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Abstract. – OBJECTIVE: This meta-analysis 
was performed to evaluate the diagnostic effica-
cy of lung ultrasound (LUS) in cardiogenic pul-
monary edema.

MATERIALS AND METHODS: An electron-
ic search of databases, including MEDLINE, 
Embase, PubMed, and Web of Science, was 
performed to collect clinical studies on ultra-
sound diagnosis of cardiogenic pulmonary ede-
ma from inception to 23 March 2023. The num-
ber of patients with true-positive, true-negative, 
false-positive, and false-negative cardiogenic 
pulmonary edema diagnosed by LUS was col-
lected, and the R package was used to analyze 
the diagnostic efficacy of LUS. 

RESULTS: Nine pieces of literature were finally 
included with 2,097 participants, including 1,047 
patients with cardiogenic heart failure. Across 
the nine included papers, the pooled sensitivi-
ty of LUS in the included studies was 0.92 (95% 
CI: 0.84, 0.97) with a maximum sensitivity of 0.99 
(95% CI: 0.96 to 1.00) and a minimum of 0.59 (95% 
CI: 0.50, 0.68). The pooled specificity of the in-
cluded studies was 0.87 (95% CI: 0. 82, 0.91) with 
a maximum specificity of 0.93 (95% CI: 0.90-0.95) 
and a minimum of 0.80 (95% CI: 0.67, 0.89). The 
pooled AUC was 0.93 (95% CI: 0.84 to 0.97), sug-
gesting a high diagnostic value of LUS in cardio-
genic pulmonary edema.

CONCLUSIONS: Lung ultrasound offers a 
good diagnostic efficacy for cardiogenic pulmo-
nary edema. Further standardization of the ex-
amination method is required to provide a refer-
ence for the clinical use of LUS.

Key Words:
Lung ultrasound, Heart failure, Cardiogenic pul-

monary edema, Diagnostic efficacy.

Introduction

Heart failure (HF) is a group of syndromes 
caused by various structural or functional heart 

diseases that lead to impaired ventricular filling 
and/or ejection capacity, with a global prevalence 
of 1-2% in adults. Its common symptoms include 
dyspnea, cough, or exercise intolerance1. Acute 
decompensated heart failure (ADHF) is one of 
the leading causes of respiratory distress in adults 
and the most common cause of death in patients 
with acute respiratory distress2. Acute heart fail-
ure is clinically manifested by pulmonary stasis/
pulmonary edema, stasis of body circulation, 
low cardiac output, and hypoperfusion of tissues 
and organs, which can be complicated by acute 
respiratory failure and cardiogenic shock in se-
vere cases3. Pulmonary edema is a common sign 
of heart failure and is characterized by severe 
dyspnea resulting from a rapid accumulation of 
fluid in the interstitial and/or alveolar spaces 
of the lungs due to a dramatic increase in car-
diac filling pressures4. Signs and symptoms of 
non-cardiogenic diseases, such as infections and 
acute respiratory distress syndrome, are similar 
to those of HF and may lead to misdiagnosis and 
inappropriate treatment5.

Chest radiography, physical examination, and 
brain-type natriuretic peptide are available diag-
nostic modalities for acute decompensated heart 
failure, but their low sensitivity may lead to 
delayed diagnosis and increased morbidity and 
mortality. Lung ultrasound (LUS) is a noninva-
sive and reproducible technique suitable for use 
in emergency and intensive care units (ICU) set-
tings6. In recent years, LUS has been extensively 
adopted as a secondary diagnostic method for the 
diagnosis of lung diseases5. LUS is a noninvasive 
instrument used to differentially diagnose a vari-
ety of lung pathologies with comparable or even 
higher diagnostic efficacy than other diagnostic 
methods, such as chest radiography5. In general, 
ultrasound B lines visible on LUS correlate with 
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extravascular lung water content, which is poten-
tially valuable in the diagnosis of ADHF. Howev-
er, clinical outcomes vary among studies. To this 
end, this meta-analysis was performed to evalu-
ate the diagnostic efficacy of lung ultrasound in 
cardiogenic pulmonary edema.

Materials and Methods

Search Strategy
Based on the PRISMA guidelines, an elec-

tronic search of databases, including MEDLINE, 
Embase, PubMed, and Web of Science, was per-
formed to collect clinical studies on ultrasound 
diagnosis of cardiogenic pulmonary edema from 
inception to 23 March 2023, with the language 
restriction to English. The search was conducted 
using the following words, “pulmonary edema” 
or “wet lungs”, and “ultrasound”, “sonography”, 
or “sonogram”.

Inclusion and Exclusion Criteria
Inclusion criteria: (1) diagnostic studies, cohort 

and case-control studies; (2) studies that assess 
the diagnostic accuracy of LUS for cardiogenic 
pulmonary edema; (3) studies in adults with a 
clear diagnosis of heart failure; (4) extracted data 
could be used to calculate the proportion of true 
positives (TP), false positives (FP), true negatives 
(TN) and false negatives (FN).

Exclusion criteria: (1) basic experiments, case 
reports, reviews, and conference abstracts; (2) 
studies published in non-English languages; and 
(3) insufficient data to create 2*2 tables.

Data Extraction
Data extraction included baseline information 

from the literature, outcome indicators, and study 
design. Baseline information of the literature 
included first author, time of publication, disease 
type, sample size, gender, and age. Outcome 
indicators include the number of patients with 
true positives, true negatives, false positives, and 
false negatives. The study design includes the 
use of a blinded method, diagnostic criteria, and 
instruments.

Literature Quality Assessment
The Quality Assessment of Diagnostic Accu-

racy Studies-2 (QUADAS-2)7 was used to evalu-
ate the quality of the included literature. Fourteen 
questions in four main domains of QUADAS 
were used to evaluate the quality of diagnostic 

studies, including case selection (sample source, 
sample selection, study design), trials to be eval-
uated (test criteria, test methods), gold standard 
(reference standard, patient epidemiological char-
acteristics), cash flow and progression (bias, ap-
plication and interpretation, statistical methods). 
When evaluating the quality of the literature 
using the QUADAS tool, the answers are cat-
egorized as “yes”, “no”, and “not available/not 
applicable”. The scores of each study were then 
counted, and the quality levels were classified 
according to the scores. 

Statistical Analysis
Statistical analysis was performed using R lan-

guage  (R Foundation for Statistical Computing, 
Vienna, Austria), and the main indicators were 
the pooled sensitivity, specificity, and 95% con-
fidence interval (CI). Heterogeneity was assessed 
using the p-value and I2 of the Cochran-Q statis-
tic. A p>0.05 or I2≤50% indicated the absence of 
significant heterogeneity between studies, and 
a fixed-effects model was used for analysis. A 
p<0.05 or I2>50% indicated significant hetero-
geneity between studie s, and a random effects 
model was performed for analysis. The value of 
the diagnostic test was assessed by construct-
ing a Summary Receiver Operator Characteristic 
(SROC) and calculating the Area Under The 
Curve (AUC).

Results

Baseline Information of 
the Included Literature

A total of 516 pieces of literature were searched 
by computer, and 53 pieces were coarsely includ-
ed after excluding 88 pieces of duplicate literature 
and 375 pieces of irrelevant studies, reviews, case 
reports, and nonclinical studies. After reading the 
abstract, 25 papers without specified diagnostic 
methods, 7 papers without access to diagnostic 
data, and 12 papers without specified types of 
patients were excluded, and 9 papers were finally 
included, with 2,097 study participants in total, 
including 1,047 patients with cardiogenic heart 
failure. The basic characteristics of the included 
literature are shown in Table I.

Quality Evaluation of the Literature
The quality of diagnostic studies was evalu-

ated using QUADAS-2, and all included studies 
were of moderate to high quality. In all studies, 
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Table I. Basic characteristics of the included literature.

	 First		  No. of	 No. of			   Partitioning
	 author	 Year	 participants	 ADHF	 Gold standard	 LUS standard	 method	 Sensitivity	 Specificity

Perrone T8	 2017	 130	   94	 Discharge diagnosis	 Interstitial syndrome, at least	 8 windows	 0.91	 0.75
				    made by the ward	 two areas in each hemithorax	
				    attending physician	 presenting > 2 B-lines	

Vitturi N9	 2011	 152	   68	 Identified in accordance with	 Comet-tail artifacts, 	 12 windows	 0.971	 0.786
				    the guidelines of the AHA	 the number of B lines	
				    after review of the participants’	 was greater than 8	
				    clinical, radiological, and		
				    biochemical data		

Sartini S10	 2016	 236	 114	 An independent panel of experts	 Presence of two or more positive	 12 windows	 0.569	 0.888
				    judged all collected data to	 regions (three or more B-lines)			 
				    determine the final diagnosis	 in each hemithorax			 

Zhou S11	 2014	   89	   31	 Clinical diagnosis	 Comet tail sign, multiple flat	 12 windows	 0.806	 0.776
					     strong echo lines, also known	
					     as ‘B’ lines, that begin at the	  
					     interface of the lung wall and	
					     gradually converge and weaken 	
					     from the lung wall interface and 	
					     spread to the edge of the screen	

Prosen G12	 2011	 218	 129	 Final hospital diagnosis	 A positive ultrasound examination	 8 windows	 100	 0.944
					     requires two or more positive zones		
					     (three or more B-lines) bilaterally		
					     of eight zones measured.		

Gallard E13	 2014	 130	   81	 Clinical diagnosis	 Bilateral presence of at least 3 B	 8 windows	 88.8	   87.8
					     lines by lung filed in theanterior or	
					     lateral thoracic  regions or both	

Dexheimer	 2015	   37	   15	 Clinical diagnosis	 B profile characterized by	 12 windows	 0.867	 0.864
Neto FL14					     symmetric bilateral B-lines suggested			 
					     hemodynamic lung edema			 

Öhman J15	 2019	 100	   52	 Clinical diagnosis	 At least three B-lines within	 4 windows	 0.962	 0.813
					     one intercostal space			 

Pivetta E16	 2015	 1005	 463	 Diagnosed by past medical history,	 Bilateral presence of two	 6 windows	 0.905	 0.935
				    historyof the present illness, 	 or more  zones showing			 
				    physical examination, ECG, and	 the presence of at			 
				    arterial blood gas analysis	 least three “B-lines”			 
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all sonographers were masked to the diagnostic 
findings. The results of the literature quality eval-
uation are shown in Figure 1.

Results of Meta-Analysis
Nine pieces of literature were finally included 

with 2097 participants, including 1047 patients 
with cardiogenic heart failure. Across the nine 

included papers, the pooled sensitivity of LUS 
in the included studies was 0.92 (95% CI: 0.84, 
0.97) with a maximum sensitivity of 0.99 (95% 
CI: 0.96 to 1.00) and a minimum of 0.59 (95% CI: 
0.50, 0.68). The sensitivity forest plot of LUS for 
the diagnosis of cardiogenic pulmonary edema 
is shown in Figure 2. The pooled specificity of 
the included studies was 0.87 (95% CI: 0. 82, 0. 

Figure 1. Literature quality evaluation.

Figure 2. Sensitivity forest plot for LUS diagnosis of cardiogenic pulmonary edema.
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91) with a maximum specificity of 0.93 (95% CI: 
0.90-0.95) and a minimum of 0.80 (95% CI: 0.67, 
0.89). The pooled AUC was 0.93 (95% CI: 0.84 to 
0.97), suggesting a high diagnostic value of LUS 
in cardiogenic pulmonary edema. The specificity 
forest plot of LUS for the diagnosis of cardiogenic 
pulmonary edema is shown in Figure 3.

Subgroup analysis was performed based on 
different partitioning methods, and the partition-
ing methods included in this study included the 
four-zone method, six-zone method, eight-zone 
method, and twelve-zone method. The sensitiv-
ity and specificity of the different methods are 
shown in Table II. The sensitivity was 0.97 (95% 
CI: 0.78, 0.99) and the specificity was 0.82 (95% 
CI: 0.46, 0.96) using the four-zone method. The 

sensitivity was 0.91 (95% CI: 0.55, 0.99) and the 
specificity was 0.93 (95% CI: 0.65, 0.99) using 
the six-zone method. The sensitivity was 1, and 
the specificity was 0.87 (95% CI: 0.75, 0.95) for 
the eight-zone method. The twelve-zone method 
had a sensitivity of 0.85 (95% CI: 0.63, 0.96) and 
a specificity of 0.83 (95% CI: 0.76, 0.88). The 
highest sensitivity was found using the eight-zone 
method, and the highest specificity was observed 
using the six-zone method.

The SROC curve is a graph that evaluates the 
diagnostic value of the included studies, and the 
closer the results are to the upper left corner of 
the graph, the higher the diagnostic value of the 
experiment. As shown in Figure 4, the black sol-
id line in the graph is the SROC curve, the blue 

Figure 3. Specificity forest plot for LUS diagnosis of cardiogenic pulmonary edema.

Table II. Sensitivity and specificity analysis of different Partitioning methods.

	 Partitioning method	 Sensitivity (95%CI)	 Specificity

4 windows	 0.97 (0.78, 0.99)	 0.82 (0.46, 0.96)
6 windows	 0.91 (0.55, 0.99)	 0.93 (0.65, 0.99)
8 windows	 1	 0.87 (0.75, 0.95)
12 windows	 0.85 (0.63, 0.96)	 0.83 (0.76, 0.88)
Overall	 0.92 (0.84, 0.97)	 0.87 (0.82, 0.91)
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dashed line is the 95% CI, and the gray dashed 
line is the prediction interval. The pooled AUC 
was 0.93 (95% CI: 0.84-0.97), suggesting that 
lung ultrasound provides a high diagnostic value 
for cardiogenic pulmonary edema.

Publication Bias
A funnel plot was used to assess the literature’s 

publication bias, and the literature’s inclusion was 
largely symmetrical, suggesting no significant 
publication bias. The funnel plot of publication 
bias is shown in Figure 5.

Discussion

In the present study, the results indicate that lung 
ultrasound offers a good diagnostic efficacy for 
cardiogenic pulmonary edema. Nine pieces of liter-
ature were finally included with 2,097 participants, 
including 1,047 patients with cardiogenic heart fail-
ure. The results found that the sensitivity of LUS 
in diagnosing cardiogenic pulmonary edema was 
0.92 (95% CI: 0.84, 0.97), the specificity was 0.87 
(95% CI: 0.82, 0.91), and the AUC was 0.93 (95% 
CI: 0.84-0.97), indicating that LUS has high diag-
nostic value for cardiogenic pulmonary edema. The 
distribution of B lines is currently the main basis for 
LUS to differentiate between cardiogenic and cardi-
ac pulmonary edema. Normal and regular pleural 
lines, diffuse B-line distribution in both lungs with 
homogeneous and symmetrical distribution, and an 
interval of about 7 mm between B-lines suggest car-
diogenic pulmonary edema. Abnormal and irreg-
ular pleural lines, asymmetric B-line distribution, 
and solid changes in the lower lung lobes and dorsal 
region are mostly suggestive of non-cardiogenic 
pulmonary edema17. 

The rapid differentiation of cardiogenic dys-
pnea from pulmonary dyspnea is crucial for the 
following management of the disease. Moreover, 
dyspnea is a common symptom of multiple dis-
eases without specific differences, thereby posing 
a serious diagnostic challenge18. Ultrasound is an 
extensively used diagnostic method with conve-
nience, rapidity, and non-invasiveness advantages. 
In recent years, lung ultrasound has become in-
creasingly appreciated due to its good diagnostic 
performance and wide application in diseases 
such as pneumonia, pneumothorax, pulmonary 
edema, and acute respiratory distress syndrome 
(ARDS)19,20. LUS offers good diagnostic value 
in pulmonary diseases, such as pulmonary ede-
ma, pulmonary solids, pulmonary embolism, and 
pneumothorax. LUS has been first applied to diag-
nose bacterial pneumonia in children and adults, 
showing a specificity close to that of chest radiog-
raphy and a much higher sensitivity in critically 
ill patients at the bedside and in the emergency 
department21,22. Alternatively, LUS is available 
for diagnostic workup of pulmonary embolism. 
Point-of-care multi-organ ultrasound of pulmo-
nary veins, cardiac veins, and deep veins may 
improve the diagnostic screening of conditions 
suspected of pulmonary embolism by improving 
the efficiency of pretest probability scores, and 
LUS may be used for diagnosis when vascular CT 
scanning is unavailable or infeasible23.

Figure 4. SROC curve for LUS diagnosis of cardiogenic 
pulmonary edema.

Figure 5. Funnel plot of publication bias.
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At present, LUS is a valid alternative to detect 
interstitial pulmonary edema24, but no standard test 
has been developed. The number of B-lines was 
found to be positively correlated with N-terminal 
brain natriuretic peptide precursor (NT-proBNP) 
levels and negatively correlated with ejection frac-
tion25. B-lines of LUS may be promising mark-
ers for predicting heart failure, such as secreted 
frizzled-related protein and extracellular volume 
fraction by cardiovascular magnetic resonance26. 
Currently, several partitioning methods are used to 
diagnose cardiogenic pulmonary edema, including 
the four-zone method, six-zone method, eight-zone 
method, and 12-zone method, and positive diagno-
sis is determined based on different partitioning 
and B-line numbers. In the literature included in 
this study, the sensitivity of the eight-zone method 
was significantly higher than the other methods, 
while the specificity of the other methods saw no 
significant differences, which may be related to 
differences between operators27.

The recent advances in lung ultrasound for the 
diagnosis of cardiogenic pulmonary edema are 
outstanding; however, the specific diagnostic val-
ue has not yet been fully elucidated. The present 
study confirmed the diagnostic efficacy of LUS in 
cardiogenic pulmonary edema, but the following 
limitations exist. This study did not compare the 
differences in diagnostic efficacy between lung 
ultrasound and other methods, and the diagnostic 
criteria for cardiogenic pulmonary edema were 
inconsistent among the included patients. Fur-
thermore, LUS results are closely dependent on 
operator proficiency, and significant differences 
exist in the LUS examination methods used in 
this study. No large sample research is available 
in exploring differences in LUS.

Conclusions

Lung ultrasound offers a good diagnostic effi-
cacy for cardiogenic pulmonary edema. Further 
standardization of the examination method is 
required to provide a reference for the clinical 
use of LUS.
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