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Abstract: Pneumonia is a major cause of morbidity and mortality in children especially in developing countaries. Lung 

ultrasonography (LUS) is an accepted safe diagnostic tool with many advantages over chest x-ray (CXR). The objective of this 

prospective observational study was to evaluate the usefulness of LUS in comparison with CXR for diagnosing pneumonia in 

60 children presented with fever and respiratory distress. For each patient complete diagnostic workup was performed 

including history, physical examination, routine laboratory investigations, CXR and LUS. LUS was performed by a 

sonographer blinded to patient’s clinical and CXR findings. The patients were classified into; Pneumonia group: included 45 

patients diagnosed by two clinicians as having community acquired pneumonia (CAP) based on the recommendations of 

British Thoracic Society and Non pneumonia group: included 15 patients received other diagnoses. The clinicians were blinded 

to CXR and LUS findings. In pneumonia group, sonographic and radiographic findings compatible with pneumonia were 

found in 95.6% and 88.9% of patients respectively. In non pneumonia group, LUS can exclude pneumonia in 93.3% of patients 

while CXR excluded pneumonia in 86.7% of them. The sensitivity, specificity, positive predictive value, negative predictive 

value and accuracy of LUS to demonstrate lung involvement were higher than those of CXR (95.6%, 93.3%, 97.7%, 85.7% 

and 94.5% versus 88.9%, 86.7%, 95.2%, 72.2% and 86.7% respectively). LUS was superior to CXR in identifying pleural 

effusion and multiple consolidation in more than one lobe. Being safer, cheaper and relatively more time saving, lung 

ultrasonography offers an important contribution to the diagnosis of CAP in febrile children with respiratory distress compared 

to chest X-ray. 
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1. Introduction 

According to the World Health Organization (WHO), 

Pneumonia accounts for 16% of all deaths of children under 5 

years old, killing about 920.000 children in 2015 [1]. Africa is 

the region with the second highest estimate of clinical 

pneumonia incidence in children less than 5 years (0.33 

episodes per child-year) coming closely after South-East Asia 

(0.36 episodes per child-year) [2]. In Egypt, it was estimated 

that 10% of children deaths below the age of 5 years is caused 

by pneumonia and other acute respiratory infections [3]. 

Early and correct diagnosis is strongly required for proper 

management of pneumonia. There is still a debate about the 

usefulness of imaging techniques in the diagnosis of CAP. 

Although several guidelines [4, 5] do not recommend the use 

CXR when diagnosing mild uncomplicated pneumonia in 

children, it is actually frequently performed to confirm the 

diagnosis of CAP [6] and absence of CXR confirmation leads 

overestimation of the incidence of CAP and unnecessary 

overuse of antibiotics [7]. 

The use CXR has many disadvantages, including the risk 

of exposure to ionizing radiation with its subsequent hazards 
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[8], difficulty in scanning of about 40% of lung field though 

a single projection (which is usually hidden by overlying 

cardiac, mediastinal and subdiaphragmatic structures) [9] and 

low sensitivity when compared with computerized 

tomography (CT) scan [10, 11]. In countries with limited 

resources like Egypt other disadvantages are the 

unavailability and lack of portability. Even when CXR is 

available, there is a practical time delay for obtaining and 

interpreting the images [12] 

Lung ultrasonography seems to be an attractive alternative 

to the standard CXR being safe, portable, inexpensive, 

repeatable and relatively time saving [12]. Also in contrast to 

CXR setting, parents can be allowed to attend LUS scanning 

to support and calm the child [13] especially in such a 

situation in which sedation may have deleterious effects. 

The aim of this work was to evaluate the usefulness of 

lung ultrasonography (LUS) in comparison with chest x-ray 

(CXR) for diagnosing pneumonia in children with fever and 

respiratory distress. 

2. Methods 

2.1. Study Design, Settings & Population 

This prospective cohort study was conducted at Pediatric 

Department of Menoufia university hospital, Egypt, between 

October 2016 and March 2017. Inclusion criteria were (1) 

Age between 2 and 60 months, (2) Presence of fever >38.5°C 

together with increased respiratory rate more than expected 

for age(> 50 breaths/ min for those less than 12 months and > 

40 breaths/min for patients between 1 and 5 years) with or 

without other signs of respiratory distress (retractions 

whether suprasternal, subcostal or intercostal, nasal flaring, 

grunting or pulse oximetry < 90% on room air) [5], (3) 

patient was previously healthy before the previous 

complaints, (4) the study sonographer is available for LUS 

during patient evaluation. Patients with co-existing chronic 

lung disease (e.g. bronchial asthma, cystic fibrosis, 

bronchiectasis…etc), with cardiac, lung or airway congenital 

anomalies, receiving antibiotic treatment for any reason in 

the preceding month, who were hemodynamically unstable 

and those whose parents refuse to perform CXR or LUS were 

excluded. 

2.2. Interventions and Data Collection 

For each eligible patient complete diagnostic workup was 

performed on admission including thorough history, physical 

examination, LUS, CXR, routine laboratory investigations 

(complete blood count and C reactive protein) and other 

laboratory tests if clinically warranted. After first evaluation, 

enrolled patients underwent LUS then CXR and blood tests. 

Patients were assessed by two expert clinicians separately for 

having community acquired pneumonia based on the criteria of 

British Thoracic Society for diagnosing pneumonia in children 

[4]. The two clinicians were blinded to CXR and LUS findings. 

Then the patients were classified into two groups: 

1. Pneumonia group: including patients diagnosed as 

having CAP. The patient was enrolled in this group only 

when both clinicians report the same diagnosis of 

community acquired pneumonia. 

2. Non pneumonia group: including patients who received 

another diagnosis. 

2.3. Imaging Studies 

Postero-anterior chest radiographs were done in supine or 

sitting position as recommended in recently published guidelines 

[4] and were analyzed by the radiologist on duty who is blinded 

to LUS findings and then interpreted by an expert radiologist 

after hiding the patient’s data. Chest x-ray was considered 

positive when there was primary end point consolidation and/or 

primary end point pleural effusion in accordance with the WHO 

criteria for the standardized interpretation of pediatric chest 

radiographs for the diagnosis of pneumonia [14]. 

Lung sonographic examination was performed by an 

expert radiologist using Toshiba XARio utrasound device 

with 3–5 MHz convex and 5–12 MHz linear array probes. 

The probes were placed in the anterior, lateral and posterior 

thoracic regions over the intercostal spaces in a 

perpendicular, oblique and transverse direction where the 

images were clearest. To scan the posterior thorax lateral 

decubitus and sitting positions were used. Lung ultrasound 

was considered positive on the finding of a lung 

consolidation (appears as subpleural echo-poor region or one 

with tissue-like echotexture) with evidence of sonographic 

air bronchograms [15]. The presence of pleural effusion was 

also evaluated. Sonographic findings were classified into 

specific patterns based on the literature [16-19]. 

2.4. Ethical Considerations 

All procedures performed during the study were in 

accordance with the ethical standards of Menoufia University 

Institutional Research Committee. Informed consent was 

obtained from the guardian of each participant included in 

the study. 

2.5. Data Management and Analysis 

Results were tabulated and statistically analyzed by using a 

personal computer using SPSS v. 22 (IBM Corp Chicago, IL, 

USA). The Kolmogorov- Smirnov, Shapiro and D’agstino tests 

were used to verify the normality of distribution of variables. 

Categorical variables were compared using Chi-square test or 

Fisher exact test. Student t-test was used to compare two groups 

for normally distributed quantitative variables while Mann 

Whitney test was used to compare two groups for abnormally 

distributed quantitative variables. The diagnostic performance of 

LUS was assessed by traditional parameters (sensitivity, 

specificity, positive and negative predictive value, accuracy) as 

described elsewhere [20]. Significance of the obtained results 

was judged at the 5% level. 

3. Results 

One hundred and two children with fever and respiratory 
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distress were initially evaluated. Thirty nine children met 

exclusion criteria and other three children were excluded as their 

parents refused to participate in the study. Of the sixty eligible 

patients, forty five patients (29 male and 16 female) were finally 

diagnosed clinically as having community acquired pneumonia 

(mean age 24.11± 9.42 months). The other fifteen patients were 

diagnosed with other diseases (10 with acute bronchiolitis, 4 

with acute bronchitis and 1 with pulmonary oedema). 

The demographic, clinical and laboratory characteristics of 

patients were demonstrated in [table 1]. There was no 

statistically significant difference between pneumonia and 

non-pneumonia groups regarding age, sex, weight, length and 

respiratory rate. As regards to signs of respiratory distress, 

only chest indrawing was significantly more prevalent in 

pneumonia group. Abnormal auscultatory findings were 

heard in all pneumonia cases & in 14/15 non-pneumonia 

cases. Wheezes were significantly more frequent in non-

pneumonia group while bronchial breathing was heard only 

in 9 patients with pneumonia. Neutrophil percent & C-

reactive protein was significantly higher in patients with 

pneumonia compared to those without pneumonia (P= 0.041 

and <0.001 respectively). However no statistically significant 

difference was found between groups regarding hemoglobin 

level, total leukocyte count, lymphocytes or platelet count. 

Table 1. Demographic, clinical and laboratory data of studied patients. 

Data Pneumonia (n = 45) Non-pneumonia (n = 15) P-value 

Age (months) 24.11 ± 9.42 20.67 ± 4.43 0.179 

Sex    

Female 16 (35.6%) 5 (33.3%) 
0.876 

Male 29 (64.4%) 10 (66.7%) 

Weight (kg) 12.66 ± 2.13 11.80 ± 1.82 0.169 

Length(cm) 82.04 ± 8.02 78.40 ± 7.65 0.192 

Respiratory rate (Bpm) 60.47 ± 9.34 63.93 ± 8.94 0.214 

Cough 44 (97.8%) 14 (93.3%) 0.406 

Chest indrawing 42 (93.3%) 7 (46.7%) <0.001 

Nasal flaring 29 (64.4%) 8 (53.3%) 0.443 

Grunting 14 (31.1%) 6 (40%) 0.527 

Oxygen saturation <90% 2 (4.4%) 1 (6.6%) 0.732 

Abnormal auscultatory findings 45 (100%) 14 (93.3%) 0.080 

  Crepitations 29 (64.4%) 6 (40%) 0.096 

  Wheezes 3 (6.6%) 11 (73.3%) <0.001 

  Sonorus rhonchi 6 (13.3%) 5 (33.3%) 0.083 

  Diminished breath sounds 35 (77.8%) 10 (66.7%) 0.389 

  Bronchial breathing 9 (20%) 0 (0%) 0.060 

Hb (gm%) 11.08 ± 1.70 10.48 ± 1.30 0.216 

TLC (103/L) 13.53 ± 4.18 12.67 ± 4.29 0.494 

Neutrophil (%) 61.00 ± 9.51 55.13 ± 9.20 0.041 

Lymphocytes (%) 30.69 ± 9.79 30.13 ± 8.16 0.844 

Platelets (x103/L) 212.24 ± 95.97 228.33 ± 115.15 0.595 

Positive CRP 41 (91.1%) 7 (46.7%) < 0.001 

Bpm: breaths/minute; Hb: Haemoglobin; TLC: Total leukocyte count ; CRP: C-reactive protein. Data are presented in numbers (%) or as mean ± SD. 

Among 45 patients with CAP, lung ultrasound findings were 

compatible with pneumonia in 43 patients and while chest X-ray 

findings were compatible with pneumonia in 40 patients. On the 

other hand 2 patients had a negative LUS and 5 had a negative 

CXR [table 2]. Sonographic findings were subpleural 

consolidation and dynamic air bronchograms in 43 patients, 

fluid bronchgrams in 14 patients, multiple B lines in 22 patients, 

pleural line irregularities in 8 patients and pleural effusion in 11 

patients [figure 1]. Primary end point consolidation was detected 

by CXR in 40 patients, associated with pleural effusion in 7 of 

them. Ultrasonography was more superior to CXR in identifying 

consolidation in more than one lobe where the difference 

between the two diagnostic tools was statistically significant 

(P=0.048) [table 3]. 

In non pneumonia group LUS can exclude pneumonia in 

14/15 patients while CXR excluded pneumonia in 13/14 of 

them. There was one sonographic false-positive result. It was for 

a child affected with acute bronchiolitis in which LUS revealed 

a small subpleural consolidation with pleural line irregularities. 

There were two radiographic false-positive results. They were 

also for 2 patients, one diagnosed with acute bronchiolitis and 

the other with mild pulmonary oedema and both show areas of 

basal consolidation [tables 2, 3]. 

Table 2. Comparison between lung ultrasonography and chest x-ray results in patients with pneumonia and without pneumonia. 

 
Pneumonia 

Total 
Non-pneumonia 

Total 
CXR negative CXR positive CXR negative CXR positive 

LUS negative 0 2 2 12 2 14 

LUS positive 5 38 43 1 0 1 

Total 5 40 45 13 2 15 

CXR: Chest X ray; LUS: Lung Ultrasonography. 
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Table 3. Chest x-ray and lung ultrasound findings in studied patients. 

Finding 
Pneumonia 

(n = 45) 

Non-pneumonia 

(n = 15) 
P-value 

• CXR findings 

Primary end point consolidation 40 (88.9%) 2 (13.3%) <0.001 

  Confined to one lobe 37 (82.2%) 1 (6.6%) 
 

  In more than one lobe 3 (6.7%) 1 (6.6%) 
 

Primary end point pleural effusion 7 (15.6%) 0 (0.0%) 0.104 

• LUS findings 

Consolidation 43 (95.5%) 1 (6.7%) <0.001 

  Confined to one lobe 33 (73.3%) 1 (6.7%)  

  In more than one lobe 10 (22.2%) 0  

Dynamic Air Bronchogram 43 (95.6%) 0 (0.0%) <0.001 

Fluid Bronchogram 14 (31.1%) 0 (0.0%) 0.014 

Multiple B lines 22 (48.9%) 0 (0.0%) 0.001 

Pleural line irregularities 8 (17.8%) 1 (6.7%) 0.297 

Pleural effusion 11 (24.4%) 0 (0.0%) 0.034 

CXR: Chest X ray; LUS: Lung Ultrasonography. 

 

Figure 1. Lung ultrasound images showing: (A) lung consolidation in 3 years old boy; (B) air bronchogram in the same patient; (C) right pleural effusion in 4 

years old girl. 

The diagnostic performance of LUS in demonstration of 

lung involvement was calculated as follows: sensitivity of 

95.6%, specificity of 93.3%, positive predictive value (PPV) 

of 97.7%, negative predictive value (NPV) of 85.7% and 

accuracy of 94.5%. [Table 4]. 

Table 4. Sensitivity, specificity, positive predictive value (PPV), negative 

predictive value (NPV) and accuracy of lung ultrasonography versus chest 

radiography in diagnosis of pneumonia. 

 Sensitivity Specificity PPV NPV Accuracy 

CXR 88.9% 86.7% 95.2% 72.2% 86.7% 

LUS 95.6% 93.3% 97.7% 87.5% 94.5% 

CXR: Chest X ray; LUS: Lung Ultrasonography. 

4. Discussion 

Chest X-ray is not routinely recommended in the diagnosis 

of children with community acquired pneumonia [4, 5]. The 

use of lung ultrasound is actually increasing in clinical 

practice nowadays and although a recent international 

consensus conference [15] stated that lung ultrasound is a 

reliable method for evaluating pneumonia in adults and 

children, it is still recommended that when a patient needs to 

be assessed using an imaging technique, chest X-ray should 

be used first [4]. Up till now LUS is not currently included in 

the diagnostic work-up of pediatric CAP. 

The principal finding of this study is that LUS could serve 
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as a sensitive and specific method for diagnosing CAP in 

febrile children with respiratory distress. The sensitivity, 

specificity, PPV, NPV and accuracy of LUS were higher than 

those of CXR, so it would be reasonable to use LUS instead 

of CXR as the primary imaging tool to diagnose pneumonia 

in children, thus decreasing their exposure to ionizing 

radiation. Being safe, available, repeatable and inexpensive, 

LUS should be incorporated into a diagnostic algorithm in 

children with CAP. 

Many studies support this finding, Urbankowska et al. 

showed a very high diagnostic performance of LUS (as 

compared to CXR) in children with suspected CAP, with 

sensitivity, specificity, PPV, NPV and accuracy of 93.4%, 

100%, 100% and 95.3 %, respectively [21]. Ultrasonography 

was found to be highly accurate in the diagnosis of CAP in 

pediatric emergency department (sensitivity and specificity 

of 87.1% and 94.8 %, respectively) [22] and also in geriatric 

acute care word [23]. A recently published meta-analysis of 8 

studies, demonstrated very high sensitivity and specificity of 

LUS in diagnosis of childhood CAP (95% and 93% 

respectively) and stated that LUS is a reliable alternative 

imaging tool for the diagnosis of CAP in children [12]. 

Moreover, when using chest CT scan as a reference for 

diagnosis of pneumonia in the meta-analysis done by Xiong 

et al., LUS had a better diagnostic accuracy than CXR in 

adult patients with clinically suspected CAP [24]. 

Ultrasonography was shown to be as adequate as CT scan 

to detect even small amounts of pleural effusion, with 

sensitivity and specificity values approximating 100 % [25, 

26, 27]. In this study, LUS was superior to CXR in 

identifying parapneumonic pleural effusion in 4 patients 

where chest x-ray was free. Moreover, of the 7 effusions 

diagnosed by CXR, 2 of which not confirmed by LUS. 

Also, LUS was superior on chest x-ray in identifying multiple 

consolidations in more than one lobe (P=0.048). Similar results 

obtained by Sartori and Tombesi when LUS could detect more 

than one lung consolidation in 26/89 patients while CXR 

detected the same finding only in 6/89 cases [28]. 

LUS is an operator-dependent technique. In this study 

LUS was done by an expert radiologist, however in a study 

conducted by Esposito et al, a pediatric resident with only 7 

hours of training in LUS obtained a high sensitivity and 

specificity (98% and 95% respectively) [29]. Also recently 

published study by Chaves et al. demonstrated that general 

practitioners were prepared to perform LUS only after seven-

day training. That study showed that LUS added to WHO 

management algorithm for acute lower respiratory infections 

increased the likelihood of proper pneumonia diagnosis [30]. 

Pedra et al. in their meta-analysis recommend training of 

pediatricians on LUS for diagnosis of pneumonia as this may 

have important implications in different clinical settings 

especially in resource-poor countries and small primary care 

clinics where CXR may not be commonly available [12]. 

Even if both diagnostic modalities are found in one place, 

Jones et al. recommend the use LUS as the initial diagnostic 

imaging test to evaluate children suspected of having 

pneumonia as this resulted in significant reduction in CXR 

use thus subsequently avoiding unnecessary radiation 

exposure, saving time and imaging coasts with no missed 

cases of pneumonia or significant increase in rates of adverse 

events [31]. 

The main strength of this study was the different 

methodology used in it which would make a valuable 

contribution to literature. Febrile patients with signs of 

respiratory distress of any severity were included and not 

only patients with suspected CAP as many previous studies. 

This was done to investigate not only the power of LUS to 

confirm diagnosis but also its power to exclude pneumonia in 

non-pneumonia patients which is actually more near to the 

daily clinical practice. Also bias was reduced as far as 

possible by using strict inclusion and exclusion criteria and 

by making each decision maker blinded to the information 

that may affect the decision. In addition it is the first study to 

investigate this issue among Egyptian children, a region with 

limited resources and high prevalence of pneumonia. This 

study has some limitations. First it is a single center study 

with small sample size. Second it is better to determine LUS 

sensitivity and specificity compared to the undoubtful CT 

scan examination; however it is unethical to perform CT scan 

routinely for any febrile child with respiratory distress. 

5. Conclusion 

Lung ultrasonography offers an important contribution to 

the diagnosis of CAP in febrile children with respiratory 

distress with higher sensitivity, specificity, positive and 

negative predictive index compared to chest X-ray. Being 

simple, safe, cheap and reproducible, LUS can be easily put 

into clinical practice in all institutions which manage children 

with respiratory distress. 
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