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LUNG ULTRASOUND ENABLES FASTER 
DIAGNOSIS AND BETTER OUTCOME 
IN PATIENTS WITH DYSPNEA IN THE 
EMERGENCY DEPARTMENT
ULTRAZVUK PLUĆA OMOGUĆAVA BRŽU DIJAGNOZU  
I BOLJE ISHODE U BOLESNIKA S DISPNEJOM  
U HITNOM BOLNIČKOM PRIJAMU
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Abstract
Background: Acute dyspnea is a common and urgent presentation in the emergency 
department, with acute heart failure (AHF) as one of its leading causes. Rapid differentiation 
between AHF and other etiologies is essential. 
Materials and methods: This study aimed to evaluate the diagnostic accuracy of lung 
ultrasound (LUS) and compare it to chest X-ray (CXR) in patients with acute dyspnea, to 
show how much LUS is faster compared to CXR. This study included 242 adult patients 
presenting with acute dyspnea of ≤3 days’ duration. All patients underwent CXR and LUS 
according to a standardized protocol in emergency department. The final diagnosis was 
established by experienced clinicians using all available clinical, and imaging data, blinded 
to the LUS results. Diagnostic performance measures examination times of LUS and CXR 
and they were compared. 
Results: LUS results were available significantly faster (median 10.0 min) than CXR (median 
62.5 min). 
Conclusions: LUS demonstrated significantly shorter time to results. These findings support 
its use as a rapid, non-invasive, first-line tool for excluding AHF in acute dyspnea patients.
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Sažetak
Uvod: Akutna dispneja čest je i hitan razlog dolaska bolesnika u hitnu medicinsku službu, 
a akutno zatajenje srca (AZS) jedan je od najčešćih uzroka. Brza diferencijacija AZS-a od 
drugih uzroka od ključne je važnosti.
Metode: Cilj ovog istraživanja bio je procijeniti dijagnostičku točnost ultrazvuka pluća (engl. 
lung ultrasound, LUS) i usporediti ga s rendgenskim snimkama (RTG) pluća u bolesnika 
s akutnom dispnejom, te pokazati koliko je LUS brži u odnosu na RTG-e pluća. U studiju je 
uključeno 242 odraslih bolesnika s akutnom dispnejom u trajanju ≤3 dana. Svi su bolesnici 
podvrgnuti RTG-u pluća i LUS-u prema standardiziranom protokolu u hitnoj medicinskoj 
službi. Konačnu dijagnozu postavili su iskusni kliničari koristeći sve dostupne kliničke 
i slikovne podatke, a bili su slijepi na rezultate LUS-a. Mjerena su dijagnostička svojstva i 
vrijeme izvođenja LUS-a i RTG-a te su međusobno uspoređivani.
Rezultati: Rezultati LUS-a bili su dostupni značajno brže (medijan 10,0 min) u odnosu na 
RTG-e (medijan 62,5 min).
Zaključak: LUS je pokazao značajno kraće vrijeme do dostupnosti rezultata. Ovi nalazi 
podržavaju uporabu LUS-a kao brze, neinvazivane diojagnostičke metode i kao prvi izbor u 
isključivanju akutnog zatajenja srca u bolesnika s akutnom dispnejom.
Ključne riječi: akutna dispneja; hitni prijam; ultrazvuk pluća
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Data collection and clinical assessment
After confirming eligibility and consent, patients underwent 
a standardized diagnostic protocol including clinical 
examination, chest X-ray (CXR), and lung ultrasound (LUS). 
Final diagnosis was established by expert clinicians using all 
clinical data excluding knowledge of LUS results and served 
as the reference standard.

Chest X-ray
CXR was performed in posteroanterior and lateral views. 
Images were interpreted by board-certified radiologists who 
were blinded to the LUS results. Radiologic criteria for AHF 
included pulmonary venous redistribution, Kerley B lines, and 
interstitial or alveolar oedema. The presence of any of these 
signs classified the CXR as positive.

Lung ultrasound
Lung ultrasound was performed immediately after 
examination with patients in a supine or sitting position 
depending on clinical status. Two ultrasound machines were 
used: Esaote My Lab Six CrystaLine (1–8 MHz convex probe) 
and Philips Affiniti 70 (1–5 MHz convex probe). Scanning 
followed the international BLUE protocol, examining eight 
chest zones (bilateral anterior upper/lower and lateral upper/
basal areas). A diagnosis of AHF by LUS required ≥2 positive 
regions bilaterally with ≥3 B-lines per region. Initial operator 
was the principal investigator, with a second blinded examiner 
rescanning in unclear cases. 

Statistical analysis
Quantitative data (examination times) were expressed as 
medians and quartile ranges. Examination times were recorded 
and compared between LUS and CXR. Statistical significance 
was set at p<0.05. Sample size requirements were calculated 
using an online calculator provided by Akoglu (7).

Results
The median age was 79 years (range 30–100). Females were 
more frequently admitted (133 females, median age 80; 109 
males, median age 76). Median ages were similar in patients 
with (80 years) and without AHF (77 years).
The time to ultrasound findings showed a relatively narrow 
distribution, ranging from 4.0 to 75.0 minutes, with a median 
of 10.0 minutes and a quartile range from 8.0 to 14.0 minutes. 
The median waiting time for chest X-ray results was 62.5 
(28.25-106.5) minutes, with the longest waiting time recorded 
at 474.0 minutes. All LUS results preceded CXR reports (Table 
1) (Figure 1). 

Discussion
Key strength of LUS is its rapid availability. The main finding 
of our study is that LUS the time to results was significantly 
shorter than for CXR (median 10.0 vs. 62.5 minutes), 
supporting its role as a first-line test in acute dyspnea. The 
clinical importance of speed should not be underestimated. 

Introduction
Acute dyspnea is one of the the most common and urgent 
reasons for emergency department (ED) visits and is frequently 
caused by acute heart failure (AHF). Other causes usually are 
pneumonia, pulmonary embolism, or chronic obstructive 
pulmonary disease (1). Rapid and accurate differentiation of 
these conditions is critical to initiating appropriate therapy and 
improving patient outcomes (2). Chest radiography (CXR) is 
mostly used tool in the evaluation of acute dyspnea. CXR, due 
to its broad availability, is typically the first imaging modality 
utilized. However, its sensitivity in early cardiogenic pulmonary 
edema is limited, and interpretation may be delayed, 
particularly in busy ED settings (3). Lung ultrasound (LUS) 
has emerged as a rapid, bedside, radiation-free, non-invasive 
technique that detects extravascular lung water through 
identification of B-lines (4,5). LUS is easily repeatable, requires 
minimal equipment, and can be performed in real time during 
initial patient assessment. Most diagnostic accuracy studies 
for AHF use a composite reference standard combining 
clinical, laboratory, and imaging data, often supplemented 
by echocardiography, to minimize bias and provide a robust 
benchmark (6). 

Lung ultrasound enables rapid,  
non-invasive bedside diagnosis of  
acute heart failure, significantly  
faster than chest X-ray in acute 

dyspnea patients.

We hypothesised that lung ultrasound in patients with acute 
dyspnea has at least equal diagnostic value compared to CXR 
and that is significantly faster in the emergency setting.
Therefore, the aim of this study was to compare the diagnostic 
performance of lung ultrasound with that of chest X-ray in 
patients presenting with acute dyspnea in the emergency 
department. We evaluated the time required for each diagnostic 
method and to determine whether LUS can accelerate 
diagnostic decisionmaking while maintaining comparable 
accuracy. We we like to make LUS a valuable first-line tool in 
the emergency evaluation of acute dyspnea.

Methods

Participants
This study was conducted at the Emergency Department 
of the University Hospital Centre Zagreb and enrolled 242 
adult patients (>18 years) presenting with acute dyspnea of 
≤3 days’ duration in which AHF was considered a differential 
diagnosis. Eligible patients were conscious, spontaneously 
breathing, and did not require mechanical ventilation. Written 
informed consent was obtained. Exclusion criteria included 
unconsciousness, need for invasive or non-invasive ventilation, 
hemodynamic instability requiring immediate intervention, 
current dialysis, chest trauma, or refusal to participate.
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Rapid diagnosis facilitates the initiation of earlier treatment, 
which may improve outcomes. For example, point-of-care LUS 
has been shown to alter diagnoses in a substantial proportion 
of patients, directly influencing management decisions (8). 
Moreover, studies report that LUS use improves patient flow 
and resource utilisation in emergency departments (9), 
reduces delays in critical care linked to higher mortality (10), 
and contributes to shorter length of stay and better survival 
outcomes (11). Together, these findings suggest that, beyond 
diagnostic accuracy, the timeliness of LUS may have significant 
downstream effects on both patient care and healthcare 
efficiency.

Faster lung ultrasound diagnosis 
supports early detection of acute heart 
failure and timely initiation of treatment 

in the emergency department.

Overall, while LUS cannot replace more specific modalities for 
confirming AHF, it offers an ideal balance of high sensitivity 
and rapid availability. In the emergency department, where 
rapid triage and exclusion of life-threatening conditions 
are paramount, LUS is best applied as a front-line rule-out 
tool integrated with confirmatory tests for comprehensive 
evaluation.

Conclusion
Lung ultrasound demonstrated significantly shorter time to 
results and faster diagnosis. 

These findings support its use as a rapid, non-invasive, first-
line tool for excluding acute heart failure in acute dyspnoic 
patients.
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Table 1. Time to diagnostic test lung ultrasound and chest radiography

Desctiptive parameter (min)

Diagnostic test N Arithmetic mean Standard deviation Minimum Maximum

LUS 242 12,4 8,3 4,0 75,0

CXR 242 83,5 81,3 1,0 474,0

Figure 1. Time to lung ultrasound and chest radiography


