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Abst rac t
Introduction: Chest X-ray (CXR) is used as the standard diagnostic method in lung diseases, especially in pneumo-
nia, but unfortunately, despite the high risk of receiving radiation, it also has a high false negative rate. Therefore, 
some researchers recommend ultrasound to diagnose pneumonia. 
Aim: To investigate the accuracy of lung ultrasound compared to CXR for the diagnosis of pneumonia children by 
meta-analysis method. 
Material and methods: Original articles which evaluated accuracy of lung ultrasound compared to chest X-ray for 
the diagnosis of pneumonia in children, published between 1 January 2010 and 20 March 2021, were identified in the 
PubMed, Web of Science, Embase, Scopus and Cochrane Library databases. Data synthesis and statistical analysis 
were carried out using STATA software. Odds ratios with 95% confidence interval (CI), fixed effect model and mean 
difference with 95% CI, random effect model (REM) were calculated.
Results: At the first step, 1016 potentially important research abstracts and titles were discovered in our electronic 
searches, 8 papers were in agreement with our inclusion criteria. The statistical analysis showed sensitivity of 95.5% 
(95% CI: 93.6–97.1%) and specificity of 96.3% (95% CI: 92.1–98.4%) for the lung ultrasound, and CXR sensitivity and 
specificity were 87.4% (95% CI: 84.3–90.0%) and 98.6% (95% CI: 95.8–99.6%), respectively.
Conclusions: The present study showed that ultrasound can be useful in diagnosing pneumonia in children, and 
due to the lack of risk of receiving radiation, this method is even more preferred.
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Introduction

Pneumonia is an infectious disease of the lower re-
spiratory tract in children with high mortality worldwide, 
affecting more than 150 million children and the rea-
son of approximately 3 million deaths of children under  
5 years [1, 2]. It is often accompanied by cough, fever, 
pleuritic chest pain, and shortness of breath. Pneumonia 
can develop to respiratory failure, cardiac arrhythmias 
and kidney failure. The prevalence of this disease is 12 per  
1000 people [3]. Viral and bacterial pneumonia are usu-
ally associated with a higher respiratory tract virus [4, 5]. 
For children with suspected pneumonia, the diagnosis 
requires a chest X-ray (CXR) with a lateral view [6]. Pneu-
monia in children can be classified according to different 

criteria. These classifications are fully applicable to de-
cide on the management and treatment of the disease. 
Pneumonia is divided into different types based on the 
origin of the infection, microbial agent, clinical process, 
site of involvement, severity of the disease and the pres-
ence or absence of accompanying complications [7–12]. 
Based on the clinical course, typical pneumonia is usually 
seen with a sudden onset of high fever and local infiltra-
tion in the chest image, is caused by common bacteria 
such as pneumococcus and Haemophilus influenzae 
and responds to treatment with antibiotics. Also, atypi-
cal pneumonia in which this type of pneumonia usually 
has a gradual course, the fever is usually not high and 
the lung lesions on the chest are diffuse and are caused 
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by common non-bacterial agents such as viruses, My-
cobacterium fungi, Mycoplasma, chlamydia, etc. also, 
does not respond well to treatment with beta-lactam 
antibiotics [13–15]. As mentioned, infectious agents such 
as bacterial, viral, protozoal, etc. are the causes of pneu-
monia. However, in studies, about 25–33% of the infec-
tious agents causing pneumonia have not been identi-
fied or in some cases, pneumonia with two microbes has 
been seen simultaneously, so that about 41% of patients 
hospitalized due to pneumonia of two or more microor-
ganisms as their etiological factor have been identified 
[16–18]. Basically, after the diagnosis of pneumonia in 
children, it is usually divided into three categories: bac-
terial, viral, and atypical pneumonia based on the sum of 
the four findings of sub-pneumonia: a) clinical findings, 
b) epidemiological findings, c) radiological findings and 
d) initial laboratory findings such as erythrocyte sedi-
mentation rate (ESR), complete blood count (CBC) and 
C-reactive protein (CRP) [19–21]. Although the diagnosis 
of pneumonia is usually clinical, a simple CXR can help 
make the diagnosis more definitive. Radiographic find-
ings in younger children are not directly related to clinical 
findings. As severe pneumonia may be seen on a CXR 
without obvious auditory symptoms, an X-ray of the 
lungs is recommended in infants, especially those under 
6 months of age, if there is any diagnostic doubt [22, 23]. 
The profile picture usually provides more information 
on the improvement of abnormal radiographic findings 
than the improvement of the patient’s clinical findings 
with a delay of several weeks to several months, so that 
usually 4 to 6 weeks later the lung picture becomes nor-
mal. However, an abnormal lung picture after 3 months 
of pneumonia in a child will need further examination. 
Therefore, delayed lung imaging is not recommended 
for routine follow-up of children with acute pneumo-
nia unless absolutely necessary [24, 25]. According to 
international guidelines, CXR is not usually required in 
all children with mild clinical symptoms and CAP symp-
toms, but only in severe cases requires hospitalization 
or in cases of refractory treatment. In addition, lateral 
CXR was not always performed. Blurring of the junction 
in X-rays is considered a radiological feature of pneumo-
nia. It is also confirmed by interstitial influences, which 
are considered evidence of pneumonia [26, 27]. There are 
two major disadvantages of using CXR to diagnose pneu-
monia in children: first, exposure to radiation findings. 
Current data show that the risk of fatal cancer in chil-
dren due to radiation exposure is not negligible as there 
is high life expectancy and high tissue radiosensitivity. 
And second, initiating treatment without confirmation 
of diagnosis or knowledge of the underlying pathology, 
accidentally leads to overuse of antibiotics. Therefore, al-
ternative free diagnostic tools should be used when as-
sessing CAP in children, and lung ultrasound (LUS) offers 
this advantage [28, 29]. LUS can be used for the initial 
analysis of the complications of pneumonia such as pleu-

ral effusion. Some researchers reported that ultrasound 
was used to analyse pneumonia with 93.4% sensitivity 
and specificity of 97.7% [3]. Also, less regulatory require-
ments, relatively lower costs, and immediate bedside 
results are some of other advantages of LUS. 

Aim

Given the importance of accurate diagnosis of pneu-
monia as well as the disadvantages of using chest ra-
diography, and documentary evidence of the ability of 
ultrasound to diagnose pneumonia in children, the object 
of the current study is to investigate the accuracy of lung 
ultrasound compared to CXR for the diagnosis of children 
with asthma and pneumonia by meta-analysis method.

Material and methods

Search method

This systematic review and meta-analysis study were 
conducted in 2021, using the International Standard of 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA). The original articles which 
evaluated accuracy of LUS compared to CXR for the di-
agnosis of pneumonia in children, published between  
1 January 2010 and 20 March 2021, were identified in the 
PubMed, Web of Science, Embase, Scopus and Cochrane 
Library databases. Data synthesis and statistical analy-
sis were carried out using STATA software. Odds ratios 
with 95% confidence interval (CI), fixed effect model 
and Mantel-Haenszel method and mean difference with  
95% CI, random effect model and REML were calculated.

PubMed searching was performed using MeSH terms: 
(“Lung/diagnosis”[MeSH] OR “Lung/detection”[MeSH]) 
OR (“Respiratory /diagnosis”[MeSH] OR  “Respiratory/
detection”[MeSH]) AND “CXR, children”[MeSH]) AND 
“ultrasonography, children”[MeSH]).

In other databases the following keywords were 
used to search: “ultrasonography” or “ultrasound” and 
“pneumonia” and “chest X-ray” or “CXR” and “children” 
or “childhood” or “paediatric”. 

Inclusion criteria included were prospective and ret-
rospective studies and studies which examined patients 
only at paediatric departments and not in the emergency 
wards. Case studies, case reports and reviews and stud-
ies without the control group were excluded from the 
present study.

Data extraction methods

Data extracted from the studies included study design, 
sample size, mean age, stage, follow-up and treatment du-
ration. Cochrane Collaboration’s tool [30] was used to as-
sess quality of the studies that were included in the pres-
ent meta-analysis. The scale scores for low risk was 1 and 
for high and unclear risk was 0, scale scores range from  
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0 to 6 and higher score means higher quality. Hazard ratio, 
odds ratio and risk ratio with 95% CI, fixed effect model, 
inverse-variance and random effects model were used to 
deal with potential heterogeneity and I2 showed hetero-
geneity. I2 values above 50% signified moderate-to-high 
heterogeneity. The meta-analysis has been evaluated with 
the statistical software Stata.

Results

The present study is a review of other studies, the 
results of which are a report of the results of the selected 
articles that have been presented for each required in-
formation. So, in this section we will introduce studies.

At the beginning of the study, 1017 articles were ex-
tracted from the search strategy, including 452 articles 
from Embase, 23 articles from the Cochrane Library,  
348 articles from Pubmed, and 194 articles from the 
Science Citation Index Expanded. Initially, 931 articles 
were excluded from the study due to inaccurate title or 
abstract of the article. Of the other 86 articles, 57 were 
excluded from the study because of non-original data. 
Out of 29 other articles, 14 articles were excluded from 
the study due to being duplicate, and 7 articles excluded 
due to emergency department-based research. Finally,  
8 articles were selected for analysis but 1 article was 
added after manual checking of references and this way 
9 [31–39] articles were finally obtained (Figure 1).

Articles were published between 2013 to 2021 and 
included 4 studies performed in Italy, 1 study in Russia,  
1 study in Taiwan, 1 study in Poland, 1 study in India and  
1 study in Pakistan. Evaluation of the study design showed 
that 7 studies were prospective and 2 studies were retro-
spective ones. The linear, convex and micro convex probes 
were used in LUS. The minimum sample size was 52 and 
the maximum sample size was 22 and the total number of 
patients in 9 articles was 1124. The age range of the patients 
was 0–18 years. In 6 studies LUS reported consolidations 
and in 1 study the results were consolidations focal B-lines 
(FBL), pleural line (PLA), in 1 study consolidations FBL and 
in the other study consolidations, false-positive (PF), FBL 
(Table 1).

The statistical analysis showed sensitivity of 95.5% 
(95% confidence interval (CI): 93.6–97.1%) and specificity 
of 96.3% (95% CI: 92.1–98.4%) for the LUS, and CXR sen-
sitivity and specificity were 87.4% (95% CI: 84.3–90.0%) 
and 98.6% (95% CI: 95.8–99.6%), respectively (Table 2, 
Figure 2).

Discussion 

Diagnosis and treatment of children with pneumonia 
are still done using chest radiography, and due to the com-
plications of X-rays, cost, unavailability, and possible errors, 
many researchers are looking for a safer alternative. Lung 
ultrasound has been considered by researchers as a test 

Figure 1. Flow chart of study selection
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Table 1. Characteristics of original articles included in the study

Author Year Study design Country Age LUS 
probe

Lung 
fields

Diagnostic LUS
findings

LUS/
CXR

Patients Pneumonia TP TN FP FN

Caiulo [31] 2013 Prospective Italy 1–16 y Linear 6 Consolidations
FBL, PLA

LUS 102 89 88 13 0 1

CXR 81 13 0 8

Reali [32] 2014 Prospective Italy 0–16 y Linear 4 Consolidations
FBL

LUS 107 81 76 25 1 5

CXR 66 24 2 15

Dianova 
[33]

2015 Prospective Russia 0–18 y Linear,
convex

6 Consolidations LUS 154 154 147 0 0 7

CXR 126 0 0 28

Iorio [34] 2015 Retrospective Italy 0–12 y Linear 6 Consolidations LUS 52 29 28 22 1 1

CXR 25 22 1 4

Ho [35] 2015 Retrospective Taiwan 73.2 m Convex 6 Consolidations LUS 163 163 159 0 0 4

CXR 151 0 0 12

Urbankowska 
[36]

2015 Prospective Poland 0–18 y Linear 6 Consolidations LUS 106 106 71 0 5 30

CXR 76 0 0 30

Guerra [37] 2016 Prospective Italy 0–16 Convex, 
Linear

6 Consolidations LUS 222 222 207 0 7 8

CXR 197 0 17 18

Yadav [38] 2017 Prospective India 0–5 Micro 
convex

6 Consolidations,
PE, FBL

LUS 118 106 105 0 0 13

CXR 101 0 0 17

Sharif [39] 2021 Prospective Pakistan 2–12 y Linear 6 Consolidation LUS 100 64 64 0 0 36

CXR 50 0 0 16

CXR – chest radiography, FN – false-negative, FP – false-positive, LUS – lung ultrasound, TN – true-negative, TP – true-positive.

Table 2. Individual and cumulative (random effects model) statistics for original articles included in this study

Author LUS/ CXR Sensitivity (95% CI) Specificity (95% CI) Positive predictive 
value (95% CI)

Negative predictive 
value (95% CI)

Caiulo [31] LUS 98.9% (93.9–100) 100% (75.3–100) 100% (95.9–100) 92.9% (66.1–99.8)

CXR 91% (83.1–96.0) 100% (75.3–100) 100% (95.5–100) 61.9% (38.4–81.9)

Reali [32] LUS 93.8% (86.2–98.0) 96.2% (80.4–99.9) 98.7% (93.0–100) 86.2% (68.3–96.1)

CXR 81.5% (71.3–89.2) 92.3% (74.9–99.1) 97.1% (89.8–99.6) 61.5% (44.6–76.6)

Dianova [33] LUS 95.5% (90.0–98.2) NA 100% (97.5–100) 0.0% (0.0–41.0)

CXR 81.8% (74.8–87.6) NA 100% (97.1–100) 0.0% (0–12.3)

Iorio [34] LUS 96.6% (82.2–99.9) 95.7% (78.1–99.9) 96.6% (82.2–99.9) 95.7% (78.1–99.9)

CXR 86.2% (68.3–96.1) 95.7% (78.1–99.9) 96.2% (80.4–99.9) 84.6% (65.1–95.6)

Ho [35] LUS 97.5% (93.8–99.3) NA 100% (97.7–100) 0.0% (0.0–60.2)

CXR 92.6% (87.5–96.1) NA 100% (97.0–100) 0.0% (0.0–26.5)

Urbankowska [36] LUS 93.0% (85.0–98.0) 100% (88.0–100) 100% (95.9–100) 0.0% (0.0–41.0)

CXR 100% (95.0–100) 100% (88.0–100) 100% (95.5–100) 0.0% (0–12.3)

Guerra [37] LUS 97.0% (93.0–99.0) 100% (63.0–100) 100% (95.9–100) 0.0% (0.0–41.0)

CXR 92% (88.0–95.0) 100% (63.0–100) 100% (95.5–100) 0.0% (0–12.3)

Yadav [38] LUS 89.0% (81.9–94.0) NA 100% (96.5–100) 0.0% (0.0–24.7)

CXR 85.6% (77.9–91.4) NA 100% (96.4–100) 0.0% (0.0–19.5)

Sharif [39] LUS 100% (93.0–100) 92.3% (63.0–99.9) 95.31% (95.9–99.9) 100% (78.1–100)

CXR 81.96% (80.0–95.0) 100% (63.0–100) 100% (95.5–100) 78.0% (68.3–96.1)

Total LUS 95.5% (93.6–97.1) 96.3% (92.1–98.4) 99.0% (97.8–99.8) 63.6% (40.7–82.7)

CXR 87.4% (84.3–90.0) 98.6% (95.8–99.6) 99.5% (99.1–99.9) 44.6% (20.4–68.3)

CXR – chest radiography, LUS – lung ultrasound.
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with high sensitivity and specificity and many studies 
have been conducted in different areas to compare these 
two methods. Because the results of the research were 
contradictory, in this study we tried to announce a final  
result on the present topic by reviewing all the studies 
done and choosing the right powerful studies. What was 
found in the present study showed that the sensitivity of 
ultrasound is higher than chest radiography but the speci-
ficity of radiography is higher than ultrasonography. The 
studies also showed high sensitivities of ultrasound and 
the researchers suggested that ultrasound can be used as 
a suitable tool to diagnose and continue patient manage-
ment. In the study of Caiulo et al. [31], LUS was positive for 
the diagnosis of pneumonia in 88/89 patients, whereas 
CXR was positive in 81/89. Also, Reali et al. [32] reported 
that ultrasound had a sensitivity of 94% and specificity of 
96%, while CXR showed a sensitivity of 82% and a speci-
ficity of 94%. Another study conducted by Dianova and 
Safonov [33] showed that chest ultrasound is an informa-
tive radiologically safe technique for diagnosing and dy-
namic control of pneumonia in children. Iorio et al. [34] 
also mentioned that LUS had a sensitivity of 96.5% and 

specificity of 95.6%. The other powerful study conducted 
by Ho et al. [35] reported that LUS is a sensitive diagnos-
tic tool to identify pneumonia in children. Urbankowska  
et al. [36] also reported that LUS had a sensitivity of 93.4% 
and specificity of 100%. Guerra et al. [37] showed LUS can 
be adopted by the clinician as a non-invasive bedside tool 
to expand the physical evaluation of febrile children with 
respiratory distress. Another study conducted by Yadav 
et al. [38] showed LUS can be considered to be used first 
before radiography in children with suspected CAP. Finally, 
the newest study by Sharif et al. [39] reported that LUS 
had a sensitivity of 100% and specificity of 92.30%, but 
as mentioned in the result section, the total statistical 
analysis showed sensitivity of 95.5% (95% CI: 93.6–97.1%) 
and specificity of 96.3% (95% CI: 92.1–98.4%) for LUS, 
and CXR sensitivity and specificity were 87.4% (95% CI: 
84.3–90.0%) and 98.6% (95% CI: 95.8–99.6%), respectively. 

Conclusions

Our study suggests that LUS is the best alternative 
to CXR and this device is a reliable and valuable tool with 

Figure 2. Forest plots: A – CXR sensitivity, B – CXR specificity, C – LUS sensitivity, D – LUS specificity
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acceptable sensitivity and specificity so in conclusion, ul-
trasound can be useful in diagnosing children with asth-
ma and pneumonia, and due to the lack of any risk of 
receiving radiation, this method is even more preferred.
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