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Is Lung Ultrasound Useful for Diagnosing
Pneumonia in Children?
A Meta-Analysis and Systematic Review

Hua Xin, PhD,* Jie Li, PhD,† and Hai-Yang Hu, PhD‡
Background: Childhood mortality due to pneumonia is high. Chest ra-
diography is the primary imaging modality used for the evaluation of
pneumonia in children. Lung ultrasonography (LUS) is a newer, alter-
native diagnostic method that has been gaining popularity in recent
years. We conducted a meta-analysis to summarize the diagnostic use-
fulness of LUS for childhood pneumonia.
Methods: All studies included in this meta-analysis were retrieved
from PubMed, Elsevier's Science Direct, and Springer, and by manual
searches including the use of reference lists, through March 31, 2017.
Two researchers independently screened the literature, extracted the
data, and evaluated risks of bias in accordance with the inclusion and
exclusion criteria. For the meta-analysis, we calculated the pooled sen-
sitivity and specificity, pooled positive likelihood ratio, negative likeli-
hood ratio, and the diagnostic odds ratio. Summary receiver operating
characteristic curve was used to assess the overall performance of LUS.
Results: Our search identified 1038 articles, and we selected 51 of
these for detailed review. Eight studies containing 1013 patients met all
the inclusion criteria and were included in the final meta-analysis. The
pooled sensitivity and specificity for the diagnosis of pneumonia using
LUS were 93.0% (95% confidence interval, 88.0%–96.0%) and 96.0%
(95% confidence interval, 92.0%–98.0%), respectively. The pooled
positive likelihood ratio, negative likelihood ratio, and diagnostic odds
ratio were 25.8 (11.0, 60.4), 0.07 (0.05, 0.12), and 344 (104, 1140), re-
spectively. In addition, the summary receiver operating characteristic
area under the curve was calculated to be 0.98 (0.97, 0.99). A Fagan
plot analysis demonstrated that when pretest probabilities were 25%,
50%, and 75%, the positive posttest probabilities were 90%, 96%,
and 99%, respectively, and the negative posttest probabilities were
2%, 7%, and 18%, respectively. Four clinical signs were most frequently
observed using LUS in the screening of children with pneumonia:
pulmonary consolidation, positive air bronchogram, abnormal pleural
line, and pleural effusion.
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Conclusions:Current evidence supports LUS as a useful imaging alter-
native for the diagnosis of childhood pneumonia. That it is easily car-
ried out, readily available, relatively inexpensive, and free from the
hazards of radiation make it an attractive alternative to chest radiogra-
phy and physical examination for the diagnosis and the follow-up of
pneumonia in children.
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P neumonia is a common medical illness, with clinical out-
comes ranging frommild illness with rapid and complete re-

covery to a fulminant clinical course with morbid complications
followed by death.1 It is a common cause of death in children.2

Early identification and treatment for patients with pneumonia
is critical for the prevention of mortality. Chest radiography
(CR) is the current criterion standard for pneumonia diagnosis.3

However, this procedure is not suitable for all children because
of the high risk for long-term complications related to exposure
to ionizing radiation. Current guidelines recommend that a diag-
nosis of pneumonia should only be made considering clinical
history, respiratory rate, presence of fever, and respiratory signs
and symptoms, and limits the use of CR to severe or compli-
cated cases only.4 Until recently, lung ultrasound (LUS) had
not been recommended as a diagnostic tool according to the cur-
rent guidelines.5 Despite this, in recent years, LUS has gained a
reputation in clinical practice for providing value in the diagno-
sis of pneumonia. The use of LUS as a diagnostic tool has
evolved from the traditional assessment of pleural effusions
and thoracic masses to the imaging of the pulmonary paren-
chyma.6 In a recent study, Iorio et al7 proposed LUS as initial
imaging screen for children with suspected pneumonia.

Here, we assess the diagnostic value of LUS for childhood
pneumonia in a meta-analysis. We expect that this study will pro-
vide additional data to facilitate an understanding of the capabil-
ities of LUS regarding the evaluation of childhood pneumonia.

METHODS

Search Strategy
We conducted a comprehensive search for articles on the

topic of LUS in the diagnosis of pneumonia in children before
March 31, 2017, in the databases of PubMed (US National Li-
brary of Medicine), Elsevier's ScienceDirect, and Springer
(Springer Group). Computer searches were performed using
www.ultrasound-quarterly.com 1
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the Medical Subject Heading and keywords: “ultrasonography”
or “lung ultrasound” and “pneumonia” or “pulmonary pneumo-
nia” and “children” or “childhood.”We also searched manually
through reference lists of the included studies to identify addi-
tional studies. All included articles were published in English.
Thorough literature searches were performed independently
by 2 observers, each of whom first assessed the title and ab-
stract followed by the full text. Any disagreement was resolved
through discussion and consensus. All retrieved citations were
exported to EndNote (version X7; Thomson Reuters) and
checked for duplicates.

Study Inclusion
To be included in the meta-analysis, the articles met the

following criteria: (1) the study assessed the effects of LUS in
diagnosing pneumonia in children; (2) the criteria for diagnosis
of pneumonia were based on a combination of clinical data,
laboratory results, and chest imaging by CR or chest computed
tomographic scan; (3) the study provided data on true-positive
(TP), false-positive (FP), false-negative (FN), and true-negative
(TN) rates or reported sufficient data to derive these parame-
ters (sensitivity, specificity, negative predictive value, and positive
predictive value); and (4) the study enrolled at least 30 patients,
and their ages were no more than 18 years.

Data Extraction
Two investigators independently extracted the following

data from each article using standardized forms: (1) name of first
author, (2) year of publication, (3) country, (4) number of pa-
tients, (5) sex distribution, (6) mean age, (7) diagnosis of pneu-
monia, (8) characteristic findings on LUS, (9) LUS technique,
(10) level of operator expertise, (11) blinding, and (12) the
FIGURE 1. Flowchart of articles retrieved from the search of databas
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TP, TN, FP, and FN rates. Disagreements were resolved by dis-
cussion between the 2 investigators.

Quality Assessment
The quality of each study was assessed using the Quality

Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2)
tool.8 The QUADAS-2 assessment tool is composed of 10 ques-
tions that can be answered as yes, no, or unclear. This assess-
ment of methodologic quality was performed by 2 independent
reviewers who resolved disagreements by discussing the case
to reach a consensus.

Statistical Analysis
The statistical analysis software “stata” (version 14.0;

StataCorp, College Station, TX) was used to perform meta-
analysis. Pooled estimates for sensitivity, specificity, FN, FP,
TP, and TN with the corresponding 95% confidence intervals
(CIs) were used to determine the accuracy of LUS for diagnos-
ing pneumonia in children. From these data, we generated a for-
est plot and a summary receiver operating characteristic (sROC)
curve from each study. The area under the curve (AUC) was
used as a summary of the sROC curve to describe the overall ac-
curacy as a potential summary of the sROC curve. Heterogene-
ity among the 8 studies was assessed by calculation of the
inconsistency index (I2 or LRT_I2) and evaluation of Cochran
χ2 test (Q test or LRT_Q). LRT_I2 ≥ 50% and P < 0.10 for
LRT_Q indicate substantial between-study heterogeneity.
Meta-regression analysis was used to explore the source of het-
erogeneity. Fagan plot analysis was also performed, which as-
sesses the relationship among an estimated pretest probability
of the disease, the likelihood ratio of the diagnostic test, and
the posttest probability of the disease. We assumed pretest
es and reasons for exclusions.

© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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probabilities of 25%, 50%, and 75%, and the corresponding
positive and negative posttest probabilities were calculated.
We used the QUADAS-2 tool to assess study quality, which com-
prised 4 sections: “patient selection,” “index test,” “reference stan-
dard,” and “flow and timing.” The processing of the quality
assessment was conducted using RevMan 5.2 software (Nordic
Cochrane Centre, Copenhagen, Denmark). Publication bias was
assessed by using the Deeks funnel plot asymmetry test. A
P value of less than 0.05 was considered statistically significant.

Additional Analyses on Studies Found With
LUS-Specific Clinical Signs

We identified 5 articles that specifically provided signs
for the diagnosis of pneumonia in children using LUS (Fig. 1).
Most of these articles could not be included in our meta-
analysis because of inappropriate reference standards according
to our selection criteria. To better understand LUS for the diag-
nosis of pneumonia, we performed a separate, independent re-
view of these articles.
RESULTS

Study Characteristics
Our literature search identified 1038 articles in total. We

excluded 987 of these articles because of a lack of relevance,
based on information in the abstracts. The full texts of the re-
maining 51 articles were obtained for further evaluation. Con-
sidering all inclusion criteria in the study selection process
(Fig. 1), 8 articles were selected for meta-analysis and underwent
quality assessment using QUADAS-2 (Fig. 2). These 8 studies
were performed in the United States, Italy, Spain, Poland,
Belgium, and Taiwan and included 1013 patients with ages rang-
ing from newborn to 18 years. The general characteristics of each
of the studies are shown in Table 1. Three of the studies were
performed in emergency departments5,10,13 and 5 were per-
formed in pediatric wards.7,11,12,14,15 Six of the studies5,10,12–15

were prospective and 2 were retrospective studies.7,11

Quality Assessment of the Studies
Figure 2 illustrates the methodological quality of the in-

cluded studies based on QUADAS-2 assessment, with the re-
sults reflecting bias risk and applicability. All studies used an
acceptable reference standard independent of the index test.
All studies' interpretation of the reference standard was blinded
to the results of the physical examinations. The training time of
the LUS operators differed among the included studies. Some
operators had only a few days of training,14 whereas some were
experienced experts.7,11,15 The inconsistency index (I2) for the
overall meta-analysis was 0 (95% CI, 0–100) and the Q test
FIGURE 2. Graph reviews authors' judgements about each domain p
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statistic was 0.161 (P = 0.461), indicating that very little hetero-
geneity existed among these 8 studies. However, heterogeneity
in the sensitivity of LUS (I2 = 54.81%) and the specificity of
LUS (I2 = 71.84%) were evident. In addition, publication bias
was detected by using the Deeks funnel plot asymmetry test
(P = 0.04; Fig. 3). There was some asymmetry in the funnel plot
of the included trials suggesting possible publication bias. Ac-
cording to statistic results, the mixed-model correlation was
1.00 and the proportion of heterogeneity likely due to threshold
effect was 1.00, suggesting that the causes of variations existed
other than threshold effect. We performed subgroup analysis.

Summary Estimates of Sensitivity and Specificity
Figures 4 and 5 show the pooled sensitivity, specificity,

and the sROC curve that describe the efficacy of LUS for the di-
agnosis of pneumonia. Overall pooled sensitivity and specificity
were 93.0% (95% CI, 88.0%–96.0%) and 96.0% (95% CI
92.0%–98.0%), respectively. The overall pooled positive likeli-
hood ratio (PLR), negative likelihood ratio (NLR), and diagnos-
tic odds ratio (DOR) were 25.8 (11.0, 60.4), 0.07 (0.05, 0.12),
and 344 (104, 1140), respectively. In addition, the sROC AUC
was 0.98 (0.97, 0.99).

Subgroup Analysis
Our results indicated that heterogeneity from nonthreshold

effects was present in the sensitivity and specificity among the 8
included studies. To investigate the source of this heterogeneity,
we used a meta-regression analysis to evaluate various covari-
ates from these studies, including the “type of medical ward,”
“experience of the operator,” and “type of ultrasound (US) sys-
tem.”We first compared the performance of LUS for diagnosis
of pneumonia between different medical wards. In studies con-
ducted in emergency departments (n = 3), the pooled sensitivity
was 87.0% (95% CI, 82.0%–92.0%) and the pooled specificity
was 93.0% (95% CI, 89.0%–96.0%). In studies conducted in
pediatric wards (n = 5), the pooled sensitivity was 95.0%
(95% CI, 93.0%–98.0%) and the pooled specificity was 98.0%
(95%CI, 96.0%–100.0%). Next, we compared the performance
of LUS for diagnosis of pneumonia between different operators
based on their level of experience. In studies that used an oper-
ator with limited experience (n = 5), the pooled sensitivity was
93.0% (95% CI, 88.0%–97.0%) and the pooled specificity was
95.0% (95% CI, 90.0%–100.0%). In studies that used an expert
LUS operator (n = 3), the pooled sensitivity was 93.0% (95%
CI, 88.0%–97.0%) and the pooled specificity was 97.0% (95%
CI, 94.0%–100.0%). Finally, we compared the performance of
LUS for diagnosis of pneumonia between different ultrasound
systems. In studies conducted with European ultrasound sys-
tems (n = 6), the pooled sensitivity was 92.0% (95% CI,
resented as percentages across included studies in meta-analysis.
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FIGURE 3. The funnel plot analyses. The analyses showed no
potential publication bias for analyses of LUS. ESS, effective
sample size.

FIGURE 5. Summary receiver operating characteristic curves for
estimating the testing accuracy of LUS.

Ultrasound Quarterly • Volume 00, Number 00, Month 2017 Lung Ultrasound for Diagnosing Children Pneumonia
88.0%–96.0%) and the pooled specificity was 96.0% (95% CI,
92.0%–99.0%). In studies conducted with Asian ultrasound
systems (n = 2), the pooled sensitivity was 95.0% (95% CI,
89.0%–100%) and the pooled specificity was 98.0% (95%
CI, 95.0%–100.0%).

The detailed data for the meta-regression analysis are pre-
sented in Figure 6. From the results, for sensitivity, the covariate
of “type of medical ward,” “experience of the operator,” and
“type of ultrasound (US) system” is statistically significant
(P < 0.05). For specific, the covariate of “type of ultrasound
(US) system” is statistically significant (P < 0.05). Thus, the re-
sults of this meta-regression analysis suggested that the
FIGURE 4. Forest plots of sensitivity and specificity for each study.

© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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covariate of the “type of medical ward,” “experience of the op-
erator,” and “type of ultrasound (US) system” might be the po-
tential source of heterogeneity in sensitivity and the covariate of
“type of ultrasound (US) system” might be the potential source
of heterogeneity in specificity of our diagnostic meta-analysis.

LUS Signs of Childhood Pneumonia
Clinical signs of childhood pneumonia that can be detected

with LUS are shown in Table 2. We found that 4 of these signs
are most often seen on LUS in pneumonia patients: pulmonary
www.ultrasound-quarterly.com 5
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FIGURE 6. Subgroup analysis based on the covariate of “type of
medical ward,” “experience of the operator,” and “type of
ultrasound (US) system.”
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consolidation, positive air bronchogram, abnormal pleural line,
and pleural effusion. From the results in Table 2, we can con-
clude that positive air bronchogram and lung consolidation are
the most often detected signs on LUS.

Fagan Plot Analysis
The Fagan plot demonstrated that when the pretest prob-

abilities were 25%, 50%, and 75%, the positive posttest probabilities
were 90%, 96%, and 99%, and the negative posttest probabili-
ties were 2%, 7%, and 18%, respectively (Fig. 7).

DISCUSSION
The diagnosis of pneumonia is primarily based on physical

examination along with radiologic and laboratory evaluation.4

Although LUS has shown high sensitivity and specificity in de-
tecting several pleuropulmonary diseases in adults,19 its role in
the diagnosis of childhood pneumonia has not yet been widely
TABLE 2. Pooled Studies About LUS Signs of Childhood Pneumonia

Feature
Ho et al16

(n = 163)
Guerra et al17

(n = 222)

Established diagnosis of pneumonia 163 (100%) 222 (100%)

LUS positive 159/163 (97.5%) 207/222 (93.2%)

Pneumonia consolidation 95 (59.7%) 139 (67.2 %)

B-line pattern 81 (50.9%) 10 (4.8%)

Air bronchogram 149 (93.7%) 75 (36.2 %)

Pleural effusion 43 (27.0%) 76/207 (36.7 %)

N, number of patients enrolled; NA, not available.

6 www.ultrasound-quarterly.com
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recognized. Lung ultrasound is rapid, portable, repeatable, and
nonionizing in nature. The latter is of critical importance for
infants, who carry a higher risk for developing cancer from ex-
posure to radiation than do people of other ages. Interest in LUS
for use in diagnosis and follow-up of pediatric pneumonia has
increased in the last few years. The use of LUS even for
follow-up avoids multiple, repeated exposures to radiation.
However, despite the obvious benefits and increasing interest,
this technique still has not been widely accepted as a routine im-
aging tool for everyday clinical use.

In this meta-analysis, we assessed the performance of
LUS in the diagnosis of pediatric pneumonia. A thorough, sys-
tematic literature search and screening process resulted in 8
studies that satisfied all of the inclusion criteria. In our meta-
analysis, we have more recent studies and studies that were al-
most published between 2012 and 2017. Our meta-analysis
evaluated pneumonia based on clinical signs and symptoms
and used CR as the reference standard. Several studies have re-
ported that LUS has good sensitivity and specificity.18 Others,
however, have raised concerns regarding the limitations of
LUS, such as the fact that small and localized parenchymal le-
sions do not reach the pleura and thus remain potentially unde-
tectable by ultrasound.20 The results of our meta-analysis
indicate that LUS has high diagnostic power for the detection
of childhood pneumonia (93.0% sensitivity and 96.0% specificity).
Based on these values, we can calculate the DOR, which is a
single indicator of test accuracy. The DOR is the ratio of the
PLR relative to the NLR; thus, the higher the DOR is, the
greater the accuracy of the method for the diagnosis of pneumo-
nia. In our review and meta-analysis, the mean DOR was 344
(104, 1140), which demonstrates a significantly high level of
overall accuracy. Although the DOR can be a useful measure
of diagnostic test performance, LRs are more clinically mean-
ingful. The pooled PLR and NLR were 25.8 (11.0, 60.4) and
0.07 (0.05, 0.12), respectively. Finally, the sROC AUC was
0.98, indicating a high level of overall diagnostic accuracy.

We found that heterogeneity from nonthreshold effects
was present in the sensitivity and specificity among the 8 studies
(I2 > 50%). Subgroup analysis revealed that the diagnostic sen-
sitivity of LUS among subgroups based on the “type of medical
ward,” “experience of the operator,” and “type of ultrasound
(US) system” was statistically significant (P < 0.05), and
the diagnostic specificity of LUS among subgroups based
on the “type of ultrasound (US) system” was statistically sig-
nificant (P < 0.05). Results of a meta-regression analysis re-
vealed that the covariate of the “type of medical ward,”
Cortellaro et al18

(n = 120)
Urbankowska et al12

(n = 106)
Boursiani et al15

(n = 69)

81 (67.5%) 76 (71.7%) 66 (95.7%)

80/81 (98.8%) 71/76 (93.4%) 62/66 (93.9%)

73 (91%) 17 (23.50%) 37 (56.1%)

7 (9%) NA 36 (54.5%)

71 (97%) 54 (76.50%) 9 (13.0%)

31 (42%) 39 (54.30%) 3 (4.5%)

© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 7. Fagan plot analyses to evaluate the clinical utility of LUS.
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“experience of the operator,” and “type of ultrasound (US) sys-
tem” might be the potential source of heterogeneity in sensitiv-
ity, and the covariate of “type of ultrasound (US) system”might
be the potential source of heterogeneity in specificity of our
diagnostic meta-analysis.

There are several possible explanations for this heteroge-
neity. First, patients in the meta-analysis included hospitalized
patients, emergency department patients, and bedside patients,
and thus, the severity of illness in the patients differed (most
of the patients were mildly ill but some were critically ill). Sec-
ond, physicians performing the ultrasound examination varied
and included trained residents, pulmonologists, emergency phy-
sicians, and experienced physicians. It is possible that the accu-
racy of LUS in diagnosis of pneumonia is dependent on the
skills of the operators. The training time of the operators was
highly varied, ranging from several hours of training to several
years of clinical practice. Inadequate training and/or incomplete
thorax investigation may cause misdiagnoses. Monti et al21

showed that clinicians with 10 to 30 minutes of ultrasonography
training can rapidly (within 2–5 minutes) and accurately iden-
tify pulmonary pathology using ultrasonography. For example,
in a study by Zhan et al,22 all LUS examinations were per-
formed by the same pediatric resident who had only basic ul-
trasound knowledge after a 3-day point-of-care emergency
ultrasound course, and with minimal practical ultrasound expe-
rience. This study reported that LUS had a sensitivity of 40%
(95% CI, 30%–51%), a specificity of 91% (95% CI, 83%–
96%), a PLR of 4.71 (95% CI, 2.21–10.04), and an NLR of
0.65 (95%CI, 0.54–0.79) for the diagnosis of pneumonia. Thus,
in this study, LUS had good specificity but poor sensitivity, and
it was excluded from our meta-analysis. The lack of LUS train-
ing or presence of skilled supervision likely explains some of
the heterogeneity observed in the pooled sensitivity. Third,
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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different ultrasound systems are different in the detection of le-
sions. Therefore, different ultrasound systems might contribute
to the heterogeneity of our meta-analysis.

In addition to the heterogeneity among the studies, we
must consider the effect of the publication bias that was detected
in our meta-analysis by using the Deeks funnel plot asymmetry
test. It is possible that the small number of included studies,
combined with low numbers of patients within some studies, re-
sulted not only in the large CIs but also in the assessment for
publication bias.

One LUS limitation is the airiness of the lungs, which
does not allow for exposure under physiological conditions.
However, in pathological situations, airiness of the lung is re-
duced. This results in artifacts and subpleural lesions. Observa-
tion of the various configurations of lung subpleural lesions in
LUS allows for the differential diagnosis of lung diseases.23 Ad-
equate interpretation and recognition of certain signs is crucial
to diagnosing pathological processes.24 In our separate analysis
of LUS signs for the diagnosis of pneumonia, we found 4 major
abnormalities that are the most frequently observed: pulmonary
consolidation, positive air bronchogram, abnormal pleural line,
and pleural effusion. Pneumonia is sonographically identified as
a subpleural, nonhomogeneous, hypoechogenic area, and/or a
marked liver-like area, with irregular margins and arborized
air bronchograms within. As can be seen from the results of
Table 2, positive air bronchogram and lung consolidation are
the most often detected signs on LUS. The presence of these
signs diagnoses pneumonia with a positive predictive value
of 97 %.25 The ultrasonographic appearance of pneumonia
does not differ between children and adults. Caiulo et al11

compared the use of different combinations of LUS signs and
found that combining 4 of them led to the highest accuracy
for diagnosing pneumonia.
www.ultrasound-quarterly.com 7
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Several other meta-analyses have summarized data regard-
ing LUS and childhood pneumonia.26 The analysis by Pereda
et al27 found that LUS had a sensitivity of 96% (95% CI,
94%–97%), a specificity of 93% (95% CI, 90%–96%), a PLR
of 15.3 (95% CI, 6.6–35.3), and an NLR of 0.06 (95% CI,
0.03–0.11). Our findings are similar to these results; in addition,
our analysis adds additional objective data to support the appli-
cation of LUS for the diagnosis of childhood pneumonia.

The overall result of our meta-analysis suggests that LUS
has significant power in diagnosing childhood pneumonia.
However, it is also essential to know how the diagnostic test
utility varies with the perceived risk. For this reason, Fagan plot
analysis was performed and determined that with pretest proba-
bilities of 25%, 50%, and 75%, the posttest probabilities of a
correct diagnosis are 90%, 96%, and 99%. This analysis pro-
vides further support for the high value of LUS for diagnosing
childhood pneumonia.

It is important to note that our study has several limita-
tions. First, there is a lack of a formal validity testing procedure
and a lack of quality assessment criteria for studies; however, to
address this, we combined the relevant published guidelines
with currently widely used tools. We did not analyze the inher-
ent heterogeneity present within each study or the impact this
had on the pooled diagnostic performance of LUS. Second,
our meta-analysis was relatively small, because our screen iden-
tified only 8 studies that met all of the inclusion criteria. This
may be because LUS is still a relatively new technique and
large-scale studies will be required to validate the clinical use
of LUS as a diagnostic tool for childhood pneumonia. Third,
there was heterogeneity among studies and the publication bias
was asymmetry, which was discussed previously. Fourth, most
of our included studies were single-center studies and our results
were generated from different etiological groups within the same
analysis. Therefore, in future studies, we encourage researchers to
be more rigorous in patient selection. Fifth, the patient's posi-
tion being examined may have influenced the performance of
LUS diagnosis.

CONCLUSIONS
In conclusion, LUS is a highly valuable imaging tech-

nique that complements CR and physical examination in the
diagnosis and follow-up monitoring of pediatric pneumonia.
Of critical importance, this method does not expose patients to
ionizing radiation. Our meta-analysis demonstrates that the sen-
sitivity and specificity of LUS in the diagnosis of pneumonia
are excellent. It is important to note, however, that this conclu-
sion is based solely on a small number of studies that met our
specific inclusion criteria. Large-scale, well-designed, and
multicenter studies are needed to validate this conclusion and
further evaluate the performance of LUS in the diagnosis of
pediatric pneumonia.

REFERENCES
1. Gilbert K, Fine MJ. Assessing prognosis and predicting patient outcomes in

community-acquired pneumonia. Semin Respir Infect. 1994;9(3):140–152.
2. Song P, Theodoratou E, Li X, et al. Causes of death in children younger than

five years in China in 2015: an updated analysis. J Glob Health. 2016;6(2):
020802.
8 www.ultrasound-quarterly.com

Copyright © 2017 Wolters Kluwer Health, Inc. Unau
3. Wilkins TR, Wilkins RL. Clinical and radiographic evidence of pneumonia.
Radiol Technol. 2005;77(2):106–110.

4. World Health Organization. Revised WHO Classification and Treatment of
Pneumonia in Children at Health Facilities: Evidence Summaries. Geneva:
WHO; 2014.

5. Samson F, Gorostiza I, González A, et al. Prospective evaluation of clinical
lung ultrasonography in the diagnosis of community-acquired pneumonia in
a pediatric emergency department. Eur J Emerg Med. 2016.

6. Volpicelli G. Point-of-care lung ultrasound. Praxis (Bern 1994). 2014;103(12):
711–716.

7. Iorio G, Capasso M, De Luca G, et al. Lung ultrasound in the diagnosis of
pneumonia in children: proposal for a new diagnostic algorithm. Peer J.
2015;3:e1374.

8. Whiting PF, Rutjes AW, Westwood ME, et al. QUADAS-2: a revised tool
for the quality assessment of diagnostic accuracy studies. Ann Intern Med.
2011;155(8):529–536.

9. Reali F, Sferrazza Papa GF, Carlucci P, et al. Can lung ultrasound replace
chest radiography for the diagnosis of pneumonia in hospitalized children?
Respiration. 2014;88(2):112–115.

10. Shah VP, Tunik MG, Tsung JW. Prospective evaluation of point-of-care
ultrasonography for the diagnosis of pneumonia in children and young
adults. JAMA Pediatr. 2013;167(2):119–125.

11. Caiulo VA, Gargani L, Caiulo S, et al. Lung ultrasound characteristics of
community-acquired pneumonia in hospitalized children.Pediatr Pulmonol.
2013;48(3):280–287.

12. Urbankowska E, Krenke K, Drobczyński Ł, et al. Lung ultrasound in the
diagnosis and monitoring of community acquired pneumonia in children.
Respir Med. 2015;109(9):1207–1212.

13. Claes AS, Clapuyt P, Menten R, et al. Performance of chest ultrasound in
pediatric pneumonia. Eur J Radiol. 2017;88:82–87.

14. Esposito S, Papa SS, Borzani I, et al. Performance of lung
ultrasonography in children with community-acquired pneumonia.
Ital J Pediatr. 2014;40:37.

15. Boursiani C, Tsolia M, Koumanidou C, et al. Lung ultrasound as first-line
examination for the diagnosis of community-acquired pneumonia in
children. Pediatr Emerg Care. 2017;33(1):62–66.

16. Ho MC, Ker CR, Hsu JH, et al. Usefulness of lung ultrasound in the
diagnosis of community-acquired pneumonia in children. Pediatr Neonatol.
2015;56(1):40–45.

17. GuerraM, Crichiutti G, Pecile P, et al. Ultrasound detection of pneumonia in
febrile children with respiratory distress: a prospective study. Eur J Pediatr.
2016;175(2):163–170.

18. Cortellaro F, Colombo S, Coen D, et al. Lung ultrasound is an accurate
diagnostic tool for the diagnosis of pneumonia in the emergency department.
Emerg Med J. 2012;29(1):19–23.

19. Reissig A, Copetti R, Mathis G, et al. Lung ultrasound in the diagnosis and
follow-up of community-acquired pneumonia: a prospective, multicenter,
diagnostic accuracy study. Chest. 2012;142(4):965–972.

20. Toma P. Lung ultrasonography may not be a reliable alternative to chest
radiography in childhood pneumonia. Chest. 2017;151(1):244.

21. Monti JD, Younggren B, Blankenship R. Ultrasound detection of
pneumothorax with minimally trained sonographers: a preliminary study.
J Spec Oper Med. 2009;9(1):43–46.

22. Zhan C, Grundtvig N, Klug BH. Performance of bedside lung ultrasound by
a pediatric resident: a useful diagnostic tool in children with suspected
pneumonia [published ahead or print]. Pediatr Emerg Care. 2016.

23. BudaN,Masiak A, SmoleńskaŻ, et al. Serial lung ultrasonography tomonitor
patient with diffuse alveolar hemorrhage. Ultrasound Q. 2017;33(1):86–89.

24. Aziz SG, Patel BB, Ie SR, et al. The lung point sign, not pathognomonic of a
pneumothorax. Ultrasound Q. 2016;32(3):277–279.

25. Lichtenstein D, Meziere G, Seitz J. The dynamic air bronchogram. A lung
ultrasound sign of alveolar consolidation ruling out atelectasis. Chest. 2009;
135(6):1421–1425.

26. Xia Y, Ying Y, Wang S, et al. Effectiveness of lung ultrasonography for
diagnosis of pneumonia in adults: a systematic review and meta-analysis.
J Thorac Dis. 2016;8(10):2822–2831.

27. Pereda MA, Chavez MA, Hooper-Miele CC, et al. Lung ultrasound for
the diagnosis of pneumonia in children: a meta-analysis. Pediatrics. 2015;
135(4):714–722.
© 2017 Wolters Kluwer Health, Inc. All rights reserved.

thorized reproduction of this article is prohibited.

http://www.ultrasound-quarterly.com

