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Introduction

Pneumonia has been documented as a forgotten killer for 
human health. According to the data released by World 
Health Organization, lower respiratory tract infection is 
the leading cause of infectious disease related mortality 
worldwide and refers to the top ranking death reason in 

low-income countries (1). Despite the rapid advances of 
therapeutic strategy, community acquired pneumonia 
(CAP), hospital-acquired pneumonia (HAP) and ventilator-
associated pneumonia (VAP) remain dramatic clinical burden. 
It has been well-documented that timely administration of 
antibiotics to patients admitted with pneumonia improves 
prognostic outcome. However, appropriate intervention must 
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be based on swift and accurate recognition. The signs and 
symptoms localizing to the respiratory system, commonly 
referring as dyspnea, cough and fever, laboratory alterations 
(leukocytosis and increased c-reactive protein/procalcitonin) 
in conjunction with radiographic pulmonary infiltrate, point 
to convincing diagnosis of pneumonia. Imaging evaluation 
approaches recommended on current guidelines are chest 
radiograph and chest computerized tomography (CT) (2,3). 
However, limitations for their use exist (4). Surprisingly, a 
recent study compared CXR to chest CT scan for suspected 
CAP. They found up to 30% false positive and false negative 
rate of CXR in emergency department (ED), which doubted 
the value of CXR on pneumonia diagnosis (5). Thus, it’s 
reasonable to figure out the alternative way to provide 
promising imaging evidence of pneumonia.

Ultrasonography is gaining more attention in critical care 
and emergency medicine. A good body of studies has proven 
that ultrasonography is highly effective in evaluating multiple 
pulmonary diseases, such as metastatic lymph node of lung 
cancer, pleural effusions, pneumonia and pneumothorax (6-9).  
The pilot study by Benci and colleagues reported that the 
diagnostic sensitivity of the ultrasound (US) on pneumonia 
was comparable to that of conventional radiology (10). 
Although accumulated evidence from other independent 
groups also showed the superiority in favor of US over 
chest radiography (11), US remained underused. To date, 
guidelines is still too conservative to introduce lung US (LUS) 
as an alternative to chest X-ray (CXR) and chest CT for rapid 
diagnosis of pneumonia (2,3,12).

Hence, we sought to comprehensively summarize the data 
from current available literature. Seven publications which 
were not analyzed before were taken into consideration, and 
studies with unspecific diagnosis were excluded. We aim to 
undertake an accurate meta-analysis to clarify the role of 
LUS in the diagnosis of pneumonia in adults.

Methods

Study design and data sources

We conducted a systematic search to identify original 
articles in English in PubMed and EMBASE up to the end 
of May 2016, using the combinations of the following key 
words: (“ultrasound” or “sonography” or “ultrasonography”) 
and (“pneumonia”) and (“sensitivity”) and (“specificity”), 
limited to clinical/observational trials. All eligible studies 
were retrieved. Bibliographies of retrieved articles were 
searched independently and confirmed in case of additional 
articles to ensure the completeness and quality of the 

analysis. Trials published solely in abstract form as well as 
unpublished data were not included.

Study selection

Studies were included according to the criteria as follow: 
(I) adults with suspected pneumonia; (II) original articles 
assessing the diagnostic power of LUS for pneumonia; (III) 
comparison of LUS findings with composite standard based 
on chest CT scan, clinical presentation, CXR or microbiology 
where applicable; (IV) detailed values at least containing 
true-positive, true-negative, false-positive, and false-negative 
results that allows reconstruction of the original data; (V) 
clarification of the imaging alterations on LUS indicating 
pneumonia in clear details; (VI) meeting study quality 
standards in accordance with the revised Quality Assessment 
of Diagnostic Accuracy Studies (QUADAS-2) tool (13). Two 
independent investigators reviewed the articles to exclude 
irrelevant and overlapping studies, with disagreements 
resolved via consensus. Compared with previous meta-
analysis on the same topic, seven publications which were not 
analyzed before were taken into consideration, and studies 
with unspecific diagnosis were excluded.

Quality of study reports

Methodological quality of studies was scored by QUASAS-2 
system. Seven items listed in Table 1 may be categorized 
into low, high and unclear in terms of risk bias and study 
generalizability. Two independent investigators were 
assigned to perform the assessment. Disagreements were 
resolved by discussions.

Data extraction

We collected the following information from the included 
studies: first author’s surname, year of publication, sample 
size, gender proportion, mean age, LUS technique, 
evaluating positions, LUS alterations identified for 
pneumonia, expertise of operator, as well as the values of 
true-positive, true-negative, false-positive, and false-negative. 
Any disagreement was resolved by consensus via discussions 
or with a third reviewer when necessary. 

Data analysis

Meta-DiSc (version 1.4, Ramony Cajal Hospital, Madrid, 
Spain) and MedCalc Statistical Software version 16.2.1 
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Table 1 Details of quality assessment by the QUADAS-2

Study

Risk of bias Applicability concerns

Patients selection Index test Reference standard
Flow and 

timing
Patients selection Index test Reference standard

Benci et al. (10) L ? ? L L ? L

Lichtenstein et al. (14) L L L L L L L

Parlamento et al. (15) L L L L L L L

Cortellaro et al. (16) L L L L L L L

Reissig et al. (17) L L L L L L L

Testa et al. (18) L L L L L L L

Unluer et al. (19) L L L L L L L

Bourcier et al. (20) L L L L L L L

Berlet et al. (21) L L L L L L L

Liu et al. (22) L L L L L L L

Corradi et al. (23) L L L L L L L

Pagano et al. (24) L L L L L L L

Nazerian et al. (25) L L L L L L L

Mongodi et al. (26) L L L L L L L

L, low risk; ?, unknown risk.

(MedCalc Software bvba, Ostend, Belgium) were employed 
into our analysis. Pooled sensitivity and specificity with 
corresponding 95% confidence intervals were computed 
by Mantel-Haenszel method of the random-effect model, 
and pooled diagnostic odd ratio (DOR) was calculated 
by the DerSimonian-Laird method (27). The Spearman 
correlation coefficient between the logit of sensitivity 
and 1-specificity was calculated to test the threshold/
cutoff effect. Heterogeneity assumptions were quantified 
by inconsistency index (I2). I2 values of 25%, 50% and 
75% represented low, moderate and high degree of 

heterogeneity, respectively (28). Funnel plot and Egger’s 
regression asymmetry test were used to anticipate the 
publication bias of literature. A P value of <0.05 was 
considered to be statistically significant.

Results

Literature search

A flow chart of the trial selection process was shown in 
Figure 1. We initially identified 1,072 studies by title 
and abstract screening according to our search strategy. 

1,072 records on initial search

38 papers were elected for detailed review

14 studies were included into the final analysis

1,034 were excluded in terms of titles and abstracts

24 full texts were excluded:
  7 reviews
  3 letters
  3 investigations for alveolar consolidation induced by multiple etiology
  11 articles didn’t report enough data to calculate outcomes

Figure 1 Flow chart of the literature search and trial selection process.
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However, 1,034 were excluded as they were seldom relevant 
to our analysis, leaving 38 articles for further estimation. 
After evaluating the full texts of these potentially relevant 
studies, we excluded two studies about LUS examinations 
on radiologically confirmed pneumonia as the control group 
was missing (patients who were clinically suspected with 
pneumonia but were finally excluded by the gold standard) 
(29,30), and three studies investigating the diagnostic 
efficiency of LUS for alveolar consolidation induced by 
multiple etiology, such as pulmonary embolism, acute 
respiratory distress syndrome (ARDS), multiple trauma, 
pneumothorax, lung cancer and others (31-33). Eventually, 
14 eligible studies involving a total of 1,911 patients were 
included into the final analysis. 

Characteristics of selected studies

Among all 14 studies, 11 were carried out in emergency 
department (ED) or medical wards (10,15-20,22-25), 
and 3 were conducted in intensive care unit (ICU) 
(14,21,26). Hemithorax was used as the study unit for result 
interpretation in one study (23), while others counted by 
patient. To overcome this challenge and maintain study 
weight estimates intact, we divided the data from this study 

by 2. The main characteristics of selected studies were shown 
in Table 2. Briefly, all studies were prospective and blinded 
design. Twelve were performed in Europe and 2 in China. 
The mean age of enrolled patients was 66-year-old with 
approximate 57% male. For the gold standard of pneumonia 
diagnosis, six set chest CT as the sole criteria, six used 
clinical presentations together with imaging, and two studies 
introduced microbiology. Additionally, LUS was performed 
by experienced physicians in ED or ICU except one study 
whose ultrasound procedures were done by sonographers (25).  
Of note, lateral and posterior chest wall examinations were 
both conducted preferably in the seated position in three 
studies (20,24,25), while six performed posterior scan in 
supine or semi-recumbent position, and lateral examination 
in a sitting position; three studies in ICU used supine or 
semi-recumbent position for all scans (14,21); two studies did 
not specify the position (10,22) (Table 3). The details of the 
quality assessment were shown in Table 1. The eligible studies 
achieved most of the quality items in QUADAS-2. 

Statistical outcomes

Overall diagnostic accuracy
Figures 2 showed the pooled sensitivity, specificity, DOR, 

Table 2 General characteristics of studies and patients enrolled from studies retrieved for meta-analysis

Study Year Origin Design Sample size Mean age M/F TP FP FN TN

Benci et al. (10) 1996 Italy Prospective 80 38.5 50/30 33 4 0 43

Lichtenstein et al. (14) 2008 France Prospective 260 68 140/120 74 10 9 167

Parlamento et al. (15) 2009 Italy Prospective 49 60.9 31/18 31 7 1 10

Cortellaro et al. (16) 2012 Italy Prospective 120 69 77/43 80 2 1 37

Reissig et al. (17) 2012 Germany Prospective 362 63.8 228/134 211 6 18 127

Testa et al. (18) 2012 Italy Prospective 67 55 N 32 5 2 28

Unluer et al. (19) 2013 China Prospective 72 66.3 35/37 27 7 1 37

Bourcier et al. (20) 2014 France Prospective 144 77.6 72/72 116 9 7 12

Berlet et al. (21) 2015 Switzerland Prospective 57 61.3 34/23 12 19 0 26

Liu et al. (22) 2015 China Prospective 179 71.5 N 106 1 6 66

Corradi et al. (23) 2015 Italy Prospective 32 62 17/15 15.5 0.5 6.5 9.5

Pagano et al. (24) 2015 Italy Prospective 105 59 59/46 67 13 1 24

Nazerian et al. (25) 2015 Italy Prospective 285 71.4 133/152 72 15 9 189

Mongodi et al. (26) 2015 France Prospective 99 66 78/21 28 7 35 29

M, male; F, female; TP, true positive; FP, false positive; FN, false negative; TN, true negative; N, not mentioned.
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positive likelihood rate (PLR), negative likelihood rate (NLR) 
and the summary receiver operative characteristics (sROC) 
curves for diagnostic efficiency of LUS on pneumonia. 
Overall pooled sensitivity and specificity for the diagnosis of 
pneumonia were 90.4% (95% CI, 88.4% to 92.1%; P<0.001) 
and 88.4% (95% CI, 86.1% to 90.4%; P<0.001), respectively. 
Overall pooled PLR and NLR were 6.6 (95% CI, 3.7 to 
11.7; Cochran Q-statistic =135.32; P<0.001) and 0.08 (95% 
CI, 0.04 to 0.19; Cochran Q-statistic =196.87, P<0.001), 
respectively. In addition, sROC area under the curve (AUC) 
was 0.9611. 

The Spearman correlation coefficient between the log of 
sensitivity and 1-specificity was 0.222 (P=0.445) for LUS, 
suggesting that the causes of variations existed other than 
threshold effect. In extension, we performed the subgroup 
analysis.

Subgroup analysis by LUS performance
We first analyzed the accuracy of ultrasonography on 
detecting pneumonia at different medical wards. In studies 
conducted in ED (n=10), the pooled sensitivity was 93.5% 
(95% CI, 91.6% to 95.1%), and a pooled specificity 
was 89.2% (95% CI, 86.4% to 91.5%). In studies that 
evaluated critically-ill patients in the ICU (n=3), the pooled 

sensitivity was 72.2% (95% CI, 64.5% to 79.0%), and a 
pooled specificity was 86.0% (95% CI, 81.2% to 90.0%). 
Secondly, studies (n=2) that used seated position when LUS 
performed showed the pooled sensitivity of 95.8% (95% 
CI, 91.9% to 98.2%) and a pooled specificity of 62.1% (95% 
CI, 48.4% to 74.5%). However, studies (n=3) that used 
supine or semi-recumbent position when LUS performed 
showed the pooled sensitivity of 72.2% (95% CI, 64.5% to 
79.0%), and a pooled specificity was 86.0% (95% CI, 81.2% 
to 90.0%). In studies (n=6) that performed posterior scan 
in supine or semi-recumbent position, followed by lateral 
scan in a sitting position, LUS had a pooled sensitivity of 
92.2% (95% CI, 89.4% to 94.4%) and a pooled specificity 
of 91.9% (95% CI, 88.9% to 94.2%).

Subgroup analysis by diagnosing strategy and study 
origin
In six studies that used chest CT as the sole criteria, LUS 
exhibited a pooled sensitivity of 90.9% (95% CI, 87.5% to 
93.6%) and a pooled specificity of 89.7% (95% CI, 86.7% 
to 92.3%). In studies (n=6) that employed the combination 
of chest imaging and clinical criteria as the gold-standard, 
LUS revealed a pooled sensitivity of 95.0% (95% CI, 
92.8% to 96.6%) and a pooled specificity of 91.3% (95% 

Table 3 Detailed characteristics of included studies

Study Patient origin Inclusion standard Pneumonia diagnosis Examining position LUS operator

Benci et al. (10) MW Pneumonia symptoms CXR + clinical diagnosis N EP

Lichtenstein et al. (14) ICU Acute respiratory failure CT Supine EP

Parlamento et al. (15) ED Pneumonia symptoms CT Sit/Supine EP

Cortellaro et al. (16) ED CAPsymptoms CT + clinical diagnosis Sit/Supine EP

Reissig et al. (17) ED CAPsymptoms CT + clinical diagnosis Sit/Supine EP

Testa et al. (18) ED Suspected H1N1 infection CT + clinical diagnosis Sit/Supine EP

Unluer et al. (19) ED CAPsymptoms CT N EP

Bourcier et al. (20) ED Pneumonia symptoms CT Sit EP

Berlet et al. (21) ICU Suspected VAP Microbiology Supine EP

Liu et al. (22) ED CAPsymptoms CT + clinical diagnosis N EP

Corradi et al. (23) ED CAPsymptoms CT Sit/Supine EP

Pagano et al. (24) ED Pneumonia symptoms CT + clinical diagnosis Sit EP

Nazerian et al. (25) ED Unexplain respiratory complaint CT Sit/Supine Sonographer

Mongodi et al. (26) ICU Suspected VAP Microbiology + clinical diagnosis Supine EP

MW, medical ward; ICU, intensive care unit; ED, emergency department; CAP, community acquired pneumonia; VAP, ventilator associated 
pneumonia; CT, computerized tomography; CXR, chest X-ray; N, not specified; EP, experienced physician.
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Figure 2 Forest plots for diagnostic accuracy of lung ultrasound on the diagnosis of pneumonia. Sensitivity (A), specificity (B), negative 
likelihood ratio (C), positive likelihood ratio (D), diagnosis odds ratio (E) and summary receiver operative curves (F). Inconsistency (I2) 
describes the percentage heterogeneity across studies that are not due to chance.
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CI, 87.9% to 94.0%). In studies (n=2) that focused on 
VAP confirmed by microbiology, LUS showed a sensitivity 
of 53.3% (95% CI, 41.4% to 64.9%) and specificity of 
67.9% (95% CI, 56.6% to 77.8%). In studies carried out 
in Europe, LUS had a pooled sensitivity of 89.6% (95% 
CI, 87.4% to 91.6%) and a pooled specificity of 87.8% 
(95% CI, 85.3% to 90.0%). In studies conducted in China, 
LUS contributed to a pooled sensitivity of 95.0% (95% CI, 
90.0% to 98.0%) and a pooled specificity of 92.8% (95% 
CI, 86.3% to 96.8%).

LUS verses CXR for the diagnosis of pneumonia
Of all involved studies, we collected the data from nine 
studies which supplied sufficient information to compare the 
diagnostic efficiency of LUS against CRX (Figure 3). This 
subset included 1,343 subjects, consisting of 782 pneumonias 
and 561 controls. The calculated pooled sensitivity for LUS 
and CXR was 92.8% and 75.1% with pooled specificity 
of 89.7% and 90.5%, respectively. The CXR and LUS 
modalities could be judged by AUC. We compared the 
two sROC curves by Z statistic. The AUC for LUS and 
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Figure 3 Forest plots for the sensitivity, specificity and summary receiver operative curves of lung ultrasonography (A,C,E) and chest 
radiography (B,D,F) for the pneumonia detection. Inconsistency (I2) describes the percentage heterogeneity across studies that are not due 
to chance.
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CR were 0.9721 (SE, 0.0094) and 0.8674 (SE, 0.0547),  
Z statistic of two sROC curves was 2.31 (P<0.05).

Analysis of publication bias

Funnel plot and Egger’s regression asymmetry test were 
conducted to appraise the publication bias. Distribution 
of data points failed to illustrate any hint of apparent 
asymmetry. In concert, the negative result was further 
confirmed by Egger’s linear regression asymmetry test.

Discussion

Ultrasonography has been well-recognized as a valuable 
bedside tool of diagnosing pulmonary diseases, providing 

a user-friendly, inexpensive, noninvasive, and reliable 
examination. Here, we found that the diagnostic efficiency 
of LUS for pneumonia in adult was well-satisfied, with 
the pooled sensitivity of 90.4% and specific of 88.4%. 
PLR indicated that patients with pneumonia presented 
6.6 times higher possibility to appear abnormal LUS 
results compared to the ones without pneumonia. NLR 
in line suggested the probability of pneumonia presenting 
normal LUS reading was as low as 8%. Subgroup analysis 
indicated that the sensitivity of LUS derived from ICU 
was lower than that of ED. It could be attributed to most 
of the pneumonia diagnosed in ED is CAP and in ICU is 
HAP and VAP. The etiology of the latter is much more 
complicated and the clinical presentations are usually 
atypical. Interestingly, combination of supine or semi-
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recumbent position with sitting position during LUS 
performance resulted in a potent diagnosis power. This is 
supposed to be recommended as the standard procedure in 
all patients if available. The results of the trails conducted 
in Europe were similar to the data in China, suggesting the 
diagnosis accuracy is solid and might not be affected by race 
and region, only if the physicians were well-trained. Once 
again, our results confirmed LUS was a more powerful tool 
of rapid pneumonia detection than CXR.

To date, three meta-analyses have summarized the data 
concerning LUS and pneumonia (4,11,34). In the analysis 
by Hu and colleagues (34), they studied the patients with 
pneumonia of all ages. Notably, not only pathogen, clinical 
presentations and prognosis, but the reference standards 
are dramatically different between children and adults. It is 
more reasonable to analyze two sets of patients separately. 
In the study by Chavez et al. (4), they focused on the adult 
patients with pneumonia. However, Berlet stated that 
certain studies (3 out of 10) recruited in their analysis 
investigated the diagnostic accuracy of LUS for alveolar 
consolidation of any etiology, including sepsis, ARDS and 
MODS, which might distract the estimating precision (35). 
Moreover, at least nine new studies have been published 
since their meta-analysis conducted. Here, we assessed 
the quality of recent published nine papers, and 7 of them 
eventually passed the inclusion criteria and were taken into 
calculation. We also eliminated the three previous studies 
for unspecific diagnosis. The analysis by Ye et al. (11) 
was designed to compare LUS and CXR for pneumonia 
diagnosis. Their conclusion was consistent with our 
analysis, but we included additional studies to strengthen 
the evidence power. We believe that our analysis adds more 
objective insights to support the applications of LUS for the 
diagnosis of pneumonia in different clinical settings.

Thoracic CT scan is considered as the gold standard 
for diagnosis of pneumonia. This technique, however, 
is unlikely to be always served as the first line due to the 
radioactive exposure and high cost, especially in critically-
ill patients whose conditions usually change sharply and 
require repeated examinations to guide the interventions. 
Our analysis confirmed the precise diagnostic accuracy of 
LUS on the detection of pneumonia. The following four 
signs are the major abnormalities linking to pneumonia 
under LUS: interstitial syndrome; abnormal pleural line; 
alveolar consolidation and pleural effusion. Liu et al. 
compared different combinations of LUS patterns and 
found that combining four ultrasonographic signs led to 
the highest sensitivity (94.6%) for diagnosing CAP (22). 

Considering it is a bedside, reliable, rapid and noninvasive 
technique, LUS plays a critical role in the diagnostic work 
up of pneumonia in ICU and in patients from ED where 
usually asks for immediate decisions.

Execution rapidity, non-invasivity and low cost make 
LUS a striking approach of evaluating pneumonia on 
different types of patients. Also, experienced physicians in 
13 studies verses sonographers in only one study performed 
the LUS and they achieved identical results, implying 
the learning curve of LUS is not steep. However, the 
training time was extremely varied, ranging from several 
hours’ course to ten years’ clinical practice. Besides, it is 
noteworthy to highlight the situations that related to false 
positive and false negative results. The specificity derived 
from our analysis was lower than previous studies, which 
was partly caused by the false-positive conditions on LUS: 
pleural adhesions, bullous emphysema, fluid bronchogram, 
past interstitial pathology, neoplasia, pulmonary infarction, 
sepsis of other origins, main-stem intubation on the 
contralateral side (17,18,20,24). By contrast, the false 
negative results usually occurred when the consolidation 
was located far away from pleura and hided deep in the 
lung parenchyma. In addition, quantitative LUS (QLUS) 
was evident to be an impressive approach of pneumonia 
detection, showing a higher sensitivity and specificity 
than regular LUS (23). The combination of LUS and 
microbiological gram stain caused a conclusive increase in 
the likelihood of pneumonia diagnosis (26). 

There are some limitations to our analysis. We did not 
include articles in languages other than English, and did 
not try to identify studies that haven’t published in peer 
reviewed journals; the total number of studies was small 
and most studies included in our analysis did not have large 
sample size; there was significant heterogeneity among 
studies; most were single center studies and were conducted 
in settings from high-income countries. Despite all of these 
limitations, this meta-analysis included 1,911 participants 
and provided promising evidence for the utilization of 
this diagnostic technique and for the initiation of training 
programs geared to teach physicians this diagnostic tool. 

In conclusion, based on current available evidence, LUS is a 
valid alternative for the diagnosing pneumonia in adults. This 
is just a start, a beginning of a new trend and a convenient 
bedside tool for diagnosis of a common health problem.
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