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, Abstract—Background: Lung ultrasound can accelerate
the diagnosis of life-threatening diseases in adults with res-
piratory symptoms. Objective: Systematically review the ac-
curacy of lung ultrasonography (LUS) for emergency
diagnosis of pneumonia, acute heart failure, and exacerba-
tion of chronic obstructive pulmonary disease (COPD)/
asthma in adults. Methods: PubMed, Embase, Scopus,
Web of Science, and LILACS (Literatura Latino Americana
e doCaribe emCiências da Saúde; until 2016) were searched
for prospective diagnostic accuracy studies. Rutter-Gatsonis
hierarchical summary receiver operating characteristic
method was used to measure the overall accuracy of LUS
and Reitsma bivariate model to measure the accuracy of
the different sonographic signs. This review was previously
registered in PROSPERO (Centre for Reviews and Dissem-
ination, University of York, York, UK; CRD42016048085).
Results: Twenty-five studies were included: 14 assessing
pneumonia, 14 assessing acute heart failure, and four assess-
ing exacerbations of COPD/asthma. The area under the
summary receiver operating characteristic curve of LUS
was 0.948 for pneumonia, 0.914 for acute heart failure,
and 0.906 for exacerbations of COPD/asthma. In patients
suspected to have pneumonia, consolidation had sensitivity
of 0.82 (95% confidence interval [CI] 0.74–0.88) and speci-
ficity of 0.94 (95% CI 0.85–0.98) for this disease. In acutely
dyspneic patients, modified diffuse interstitial syndrome had
sensitivity of 0.90 (95% CI 0.87–0.93) and specificity of
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0.93 (95% CI 0.91–0.95) for acute heart failure, whereas
B-profile had sensitivity of 0.93 (95%CI 0.72–0.98) and spec-
ificity of 0.92 (95% CI 0.79–0.97) for this disease in patients
with respiratory failure. In patients with acute dyspnea or
respiratory failure, the A-profile without PLAPS (posterior-
lateral alveolar pleural syndrome) had sensitivity of 0.78
(95% CI 0.67–0.86) and specificity of 0.94 (95% CI 0.89–
0.97) for exacerbations of COPD/asthma. Conclusion:
Lung ultrasound is an accurate tool for the emergency diag-
nosis of pneumonia, acute heart failure, and exacerbations
of COPD/asthma. � 2018 Elsevier Inc. All rights reserved.

, Keywords—lung ultrasound; diagnostic accuracy; pneu-
monia; acute heart failure; chronic pulmonary obstructive
disease; asthma

INTRODUCTION

Acute respiratory symptoms are frequent causes of emer-
gency department (ED) visits, and respiratory impair-
ment is a leading cause of hospital ward and intensive
care unit (ICU) admissions. The differential diagnosis in-
cludes common pulmonary and cardiovascular diseases
such as pneumonia, exacerbations of chronic pulmonary
diseases, and acute heart failure syndromes, which may
lead to rapid clinical deterioration. Thus, an immediate
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and accurate diagnosis is critical, because failure of, or
delay in, diagnoses and treatment can have detrimental
effects on patients. Delay in administering adequate anti-
microbial therapy can increase the mortality in patients
with pneumonia, and inadequate administration of beta-
agonists can impair the cardiovascular function in pa-
tients with acute heart failure (1,2).

Chest radiography (CXR) is currently the first diag-
nostic imaging approach in patients with acute respira-
tory symptoms. However, several studies report CXR
having poor sensitivity for detecting common respiratory
diseases such as pneumonia and pulmonary edema from
acute heart failure (3,4). Chest computed tomography
(CCT) overcomes this limitation but increases costs and
exposure to radiation, and patients need to be
transported to the radiology department (5).

In the past decade, lung ultrasound (LUS) has attracted
attention in emergency and intensive caremedicine. It is ra-
diation free, can be performed at the bedside in a few mi-
nutes, and can be interpreted in real time for multiple
diagnoses. Along with other point-of-care ultrasound mo-
dalities, LUS accelerates the diagnostic process, increases
the rate of correct diagnoses, and ensures appropriate treat-
ment in the first hours after arrival at the ED (6,7).
However, diagnostic accuracy studies have assessed
different sonographic signs and subgroups of patients,
with different values of sensitivity and specificity, even
for the same target disease (8–10).

The aim of this systematic review and meta-analysis
was to assess the accuracy of LUS for the emergency
diagnosis of the most common diseases in adults with res-
piratory symptoms. We systematically reviewed the liter-
ature for prospective diagnostic accuracy studies of LUS
for pneumonia, acute heart failure, and exacerbations of
chronic obstructive pulmonary disease (COPD)/asthma.
In addition to the overall diagnostic accuracy of LUS
for these diseases, we measured the individual diagnostic
accuracy of the different sonographic signs that were pre-
sented in the literature.

MATERIALS AND METHODS

The protocol of this review was prospectively registered in
the International Prospective Register of Systematic Re-
views (PROSPERO;Centre forReviews andDissemination,
University of York, York, UK; CRD42016048085). The re-
view is reported according to Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines (11).

Two independent authors (LJS and RRMB) selected
the studies, extracted their data, and assessed their risk
of bias and applicability concerns. Discrepancies were
resolved by consensus. When a consensus could not be
reached, a third author (RM) resolved the issue.
Data Sources and Search

With the aid of a biomedical librarian, PubMed, Embase,
Scopus, Web of Science, and LILACS (Literatura Latino
Americana e do Caribe em Ciências da Saúde) were
searched for articles published up to December 2016.
Key words covered concepts related to ultrasound, lung/
pleura, and ED/ICU. (See Supplementary Table 1, avail-
able online, for the final search strategy.) The lists of biblio-
graphical references of other systematic reviews and
relevant studies were also reviewed for additional articles.
Study Selection

Titles and abstracts of all records were screened for any
violation of the inclusion criteria. The full text of the re-
maining studies were reviewed for the presence of all in-
clusion criteria. In addition, we manually checked the
citations of other systematic reviews and studies finally
included in the review.

Studies were included if they met the following
criteria: language of publication–English; design–
prospective diagnostic accuracy study (not case-control
design); population and settings–adults ($16 years
old) in EDs or ICUs; index test–LUS with the descrip-
tion of the sonographic sign(s) of positivity; reference
standard–diagnostic strategies including a radiological
imaging of the chest; target diseases–pneumonia (non-
ventilator-associated), acute heart failure, and exacerba-
tion of COPD or asthma. Our primary outcome was the
number of true and false positives, and true and false
negatives. We excluded studies in which the unit of anal-
ysis was not the patient, for example, those considering
separately the two sides of the thorax or pulmonary
areas.

As clinical judgment is essential when the diagnosis
represents a clinical event and not only a morphological
event, the final diagnosis by experts was considered as
an appropriate reference standard. For pneumonia, we
considered diagnostic strategies including CXR or CCT
as an appropriate reference standard, but not CXR alone.
Data Extraction

Using a standardized form, the following data were ex-
tracted from the full text of the included articles:

� Study information: Year of publication, geographical
location, and characteristics of the hospital settings

� Characteristics of the participants: Inclusion
criteria, prevalence of the diseases, age, and sex

� Ultrasound examination: Sonographic signs of pos-
itivity, chest areas scanned, transducer formats, and
frequencies and expertise of performers
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� Reference standard: Diagnostic criteria for all refer-
ence methods

� Results: Numbers of true and false positive and true
and false negative results

Methodological Quality Assessment

The included studies were assessed for their risk of bias
and applicability concerns using version 2 of the Quality
Assessment of Diagnostic Accuracy Studies (QUADAS-
2) tool (12).

Data Synthesis

Meta-analytical summaries were performed using
random-effects hierarchical models (13). The overall
diagnostic accuracy of the LUS (independently from
the sonographic signs) was assessed using the Rutter–
Gatsonis hierarchical summary receiver operating char-
acteristic method (14). This method estimated the area
under the curve (AUC) and 95% confidence interval
(CI) of the overall sensitivity and specificity. The individ-
ual diagnostic accuracies of the different sonographic
signs were assessed using the Reitsma bivariate model
(15). This model estimates the summary values of sensi-
tivity and specificity. In addition, we derived the sum-
mary values of positive likelihood ratio and negative
likelihood ratio. Studies with zero cells received a 0.5
correction for all cells to avoid fitting errors.

Forest plots and summary receiver operating charac-
teristics curves (Moses-Littenberg method) were visually
explored for potential sources of heterogeneity (13).
Characteristics of the patients and settings, reference
standards, LUS operator, and the individual questions
of QUADAS-2 were assessed. Interaction between a sus-
pected variable and diagnostic accuracy (sensitivity and
specificity) was tested by using a bivariate meta-
regression (13). All statistical analyses were performed
using the MADA package for R version 3.2.2 (R Founda-
tion for Statistical Computing). A level of significance (a)
of 0.05 was used for the statistical tests.

RESULTS

Characteristics of the Included Studies

From the 11,017 titles and abstracts screened, 25 studies
involving 4241 patients were included. Fourteen studies as-
sessed pneumonia (n = 1867 patients), 14 assessed acute heart
failure (n = 2778 patients), and four studies assessed exacer-
bation of COPD or asthma (n = 527 patients) (16–40).
Figure 1 shows the study selection process.

All included studies were published between 2008 and
2016. Most of them were European, and only three were
multi-center (21,26,38). The main characteristics of the
included studies appear in Table 1 (16–37).

Patients and prevalence.The prevalence of the target dis-
eases varied across the studies, even in patients with the
same inclusion criteria. Pneumonia had prevalence
ranging from 30% to 85% in patients with respiratory
symptoms indicative of this disease, from 21% to 39%
in patients with acute dyspnea, and from 32% to 49%
in patients with respiratory failure (16–29). Prevalence
of acute heart failure varied from 35% to 88% in
patients with acute dyspnea and from 24% to 40% in
patients with respiratory failure (19–21,30–40).
Exacerbation of COPD/asthma had prevalence ranging
from 11% to 32% in patients with respiratory failure,
and was 11% in the study that assessed patients with
acute dyspnea (18–21).

Reference standard. Although CCT is considered the
gold standard for diagnosing lung pneumonic infiltrates,
only three studies used this method as the reference stan-
dard, and two other studies reported secondary results of
the subgroup of patients who underwent CCT due to
clinical indication (16,17,22,23,25). Thus, the most
common reference standard was the final diagnosis
(Table 1). In general, this method was applied by two in-
dependent experts at the end of hospitalization through
the review of all clinical data, laboratory results, CXR,
and CCT (when available), but excluding the LUS im-
ages. As there is no unquestionable gold standard
method for diagnosing acute heart failure and exacerba-
tion of COPD or asthma, all selected studies used the
final diagnosis as the reference standard for these target
diseases (Table 1).

Sonographic signs and LUS examination.Characteristics
of LUS examination varied across the studies (Table 2)
(16–40). In general, studies in patients suspected to have
pneumonia performed a comprehensive LUS
examination. Anterior, lateral, and posterior regions were
scanned. We used the term consolidation to refer to lobar
or sub-lobar sonographic consolidations, usually with air
bronchograms, assessed in these patients. The unilateral
or focal presence of scans with three or more B-lines,
named focal interstitial syndrome was also assessed in
these patients, alone or in parallel with the consolidation.

Four studies in patients with dyspnea or respiratory fail-
ure assessed pneumonia and exacerbation of COPD or
asthma (18–21). From these, three studies also assessed
acute heart failure (19–21). They used a sequential
protocol for LUS examination, mainly according to the
bedside lung ultrasound examination (BLUE) protocol
(41). Excluding the deep vein ultrasound, not assessed in
this review, this protocol involves primary scans of the



Figure 1. Flow diagram of study selection process. *Some studies assessed more than one target disease. LILACS = Literatura
Latino Americana e do Caribe em Ciências da Saúde; ED = emergency department; ICU = intensive care unit; COPD = chronic
obstructive pulmonary disease.

56 L. J. Staub et al.
anterior thoracic regions. When no diagnostic profile is
found in anterior regions, the examination progresses to
search consolidations or pleural effusions in the posterior-
lateral thoracic regions (posterior-lateral alveolar pleural
syndrome [PLAPS]). According to the BLUE protocol,
four sonographic patterns can be assessed to diagnose
pneumonia: 1) C-profile: presence of alveolar consolida-
tion, usually small and hypoechoic, in the anterior thoracic
regions; 2) Focal interstitial syndrome: unilateral or focal
presence of scans with three or more B-lines, also referred
to as A/B-profile; 3) B0-profile: predominance of B lines
associated with absence of lung sliding in anterior thoracic
regions; and 4) A-profile with PLAPS: a normal examina-
tion of the anterior thoracic regions (lung sliding present
and predominance of A-lines: A-profile) and the presence
of consolidations or pleural effusions in the posterior lateral



Table 1. Characteristics of the Studies Included in the Systematic Review

Study
Geographical

Location Setting
Main Inclusion

Criteria of Patients Age (Years)* n
Disease Assessed
and Prevalence Reference Standard

Bourcier et al., 2014
(16)

France ED Symptoms or signs
of pneumonia†

77 (15) 144 Pneumonia, 85% Final diagnosis‡

Cortellaro et al.,
2012 (17)

Italy ED Symptoms or signs
of pneumonia†

69 (618) 120 Pneumonia, 67% Final diagnosis‡

Liu et al., 2015 (22) China ED Symptoms or signs
of pneumonia†

71 (36–88) 179 Pneumonia, 62% Chest tomography

Nafae et al., 2013
(23)

Egypt ICU Symptoms or signs
of pneumonia†

Not reported 100 Pneumonia, 80% Chest tomography

Nazemi et al., 2014
(24)

Iran ED Symptoms or signs
of pneumonia†

61 (617) 146 Pneumonia, 50% Final diagnosis‡

Nazerian et al., 2015
(25)

Italy ED Symptoms or signs
of pneumonia†

71 (614) 285 Pneumonia, 30% Chest tomography

Pagano et al., 2015
(26)

Italy§ ED Symptoms or signs
of pneumonia†

58 (621) 105 Pneumonia, 65% Final diagnosis‡

Parlamento et al.,
2009 (27)

Italy ED Symptoms or signs
of pneumonia†

61 (622) 49 Pneumonia, 65% Chest tomography
or chest
radiography

Ticinesi et al., 2016
(28)

Italy ED Symptoms or signs
of pneumonia† in
elderly with two or
more chronic
diseases

83 (69) 169 Pneumonia, 57% Final diagnosis‡

Unluer et al., 2013
(29)

Turkey ED Acute dyspnea 68 (611) 72 Pneumonia, 39% Chest tomography
or chest
radiography

Daabis et al., 2014
(18)

Egypt ICU Acute respiratory
failure

49 (616) 100 Pneumonia, 49%
Exacerbation of
COPD/asthma,
21%

Final diagnosis‡

Dexheimer et al.,
2015 (19)

Brazil ICU Acute respiratory
failure

73 (615) 37 Pneumonia, 46%
Exacerbation of
COPD/asthma,
11%
Acute heart failure,
40%

Final diagnosis‡

Gallard et al., 2015
(20)

France ED Acute dyspnea 80 130 Pneumonia: 21%
Exacerbation of
COPD/asthma,
11%
Acute heart failure,
62%

Final diagnosis‡

Lichtenstein et al.,
2008 (21)

France§ ICU Acute respiratory
failure

68 (616) 260 Pneumonia, 32%
Exacerbation of
COPD/asthma,
32%
Acute heart failure,
24%

Final diagnosis‡

Aggarwal et al.,
2016 (30)

India ED Acute dyspnea or
cardiopathy

64 42 Acute heart failure,
88%

Final diagnosis‡

Anderson et al.,
2013 (31)

United States ED Acute dyspnea 62 (53–91) 101 Acute heart failure,
44%

Final diagnosis‡

Chiem et al., 2015
(32)

United States ED Acute dyspnea 55 (612) 380 Acute heart failure,
35%

Final diagnosis‡

Cibinel et al., 2012
(33)

Italy ED Acute dyspnea 82 (29–94) 56 Acute heart failure,
48%

Final diagnosis‡

Glöckner et al., 2016
(34)

Germany ED Acute dyspnea 72 (60–80) 25 Acute heart failure,
60%

Final diagnosis‡

Kajimoto et al., 2012
(35)

Japan ED Acute dyspnea 78 (610) 90 Acute heart failure,
59%

Final diagnosis‡

Liteplo et al., 2009
(36)

United States ED Acute dyspnea 74 (614) 94 Acute heart failure,
42%

Final diagnosis‡

Mumoli et al., 2016
(37)

Italy ED Acute dyspnea 78 (613) 226 Acute heart failure,
47%

Final diagnosis‡

(Continued )
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Table 1. Continued

Study
Geographical

Location Setting
Main Inclusion

Criteria of Patients Age (Years)* n
Disease Assessed
and Prevalence Reference Standard

Pivetta et al., 2015
(38)

Italy§ ED Acute dyspnea 77 1005 Acute heart failure,
46%

Final diagnosis‡

Sartini et al., 2016
(39)

Italy ED Acute dyspnea 80 (612) 236 Acute heart failure,
48%

Final diagnosis‡

Unluer et al., 2014
(40)

Turkey ED Acute dyspnea 70 90 Acute heart failure,
49%

Final diagnosis‡

ED = emergency department; ICU = intensive care unit; COPD = chronic obstructive pulmonary disease.
* Dispersion measures as reported by the studies.
† Symptoms or signs of pneumonia included: fever, cough, sputum production, pleuritic pain, dyspnea, and rales.
‡ The final diagnosis was made by experts through the review of all clinical, laboratory, and radiological data of the patient at the end of
hospitalization.
§ Studies in two or more centers.

58 L. J. Staub et al.
regions (PLAPS). The sonographic pattern assessed for ex-
acerbations of COPD or asthma was the A-profile without
PLAPS. This pattern consisted of a normal LUS examina-
tion of the anterior thoracic regions (predominance of A-
lines with the presence of lung sliding: A-profile) and the
absence of alveolar consolidations or pleural effusions in
the posterior-lateral areas (without PLAPS). For acute heart
failure, the B-profile was the only sonographic pattern as-
sessed in the sequential LUSexamination. This pattern con-
sists of predominance of B-lines with the presence of lung
sliding in anterior thoracic regions (Table 2).

In studies assessing only acute heart failure, patients
with acute dyspnea were included. In general, anterior
and lateral thoracic regions were scanned. Most of the
studies scanned eight thoracic areas: anterior and lateral
regions were separated by the anterior axillary lines and
divided into upper and lower areas. The sonographic
pattern primarily assessed was the diffuse interstitial syn-
drome, defined by the bilateral presence of two or more
thoracic areas, which had positive scans for three or
more B-lines. One study assessed amodified diffuse inter-
stitial syndrome through a different lung ultrasound pro-
tocol (38). Three points in each hemithorax were scanned
(second intercostal spaces at hemi-clavicular lines, forth
intercostal spaces at anterior axillar lines, and fifth inter-
costal space at mid-axillar lines), and the result was
deemed positive when two or more bilateral scans had
three or more B-lines (Table 2). In addition, one study
on patients with acute dyspnea assessed primarily the
B-profile and two studies secondarily reported this
pattern (32,36,40).

The reported experience and training of the LUS oper-
ators also varied widely among the studies. Studies assess-
ing pneumonia included emergency medicine residents,
trained emergency physicians, LUS expert emergency
physicians, LUS expert intensivists, and radiologists. In
addition to these operators, trained nurses, trained emer-
gency ultrasound fellows, and cardiologists performed
the LUS in studies assessing acute heart failure. Studies as-
sessing exacerbation of COPD or asthma included trained
emergency physicians, ultrasound expert intensivists, and
trained physicians as LUS operators (Table 2).

Risk of Bias and Applicability Concerns

In general, the studies had low concerns about applica-
bility in the three domains assessed. However, all studies
had a high or unclear risk of bias in at least one domain of
QUADAS-2 (Figure 2). The most compromised domain
was patient selection. Convenience sampling and inap-
propriate exclusion of patients were the main causes of
the high risk of selection bias. Flow and timing was the
second most frequently compromised domain. Nonappli-
cation of the same reference standard for all patients and
noninclusion of all patients in the analysis were the main
causes of the high risk of flow and timing bias. The main
reason for the high risk of index test bias was not speci-
fying the sonographic sign or pattern of positivity
(threshold) in advance. The reference standard had a
high risk of bias in two studies that were not blinded to
the LUS (16,27).

Meta-analysis

Pneumonia.As shown in Figure 3, the overall diagnostic
accuracy of LUS for pneumonia had an AUC of 0.948.
The 95% CI of the overall effects estimates a sensitivity
of approximately 0.85–0.95 and specificity of 0.75–0.90.
Overall accuracy was similar (AUC of 0.942) when only
studies that reported the results using CCTas the reference
standard were considered (16,17,22,23,25). The summary
of diagnostic accuracy of the main sonographic patterns of
positivity for pneumonia appears in Table 3 (16–29). The
accuracy of all reported sonographic patterns and the
results of the individual studies on pneumonia can be
seen in Supplementary Table 2 and in Supplementary
Figure 1 (available online).



Table 2. Characteristics of Lung Ultrasound Examination in the Included Studies

Study
Ultrasound
Transducer Patient Position

Chest Areas
Examined

Sonographic Sign of
Positivity

Ultrasound
Executor

Bourcier et al., 2014
(16)

Convex: 3–5 MHz Supine and sitting Eight areas (not
specified)

PNM: Consolidation
with air
bronchograms or
focal interstitial
syndrome*

Trained emergency
physicians

Cortellaro et al.,
2012 (17)

Convex: 3.5 MHz Supine and sitting or
supine and lateral

Two areas (upper
and lower) in each
anterior and
lateral region plus
the posterior
regions

PNM: Consolidation
or focal interstitial
syndrome*

LUS expert
physician

Liu et al., 2015 (22) Convex: 3.5–
5.0 MHz

Not reported All intercostal
spaces from apex
to diaphragm in
hemi-clavicular,
anterior axillar
line, mid axillar
line and para-
vertebral line.

PNM: Consolidation
with air
bronchograms,
focal interstitial
syndrome*; C-
profile† and
pleural line
abnormalities

Trained emergency
physicians

Nafae et al., 2013
(23)

Convex: 3.5 MHz Not reported Two areas (upper
and lower) in each
anterior and
lateral region plus
the posterior
regions

PNM: Consolidation
with or without air
bronchograms
and focal
interstitial
syndrome*

Not reported

Nazemi et al., 2014
(24)

5 MHz Not reported Not reported PNM: Consolidation
with air
bronchograms

Radiologists

Nazerian et al., 2015
(25)

Linear: 4–8 MHz, or
Convex: 3.5–
5 MHz

Supine, semi-
recumbent or
sitting

Two areas (upper
and lower) in each
antero-lateral and
posterior region

PNM: Consolidation
with or without air
bronchograms

Experienced
emergency or IM
physicians and
trained EM or IM
residents

Pagano et al., 2015
(26)

Convex: 2–5 MHz Supine or sitting Two areas (upper
and lower) in each
anterior and
lateral region plus
the posterior
regions if can sit

PNM: Consolidation
with air
bronchograms or
focal interstitial
syndrome*

LUS experienced
physician

Parlamento et al.,
2009 (27)

Convex: 3.5–5 MHz Supine, sitting and
lateral

Two areas (upper
and lower) in each
anterior and
lateral region plus
the posterior
regions

PNM:
Consolidations
with air
bronchograms

LUS expert
emergency
physician

Ticinesi et al., 2016
(28)

Convex: 2–5 MHz Supine and sitting Two areas (upper
and lower) in each
antero-lateral and
posterior region

PNM:
Consolidations
with dynamic air
bronchograms

Experienced
emergency
physician

Unluer et al., 2013
(29)

Micro-convex:
3.6 MHz

Not reported Two areas (upper
and lower) in each
anterior region
plus lateral and
posterior region

PNM: Consolidation
or focal interstitial
syndrome*

Trained emergency
physicians

Daabis et al., 2014
(18)

2.5 or 5.0 MHz Supine or semi-
recumbent

Sequential: Two
areas (upper and
lower) in each
anterior, lateral
and posterior
region

PNM: C-profile†, or
focal interstitial
syndrome* or A-
profile with
PLAPS‡

COPD/Asthma: A-
profile without
PLAPS§

Not reported

(Continued )
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Table 2. Continued

Study
Ultrasound
Transducer Patient Position

Chest Areas
Examined

Sonographic Sign of
Positivity

Ultrasound
Executor

Dexheimer et al.,
2015 (19)

Convex: 3–5 MHz Semi-recumbent Sequential: Two
areas (upper and
lower) in each
anterior, lateral
and posterior
region

PNM: C profile†, or
focal interstitial
syndrome*, or A-
profile with
PLAPS‡

COPD/Asthma: A-
profile without
PLAPS§
AHF: B-profilek

Trained physicians

Gallard et al., 2015
(20)

Convex: 3–5 MHz Not reported Sequential: Anterior,
lateral and
posterior regions

PNM: C-profile†, or
focal interstitial
syndrome*, or A-
profile with
unilateral
PLAPS‡

COPD/Asthma: A-
profile without
PLAPS§
AHF: B-profilek

Trained emergency
physicians

Lichtenstein et al.,
2008 (21)

Micro-convex:
5 MHz

Supine or semi-
recumbent

Sequential: Anterior
regions, and
posterior-lateral
regions if
necessary

PNM: C-profile†,
focal interstitial
syndrome*, B0-
profile{, A-profile
with PLAPS‡ and
any of these signs

COPD/Asthma: A-
profile without
PLAPS§
AHF: B-profile†

LUS expert
intensivist

Aggarwal et al.,
2016 (30)

Not reported Not reported Second and fifth
intercostal
spaces in para-
sternal, hemi-
clavicular,
anterior axillar
and mid axillar
lines

AHF: More than five
B-lines in total

Not reported

Anderson et al.,
2013 (31)

Convex: 3–5 MHz Not reported Two areas (upper
and lower) in each
anterior and
lateral region

AHF: Diffuse
interstitial
syndrome# and
more than ten B-
lines in total

Trained EUS fellows
and fellowship

Chiem et al., 2015
(32)

Convex: 2–5 MHz Not reported Two areas (upper
and lower) in each
anterior and
lateral region

AHF: Diffuse
interstitial
syndrome#

Trained emergency
residents

Cibinel et al., 2012
(33)

Convex: 3.5 MHz Supine or semi-
recumbent

Two areas (upper
and lower) in each
anterior and
lateral region

AHF: Diffuse
interstitial
syndrome# and
pleural effusion

Emergency
physicians

Glöckner et al., 2016
(34)

Phased array: 2–
5 MHz

Not reported Two areas (upper
and lower) in each
anterior and
lateral region

AHF: Diffuse
interstitial
syndrome#

Experienced
sonographers

Kajimoto et al., 2012
(35)

Phased array: 1.7–
3.5 MHz

Supine or sitting Two areas (upper
and lower) in each
anterior and
lateral region

AHF: Diffuse
interstitial
syndrome#

Cardiologists

Liteplo et al., 2009
(36)

Convex: 2–5 MHz Not reported Two areas (upper
and lower) in each
anterior and
lateral region

AHF: Diffuse
interstitial
syndrome#

Trained emergency
physicians or
medicine
academics

(Continued )
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Table 2. Continued

Study
Ultrasound
Transducer Patient Position

Chest Areas
Examined

Sonographic Sign of
Positivity

Ultrasound
Executor

Mumoli et al., 2016
(37)

Convex: 2.2–
5.5 MHz

Not reported Two areas (upper
and lower) in each
anterior and
lateral region

AHF: Diffuse
interstitial
syndrome#

Trained nurses

Pivetta et al., 2015
(38)

Convex: 3–5 MHz Not reported Second intercostal
spaces at hemi-
clavicular lines,
forth intercostal
spaces at anterior
axillar lines and
fifth intercostal
space at mid
axillar lines

AHF: Modified
diffuse interstitial
syndrome**

Experienced
emergency
physicians

Sartini et al., 2016
(39)

Convex: 3–5 MHz Not reported Second and fifth
intercostal
spaces at the
hemi-clavicular,
anterior axillar
and mid axillar
lines

AHF: Diffuse
interstitial
syndrome#

Experienced
emergency
physicians

Unluer et al., 2014
(40)

Micro-convex:
3.5 MHz

Not reported Two areas (upper
and lower) in each
anterior and
lateral region

AHF: B-profilek Trained nurses

PNM = pneumonia; COPD/asthma = exacerbation of chronic obstructive pulmonary disease or asthma; AHF = acute heart failure;
PLAPS = posterior-lateral alveolar-pleural syndrome; EM = emergency medicine; LUS = lung ultrasound; IM = internal medicine;
EUS = emergency ultrasound.
* Unilateral or focal presence of one or more scans with at least three B lines.
† Any alveolar consolidation in anterior thoracic areas. Most frequently small hypoechoic peripheral consolidations, without air broncho-
grams.
‡ Predominance of A-lines and presence of lung sliding in anterior thoracic areas and consolidation or pleural effusion in posterior-lateral
areas.
§ Predominance of A-lines and presence of lung sliding in anterior thoracic areas without consolidation or pleural effusion in posterior-
lateral areas.
k Predominance of B-lines in anterior thoracic regions and lung sliding present.
{ Predominance of B-lines in anterior chest regions and lung sliding absent.
# Presence of scans with three or more B lines, in at least two chest areas bilaterally.
** Presence of three or more B-lines in at least two chest points bilaterally.
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Six studies assessed the accuracy of consolidation
in patients clinically suspected to have pneumonia
(22–25,27,28). Summary sensitivity was 0.82 (95%
CI 0.74–0.88) and specificity was 0.94 (95% CI
0.85–0.98). When only the three studies using the
CCT as the reference standard were considered, the
results were very similar, with sensitivity of 0.78
(95% CI 0.70–0.84) and specificity of 0.95 (95% CI
0.68–0.99) (22,23,25).

Five studies assessed the parallel presence of consolida-
tion or focal interstitial syndrome in patients clinically sus-
pected of having pneumonia or with acute dyspnea
(16,17,23,26,29). Summary sensitivity was 0.96 (95% CI
0.90–0.98) and specificity was 0.74 (95% CI 0.55–0.87).
Again, when only studies that reported results using
CCT as the reference standard were considered, the
results were similar, with sensitivity of 0.93 (95% CI
0.80–0.98) and specificity of 0.74 (95% CI 0.46–0.91)
(16,17,23).
Three studies reported on the accuracy of the C-profile
in patients with respiratory failure or suspected of having
pneumonia, with summary sensitivity of 0.24 (95% CI
0.18–0.32) and specificity of 0.97 (95% CI 0.89–0.99)
(18,21,22). Four studies assessed the presence of any
pattern of the BLUE protocol in patients with dyspnea
or respiratory failure, with summary sensitivity of 0.87
(95% CI 0.76–0.93) and specificity of 0.85 (95% CI
0.74–0.91) (18,21).

As can be noted inSupplementaryTable 2 and in the for-
est plot in Supplementary Figure 1, the results of sensitivity
and specificity were highly heterogeneous among the
included studies on pneumonia, even for the same sono-
graphic pattern of positivity. Two variables were suspected
as sources of heterogeneity and were included in the bivar-
iatemeta-regression for pneumonia. The presence of a high
or unclear risk of selection biaswas correlatedwith aworse
specificity (p = 0.009), and inappropriate exclusion of pa-
tients was not associated with heterogeneity (p = 0.48).



Figure 2. QUADAS-2 (Quality Assessment of Diagnostic Accuracy Studies, version 2) risk of bias and applicability concerns sum-
mary: review authors’ judgments about each domain for each included study. (A) Studies assessing pneumonia (16–29); (B)
Studies assessing acute heart failure (19–21,30–40); (C) Studies assessing exacerbations of COPD or asthma (18–21).
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See Supplementary Tables 3 and 4 (available online) for
further details.

Acute heart failure.Overall diagnostic accuracy of LUS
for acute heart failure had an AUC of 0.914 (Figure 3).
The 95% CI of the overall effects estimates a sensitivity
of approximately 0.75–0.90 and specificity of 0.80–
0.90. Diagnostic accuracy of main sonographic patterns
appears in Table 4. For diagnostic accuracy of all sono-
graphic patterns reported and results of individual
studies, see Supplementary Table 5 and Supplementary
Figure 2 (available online).



Figure 3. Hierarchical summary receiver operating charac-
teristic (HSROC) curves for overall diagnostic accuracy of
lung ultrasound for pneumonia, acute heart failure, and for
exacerbations of chronic obstructive pulmonary disease
(COPD)/asthma. AUC = area under the curve.
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Eight studies reported the accuracy of the diffuse inter-
stitial syndrome for acute heart failure in patients with
acute dyspnea (31–37,39). Sensitivity was 0.73 (95%
CI 0.48–0.89) and specificity was 0.84 (95% CI 0.76–
0.90). In addition, one large study (n = 1005 patients)
assessed the modified diffuse interstitial syndrome, with
sensitivity of 0.90 (95% CI 0.87–0.93) and specificity
of 0.93 (95% CI 0.91–0.95) (38).

Six studies assessed the B-profile in patients with acute
dyspnea or respiratory failure (19–21,32,36,40). Sensi-
tivity was 0.82 (95% CI 0.55–0.94) and specificity was
0.90 (95% CI 0.87–0.92). When only the two studies of
patients with respiratory failure were analyzed, the B-
profile had sensitivity of 0.93 (95% CI 0.72–0.98) and
specificity of 0.92 (95% CI 0.79–0.97) (19,21).

As shown in Supplementary Table 5 and in the forest
plot in Supplementary Figure 2, the selected studies had
heterogenous results of sensitivity and specificity. Two
variables were suspected as the sources of heterogeneity
and were included in the bivariate meta-regression. The
lack of reporting or not specifying the sonographic
pattern of positivity in advance was correlated with a
higher sensitivity (p = 0.01), and the inclusion of a
consecutive sample of patients was correlated with a
higher sensitivity (p = 0.008) in the analysis of diffuse
interstitial syndrome. See Supplementary Tables 6 and
7 (available online) for more details.

Exacerbation of COPD/asthma. The A-profile without
PLAPS was the only sonographic pattern assessed for
exacerbation of COPD or asthma, and had sensitivity
of 0.78 (95% CI 0.67–0.86) and specificity of 0.94
(95% CI 0.89–0.97) in patients with acute dyspnea or
respiratory failure (Table 5). The AUC was 0.906
(Figure 3).

As shown in Table 5 and in the forest plot of
Supplementary Figure 3, there was heterogeneity in the
results of diagnostic accuracy of LUS for exacerbations
of COPD or asthma, mainly for sensitivity. However, no
variable was suspected as the source of heterogeneity in
visual assessment, and we did not perform a meta-
regression for this disease.

DISCUSSION

This study systematically reviewed the available litera-
ture for prospective studies on the accuracy of the LUS
for the emergency diagnosis of pneumonia, acute heart
failure, and exacerbations of COPD/asthma. Twenty-
five studies were included, most of which had assessed
pneumonia and acute heart failure. The studies were het-
erogeneous in their characteristics and results, and the
overall methodological quality was low, demanding
cautious interpretation of the findings. The meta-



Table 3. Diagnostic Accuracy of the Sonographic Patterns for Pneumonia

Sonographic Sign Included Patients Reference Standard
Number of Studies

(References)
Confirmed and Total

Patients
Sensitivity
(95% CI)

Specificity
(95% CI)

Positive LR
(95% CI)

Negative LR
(95% CI)

Consolidation Clinically suspected
for pneumonia

Final diagnosis,
chest
tomography, or
chest
tomography/
radiography

6 (22–25,27,28) 473/933 0.82 (0.74–0.88) 0.94 (0.85–0.98) 15.8 (5–51.7) 0.18 (0.11–0.30)

Consolidation Clinically suspected
for pneumonia

Chest tomography 3 (22,23,25) 279/564 0.78 (0.70–0.84) 0.95 (0.68–0.99) 15.9 (2.2–141) 0.22 (0.15–0.43)

Consolidation or
focal interstitial
syndrome*

Clinically suspect
for pneumonia or
with acute
dyspnea

Final diagnosis,
chest
tomography, or
chest
tomography/
radiography

5 (16,17,23,26,29) 380/541 0.96 (0.90–0.98) 0.74 (0.55–0.87) 3.76 (2.0–7.8) 0.05 (0.01–0.18)

Consolidation or
focal interstitial
syndrome*

Clinically suspect
for pneumonia or
with acute
dyspnea

Chest tomography 3 (16,17,23) 129/159 0.93 (0.80–0.98) 0.74 (0.46–0.91) 3.7 (1.5–11) 0.08 (0.02–0.41)

Focal interstitial
syndrome*

Clinically suspected
for pneumonia or
with respiratory
failure

Final diagnosis or
chest
tomography

4 (18,21–23) 324/639 0.12 (0.03–0.32) 0.97 (0.85–0.99) 4.0 (0.20–32) 0.90 (0.68–1.14)

C-profile† Clinically suspected
for pneumonia or
with respiratory
failure

Final diagnosis or
chest
tomography

3 (18,21,22) 244/539 0.24 (0.18–0.32) 0.97 (0.89–0.99) 10.65 (1.7–64) 0.77 (0.68–0.91)

A-profile with
PLAPS‡

Respiratory failure
or acute dyspnea

Final diagnosis 2 (18,21) 132/360 0.50 (0.30–0.70) 0.86 (0.67–0.95) 3.72 (0.9–14.2) 0.57 (0.30–1.02)

Any profile of the
BLUE protocol§

Respiratory failure
or acute dyspnea

Final diagnosis 4 (18–21) 176/527 0.87 (0.76–0.93) 0.85 (0.74–0.91) 5.93 (3–11.5) 0.14 (0.07–0.31)

CI = confidence interval; LR = likelihood ratio; PLAPS = posterior-lateral alveolar pleural syndrome posterior-lateral alveolar pleural syndrome; BLUE = bedside lung ultrasound exam-
ination.
* Unilateral or focal presence of one or more scans with at least three B-lines.
† Any alveolar consolidation in anterior chest areas. Most frequently small hypoechoic peripheral consolidations, without air bronchograms.
‡ Absence of B-lines and presence of lung sliding in anterior thoracic areas associated with consolidation or pleural effusion in posterior-lateral thoracic areas.
§ BLUE protocol consists of a sequential examination of the anterior thoracic regions and, if necessary, in posterior-lateral ones. Sonographic patterns of pneumonia in the anterior
thoracic regions are: C-profile, unilateral (focal) interstitial syndrome, and B0-profile; and including the posterior-lateral areas is the A-profile plus PLAPS.
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Table 4. Diagnostic Accuracy of Sonographic Patterns for Acute Heart Failure

Sonographic
Sign

Included
Patients

Number of
Studies

(References)
Confirmed and
Total Patients

Sensitivity
(95% CI)

Specificity
(95% CI)

Positive LR
(95% CI)

Negative LR
(95% CI)

Diffuse
interstitial
syndrome*

Acute
dyspnea

8 (31–37,39) 534/1208 0.73 (0.48–0.89) 0.84 (0.76–0.90) 4.8 (2.0–9.3) 0.31 (0.12–0.67)

Modified
diffuse
interstitial
syndrome†

Acute
dyspnea

1 (38) 463/1005 0.90 (0.87–0.93) 0.93 (0.91–0.95) 14 (10.1–19.3) 0.1 (0.08–0.13)

B-profile‡ Acute
dyspnea
or
respiratory
failure

6 (19–21,32,36,40) 381/997 0.82 (0.55–0.94) 0.90 (0.87–0.92) 8.40 (4.4–12.4) 0.19 (0.05–0.51)

B-profile‡ Respiratory
failure

2 (19,21) 79/297 0.93 (0.72–0.98) 0.92 (0.79–0.97) 12.30 (3.3–41.1) 0.07 (0.01–0.35)

Symmetric
B-pattern
in lateral
thoracic
regions

Acute
dyspnea

2 (32,36) 174/474 0.50 (0.43–0.57) 0.90 (0.84–0.94) 5.31 (2.7–10.5) 0.54 (0.44–0.67)

CI = confidence interval; LR = likelihood ratio.
* Bilateral presence of scanswith three ormoreB lines, in at least two chest areas, considering two anterior and two lateral areas in each side.
† Bilateral presence of three or more B lines in two or more chest points, considering three points by hemithorax: at the second, fourth and
fifth intercostal spaces, respectively in the hemi-clavicular, anterior axillar and middle axillar lines.
‡ Predominance of B-lines in anterior thoracic regions associated with lung sliding.
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analysis suggests that LUS is highly accurate. However,
the results of the diagnostic accuracy for pneumonia
and acute heart failure had important differences, depend-
ing on the sonographic sign considered.

Our results of the overall diagnostic accuracy of LUS
are consistent with recent systematic reviews. Llamas-
Álvares et al. included 16 studies in their meta-
analysis and reported overall sensitivity of 0.80–0.90,
specificity of 0.70–0.90, and an AUC of 0.93 when
LUS was used to diagnose pneumonia (8). However,
these authors included studies on ventilator-associated
pneumonia and with patients at settings other than the
ED or ICU. Martindale et al. assessed the accuracy of
Table 5. Diagnostic Accuracy of Lung Ultrasonography* for Exace

Source Included Patients
Confirmed and
Total Analyzed

Sensi
(95%

Daabis et al., 2014
(18)

Respiratory failure 21/100 0.76 (0.5

Dexheimer et al.,
2015 (19)

Respiratory failure 4/37 0.70 (0.2

Gallard et al., 2015
(20)

Acute dyspnea 14/130 0.71 (0.4

Lichtenstein et al.,
2008 (21)

Respiratory failure 83/260 0.85 (0.7

Summary Respiratory failure
or acute dyspnea

122/527 0.78 (0.6

COPD = chronic obstructive pulmonary disease; LR = likelihood ratio;
* The A-profile without PLAPSwas the only sonographic pattern assess
sliding in anterior chest areas and absence of consolidation and pleura
† All studies used the final diagnosis as the reference standard.
LUS for diagnosing acute heart failure and reported an
overall sensitivity of 0.82–0.87 and specificity of 0.91–
0.94 (10). These authors included eight studies in their
meta-analysis. However, diffuse interstitial syndrome
was the only sonographic pattern assessed. Our database
searches found no previous systematic reviews that had
assessed the diagnostic accuracy of LUS for exacerba-
tions of COPD/asthma for comparison.

Previous meta-analyses have not reported results of
diagnostic accuracy for the different sonographic signs
of either pneumonia or acute heart failure (8–10,42).
Although the overall diagnostic accuracy of LUS for
pneumonia and acute heart failure is excellent, distinct
rbation of COPD/Asthma†

tivity
CI)

Specificity
(95% CI)

Positive LR
(95% CI)

Negative LR
(95% CI)

4–0.89) 0.89 (0.81–0.94) 7.52 (3.74–15.14) 0.26 (0.12–0.57)

9–0.92) 0.98 (0.87–0.99) 47.6 (2.86–791.1) 0.30 (0.07–1.16)

5–0.88) 0.98 (0.93–0.99) 41.43 (10.1–170.2) 0.29 (0.12–0.66)

6–0.91) 0.92 (0.87–0.95) 11.65 (6.85–19.8) 0.15 (0.09–0.26)

7–0.86) 0.94 (0.89–0.97) 14.57 (5.70–40.25) 0.22 (0.13–0.36)

CI = confidence interval.
ed. It consists in the predominance of A lines and presence of lung
l effusion in posterior lateral areas.
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values of both sensitivity and specificity were found for
the different sonographic signs as well as the different
subgroups of patients. These findings highlight the
importance of interpreting the LUS considering the
diagnostic accuracy of the individual sonographic signs
in conjunction with the clinical characteristics of the
patients.

Sonographic consolidation was highly specific but
moderately sensitive for pneumonia in patients suspected
to have this disease. Additional search for focal interstitial
syndrome increased the sensitivity but decreased the spec-
ificity. Thismay happen because, evenwhile not detecting
deep consolidations, LUS can detect the interstitial edema
surrounding these lesions (43). Thus, consolidation seems
useful mainly to confirm pneumonia, but is not suffi-
ciently sensitive to rule it out. Parallel absence of consol-
idation and focal interstitial syndrome can better rule out
this disease. Despite the very low sensitivity of C-profile,
when this sign was present it seemed sufficiently specific
to restrict the LUS examination to the anterior chest re-
gions in critically ill patients with respiratory failure. In
addition, the sequence of the BLUE protocol for LUS
examination seems to improve the specificity of consoli-
dations or pleural effusion in posterior or lateral regions
(PLAPS), that are very common in critically ill patients
(41). Although different reference standards were used
in the studies on pneumonia, the diagnostic accuracy re-
sults were quite similar in the subgroup analyses of the
studies that used computed tomography as the reference
diagnosis. These findings give greater consistency to the
other results that included studies with other reference
standards.

Regarding acute heart failure, diffuse interstitial syn-
drome was only a moderately accurate indicator of this
disease in patients with acute dyspnea. The presence of
other diseases that follow this course, such as interstitial
pneumonia, acute respiratory distress syndrome, and
lung fibrosis, can compromise its accuracy for acute heart
failure. The modified diffuse interstitial syndrome can be
assessed more quickly and was the most accurate sono-
graphic pattern for acute heart failure in stable patients
with acute dyspnea. This finding was restricted to the
study of Pivetta et al., but it was a large (n = 1005 pa-
tients), multiple-center study with experienced sonogra-
phers, with very consistent results (38). The B-profile
had good diagnostic accuracy and seemed especially ac-
curate in the subgroups of patients with respiratory fail-
ure. Although this finding is limited by the low number
of studies, it is expected that nondependent lung areas
are more characteristically affected in hydrostatic lung
edema than by other causes of lung edema and in the
most severe cases of acute heart failure.

Without overlapping parenchymal diseases, exacer-
bations of COPD or asthma do not coincide with a
significant loss of lung parenchyma aeration or pleural
effusions. Thus, the A-profile without PLAPS is the
sonographic pattern for these diseases, with high speci-
ficity and moderate sensitivity in patients with acute
dyspnea or respiratory failure. The sequential LUS ex-
amination, mainly using the BLUE protocol, seems to
potentialize the accuracy for this diagnosis because
the examination protocol is completed only in patients
with no other diagnostic profiles in the anterior thoracic
areas. Currently, the diagnostic assessment of these dis-
eases is based on clinical examination. Routine CXR is
recommended only when an alternative cause for the
symptoms is suspected (44,45). Thus, despite the
small number of included studies, LUS seems to be
useful to confirm the diagnosis of COPD or asthma
exacerbations and for ruling out alternative causes of
the symptoms.

Our data suggest that LUS may be a valuable diag-
nostic method in the emergency diagnosis of adults
with respiratory symptoms. Most of the sonographic
signs have high specificity and can be quickly assessed
immediately after the clinical examination, providing
real-time results, with no exposure to radiation. In addi-
tion to accelerating the diagnostic process, LUS has the
potential to minimize the number of radiological and
laboratory tests, optimizing the use of financial re-
sources (46). On the other hand, ultrasound is limited
in extremely obese patients, and when subcutaneous
emphysema, extensive dressings, or skin disorders are
present. Another limitation of LUS is its observer-
dependent nature, however, the learning curve is
relatively fast and high interobserver agreement can
be obtained (47,48).

Limitations

Limitations of this systematic review can be noted. The
characteristics of LUS examinations were heterogeneous
across the studies, with different machines, probes, and
operator expertise levels. Even including only prospec-
tive studies, the overall methodological quality of the
studies was low. Few studies on exacerbations of COPD
or asthma were included; this may have increased the un-
certainty in variance estimation of the random effects of
the bivariate model (13). In addition, some analysis
included studies with small samples, which can overesti-
mate the results of meta-analysis. Finally, we did not con-
tact the authors of primary studies and could not include
studies with a mixed sample of patients in EDs (or ICUs)
and hospital wards.

Although pneumonia, acute heart failure, and exacer-
bations of COPD or asthma are common and life-
threatening diseases, no conclusions can be made about
the effect of LUS on the prognosis of patients suspected
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to have these diseases. More studies are needed to assess
the overall clinical effects of LUS on the diagnosis of
these diseases. Future randomized clinical trials
comparing LUS with standard approach can better assess
other relevant outcomes, such as mortality, length of hos-
pital stays, and costs.

CONCLUSIONS

LUS has high accuracy for pneumonia, acute heart fail-
ure, and exacerbation of COPD/asthma, and seems to
be a valuable complement to other diagnostic methods
in the emergency diagnosis of these diseases in adults
with respiratory symptoms. The interpretation of the
LUS examination should take into account the accuracy
of the individual sonographic signs to diagnose pneu-
monia and acute heart failure.
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ARTICLE SUMMARY

1. Why is this topic important?
Pneumonia, acute heart failure, and exacerbation of

chronic obstructive pulmonary disease (COPD)/asthma
are common and life-threatening diseases in adults with
respiratory symptoms, and lung ultrasound could accel-
erate their diagnoses.
2. What does this review attempt to show?

The clinical evidence from prospective studies on the
accuracy of lung ultrasound in the emergency diagnosis
of pneumonia, acute heart failure, and exacerbation of
COPD/asthma.
3. What are the key findings?

Lung ultrasound is an accurate tool in the diagnosis of
the three target diseases. For pneumonia and acute heart
failure, the diagnostic accuracy had widely variation de-
pending the sonographic sign used.
4. How is patient care impacted?

Lung ultrasound can accurately accelerate the diag-
nosis of pneumonia, acute heart failure, and exacerbation
of COPD/asthma in adult patients.
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