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sound, while only 11 of them could be detected by CXR.  Con-

clusions:  In our series, lung ultrasound was highly accurate 
for the diagnosis of CAP in hospitalized children. These re-
sults provide the rationale for a multicenter study in children. 

 © 2014 S. Karger AG, Basel 

 Introduction 

 Community-acquired pneumonia (CAP) is a leading 
cause of illness in children. For inpatients with suspected 
pneumonia, the diagnosis is confirmed by chest X-ray 
(CXR) executed in a single view to reduce radiologic ex-
posure  [1] . Serious concerns have been raised regarding 
the carcinogenic risk due to radiation exposure in chil-
dren  [2] . This alarm refers mainly to computed tomogra-
phy (CT), but a safe dose in childhood is difficult to es-
tablish due to the latency of radiation exposure effects. 
Other concerns with radiography are poor patient coop-
eration and lack of reproducibility  [3] . Lung sonography 
is a non-radiating imaging tool. It has been shown that 
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 Abstract 

  Background:  Lung ultrasound is a non-radiating accurate al-
ternative tool to chest X-ray (CXR) in the diagnosis of com-
munity-acquired pneumonia (CAP) in adults.  Objectives:  
The aim of our study was to define the accuracy of ultra-
sound in the diagnosis of CAP in children.  Methods:  107 con-
secutive children with suspected CAP underwent clinical ex-
amination, blood sample analysis, CXR and lung ultrasound 
on admission to the Pediatric Department of the San Paolo 
Hospital. The diagnosis of pneumonia was made by an inde-
pendent committee of physicians on the basis of the overall 
clinical and CXR data.  Results:  The diagnosis of CAP was con-
firmed by the committee in 81 patients (76%). Ultrasound 
and CXR were performed in all patients. Ultrasound had a 
sensitivity of 94% and specificity of 96%, while CXR showed 
a sensitivity of 82% and a specificity of 94%. In patients with 
CAP, ultrasound revealed subpleural consolidations with air 
bronchogram in 70 cases and focal B-lines in 6. A parapneu-
monic pleural effusion was detected in 17 patients by ultra-
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lung ultrasound helps to identify subpleural lung consol-
idation in pneumonia  [4] , and, recently, a multicenter 
study proved the accuracy of the technique in the sono-
graphic diagnosis of CAP in adults  [5] . In our respiratory 
ward, we routinely perform lung ultrasound as consul-
tants for the Pediatric Department. Albeit only prelimi-
nary reports exist in this population, some technical ad-
vantages (e.g. a thinner chest wall) theoretically enable an 
accurate detection of lung consolidations in children  [6] . 
We designed a study to define the accuracy of lung ultra-
sound in the diagnosis of CAP in hospitalized children. 
We furthermore investigated the potential role of ultra-
sound in the diagnosis of parapneumonic pleural effu-
sions in children.

  Materials and Methods 

 Study Design and Setting 
 This was a prospective diagnostic accuracy study conducted in 

the Pediatric Department of the San Paolo Hospital, University of 
Milan. Inclusion criteria were: fever and/or clinical signs suggest-
ing pneumonia in a previously healthy child examined between 
April 1 and December 31, 2011  [1] . This study was approved by 
the local ethics committee (San Paolo Hospital). We included pa-
tients aged  ≤ 16 years. All patients underwent clinical examina-
tion, CXR, lung ultrasound and blood sample analysis in the first 
24 h after admission. For ethical reasons, it was impossible to per-
form CT as a gold   standard; therefore, the final diagnosis of pneu-
monia was made by an independent committee composed of a 
pulmonologist and a pediatrician according to Caiulo et al.  [7] . 
This committee stated the final diagnosis on the basis of clinical 
history and course, CXR and blood sample analysis according to 
the guidelines of the British Thoracic Society  [1] . CXR was per-
formed with commercially available X-ray machines. As suggest-
ed by the guidelines, lateral radiographs were not routinely per-
formed  [1] . CXRs were interpreted by a pediatric radiologist 
blinded to the sonography results. Lung ultrasound was random-
ly carried out by a member of the research team (a pulmonologist 
and two residents) with a background of at least 100 procedures 
performed  [5] . The examination was performed with the patient 
sitting upright or supine (or held by a parent according to compli-
ance) using a standard ultrasound system (Mylab 25; Esaote, Ge-
noa, Italy) in B-mode connected to a linear probe (7.5–10 MHz) 
according to a predefined scanning protocol, and findings were 
standardized in patterns according to a study by Caiulo et al.  [8] . 
Anterior intercostal spaces were examined in longitudinal sec-
tions along the parasternal, midclavicular, anterior and midaxil-
lary lines, and transversal sections from the second to the fifth 
intercostal space. Posteriorly, longitudinal sections were along the 
paravertebral, scapular and posterior-axillary lines, while trans-
versal scans were obtained below the scapular spine. Ultrasound 
preset was optimized for soft tissue studies. Patterns were stan-
dardized as: normal (lung sliding with A-lines); consolidation 
(subpleural echo-poor or tissue-like structures); white lung and 
focal B-lines (coalescent B-lines forming areas of white lung and 
presence of multiple focal B-lines); pleural line abnormalities (ir-

regular appearance of the pleural line), and pleural effusion (echo-
free or hypoechoic fluid space between the visceral and parietal 
pleura). The examiner was aware of the clinical suspicion but 
blinded to CXR.

  Analysis 
 Demographic data are reported as means (SD) for continuous 

normal data. Ordinal and discrete variables are described as counts 
and proportions. We performed descriptive statistics and calcu-
lated ultrasonography and CXR test performance characteristics 
with sensitivity and specificity. The data analysis and test perfor-
mance characteristics were elaborated using commercially avail-
able software (SPSS version 16.0 for Windows; SPSS Inc.).

  Results 

 Of the 107 consecutive patients enrolled (aged 4 ± 3 
years, mean ± SD, 46 females), a final diagnosis of CAP 
was confirmed in 81 patients (76%) by the independent 
committee. Identified infectious agents, expressed in per-
centages of all confirmed pneumonias, were:  Streptococ-
cus pneumoniae  16%,  Mycoplasma pneumoniae  16%, 
 Chlamydia pneumoniae  10% and viruses 20%. Every pa-
tient underwent ultrasound and CXR. The patient’s posi-
tion was supine in 38%; 42% of the patients were sitting 
upright and 20% of the children were held by a parent. 
The mean execution time was 10 min. CXR was per-
formed in 52% in the upright position, and the examina-
tion was judged positive for pneumonia in 66 children 
(sensitivity 82%), whilst ultrasound identified signs of 
pneumonia in 76 patients (sensitivity 94%; table 1). In the 
group of patients with pneumonia, 15 patients had a neg-
ative CXR (false negatives) and 5 had a negative ultra-
sound, resulting in a specificity of 92 versus 96%, respec-
tively. In patients with a final diagnosis of CAP, sono-
graphic findings were subpleural consolidation with 
dynamic air bronchogram in 70 patients ( fig. 1 ) and focal 
B-lines in 6 patients ( fig.  2 ); CXR detected 11 cases of 
parapneumonic pleural effusion of the 17 cases (21%) 
identified by ultrasound (internationally judged the gold 
standard), with a resulting sensitivity of CXR of 65%. The 
only sonographic false-positive result was a child affected 
by respiratory syncytial virus-related bronchiolitis in 
which ultrasound detected a small subpleural consolida-
tion. There were two radiographic false-positive results. 
A left basal consolidation was found in a chest X-ray ex-
ecuted in a single view on admission. Due to the absence 
of fever and respiratory symptoms, radiography was re-
peated in two projections and resulted normal, and the 
commission judged the case based on the results of a com-
posite image. The other case was a pleural effusion that 
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appeared as a consolidation on CXR. The patient had a 
spike of fever but no other symptoms, and he had recov-
ered from a recent pneumonia; sonography (the gold 
standard for pleural effusions) confirmed a pleural effu-
sion.

  CT was performed in 4 patients with severe disease for 
clinical purposes (pneumonia complicated with pleural 
effusion or respiratory failure); in all these patients both 
radiography and sonography were positive for pneumo-
nia.

  Discussion 

 This study presents the largest series of children hos-
pitalized for CAP studied with sonography and confirms 
the non-inferiority of lung ultrasound in the diagnosis of 
CAP compared to CXR. Our data correspond to those of 
the recent literature. Copetti and Cattarossi  [6]  reported 
the reliability of the sonographic diagnosis of pneumonia 
in 79 children with suspected pneumonia. The main con-
cern of their study was the lack of a gold standard albeit 
CT was performed in patients with positive ultrasound 
and negative CXR. Caiulo et al.  [7, 8]  described sono-
graphic features of CAP and bronchiolitis in hospitalized 
children. Lung ultrasound resulted positive in the diag-

nosis of pneumonia in 88 of 89 patients with CAP. Nota-
bly, in their study concerning bronchiolitis, ultrasound 
found subpleural lung consolidations in 44 of 52 patients 
affected by this disease. In our series, the only sonograph-
ic false-positive result was affected by bronchiolitis with 
small lung consolidations. Although the study was con-
ceived as non-inferiority, sensitivity seems to be higher 
for ultrasound than radiography (94 vs. 82%). This may 
result from the summation image of different tissues of 

  Fig. 1.  A 5-year-old male with fever, cough and pleuritic chest pain. 
CXR was performed in posteroanterior view. Sonography was per-
formed in the upright position with a linear probe (7.5 MHz) in 
B-mode. Radiography and ultrasound confirmed the diagnoses of 
pneumonia by showing a subpleural lung consolidation, and a 
transversal sonographic scan revealed a consolidation with air 
bronchogram (white spots highlighted by the arrow) and a minimal 
pleural effusion (asterisk). R = Right side. 70 kV; 2 mAs. 

  Fig. 2.  A 13-year-old male with fever and productive cough. A sag-
ittal sonographic scan of the right fourth intercostal space on the 
midclavicular line was performed in the upright position using a 
linear transducer (7.5 MHz) in B-mode. Focal B-lines are high-
lighted by arrows. This finding represents the sonographic appear-
ance of perilesional inflammatory edema. The asterisks mark the 
upper and lower rib. C = Cephalic. 

 Table 1.  Baseline radiographic and sonographic findings in chil-
dren according to the final diagnosis

Patients with pneumonia  Patients without pneumonia

CXR+ CXR– total CXR + CXR– total

US+ 61 15 76 0 1 1
US– 5 0 5 2 23 25

Total 66 15 81 2 24 26

The diagnosis of pneumonia was confirmed by an independent 
committee composed of a pulmonologist and a pediatrician on the 
basis of clinical history and course, radiography and blood sample 
analysis. US = Lung ultrasound; + = positive test results; – = nega-
tive test results.
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the latter while sonography permits a dynamic analysis of 
every intercostal space during breathing. In 5 patients 
with pneumonia, no consolidations were detected by ul-
trasound. Two of these patients had paracardiac consoli-
dations, 2 others were in the scapular area and 1 was in 
the medial lobe but not reaching the pleura. This is in line 
with the recent literature; in a multicenter study in adults 
with CAP, Reissig et al.  [5]  escaped 8% of the patients due 
to the same reasons (central consolidations). It seems 
very likely to be the actual limit of the technique, which 
may be overcome by integrating cardiac and abdominal 
scans of the lung through the diaphragm to the intercostal 
approach. However, there were 15 radiographic false-
negative results due to the poor sensitivity of the tech-
nique for small subpleural consolidations. Recently, Shah 
et al.  [9]  published a diagnostic study on point-of-care 
ultrasound for the diagnosis of pneumonia in children 
and young adults. Although interesting, this study was af-
fected by a low incidence of pneumonia in the population 

study (18%). A limitation of our study is its single-center 
design. However, results are in agreement with other sin-
gle-center studies in similar populations. Furthermore, in 
a multicenter study, Reissig et al.  [5]  and Reissig and 
Copetti  [10]  provided similar results with a sensitivity of 
93% and a specificity of 98% for the sonographic diagno-
sis of pneumonia.

  In conclusion, our preliminary study confirms the 
high accuracy of lung ultrasound in the diagnosis of CAP 
in hospitalized children. Albeit the title question remains 
at present unsolved outside reference centers, these data 
may represent a rationale for future multicenter studies 
on this issue.
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