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Abstract 

Background  Acute respiratory distress syndrome (ARDS) is a life-threatening respiratory condition with high mortal-
ity rates, accounting for 10% of all intensive care unit admissions. Lung ultrasound (LUS) as diagnostic tool for acute 
respiratory failure has garnered widespread recognition and was recently incorporated into the updated definitions 
of ARDS. This raised the hypothesis that LUS is a reliable method for diagnosing ARDS.

Objectives  We aimed to establish the accuracy of LUS for ARDS diagnosis and classification of focal versus non-focal 
ARDS subphenotypes.

Methods  This systematic review and meta-analysis used a systematic search strategy, which was applied to Pub-
Med, EMBASE and cochrane databases. Studies investigating the diagnostic accuracy of LUS compared to thoracic 
CT or chest radiography (CXR) in ARDS diagnosis or focal versus non-focal subphenotypes in adult patients were 
included. Quality of studies was evaluated using the QUADAS-2 tool. Statistical analyses were performed using “Mada” 
in Rstudio, version 4.0.3. Sensitivity and specificity with 95% confidence interval of each separate study were summa-
rized in a Forest plot.

Results  The search resulted in 2648 unique records. After selection, 11 reports were included, involving 2075 
patients and 598 ARDS cases (29%). Nine studies reported on ARDS diagnosis and two reported on focal versus non-
focal ARDS subphenotypes classification. Meta-analysis showed a pooled sensitivity of 0.631 (95% CI 0.450–0.782) 
and pooled specificity of 0.942 (95% CI 0.856–0.978) of LUS for ARDS diagnosis. In two studies, LUS could accu-
rately differentiate between focal versus non-focal ARDS subphenotypes. Insufficient data was available to perform 
a meta-analysis.

Conclusion  This review confirms the hypothesis that LUS is a reliable method for diagnosing ARDS in adult patients. 
For the classification of focal or non-focal subphenotypes, LUS showed promising results, but more research 
is needed.
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Introduction
Acute respiratory distress syndrome (ARDS) is a life-
threatening respiratory condition, which manifests as 
acute hypoxemic respiratory failure often requiring 
mechanical ventilation [1, 2].

The prevalence of ARDS is high, estimated around 
10% of all intensive care unit (ICU) admissions and 
mortality remains high [3]. Diagnosis is based on a 
broad set of clinical and radiological criteria lacking 
specificity. This results in physiological, biological, and 
radiological heterogeneity. The imaging criterion used 
in the diagnosis of ARDS is subject to considerable 
variability between observers and techniques. Accurate 
diagnosis of ARDS is of importance for the adequate 
management as well as clear definition of patient popu-
lations included in clinical research [3, 4].

Radiological heterogeneity in ARDS has been studied 
extensively and has revealed that morphological sub-
phenotypes exist, which respond differently to ventila-
tor treatment strategies [5]. Non-focal ARDS is defined 
by diffuse or patchy loss of aeration, which generally 
responds better to recruitment maneuvers. Focal ARDS 
shows predominant dorso-inferior consolidations and 
generally responds better to prone positioning [4]. In 
a prospective randomized clinical trial, a personalized 
treatment strategy was found to be superior only when 
classification was accurate and treatment was aligned 
with lung morphology [6], highlighting the importance 
of correct classification.

Since 2012, ARDS has been diagnosed by the Berlin 
definition [7]. In the last decade, several developments 
have prompted expansion of this definition. The Kigali 
modification is proposed for resource-constrained set-
tings without access to CT, variable access to CXR or 
invasive pulse-oximetric methods for evaluating oxy-
genation [8]. The use of High-Flow Nasal Oxygen (HF-
NO) to manage ARDS patients with severe hypoxemic 
patients has been investigated and the use of it exacer-
bated during the COVID-19 pandemic. Finally, the use 
of LUS is increasing rapidly in patients with acute res-
piratory failure. To address these changes, a global con-
sensus was reached to update the ARDS definition [9].

This global definition acknowledges the limita-
tions of CT or CXR for ARDS diagnosis and includes 
LUS as a diagnostic tool. Multiple studies have inves-
tigated LUS as a tool for identifying ARDS and differ-
entiation between focal and non-focal subphenotypes. 
However, the accuracy has not yet been well defined 
and the approaches of LUS among studies vary. In 
this systematic review and meta-analysis, we aim to 
assess the diagnostic accuracy of LUS for diagnosing 
ARDS and for classification of focal versus non-focal 
subphenotypes.

Objectives
Primary objective
To evaluate the diagnostic accuracy of LUS for diagnos-
ing ARDS in adult patients.

Secondary objective
To evaluate the accuracy of LUS in classification of 
focal versus non-focal ARDS subphenotypes in adult 
patients.

Method
Study design
This is a systematic review and meta-analysis. The pro-
tocol was written according to the PRISMA-P guidelines 
(preferred reporting items for systematic reviews and 
meta-analysis protocols) and pre-registered at PROS-
PERO, registration number CRD42023413462.

Inclusion criteria
We aimed to include all studies that investigated the 
accuracy of LUS for ARDS diagnosis compared to the 
Berlin definition (requiring CT or CXR) and all studies 
that investigated the accuracy of LUS for classification 
of focal versus non-focal subphenotypes compared to 
CT or CXR. Cohort, case–control, cross-sectional and 
observational studies were included. Patient population 
included adult patients presenting with acute respiratory 
failure and/or need for mechanical ventilation. The index 
test was LUS, all LUS protocols were included. The refer-
ence standard for ARDS diagnosis was the Berlin defini-
tion, which used CT or CXR data. The reference standard 
for focal versus non-focal subphenotypes was CT and/or 
CXR.

Exclusion criteria
We excluded studies in pediatric patients, case reports 
and case series, articles published in any other lan-
guage than English and studies without a reference CT 
or CXR. The authors made the decision to exclude non-
English studies as evidence suggests that the impact on 
the results of systematic reviews is negligible and transla-
tion of non-English scientific papers may lead to errors in 
interpretation [10–13].

Literature search
A medical librarian experienced in organizing system-
atic reviews was consulted to construct a robust search 
strategy. The search was conducted up until the 6th of 
February 2023, in MEDLINE via PubMed, EMBASE and 
Cochrane Database of Systematic Reviews. The search 
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methods and terms used are presented in the Supple-
mentary material.

Selection of studies
Results were managed in an online database, Rayyan. 
Two independent reviewers (MB and WA) first evaluated 
title and abstracts. Afterwards full texts were assessed for 
eligibility. References of included studies were screened, 
and potentially eligible studies were evaluated for inclu-
sion. Disagreement between the first two reviewers was 
resolved by consensus meetings with a third reviewer 
(PRT).

Data extraction
Data was extracted by two independent reviewers (MB 
and WA). From each included study, characteristics were 
extracted and summarized. These included author, study 
design, study period, year of publication, patient charac-
teristics, number of ARDS and non-ARDS patients, cho-
sen LUS protocol and reference standard, primary and 
secondary outcomes and study limitations.

Outcomes
The primary outcome was the accuracy of LUS in diag-
nosing ARDS. The secondary objective was to estab-
lish the accuracy of LUS in classification of focal versus 
non-focal ARDS subphenotypes. This included accuracy, 
sensitivity, specificity, positive predictive value, negative 
predictive value, positive likelihood ratio, negative likeli-
hood ratio, diagnostic odds ratio, accuracy, AUROC and 
Youden’s index. Whenever a specific measure was not 
described in the study, raw data was used for calculation 
by the reviewers. Specificity, sensitivity, negative predic-
tive value and positive predictive value were calculated by 
extracting raw data and implementing it in a 2 × 2 contin-
gency table.

Quality assessment
For quality assessment of the included studies, the QUA-
DAS-2 tool (Quality Assessment of Diagnostic Accuracy 
Studies) was used by two independent reviewers (MB and 
WA). Disagreement was resolved by consensus meetings 
with a third reviewer (PRT).

Statistical analysis and data synthesis
Pooled sensitivity and specificity estimates were obtained 
by applying a bivariate analysis on the raw study data, 
using the package “Mada” in Rstudio, version 4.0.3. This 
resulted in a summary receiver operating characteristic 
(sROC) curve. The sensitivity and specificity with 95% 
confidence interval of each separate study were summa-
rized in a Forest plot.

For the studies that evaluated different LUS protocols 
or scores within the same patient cohort, the protocol 
that was recommended by the authors was analyzed. 
If no recommendation was made, the protocol with the 
highest accuracy was included. In the diagnostic accuracy 
analysis of the study of Smit et  al., two different cutoff 
points for the LUS-ARDS score were used: a high cutoff 
point (LUS-ARDS score > 27) for optimal specificity and 
low cutoff point (LUS-ARDS score > 8) for optimal sensi-
tivity in two different cohorts. For this meta-analysis, the 
sensitivity and specificity of the recommended protocol 
or the one with the highest accuracy was used, together 
with the high cutoff point for both cohorts and the low 
cutoff point of both cohorts from the study of Smit et al.

Furthermore, we calculated a pooled specificity and 
sensitivity in which we excluded studies with an ARDS 
incidence greater than 30%.

Results
Selection of studies
Details regarding search strategy and study selection 
process are summarized in Fig.  1. After searching three 
databases, 2648 unique records were identified. After 
screening, retrieval, and assessment for eligibility, 11 
studies were included in the review and underwent quali-
tative assessment.

Study characteristics
Characteristics of included studies are summarized in 
Table  1. Most of the included studies were conducted 
prospectively. Two were post-hoc studies. One study ret-
rospectively analysed results of two previously reported 
studies. Settings included medical, surgical, and mixed 
ICUs or a combination thereof. One study was conducted 
on a medical ward and one in the emergency depart-
ment. For the index test, a variety of LUS protocols were 
used as shown in Table 1. None of the included studies 
made note of the ultrasound settings used in their LUS 
protocols for detecting B-lines.

Of the nine studies investigating ARDS diagnosis, 
two studies used a quantitative analysis and awarded 
points for “A”, “B” or “C” profiles. Seven of these studies 
had investigators diagnose ARDS based on descriptive 
parameters. These parameters were multiple B-lines, 
pleural line abnormalities, reduced or absent lung sliding, 
consolidations.

The accuracy of LUS to differentiate focal from non-
focal ARDS subphenotypes was the primary outcome in 
two studies. These two studies both applied a quantitative 
analysis, where points were awarded for “A”, “B” or “C” 
profiles and the total amount of points was added up and 
analysed.
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Outcomes
Eleven studies were included in total, involving a total of 
2075 patients, of whom 598 (29%) had ARDS. Of these 
eleven studies, nine focused on LUS for ARDS diagnosis, 
involving 1977 patients, of whom 500 (25%) had ARDS. 

The two studies focusing on differentiation between focal 
and non-focal subphenotypes involved 98 patients, all of 
whom had ARDS.

1138 (55%) of the included patients were mechanically 
ventilated, 383 (34%) of whom had ARDS. 467 patients 

Records identified from: 
PubMed (n = 889 ) 
Embase (n = 1616) 
Cochrane Library (n = 386) 

Total (n = 2891)

Records removed before 
screening: 

Duplicate records removed 
(n = 243) 

Records screened
(n = 2648 ) Records excluded: 

Study design not in line with      
review question (n = 928) 
Article type not in line with 
inclusion criteria (n = 1607) 
Articles in pediatrics (n = 24)
Animal studies (n = 70)

Total n = 2629

Reports sought for retrieval
(n = 19)

Reports not retrieved
(n = 0 ) 

Reports assessed for eligibility
(n = 19)

Reports excluded: 
Language (n = 1 ) 
Abstract / poster presentation
(n = 4) 
Study design not in line with 
review question (n=2) 

Studies included in review
(n = 12) 
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Fig. 1  PRISMA flow diagram presenting the study search strategy and study selection process
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presented to the emergency department with acute res-
piratory failure, of whom 62 (13%) had ARDS.

Outcomes and diagnostic parameters of the included 
studies are presented in Online Appendix 1.

A meta-analysis comparing all studies with the diag-
nostic accuracy parameters using a low cutoff point from 
the study of Smit et al. resulted in a pooled sensitivity of 
0.70 (95% CI 0.504–0.837) and pooled specificity of 0.93 
(95% CI 0.789–0.977) and an area under the curve (AUC) 
of 0.88. Comparing the results of included studies with 
the high cutoff point with the study of Smit et al. resulted 
in a pooled sensitivity of 0.640. (95% CI 0.459–0.782) and 
pooled specificity of 0.94 (95% CI 0.861–0.979) and an 
AUC of 0.88. The Forest plots and sROC of these analyses 
can be found in Figs. 2 and 3, respectively.

After excluding studies with an ARDS incidence greater 
than 30%, a pooled sensitivity of 0.66 (95% CI 0.431–
0.831) and pooled specificity of 0.96 (95% CI 0.825–
0.993) and an AUC of 0.88 was found in the low cutoff 
group. A pooled sensitivity of 0.57 (95% CI 0.392–0.735) 
and pooled specificity of 0.97 (95% CI 0.930–0.990) and 
an AUC of 0.91 was found in the high cutoff group.

Two studies on LUS for focal versus non-focal ARDS 
subphenotypes also reported high specificity (71% and 
100%) and sensitivity (94% and 100%).

Risk of bias
Risk of bias and applicability of studies included are 
summarized in Table 2. In studies assessing accuracy of 
LUS in ARDS diagnosis, one study was scored as high 
risk of bias in the patient selection domain, as this study 
excluded patients with non-respiratory or rare causes of 
acute respiratory failure or patients with multiple diagno-
ses at the end of hospitalization. For the same reason, this 
study was scored as high on applicability concerns in the 
patient selection domain.

One study was scored as unclear risk of bias as it was 
not specified whether researchers performing the index 
test were blinded for clinical data.

Four studies were scored as unclear risk of bias in the 
reference standard domain, as none of these studies spec-
ified the criteria used for ARDS diagnosis. For the same 
reason, they were scored as unclear on applicability con-
cerns in the reference standard domain.

Four studies were scored as unclear risk of bias in the 
flow and timing domain, as none of these studies speci-
fied the time interval between the index test (LUS) and 
the diagnosis of ARDS by the reference standard.

A funnel plot was conducted to study if publication 
bias is present (Fig. 4).

The two studies assessing accuracy of LUS for focal ver-
sus non-focal ARDS subphenotypes diagnosis scored low 
on all domains of risk of bias and applicability.

Discussion
The major findings of this systematic review and meta-
analysis in adult patients on the diagnostic accuracy of 
LUS for ARDS compared to reference standards which 
included the Berlin Definition are: (1) LUS has a high 
pooled specificity and a moderate sensitivity in ARDS 
diagnosis; (2) LUS can accurately diagnose focal versus 
non-focal ARDS subphenotypes with a high specificity 
and sensitivity; (3) The prevalence of ARDS found in 
the included studies matches previously reported prev-
alence and incidence rates of ARDS in patients with 
respiratory failure and ICU admissions [3, 16]. This 
indicates generalizability of the results.

The high pooled specificity found in the current 
study indicates that LUS is an adequate tool for diag-
nosing ARDS, but less adequate in ruling out ARDS. 
These findings are surprising as before LUS was found 
to be more sensitive compared to the Berlin defini-
tion, largely due to lack of specificity of LUS criteria. 
This contrasting finding could be largely attributed to 
the specific cutoff point chosen for the meta-analysis 
based on cutoff points used in the included studies. To 
evaluate the effect of a high or low chosen cutoff point 
on the results, we included both the high (LUS-ARDS 
score > 27) and low (LUS-ARDS score > 8) cutoff points 
of both the cohorts in the study of Smit et  al. in the 
meta-analysis. As shown in the results, the pooled sen-
sitivity and specificity are almost the same, underlining 
the finding that LUS is a specific tool for diagnosing 
ARDS.

Sensitivity varied considerably between studies. An 
explanation for lower sensitivity could be an imperfect 
reference standard. Some studies only used CXR as refer-
ence standard and CXR has been shown to be an unreli-
able diagnostic method alone for diagnosing ARDS [24]. 
The difference in sensitivity between the different stud-
ies might also be attributed to the absence of a standard-
ized LUS ARDS definition. Unclear definitions on ARDS 
criteria might lead to over- or under classification and 
impact sensitivity. Also, ARDS diagnosis might be missed 
by LUS if presenting with A-profile in focal ARDS sub-
phenotype. It was hypothesized that lung ultrasound in 
these cases may lack sensitivity because of the posterior-
predominant aspect of ARDS and these regions are more 
difficult to scan using LUS in critically ill patients [17], 
especially in less experienced operators. Furthermore, 
ARDS might be more difficult to detect on LUS in ini-
tial stages of the disease. In summary, LUS is an accurate 
tool for diagnosing ARDS and possibly less for ruling out 
ARDS.

To assess whether a high incidence of ARDS impacted 
results, we also evaluated the pooled sensitivity and spec-
ificity while in- and excluding studies with an incidence 
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of ARDS over 30%. As can be seen in the results, this 
does not have a significant effect on the pooled results.

Different ARDS subphenotypes might require dif-
ferent treatment strategies, e.g. prone positioning for 

focal ARDS and lung-recruitment maneuvers for non-
focal ARDS. Correct identification of ARDS subpheno-
type will impact treatment and outcomes in the future. 
This underlines the importance of accurate distinction 

Fig. 2  Forest plots comparing diagnostic accuracy parameters from all studies with parameters from the study of Smit et al., after using a low 
and high cutoff point as suggested by the authors of this study. The dashed line represents median values of sensitivity and specificity. Sensitivity 
and confidence intervals: Smit (high cutoff ): 0.51 [0.44–0.59] Smit (low cutoff ): 0.91 [0.85–0.94], Daabis: 0.41 [0.18–0.68], Bass: 0.79 [0.63–0.89], 
Huang: 0.96 [0.83–0.99], See: 0.42 [0.34–0.51], Pisani: 0.79 [0.63–0.89], Baid: 0.29 [0.17–0.45], Chaitra: 0.81 [0.58–0.93], Arthur: 0.67 [0.47–0.83]. 
Specificity and confidence intervals: Smit (high cutoff ): 0.94 [0.91–0.97] Smit (low cutoff ): 0.50 [0.44–0.55], Daabis: 0.99 [0.95–1.00], Bass: 0.62 [0.50–
0.73], Huang: 0.82 [0.60–0.93], See: 0.91 [0.87–0.94], Pisani: 0.89 [0.82–0.93], Baid: 0.99 [0.97–1.00], Chaitra: 0.99 [0.94–1.00], Arthur: 0.98 [0.95–0.99]
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Fig. 3  sROC curve after meta-analysis of nine studies assessing diagnostic accuracy of LUS in ARDS diagnosis

Table 2  Risk of bias and applicability assessment of included studies, following the QUADAS-2 scoring tool

Study Risk of bias Applicability

Patient 
selection

Index test Reference 
standard

Flow and timing Patient 
selection

Index test Reference 
standard

Studies comparing LUS to Berlin definition in ARDS diagnosis

Pisani et al. [18] Low Low Low Unclear Low Low Low

Arthur et al. [22] Low Low Unclear Low Low Low Unclear

Baid et al. [20] Low Low Unclear Low Low Low Unclear

Bass et al. [15] Low Low Low Low Low Low Low

Chaitra and Hattiholi [21] Low Unclear Unclear Unclear Low Low Unclear

Daabis et al. [14] High Low Unclear Unclear High Low Unclear

Huang et al. [16] Low Low Low Unclear Low Low Low

See et al. [17] Low Low Low Low Low Low Low

Smit et al. [23] Low Low Low Low Low Low Low

Studies comparing LUS to Chest CT in ARDS phenotype diagnosis

Pierrakos et al. [4] Low Low Low Low Low Low Low

Costamagna et al. [19] Low Low Low Low Low Low Low
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between ARDS subphenotypes. Two studies investi-
gated the accuracy of LUS for classification of focal ver-
sus non-focal ARDS subphenotypes compared to CT. 
The reported sensitivity and specificity were good [4, 
18], indicating LUS as a reliable diagnostic tool for this 
distinction. However, since only few studies addressing 
this subject have been published, there is a need for fur-
ther validation. In addition, a study is being conducted to 
see if tailoring mechanical ventilation to lung morphol-
ogy assessed by LUS reduces mortality in ARDS patients 
compared to standard ventilation (NCT05492344).

There are many advantages of using LUS as a replace-
ment for CT in ARDS diagnostic work-up. It can lead to 
an earlier start of treatment and reduce workload on ICU 
personnel. Furthermore, patient transport is a high-risk 
procedure in ICU patients and can lead to severe adverse 
events. LUS reduces exposure to irradiation, lowers 
health care costs and provides real-time examination of 

lung parenchyma, which also makes it ideal for follow-
up of disease severity and facilitates bedside titration of 
ventilatory parameters. Correct subtype identification 
of ARDS using LUS will aid in implementing the cor-
rect treatment strategy and adequate timing of prone 
positioning.

There are more advantages of LUS expanding beyond 
ARDS diagnosis. Especially in light of the recent COVID-
19 pandemic, but also in case of other respiratory emer-
gencies, LUS can contribute to earlier identification of 
diseases in the emergency department (ED), allowing 
for earlier start of treatment and earlier admission to 
the ward or ICU and thus reducing the workload on ED 
personnel.

Of course, performing and interpreting LUS requires 
training. However, studies show that after 8 h of training, 
clinicians show proficiency in the interpretation of LUS 
images [25].

Fig. 4  Deek’s Funnel plot for assessment of publication bias
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Currently, no consistent and/or optimal LUS proto-
col for diagnosing ARDS exists based on the included 
studies. However, among the included studies there 
are overlapping criteria used to establish the diagno-
sis. Multiple (> 2 per view) bilateral, non-homogenous 
B-lines, present in at least one area per hemithorax and 
the presence of subpleural consolidations were seen as 
indicative of ARDS in all studies. These criteria were 
confirmed by studies differentiating cardiogenic edema 
from non-cardiogenic interstitial syndrome, which 
includes ARDS but also interstitial lung disease [26–
28]. Pleural line abnormalities such as irregular thick-
ening or fragmentation were also observed, as well as 
areas of preserved lung parenchyma and pleural effu-
sion. Consolidation accompanied by pleural effusion 
was a marker of compression atelectasis, and there-
fore seen as not indicative of ARDS. It seems impera-
tive that in the future these ‘typical LUS findings’ and/
or a LUS-ARDS score should be included in the new 
ARDS diagnostic criteria, as it was recently shown that 
including LUS per se increased the occurrence rate of 
ARDS [29].

Amongst the included studies, 6, 12 and 14 point 
lung ultrasound protocols were described. The optimal 
amount of lung regions to be included in a LUS protocol 
remains a subject of discussion, as 6 point protocols are 
more practically applicable but might lack the amount of 
diagnostic information compared to 12 or 18 point LUS 
protocols. Recent studies have shown that 6 point LUS 
protocols can yield similar diagnostic results compared 
to 12 point protocols. However, these studies have not 
been validated in ARDS patients [18, 30].

ARDS remains unrecognized in 20–50% of all cases, 
while mortality rates remain high [3]. This underlines the 
importance of an improved definition. Since 2012, the 
Berlin definition has been used as the golden standard 
in diagnosing patients with ARDS [7]. In 2016, the Kigali 
modification was proposed and validated for low-income 
countries, in which the bilateral opacities had to be pre-
sent on either LUS or CXR [31]. Several studies already 
used the Kigali modification in settings with scarce access 
to more advanced imaging modalities [32, 33].

Also, in the global ARDS definition, lung ultrasound 
was proposed as an alternative for the imaging crit-
erium for ARDS diagnosis. This review shows a good 
specificity but moderate sensitivity for LUS in ARDS 
diagnosis. LUS as a diagnostic tool for ARDS seems 
promising, and we support implementation of LUS in 
the global ARDS definition. However, we would like 
to highlight the importance of further prospective 
research and standardization of ARDS LUS definitions. 
In addition, an interesting recent development is the 

pairing of LUS with a deep learning model, which was 
able to distinguish COVID ARDS, non-COVID ARDS 
and hydrostatic pulmonary edema [34].

Strengths and limitations
This systematic review has several strengths. To the 
best of our knowledge, this is the first systematic review 
on this subject, despite LUS already being added to the 
global ARDS definition. Secondly, the rigorous search 
strategy and method used are important strengths of 
this review. Another strength is the number of included 
studies and relatively large sample size. Of the eleven 
included studies, seven studies had a study population 
of 100 or more participants.

This review also has several limitations. Our meta-
analyses included a number of small studies. Research 
analyzing the effect of small studies on treatment 
effect found that these trials often report a more posi-
tive treatment effect [35]. This might also hold true for 
diagnostic accuracy studies. Therefore, we advise to 
be careful with the interpretation of the smaller trials 
and limited number of cases, where a false-negative 
or positive results can affect accuracy more strongly 
than larger studies. There was sufficient data between 
the nine studies investigating the accuracy of LUS in 
ARDS diagnosis, which allowed for a meta-analysis to 
be performed. The studies in this review showed high 
sensitivity and specificity for distinguishing between 
focal and non-focal ARDS subphenotypes, but only two 
studies focused on this research question. A limited 
number of studies can influence the beneficial effect of 
the outcome researched [36]. Furthermore, there is a 
moderate heterogeneity between the included studies. 
Because there is no clear consensus yet on how to diag-
nose ARDS based on LUS alone, each study applied a 
different LUS ARDS definition, which could influence 
the sensitivity and specificity between different stud-
ies. A recent study showed a higher occurrence rate of 
ARDS when adding bilateral abnormalities as found by 
LUS. The authors concluded that incorporating well-
defined LUS ARDS criteria in the new ARDS definitions 
(Kigali and Global Definition) will improve sensitivity 
and specificity [29]. In none of the included studies, the 
ultrasound preset was defined. The choice of preset can 
significantly influence the detection of B-lines, thereby 
impacting both sensitivity and specificity.

This meta-analysis assessed the risk of publication 
bias by funnel plot analysis. However, this should be 
interpreted with caution as this is primarily designed 
for interventional studies and it is unclear if publication 
bias exists for diagnostic accuracy test studies [37].
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Conclusion
This systematic review and meta-analysis demon-
strate that LUS is a reliable diagnostic tool for ARDS 
in adult patients. The high specificity indicates that it 
is especially good for diagnosing ARDS, with a moder-
ate sensitivity making it moderately reliable for ruling 
out ARDS. These results support the implementation of 
LUS in the global ARDS definition. However, given the 
significant heterogeneity amongst included studies, this 
review warrants the need for further clinical research. 
We would recommend a standardized LUS ARDS defi-
nition, including a preferred LUS protocol including 
presets for B-line recognition. This will improve homo-
geneity between studies and improve clinical applica-
bility in real-life settings.
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