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Abstract

The early, appropriate management of acute onset dyspnea is important but often challenging. The aim of this study was to
investigate the effects of the use of Point-of-Care Ultrasound (PoCUS) versus conventional management on clinical outcomes
in patients with acute onset dyspnea. The Cochrane Library, MEDLINE, EMBASE and reference lists were searched to iden-
tify eligible trials (inception to October 14, 2021). There were no language restrictions. Randomized controlled trials (RCTs),
and prospective and retrospective cohort studies that compared PoCUS with conventional diagnostic modalities (controls)
in patients with acute onset dyspnea were included. Two independent reviewers extracted data and assessed the risk of bias.
Disagreements were resolved by consensus. The primary study outcomes were time to diagnosis, time to treatment, and
length of stay (LOS). Secondary outcomes included rate of appropriate treatment, 30-day re-admission rate, and mortality.
We included eight RCTs and six observational studies with a total of 5393 participants. Heterogeneity across studies was
variable (from low to considerable), with overall low or moderate study quality and low or moderate risk of bias (except one
article with serious risk of bias). Time to diagnosis (mean difference [MD], — 63 min; 95% CI, — 115 to — 11 min] and time
to treatment (MD, — 27 min; 95% CI — 43 to — 11 min) were significantly shorter in the PoCUS group. In-hospital LOS
showed no differences between the two groups, but LOS in the Intensive Care Unit (MD, — 1.27 days; — 1.94 to — 0.61 days)
was significantly shorter in the PoOCUS group. Patients in the PoCUS group showed significantly higher odds of receiving
appropriate therapy compared to controls (odds ratio [OR], 2.31; 95% CI, 1.61-3.32), but there was no significant effect
on 30-day re-admission rate and in-hospital or 30-day mortality. Our results indicate that PoCUS use contributes to early
diagnosis and better outcomes compared to conventional methods in patients admitted with acute onset dyspnea.
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Graphical abstract

A systematic review and meta-analysis including 8 randomized controlled trials

and 6

observational studies (5393 patients)

Reduces time to diagnosis
(MD-63 min; 95% Cl,-115to-11 min)

Reduces time to treatment
(MD -27 min; 95% Cl -43to-11 min)

Decreases length of stay

in the Intensive Care Unit
(MD-1.27 days; -1.94 to - 0.61 days)

Improve the rate of

appropriate treatment
(OR2.31;95% Cl, 1.61-3.32)

Keywords Point-of-care ultrasound - Acute-onset dyspnea - Clinical outcomes

Introduction

Acute-onset dyspnea is one of the most common symp-
toms for which patients visit the Emergency Department
(ED) [1-4]. In the United States, dyspnea is the main rea-
son for four to five million ED visits annually [4], repre-
senting up to 50% of patients admitted to acute tertiary
care hospitals [5]. In the Asia—Pacific region, 5% of all
ED presentations are due to dyspnea [6]. In addition to its
high incidence, the 30-day mortality rate of these patients
remains relatively high (8-13%) [7, 8]. Therefore, rapid
and appropriate diagnosis of the underlying pathology is
of utmost importance for prompt and adequate treatment
[9].

However, differential diagnosis is often challenging [10,
11]. Most physicians mainly rely on conventional diagnostic
modalities, such as medical history, physical examination,
chest X-ray (CXR), electrocardiogram (ECG), and stand-
ard laboratory tests [12]. Even given all these tests, some
studies have raised doubts about the diagnostic accuracy of
these conventional approaches, especially in the critically ill
patient population [13, 14].
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The use of Point-of-care ultrasound (PoCUS) has gained
increasing popularity in several domains of acute patient
management, including acute onset dyspnea [11, 15]. There
is an increasing body of evidence demonstrating that the
accuracy of PoCUS is comparable to the current imaging
reference standard CXR in general [16] as well as in specific
conditions, such as pneumonia [17], acute decompensated
heart failure [16], pleural effusion [18], pneumothorax [19]
and pulmonary embolism [20]. PoCUS has other advan-
tages, such as being free from ionizing radiation, and most
importantly can be performed in real-time at the bedside
[16, 21]. Additionally, PoCUS can answer a broad spec-
trum of remaining diagnostic questions and may also help
to optimize and personalize therapy [22]. However, very few
trials have examined meaningful clinical outcomes related
to PoCUS usage to date [23] and the results on outcome
measurements were heterogeneous [24].

Therefore, we conducted a high-quality, comprehensive
systematic review and meta-analysis that included the most
recent publications that reported clinical outcomes with the
use of PoCUS in patients who developed acute onset dysp-
nea. In addition to the existing diagnostic accuracy studies
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[16-20, 25], our main objective, as a new insight to this
field, was to investigate how PoCUS improves clinical end-
points in patients with acute onset dyspnea.

Materials and methods
Protocol registration and search strategy

The protocol was prospectively registered via the Interna-
tional Prospective Register of Systematic Reviews (PROS-
PERO) under the registration number CRD42021284070.
There was no deviation from the protocol. We report our
results following the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) recommenda-
tions [26].

We systematically searched MEDLINE (via PubMed),
EMBASE, and the Cochrane Central Register of Controlled
Trials (CENTRAL) for eligible articles on 14 October,
2021. We applied “title, abstract, author, keyword” filters in
EMBASE—no other filters were used. We did not use any
restrictions or limitations based on language or publication
date. We also scanned the reference lists of included studies
and the cited articles in Google Scholar. The detailed search
key is outlined in the Additional Methods section.

Selection process and data collection

Only randomized controlled trials (RCTs), and prospective
and retrospective cohort studies were eligible for inclusion.
Editorials, review articles, case reports, case series, con-
ference abstracts, non-peer-reviewed articles and animal
experiments were excluded.

The selected studies had to match our previously defined
PICO (Patients, Intervention, Control, Outcome) framework:

P: Adults and children who were admitted to the ED or to
the Intensive Care Unit (ICU), or to another inpatient setting
because of acute onset or worsening dyspnea were eligi-
ble. We also included studies enrolling patients who devel-
oped shortness of breath from unknown etiologies and were
already hospitalized. Studies reporting on trauma-induced
acute onset dyspnea, or pregnancy were excluded.

I: The examined intervention was PoCUS use on its own
or in combination with conventional diagnostic measures.
If PoCUS was applied in combination with conventional
methods, the endpoints in each case should be able to be
evaluated separately from the control arm. There were no
restrictions on the type of PoCUS protocols.

C: Control group included conventional diagnostic meth-
ods, such as taking the patients’ medical history, physical
examination, ECG, blood gas and different laboratory analy-
ses, echocardiography, CXR, or computer tomography (CT).

O: For the primary outcomes, we defined time to diag-
nosis (measured in minutes from admission or first medical
contact until initial diagnosis was made), time to treatment
(assessed as the previous point until the treatment was
initiated) and length of stay (LOS) which was evaluated
in the following three subgroups: in-hospital LOS, LOS in
the ED and LOS in the ICU. The secondary outcomes were
the following: mortality (in-hospital and 30-day), rate of
appropriate treatment and 30-day re-admission rate.

After the removal of duplicates using a reference man-
agement software (EndNote X9, Clarivate Analytics), two
review authors (G.S. and C.S.) independently screened
titles, abstracts, and then the full texts against predefined
eligibility criteria.

Cohen's kappa coefficient (k) was calculated (by G.S.
and C.S.) to measure inter-rater reliability during the
selection process, where values 0.01-0.20 indicate slight,
0.21-0.40 indicate fair, 0.41-0.60 indicate moderate,
0.61-0.80 indicate substantial, and 0.81-1.00 indicate
almost perfect or perfect agreement. Discrepancies were
resolved by two other review authors (Z.M. and M.R.).

Based on the consensus of methodological and clinical
experts, we created a standardized data collection sheet.
Data on the first author, publication year, countries, study
design, number of patients in each group and their base-
line characteristics (including age and gender), type of
PoCUS protocol, examiners’ practice and the available pri-
mary and secondary outcome parameters were extracted
by two independent review authors (G.S. and C.S.) using
our standardized data collection form in Microsoft Excel.
There were no overlapping populations or duplicate data.

Risk of bias and quality assessment

The risk of bias was assessed based on the recommen-
dations of the Cochrane Collaboration. Two independent
review authors (G.S. and C.S.) did the assessment, and
an independent third investigator resolved any disagree-
ments (F.D.). For RCTs the RoB 2 tool (revised tool for
Risk of Bias in randomized trials) was used, whereas for
the cohorts, we used the ROBINS-I tool (Risk Of Bias in
Non-randomized Studies of Interventions) [27, 28].

Publication bias was assessed by visual inspection of
the Funnel plots and the leave-one-out sensitivity analyses
(see Additional Figs. 2 and 3).

The quality assessment of the included studies was per-
formed with GRADE-Pro (Grading of Recommendations,
Assessment, Development and Evaluation—Pro) based on
the recommendations of the Cochrane Collaboration [29].
A detailed description of the quality assessment and risk
of bias process can be found in the Additional Tables 1,
2, 3.
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Statistical analysis

If there were at least three studies for an outcome, a meta-
analysis was performed, and the results displayed in for-
est plots. For continuous outcomes, pooled mean differ-
ences (MDs), and for dichotomous variables, pooled odds
ratios (ORs) along with their 95% confidence interval (CI),
were calculated to investigate the differences between
the compared arms. A random effect model was used for
meta-analyses.

If the study number for the given outcome was over five,
the Hartung—Knapp adjustment [30, 31] was applied.

In all instances, raw data were used: in the case of binary
data, number of event and non-event, and in the case of con-
tinuous data, mean and standard deviation (SD). If the mean
and SD were not reported in the article, we estimated them
from the medians, quartiles, minimum and maximums using
the Luo [32] and Shi [33] methods.

To estimate the heterogeneity variance measure, 7° was
applied estimated with the Q profile method. Statistical
heterogeneity across trials was assessed by means of the
Cochrane Q test, and the P values, where p<0.1 was con-
sidered as statistically significant. Due to the low number of
available studies, the Egger’s test for the small-study effect
could not be performed.

Outlier and influence analyses were carried out following
the recommendations of Harrer et al. [34].

All statistical analyses were performed with R (R Core
Team [35], v4.1.1) using the meta (Schwarzer 2022, v5.2.0)
and dmetar (Cuijpers, Furukawa, and Ebert 2020, v0.0.9000)
packages [36, 37].

Results
Search and study selection

Based on PRISMA recommendations, the details of the elec-
tronic search are depicted in Fig. 1.

Our systematic search yielded 11,627 records and 3
other articles were found from other searches. After remov-
ing duplicates, 8695 items were screened, 32 of these were
thought to be suitable for full text selection and finally
13 studies (7 RCTs [38-44] and 6 observational studies
[45-50]) were processed for data collection. One additional
RCT was found during an internet search which was not
in the aforementioned databases [51]. Altogether 5393
patients’ data were gathered in this review, 2574 of them
were female (47.7%). Cohen's kappa for abstracts and full
texts was 0.67 and 0.59, respectively. The characteristics
of the studies included in our systematic review and meta-
analysis are presented in Table 1.
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Primary outcomes

Time to diagnosis was the most cited endpoint in the stud-
ies (7 of 15). PoCUS use compared to controls resulted in a
significant reduction in time to making the diagnosis (MD
— 63 min; 95% CI — 115 to — 11 min) (Fig. 2A). Time to
treatment was reported in four studies. In the PoCUS group,
patients also received treatment significantly earlier (MD
— 27 min; 95% CI — 43 to — 11 min) compared to controls
(Fig. 2B). Heterogeneity among these trials for both out-
comes was considerable (2= 100%, p=0 and 88%, p <0.01,
respectively).

As far as in-hospital LOS is concerned, PoCUS use
showed no significant effect (MD — 0.02 days; 95% CI
— 0.43 to 0.39 days), with low heterogeneity (I*=0%,
p=0.81). Regarding LOS in the ED, there was a mean of
35 min less waiting time to discharge or admission to a ward
that proved not significant (MD — 35 min; 95% CI — 93 to
23 min), but heterogeneity was high (I =84%, p <0.01).
Patients in the PoCUS group stayed for a significantly
shorter time in the ICU than controls (MD — 1.27 days; 95%
CI - 1.94 to — 0.61 days) (Fig. 2C). Heterogeneity was mod-
erate among these trials (P=46%, p=0.16).

Secondary outcomes

Regarding secondary endpoints, patients in the PoCUS
group had significantly higher odds (OR 2.31; 95% CI
1.61 to 3.32) of receiving appropriate therapy compared to
controls, and studies showed low heterogeneity (I =0%,
p=0.67) (Fig. 3A).

We found no significant effects on 30-day re-admission
rate (OR, 0.81; 95% CI, 0.56 to 1.17) with low heterogene-
ity (P=0%, p=0.78); 30-day mortality (OR, 0.82; 95% CI
0.31-2.18) and in-hospital mortality (OR 0.62; 95% CI 0.37
to 1.04), with moderate heterogeneity (I2 =50%, p=0.11
and P =37%, p=0.16, respectively) (Fig. 3 and Additional
Fig. 1). However, in the latter outcome, one article (Laursen
[39]) appeared to be a potential outlier, but due to the low
number of studies, the leave-one-out-analysis was discussed
only in the Additional file (for more details see Additional
Fig. 1).

Risk of bias assessment, publication bias
and certainty of evidence

Based on the Cochrane proposal, the risk of bias assess-
ment showed serious concern for only one article [48] and
moderate (some concern in cases of RCTs) or low risk for
all others. For GRADE, the certainty of evidence in the stud-
ies was variable, only the rate of appropriate treatment fell
into high certainty category. The results of the risk of bias
assessment of individual studies, the Funnel plots and the
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Fig. 1 PRISMA flowchart e . - :
[ Identification of studies via databases and registers ]
Records identified from: Records removed before
c Databases (n = 11627) screening:
2 4431PubMed, 6607 EMBASE Duplicate records removed
= 589 Cochrane Library (n = 2935)
E Registers (n = O) o Records marked as ineligible
5 Other searches: (n = 3): by automation tools (n = 0)
S 1 Internet search, 1 Citation, Records removed for other
1 Reference list reasons (n = 0)
A 4
Records screened Records excluded
—>
(n = 8695) (n = 8656)
\ 4
Reports sought for retrieval Reports not retrieved
= (n=239) (n = 1 Full text not available)
s
o
o
3 \4
Reports assessed for eligibility Reports excluded:24
(n=38) 3 Insufficient data publication
6 Review, Case report,
Commentary
11 Ineligible study protocol
4 Ineligible study population
v
B Studies included in review
S (n=14)
5 Reports of included studies
= (n=14)

leave-one-out sensitivity analyses are shown in the Addi-
tional Files (Additional Tables 2, 3 and Additional Figs. 2,
3). Furthermore, the final GRADE assessment is also shown
in Additional Table 1.

Discussion
Statement of principal findings

The results of this systematic review and meta-analysis have
shown that patients admitted with acute onset dyspnea and
managed with PoCUS have a significantly shorter time to
diagnosis, time to treatment, higher rate of receiving appro-
priate treatment, and decreased stay in ICU compared to
conventional approaches. However, use of PoCUS has a lim-
ited influence on 30-day and in-hospital mortality and had
no relevant effect on the 30-day re-admission rate.

Due to the fact that approximately 20% of patients pre-
senting to the ED with dyspnea are misdiagnosed and con-
sequently inappropriately treated [52], PoCUS could have
a potential role as an important diagnostic tool in patient
management [53]. Our results provide high-level evidence
to support this hypothesis. PoCUS has several advantages
over conventional modalities, such as immediate avail-
ability of results [16], lack of ionizing radiation [21], cost-
effectiveness [54], reproducibility [11], independency of the
patients’ breath-holding capacity [11], portability and safety
[55]. Although PoCUS use has increased substantially in
critical care settings over the last two decades [11, 56, 57],
it still remains underused [19], as indicated by the lower-
than-expected prevalence of PoCUS devices in rural areas
[58] and its use in only around 5% of patients in the ED
[59]. This tendency can, in part, be explained by the lack of
standardized training facilities [21], the operator dependency
that hinders quality assurance [60], and most importantly the
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Fig.2 Primary outcomes in
patients admitted with acute
onset dyspnea when PoCUS was
used compared to conventional
modalities (control). Compari-
son of patients admitted with
dyspnea examined by PoCUS

vs conventional modalities in
time to diagnosis (considerable
heterogeneity detected) (A),
time to treatment (considerable
heterogeneity detected) (B), and
length of stay in the Intensive
Care Unit (moderate hetero-
geneity detected) (C). PoCUS
indicates Point of Care Ultra-
sound; SD, standard deviation;
MD, mean difference. The size
of squares is proportional to the
weight of each study. Horizontal
lines indicate the 95% CI of
each study; diamond, the pooled
estimate with 95% CI

lack of high-quality evidence-based guidelines on PoCUS
[55, 57, 61]. Our results provide substantial evidence that
PoCUS use should be promoted on both national and inter-
national levels, and measures should be taken to improve its
implementation and practice.

Strengths and weaknesses of the study

To the best of our knowledge, this systematic review and
meta-analysis on the use of PoCUS in patients with acute

@ Springer

A Time to diagnosis (minutes)

PoCUS Control
Study Total Mean  SD Total Mean SD Mean Difference MD 95%-Cl Weight
RCT
Pivetta 2019 258 6.05 373 260 105.38 3839 -99.32 [-104.02; -9462] 143%
Wang 2014 66 17.00 6.00 62 104.00 34.00 -87.00 [-95.67; -78.33] 14.2%
Wang 2015 67 64.00 13.00 63 95.00 19.00 -31.00 [-36.68; -25.32] 143%
Colclough 2017 21 40.00 1059 19 60.46 1545 -20.46 [-29.02; -11.89] 14.2%
Random effects model 412 404 5947 [122.32; 3.38] 57.1%
Heterogeneity: Iz =99% [99%; =100%], p < 0.01
observational
Zanobetti 2017 2683 24.00 10.00 2683 186.00 72.00 -162.00 [-164.75;-159.25] 14.3%
Corsini 2019 124 985 750 124 4895 2324 -39.09 [-43.41; -3477] 143%
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Random effects model 256 413
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Random effects model 133 125
Heterogeneity: F=85% [0%; 92%], p = 0.09

observational

Zieleskiewicz 2021 62 406 379 67 6.06 530

Random effects model 195 192
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Test for subgroup differences: 3, = 0.91, df =1 (p = 0.34)
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sive studies to d

dence using the
incorporating thi

onset dyspnea is one of the largest and most comprehen-

ate. The strengths are the application of a

rigorously followed protocol prospectively registered on
PROSPERO, the evaluation of the overall quality of evi-

GRADE system, and being up to date by
e most recent literature. We also included

studies examining clinical outcomes, regardless of their lan-

guage or publication date, not just those evaluating diagnos-

tic accuracy. Additional strengths include the assessment of
highly relevant clinical outcomes [53] and the fact that there
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Fig.3 Secondary outcomes

in patients admitted with
dyspnea when PoCUS was
used compared to conventional

A Rate of appropriate treatment

PoCUS

Control

. N Study Appropriate Total Appropriate Total Odds Ratio OR 95%-Cl Weight
modalities (control). Compari-
son of patients admitted with RCT
g ined by PoCUS Riishede 2021 84 106 69 105 1.99 [1.07;3.70] 34.1%
yspnea examined by Fo Vs Laursen 2014 123 158 89 157 —i=— 250 [1.64;4.39] 54.3%
conventional modalities in rate Overall effect2 207 264 158 262 === 2.39 [1.63;3.51] 88.4%
of appropriate treatment (low Heterogenefty: I” = 0%, p = 0.46
heterogeneity detected) (A), observational
30-day re-admission rate (low Zieleskiewicz 2021 77 83 72 82 1.78 [0.62;5.15] 11.6%
heterogeneity detected) (B), and Overall effect 284 347 230 344 == 231 [1.61;3.32] 100.0%
in-hospital mortality (moderate Heterogenetty: 1° = 0% [0%; 90%], p = 0.67 f ' ' '
Test for subgroup differences: ¢ = 0.26, df = 1 (p = 0.61) 02 05 1 2 5

heterogeneity detected) (C).
PoCUS indicates Point of Care
Ultrasound; OR, odds ratio. The
size of squares is proportional to

Favours control  Favours PoCUS

the weight of each study. Hori- B 30-day readmission rate

zontal lines indicate the 95%

CI of each' study; ('11am0nd, the PoCUS Control

pooled estimate with 95% CI Study Readmission Total Readmission Total Odds Ratio OR  95%Cl Weight
RCT
Laursen 2014 36 122 41 116 - 0.77 [0.44;1.32] 46.9%
Riishede 2021 23 83 23 82 ——'— 0.98 [0.50;1.94] 30.0%
Overall effect 59 205 64 198 "i:f} 0.84 [0.55;1.29] 76.8%
Heterogeneity: 1= 0%, p = 0.57 H
observational H
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Overall effect 73 292 82 281 —L 0.81 [0.56; 1.17] 100.0%
Heterogeneity: I2 = 0% [0%,; 90%;, p=078
Test for subgroup differences: 3 = 0.18, df = 1 (p = 0.68) 0.5 1 2
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C In-hospital mortality
PoCUS Control

Study Mortality Total Mortality Total Odds Ratio OR 95%-C| Weight
RCT
Baker 2020 3 218 10 224 0.30 [0.08; 1.10] 12.5%
Riishede 2021 2 106 4 105 049 [0.09; 271] 7.9%
Pivetta 2019 17 258 24 260 —Ea 0.69 [0.36; 1.32] 30.3%
Colclough 2017 0 21 0 19 : 1.00 [0.02;53.11] 1.7%
Laursen 2014 13 158 8 157 e 1.67 [0.67; 415] 20.8%
Overall effect 35 761 46 765 == 0.75 [0.43; 1.34] 73.2%
Heterogeneity: fz =23% [0%, 68%], p = 0.27
observational
Zieleskiewicz 2021 14 83 29 82 —= 0.37 [0.18; 0.77] 26.8%
Overall effect 49 844 75 847 =2 0.62 [0.37; 1.04] 100.0%
Heterogeneity: P=37% [0%; 75“;26], p=0.16
Test for subgroup differences: ¢, = 2.25, df=1(p = 0.13) 01 0512 10

were no relevant missing data in the included studies. In
contrast to previous reviews and meta-analyses [16-20, 60]
that analyzed data from patients with an explicit diagnosis,
such as pneumonia or acute decompensated heart failure [9,
10, 16, 17, 62], we applied a broader definition of dyspnea,
thereby including more patients and providing more com-
prehensive results.

In the case of one study (Blans [46]), the author kindly
provided the original data on patients with dyspnea, exclud-
ing all other causes. This allowed us to have a more homo-
geneous population and is the reason for the differences in

Favours PoCUS  Favours control

patient numbers presented in their original article and in
our analyses.

Our study also has certain limitations. There was substan-
tial heterogeneity regarding the age groups as we included
infants and patients older than 59 years [40, 47]. Severity of
illness, as indicated by the patients’ different medical condi-
tions, also showed heterogeneity as some articles included
intubated, mechanically ventilated patients, while others
excluded this group [41, 47]. Furthermore, not all patients
had dyspnea only as the sole complaint. Some articles
also included patients with coughing or chest pain, which

@ Springer
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further increased the heterogeneity of the study popula-
tion (Table 1). However, we tried to overcome this issue by
including studies where the majority of subjects required
medical intervention for acute onset dyspnea and included
them in data collection and analysis. The diversity of PoCUS
protocols may be another important factor behind the high
heterogeneity of the results and this is a key point and limi-
tation at the same time, from both the methodological and
clinical points of view. For example, some studies used
PoCUS only to investigate the lungs, whereas others exam-
ined the heart or both heart and lungs, while some studies
also evaluated the venous system (Table 1). Furthermore,
there is a lack of standardization regarding PoCUS training
and practice. Hence, we cannot exclude that in this regard
there was substantial diversity in the included studies.

Additionally, there were also some challenges in the
interpretation of the reported data. For example, extracting
numerical data from figures was particularly difficult, and
in one case [48] the re-admission rate period was 21 days
instead of 30 days.

Regarding the outcomes, on the one hand, it should be
noted that time to diagnosis could be influenced by the oper-
ator’s experience. On the other hand, classification of the
primary and secondary end points was arbitrarily defined
by us at the time of the PROSPERO registration. This was
followed throughout the analysis and not modified subse-
quently, although not all articles used exactly the same clas-
sification as we did.

Nevertheless, these limitations highlight the importance
and need for the development of gold standards for the man-
agement of this patient population to improve quality of care.

Comparison with other studies

Several reviews have investigated the diagnostic accuracy of
PoCUS in patients with dyspnea [9, 10, 17, 18, 20, 24, 25,
60, 62], but only a couple have included similar outcomes
to ours [19, 63].

Our results are in contrast with a recently published
guideline [61], which states that clinicians may use PoCUS
in addition to the standard diagnostic pathway when there is
diagnostic uncertainty. Based on our results, we recommend
that all patients suffering from acute onset dyspnea should
be managed by PoCUS as a standard and not only as a sup-
plementary tool when standard diagnostic measures fail.

Alrajab et al. [19] reported in a meta-analysis that the
PoCUS group needed a significantly shorter time to show
the presence or absence of pneumothorax. Their results are
in line with our findings that PoOCUS use can reduce time to
diagnosis by more than one hour. A recent systematic review
and meta-analysis that included 49 studies with data on 9782
participants found that PoCUS had no effect on in-hospital
LOS [63], which is in accordance with our results. To the best

@ Springer

of our knowledge, ED and ICU staying as separate outcomes
have not been evaluated in previous meta-analyses. Hence,
ours is the first to report on these. According to our results,
PoCUS use may reduce LOS in ED and the ICU, which could
have other potential beneficial effects (e.g., decreased costs
and/or reduced emergency room wait times) that should be
investigated in future.

Regarding 30-day re-admission rates, although there was a
tendency in favor of PoCUS, similar to the American College
of Physicians guideline [61], we could not demonstrate any
statistically significant effect.

Garthlehner et al. [63] found no statistically significant dif-
ferences for in-hospital mortality based on the analysis of three
RCTs [39-41]. Since this review, two further studies have been
published [42, 50] that were included in our analysis, thereby
we found a tendency toward PoCUS reducing in-hospital mor-
tality, but it was not significant. Nevertheless, this positive sig-
nal in our study should encourage further research in the field.

In a prospective, comparative study by Silva et al. [64],
PoCUS, compared to routine clinical assessment, signifi-
cantly improved the rate of appropriate treatment in patients
admitted to ICU with acute respiratory failure. However, it
is important to note that this outcome was defined based on
local treatment guidelines which may differ from center to
center, and in one article [50] was not defined at all. In our
analysis, we included patients from the ED as well as from
medical and surgical wards. Our results from a broader per-
spective also suggest that the rate of appropriate treatment
can definitely be improved using PoCUS.

Implications for practice

The results of this systematic review and meta-analysis
indicate that all patients admitted with acute onset dyspnea
should be examined with PoCUS to reduce time to diagno-
sis, time to treatment, LOS and potentially mortality.

Implication for research

There are several positive signals in our results that should
encourage further research in this field. To optimize PoCUS
use in daily routine, further studies are needed in which
patient selection criteria provide a more homogeneous pop-
ulation, and the experience of the examiners is also well
defined. Finally, standardizing PoCUS protocols is of para-
mount importance and is a challenging task for the future.

Conclusion

The results of this systematic review and meta-analysis sup-
port the use of PoCUS to improve differential diagnosis,
achieve early appropriate treatment and decrease LOS in
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the ICU compared to conventional diagnostic modalities in
patients admitted with acute onset dyspnea.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11739-022-03126-2.
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