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Abstract:

Acute dyspnea requires rapid etiological diagnosis, yet distinguishing cardiac and pulmonary causes remains challenging in
emergency settings. This prospective study evaluated 144 adults with acute dyspnea using structured point-of-care ultrasound
(POCUS) of the lungs, heart, inferior vena cava and deep veins. Pneumonia (27.1%), heart failure (25.7%) and obstructive airway
disease (22.2%) were the most frequent diagnoses. POCUS achieved 93.1% diagnostic accuracy with excellent agreement with the
final diagnosis (x=0.859, p<0.01) and showed high sensitivity and specificity across major etiologies. Thus, data shows that POCUS as

a reliable bedside modality for early evaluation of acute dyspnea, particularly in resource-limited settings.
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Background:
Dyspnea is one of the most common symptoms encountered in
primary care and emergency medicine, accounting for a
substantial proportion of outpatient consultations and hospital
admissions worldwide [1]. Acute dyspnea may arise from a
wide range of cardiac, pulmonary, vascular and systemic
disorders, including heart failure, pneumonia, chronic
obstructive pulmonary disease, asthma, pneumothorax and
pulmonary embolism [2, 3]. Rapid identification of the
underlying cause is essential because delays in diagnosis can
lead to increased morbidity, inappropriate treatment, prolonged
hospitalization and adverse clinical outcomes [4]. Clinical
assessment based on history taking, physical examination and
routine laboratory investigations often lacks sufficient sensitivity
and specificity to accurately differentiate cardiac from
pulmonary causes of dyspnea [5]. Conventional imaging
modalities such as chest radiography, echocardiography and
computed tomography provide valuable diagnostic information
but may not be immediately available, particularly in
overcrowded emergency departments and resource-limited
healthcare settings [6]. Furthermore, the time required for
obtaining and interpreting these investigations can delay
therapeutic decision-making in critically ill patients. Point-of-
care ultrasound (POCUS) has emerged as a rapid, non-invasive
bedside imaging modality that enables real-time assessment of
multiple organ systems. Integrated examination of the lungs,
heart, inferior vena cava and deep veins allows clinicians to
evaluate several potential causes of acute dyspnea during a
single encounter [7]. Previous studies have demonstrated that
POCUS can identify conditions such as pulmonary edema,
pleural effusion, pneumothorax, pneumonia, pericardial effusion
and pulmonary embolism with high diagnostic accuracy [8]. In
addition, POCUS has shown strong agreement with standard
imaging techniques while reducing diagnostic delays and
facilitating earlier clinical management [8]. Despite increasing
adoption of POCUS in emergency medicine, data regarding its
diagnostic performance in Indian tertiary care settings remain
limited. Evaluation of its accuracy across a broad spectrum of

. S
dyspnea etiologies is important to support its routine integration
into emergency and primary care practice [9]. Therefore, it is of
interest to describe the diagnostic accuracy and concordance of
point-of-care ultrasound with the final diagnosis among patients
presenting with acute dyspnea.

Methods:

Study design and setting:

This prospective cross-sectional study was conducted in the ED
of a tertiary care hospital in Central India, between January 2023
and June 2024.

Study participants:
Adult patients aged 18 years and older presenting with acute
dyspnea was screened for eligibility.

Eligibility criteria:

Adult patients presenting to the ED with acute dyspnea who
provided written informed consent were included in the study,
while patients with dyspnea due to trauma, pregnancy, chronic
dyspnea (>4 weeks), or those requiring immediate life-saving
intervention prior to ultrasound assessment were excluded.

Sample size and sampling technique:
Sample size is calculated by the help of formula
n= Z_ZM p !1-[2[
dz
Where, p: sensitivity of the new test; d: precision; Zi.o/2: Desired
Confidence Level

Clinical evaluation:

All enrolled patients underwent routine clinical assessment,
including history taking, physical examination, vital sign
monitoring and baseline investigations according to institutional
emergency care protocols. Patient management decisions were
made by the treating physician and were not influenced by
study participation.
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Point-of-care ultrasound:

Bedside POCUS was performed by emergency physicians

trained in focused ultrasound using a portable ultrasound

system Sonosite M-Turbo (FUJIFILM Sonosite, Inc., Bothell, WA,

USA).

A structured multiorgan ultrasound approach was employed,

comprising;:

[1] Lung ultrasound: Evaluation for B-lines, consolidation,
pleural effusion, pneumothorax, lung sliding and interstitial
syndrome

[2] Focused cardiac ultrasound: Assessment of ventricular
function, chamber size and pericardial effusion

[3] IVC assessment: Measurement of IVC diameter and
respiratory variation to assess volume status

[4] Lower limb  venous  ultrasound: Compression
ultrasonography when pulmonary embolism was clinically
suspected

Based on the ultrasound findings, a POCUS-based provisional
diagnosis was documented prior to the availability of definitive
imaging.

Reference standard:

The final diagnosis was established using a composite of clinical
findings, laboratory investigations, chest radiography,
echocardiography and CT scan of the thorax or pulmonary
angiography when indicated. This final diagnosis served as the
reference standard for comparison.

Statistical analysis:

Data were entered into a secure database and analyzed using
SPSS software (version 25). Continuous variables were expressed
as the mean * standard deviation or median with interquartile
range, while categorical variables were presented as frequencies
and percentages. Diagnostic accuracy parameters of POCUS
were calculated and agreement between POCUS findings and
the final diagnosis was assessed using Cohen’s kappa statistic. A
p-value < 0.05 was considered statistically significant.

Results:

A total of 144 patients presenting with acute dyspnea were
enrolled in the study. The mean age of the study population was
53.95 + 15.9 years. There was a slight male predominance, with
57% males and 43% females. More than half of the patients
(58.3%) were triaged in the red category, indicating severe
illness. POCUS evaluation revealed good cardiac contractility in
81.3% of patients and dilated cardiac chambers in 20.8%.
Pericardial effusion was identified in 4.2% of cases. IVC
assessment showed reduced collapsibility (<50%) in a
substantial proportion, suggestive of elevated right atrial
pressures. Lung ultrasound demonstrated A-lines in 61.8% and
B-lines in 63.2% of patients. The shred sign was present in 49.3%,
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air bronchograms in 5.6% and hepatization in 4.9%. Lung sliding
was present in 97.9%, while the lung point and stratosphere sign
were seen in 2.1% each. Deep vein thrombosis was detected in
6.3% of patients. Based on POCUS findings, the most common
diagnoses were pneumonia (29.9%), heart failure (24.3%) and
obstructive airway disease (OAD) (22.9%). Pulmonary embolism
accounted for 7.6%, heart failure with pneumonia for 9%,
pneumothorax for 1.4% and pericardial effusion for 0.7% (Table
1). Final diagnoses showed pneumonia (27.1%) as the most
common etiology, followed by heart failure (25.7%) and OAD
(22.2%). Pulmonary embolism was diagnosed in 7.6% and
pneumothorax in 1.4% of cases (Table 2). Concordance between
POCUS and the final diagnosis was excellent (x = 0.859, p <
0.01). The overall diagnostic accuracy of POCUS was 93.1%
(Table 3). POCUS demonstrated 100% sensitivity and specificity
for pneumonia, pneumothorax, pericardial effusion and
pulmonary embolism in the studied cohort. For heart failure,
sensitivity was 83.78% and specificity was 97.87%. For OAD,
sensitivity and specificity were 96.88% and 100%, respectively
(Table 4). The overall accuracy of POCUS was 93.1% (122/131).
Concordance between the POCUS diagnosis and the final
diagnosis demonstrated an almost perfect kappa value (x =
0.859) and was statistically significant (p < 0.01) (Table 3).
Comparison with imaging modalities showed strong agreement
between POCUS and chest X-ray (x = 0.885), 2D
echocardiography (x = 0.872) and CT thorax (x = 1.00). The
majority of patients (59%) had an ED stay between 6 and 24
hours. Admission was required in 51.4% of cases, while 11.1%
were discharged and mortality was 1.4%. These findings
highlight the high diagnostic accuracy and rapid utility of
POCUS in evaluating acute dyspnea in emergency and primary
care settings.

Tablel: Distribution of the study participants according to POCUS Diagnosis

Diagnosis Frequency (n)  Percentage (%)

Pneumonia 43 299

Heart failure 35 243

OAD 33 229

Heart failure with Pneumonia 13 9

Pulmonary embolism 11 7.6
Pneumothorax 2 14

Pericardial effusion 1 0.7

Others 6 42

Table 2: Distribution of the study participants according to Final Diagnosis (n=144)

Diagnosis Frequency (n)  Percentage (%)
Pneumonia 39 271

Heart failure 37 25.7

OAD 32 222

Heart failure with Pneumonia 9 6.3

Pulmonary embolism 11 7.6
Pneumothorax 2 14

Pericardial effusion 1 0.7

Others 13 9

Table 3: Comparison between diagnosis on POCUS and final diagnosis among the study participants (n=131)

POCUS Diagnosis

Final diagnosis Heart failure  Pneumonia  Heart failure with Pneumonia OAD Pneumonia  Pericardial = Pulmonary
thorax effusion embolism

rt failure 31 (83.8%) 0(0.0%) 5 (13.5%) 1(2.7%) 0(0.0%) 0 (0.0%) 0(0.0%)

Pneumonia 0(0.0%) 39 (100.0%) 0 (0.0%) 0 (0.0%) 0(0.0%) 0 (0.0%) 0 (0.0%)
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Heart failure with pneumonia 2 (22.2%) 0(0.0%) 7 (77.8%) 0 (0.0%) 0(0.0%) 0 (0.0%) 0(0.0%)
OAD 0(0.0%) 0 (0.0%) 1(3.1%) 31(96.9%) 0 (0.0%) 0 (0.0%) 0(0.0%)
Pneumothorax 0(0.0%) 0 (0.0%) 0(0.0%) 0 (0.0%) 2 (100.0%) 0 (0.0%) 0(0.0%)
Pericardial 0 (0.0%) 0(0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (100%) 0 (0.0%)
effusion
Pulmonary 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0(0.0%) 0 (0.0%) 11(100%)
embolism
Kappa( «) 0.859 (p-value<0.01)
Table 4: Diagnostic performance of POCUS compared with the final diagnosis
Diagnosis Sensitivity Specificity PPV NPV Accuracy Positive likelihood ratio ~ Negative likelihood
ratio
Heart failure 83.78% (67.99%-  97.87% (92.52%-  93.94% (79.62%-  93.88% (88.05% 93.89% 39.38 0.17
93.81%) 99.74%) 98.40%) -96.96%) (88.32% 9.92- (0.08-
-97.33%) 156.28) 0.34)
Pneumonia 100% (90.97- 100% (96.07%- 100% (90.97- 100% (96.07 %- 100% (97.22%- - -
100.00%) 100%) 100.00%) 100%) 100%)
Heart failure 100% (59.04%- 95.16% (89.77%-  53.85% (34.83%-  100% (96.92%- 95.42% 20.67 0
with Pneumonia ~ 100%) 98.20%) 71.80%) 100%) (90.30%- (9.47-
98.30%) 45.11)
OAD 96.88% (83.78%-  100% (96.34%- 100% (88.78%- 99% (93.5%- 99.24% - 0.03
99.92%) 100%) 100%) 99.85%) (95.82%- (0.00-
99.98%) 0.22)
Pneumo 100% (15.81%- 100% (97.18%- 100% (15.81%- 100% (97.18%- 100% (97.22%- - 0
thorax 100%) 100%) 100%) 100%) 100%)
Pericardial 100% (2.5%- 100% (97.2%- 100% (2.5%- 100% (97.2%- 100% (97.22%- - 0
effusion 100%) 100%) 100%) 100%) 100%)
Pulmonary 100% (71.51%- 100% (96.97%- 100% (71.51%- 100% (96.97% -  100% (97.22%- - 0
embolism 100%) 100%) 100%) 100%) 100%)
Discussion: including POCUS, chest radiography and CT thorax, were

Acute dyspnea is one of the most common and challenging
presentations encountered in the ED and primary care settings.
Rapid differentiation between cardiac and non-cardiac causes is
crucial for timely management. The present study evaluated the
role of POCUS in diagnosing the cause of dyspnea among 144
patients presenting to ED demonstrated high diagnostic
accuracy with excellent concordance with the final diagnosis and
standard imaging modalities. In the present study, the majority
of patients were in the 61-75-year age group (38.9%), with a
mean age of 53.95 + 15 years, reflecting the higher burden of
cardiopulmonary diseases in the elderly population. A similar
age distribution has been reported in previous studies
evaluating POCUS in acute dyspnea, in which older adults
constituted the predominant group due to the higher prevalence
of heart failure, pneumonia and OAD [10]. Male predominance
(56.9%) was observed, which may be attributed to higher rates of
smoking, occupational exposure and cardiovascular risk factors
among men. This finding is consistent with the studies
conducted by Amiri et al. [11]. Most of the study participants
(58%) were in the red triage category and 39.6% were in the
yellow triage category. In the present study, most patients
clinically presented with sudden-onset dyspnea (94.4%),
tachypnea (78.5%) and hypoxia, with nearly half with a SpO.
between 80-89%. Crepitations (53.5%), cough (50%), accessory
muscle use (34%), chest pain (20.1%), wheeze (20%), both
crepitations and wheeze (13.9%) and palpitations (6.3%) were
common findings. These overlapping clinical features highlight
the diagnostic challenge faced by primary care physicians and
emergency clinicians, where reliance solely on clinical
examination may not be sufficient to differentiate cardiac from
pulmonary causes. Therefore, additional diagnostic modalities,

employed to enhance diagnostic accuracy and support
appropriate management decisions. POCUS findings in the
current study showed B-profile (43.8%) and A-profile (34.7%),
with diagnoses including pneumonia (27.1%), heart failure
(25.7%), OAD (222%), pulmonary embolism (7.6%),
pneumothorax (1.4%) and pericardial effusion (0.7%). This
distribution is consistent with the common etiologies of acute
dyspnea in emergency and primary care settings. Pneumonia
was the most common cause of dyspnea, with a total of 39
patients (27%), similar to the study conducted by Santus et al.
[12] which also reported pneumonia as the most common
diagnosis of dyspnea. The concordance between the POCUS
diagnosis and the final diagnosis demonstrated an almost
perfect kappa value (kx = 0.859). The high sensitivity and
specificity for pneumonia and pneumothorax are consistent with
earlier literature demonstrating the superiority of lung
ultrasound over chest X-ray in detecting consolidations and
pleural pathologies. The presence of B-lines reduced cardiac
contractility and a plethoric IVC aided in identifying heart
failure, whereas an A-profile with lung sliding supported the
diagnosis of OAD. When compared with chest X-ray (k = 0.885),
2D echocardiography (x = 0.872) and CT thorax (x = 1.00),
POCUS showed excellent to perfect agreement. Notably, POCUS
achieved 100% diagnostic performance for pneumothorax,
pulmonary embolism and pericardial effusion in patients who
underwent CT or echocardiographic correlation. This finding
reinforces the utility of integrated lung-cardiac-IVC ultrasound
protocols in rapid bedside assessment. An important
observation was that the majority of patients had an ED stay
between 6 and 24 hours (59%). Early bedside diagnosis with
POCUS may have contributed to faster decision-making
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regarding admission, referral, or discharge. In resource-limited
settings, especially in primary care and peripheral hospitals
where CT and formal echocardiography may not be immediately
available, POCUS can significantly reduce diagnostic delays.
From an emergency care perspective, the findings of this study
are clinically relevant. Early and accurate diagnosis in
emergency settings is essential for timely management and
improved  patient outcomes [13]. Bedside focused
cardiopulmonary ultrasound enables rapid identification of life-
threatening conditions such as heart failure, pneumonia,
pulmonary embolism and pneumothorax. Incorporation of
point-of-care ultrasound (POCUS) into routine emergency care
practice may enhance clinical decision-making, optimize
resource utilization and reduce diagnostic delays, particularly in
resource-limited settings, thereby improving overall patient
outcomes [14]. The concordance between the POCUS diagnosis
and the final diagnosis demonstrated an almost perfect kappa
value (x = 0.859). The high sensitivity and specificity observed
for pneumonia and pneumothorax are consistent with previous
studies demonstrating the superiority of lung ultrasound over
chest radiography for detecting pulmonary consolidations and
pleural pathologies. Nuafiez-Ramos et al. [15] reported that lung
ultrasound provides high diagnostic accuracy in patients with
acute respiratory failure and supports rapid bedside decision-
making. Similarly, Hamza Yousef ef al. [16] highlighted its
excellent diagnostic performance as a radiation-free imaging
modality for common respiratory disorders. The presence of B-
lines reduced cardiac contractility and a plethoric IVC aided in
identifying heart failure, whereas an A-profile with lung sliding
supported the diagnosis of OAD. Compared with chest X-ray,
2D echocardiography and CT thorax, POCUS demonstrated
excellent to perfect agreement, including 100% diagnostic
accuracy for pneumothorax, pulmonary embolism and
pericardial effusion in correlated cases. These findings are
supported by Seyala and Soldera [17], who reported that
integrated cardiopulmonary ultrasound improves diagnostic
accuracy and facilitates early management of critically ill
patients. Most patients had an emergency department stay of 6-
24 hours (59%), suggesting that early bedside diagnosis with
POCUS may contribute to faster clinical decision-making. In
resource-limited settings where advanced imaging is not readily
available, POCUS offers a rapid and cost-effective diagnostic
tool. Yadav et al. [18] similarly reported that routine POCUS
improves differentiation of cardiac and pulmonary causes of
dyspnea and enhances emergency care outcomes. The strengths
of this study include a comprehensive comparison of point-of-
care ultrasound (POCUS) with multiple standard diagnostic
modalities, along with the evaluation of key diagnostic
parameters such as sensitivity, specificity, predictive values,
likelihood ratios and kappa statistics. The findings indicate that
lung ultrasound demonstrates superior diagnostic performance
compared to chest radiography in several acute respiratory
conditions. Furthermore, an integrated assessment combining
lung, cardiac and inferior vena cava (IVC) ultrasound improves
overall diagnostic accuracy. POCUS also facilitates early
differentiation between cardiac and pulmonary causes of
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dyspnea, particularly in resource-limited emergency care
settings. This was a single-center study with a relatively limited
sample size for certain conditions, such as pneumothorax and
pericardial effusion. The operator-dependent nature of
ultrasound and the lack of blinding may also have influenced
the results. Further multicenter studies with larger sample sizes
are recommended to validate these findings.

Conclusion:

POCUS showed high diagnostic accuracy (93.1%) with almost
perfect agreement with the final diagnosis (x = 0.859) in patients
presenting with acute dyspnea. It showed excellent concordance
with standard imaging modalities, supporting its reliability for
rapid bedside diagnosis. Thus, routine integration of structured
POCUS protocols can facilitate early management and improve
emergency care, particularly in resource-limited settings.

Dissemination of results:

The findings of this study were shared with clinicians and staff
in the Department of Trauma and Emergency at AIIMS Raipur
through informal discussions and departmental presentations
during the study period. Feedback was obtained from treating
physicians to support integration into routine clinical practice.
The results are also being incorporated into ongoing training
activities on point-of-care ultrasound (POCUS) for emergency
care providers. In addition, key findings will be disseminated as
part of the ongoing POCUS with Al integration project funded
by the IIT Indore DRISHTI CPS Foundation, with plans for
broader sharing through academic publications and conferences.
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