extubation score 

Median (IQR) 

Range 

 

8 (8) 

(1 – 17) 

IQR: Inter-quartile range, US: Ultrasound  
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Table 5: Correlation of First US score with mortality rate and hospitalization characteristics 

 

Variable 

First US score 

r P 

Duration of ventilation 0.368 0.002 

Duration of ICU stay 0.233 0.001 

Duration of hospital stay 0.385 0.04 

Mortality rate 0.322 0.02 

*Spearman rank correlation test, Non-significant: P >0.05, Significant: P ≤0.05  ICU: Intensive care unit 

 

Table 6: First, second and post extubation US score according to diagnosis 

Variables 

Median (IQR) 
First US 

score 

Second US 

score 

Post extubation 

US score 

P 

Value 

Post 

HOC 

Acute Kidney Injury 15 (6) 13 (6) 15 (0) 0.21 

P1=0.73 

P2=0.11 

P3=0.19 

Septic shock 17 (3.5) 10 (3) 12 (3.5) 0.15 

P1=0.06 

P2=0.16 

P3=0.44 

Post arrest 12 (1.5) 7.5 (5) 6 (7) 0.31 

P1=0.19 

P2=0.33 

P3=0.68 

Pleural effusion 28 (0) 22 (6) 3 (0) 0.16 

P1=0.29 

P2=0.04 

P3=0.07 

Pneumonia 17 (5.75) 14.5 (8.25) 8 (7) 0.007 

P1=0.002 

P2<0.001 

P3=0.27 

Bronchopneumonia 15 (7.25) 13 (4.5) 6 (1.5) 0.04 

P1=0.007 

P2=0.003 

P3=0.49 

Congestive Heart 

Failure 
13 (7) 12 (3) 6 (3) 0.09 

P1=0.52 

P2=0.02 

P3=0.05 

*P value comparison between the three groups, Non-significant: P >0.05,  

Significant: P ≤0.05 

-P1=comparison between First & Second US score 

-P2=comparison between First & Post extubation US score 

-P3=comparison between Second & Post extubation US score  

There was a statistically significant reduction of the US score among a statistically significant reduction in the 

US score among the surviving group. 
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Figure 1: lung ultrasound score [13]. 

 

 

 
Figure 2: Locations and numbering of the examination zones[15]. 

Abbreviations: AAx, anterior axillary line; MC, midclavicular line; PAx, posterior axillary line. 
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Figure 3: Lung ultrasound showing the pleural line and the artifact A-lines. 

 

Figure 4: Lung ultrasound showing the pleural line and the artifact B-lines. 
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Figure 5: lung ultrasound showing consolidation 

 

 
Figure 6: lung ultrasound showing pleural effusion 
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Figure 7: ROC curve analysis of second US score in differentiating discharged from dead patients 

 

DISCUSSION 

Lung ultrasound is an increasingly used tool for 

monitoring pulmonary lesions or improving the 

diagnosis of pneumonia in critically ill children 

[16]. LUS may also be more sensitive and specific 

than CXR to identify pulmonary fluid overload 

[17]. 

The use of the LUS score in respiratory-distressed 

patients as a screening and diagnostic tool may 

improve the currently high number of undiagnosed 

respiratory-distressed patients in clinical practice 

and increase the use of appropriate treatment in 

these patients [18]. 

The current study showed that the most common 

cause of admission in PICU was respiratory, as 

bronchopneumonia represented (34.6%), followed 

by pneumonia, as bronchopneumonia represented 

(34.6%), followed by pneumonia, represented 

(30.8%). Pleural effusion represented which 

represents (30.8%), and pleural effusion represented 

(3.8%) of the patients. 

Another study by Giorno et al. [19] comprised 103 

patients, with respiratory conditions accounting for 

84% of PICU admissions and various reasons for 

16%. 

According to our findings, lung ultrasonography 

detected pleural line modifications. These 

modifications can include irregularities, 

fragmentations, thickness, subpleural abnormalities, 

and the uneven distribution of the B-lines.  

First lung ultrasonography scores in our study 

varied from 8 to 28, with a median of 15. While in 

research, Zhang et al. [20]. The first score had a 

median of 23 and ranged from 20 to 30. Due to the 

inclusion of both parenchymal and nonparenchymal 

disorders in our analysis, the wide range of scores, 

whereas the study of Zhang et al. [20] comprised 

only parenchymal illnesses. 

The second US score (after 48 hours) in this study 

had a median value of 12, ranging from 3 to 28, and 

we observed a progressive decline in the second 

score among the discharged group. 

The post-extubation score had a median of 8 and 

ranged from 1 to 17. Among patients who survived, 

the post-extubation score showed a considerable 

decline in value. Our results aligned with the 

observation of Zhang et al. [20], who reported the 

post-extubation score, which varied from 10 to 15 

with a median of 12, and the second score, which 

varied from 26 to 28 with a median of 27, 

confirming that there was a considerable decline in 

the post-extubation score among survivors. 

The present investigation demonstrated a 

statistically significant decrease in the US score for 

patients suffering from pneumonia and 

bronchopneumonia. Specifically, the median initial 

https://loop.frontiersin.org/people/663071
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US score for patients with pneumonia was 17 and 

decreased to 8 following extubation, whereas the 

median initial US score for patients with 

bronchopneumonia was 15 and decreased to 6 

following extubation agreed with our findings [20]. 

Another study by Eltomey revealed that patients 

who were able to wean themselves off of MV had 

far lower scores than those who were unable to do 

so [21]. 

Since the lung ultrasonography score strongly 

corresponded with the histological injury score and 

with various inflammatory indicators, this decrease 

in score was caused by breathing support and 

appropriate treatment [22]. 

The overall lung score for parenchymal diseases in 

the current study was 16, which was higher than the 

score for non-parenchymal diseases, which was 14. 

Li et al. published a similar discovery, finding a 

statistically significant positive connection between 

pneumonia and the overall lung score of 

parenchymal disorders [23]. 

Because the B-pattern on lung ultrasonography is 

closely linked to diffuse parenchymal lung illness, 

our study's findings clearly show the presence of 

changes in the lung parenchyma. 

The total lung score of parenchymal and non-

parenchymal disorders did not differ statistically 

significantly, according to the current study. 

Tierney et al. [15] also reported the same findings. 

The length of intubation varied from 3 to 11 days, 

with a median of 5, according to the current study, 

whereas the length of ICU hospitalization varied 

from 3 to 13 days, with a median of 6. Conversely 

Zhang, et al. [20], discovered that the length of the 

ICU hospitalization varied from 12 to 34 days, with 

a median of 15, and the duration of intubation 

varied from 6 to 18 days, with a median of 12. 

This study found that the first US score and the 

length of ventilation, ICU stay, and hospital stay 

were significantly positively correlated. Tierney et 

al. et al. et al. [15] corroborated the study's findings. 

Abushady et al. discovered that patients who had 

the LUSs guide discovered that patients who had 

the LUSs-guided recruitment maneuver had a 

significant reduction in lung inflammation and a 

reduction in the length of time they required 

invasive ventilation [24].  

According to the current study, a strong positive 

statistical link exists between the initial total US 

score and the mortality rate, with the death rate 

rising as the score rises. Lung disorders cause 

lesions on ultrasonography known as consolidations 

or artifacts and a partial or complete lack of 

aeration. Pleural lines (on the lung surface) and 

subpleural lesions frequently accompany artifacts. 

Similarly, Wang discovered that, in comparison to 

survivors, non-survivors had a higher LUS score at 

admission [25]. Furthermore, patients with ARDS 

who had a high LUS score at admission had a 

higher probability of dying in the hospital. 

Furthermore, Tierney et al. [15] found that the total 

lung score was strongly linked to mortality. 

According to this study, 40.4% of patients were 

released from the PICU, and 59.6% of patients 

passed away. As you are studying Wang 33.6% of 

their patients died during hospitalization [25]. In 

another study conducted by Zhang et al [20], of the 

29 patients, 69% of the youngsters survived, while 

31% of them passed away. 

The results of the present investigation revealed no 

statistically significant relationship between the age 

or gender of the patients under research and their 

outcome, which is consistent with the findings of 

Aygün et al [26]. 
This study demonstrated that the second score US 

could differentiate between died and discharged 

patients with a cutoff point of 12, as demonstrated 

by ROC curve analysis, with a sensitivity of 

93.55%, specificity of 76.19%, and area under curve 

of 0.940 (Figure 7). 

Another research by Pere et al. [27] reported that a 

cut point ≥24 with 100% sensitivity, 69.2% 

specificity, and an area under the receiver operating 

characteristic curve of 0.85 for predicting a worse 

prognosis. 

Huang et al. found that cutoff point of 20.5 with a 

sensitivity of 88.1% and specificity of 83.1%, 

according to an analysis of the ROC curve. It has an 

AUC of 0.91[28]. 

Also, Li et al. determined cutoff point 19, which 

has an 84% sensitivity and 89% specificity in death 

prediction [23]. 

This study has not been done at our institute before. 

From this study, we can follow up on pulmonary 

conditions, making many everyday decisions easier 

for clinicians and enabling a higher quality of 

treatment and faster recovery of children. 

 This study has several Limitations: Our study 

included only children on mechanical ventilation, 

and All the LUS techniques were performed by 

experienced radiologists with standard LUS 

training. Many cases were lost during follow-up, 

and the sample size decreased.  

CONCLUSION 

  The strength of this study is the presentation of the 

LUS score was the first noninvasive, objective 

https://loop.frontiersin.org/people/663071
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parameter developed for pediatric lung diseases. 

This score can be utilized for the quantification of 

parenchymal lung lesions and for further monitoring 

of disease outcomes; it can also predict weaning. 

The pulmonary ultrasound scoring system is a 

useful prognostic tool. The initial total US score 

was significantly positively correlated with days of 

ventilation, length of hospital stay, length of ICU 

stay, and mortality. 
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