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Abstract
The use of point-of-care ultrasound (POCUS) in emergency 

settings is now well established as part of the initial assessment 
of critically ill patients. In cases of acute chest pain, POCUS 
plays a significant role in differential diagnosis, helping to 
reduce diagnostic errors and, most importantly, preventing 
the discharge of patients with potentially life-threatening 
conditions. In this context, the main diagnostic considerations 
include acute coronary syndrome (ACS), pericarditis, 
pulmonary thromboembolism (PTE), and acute aortic 
syndromes (AAS). POCUS has proven effective in all of these 
scenarios and can be widely applied with proper training, both 
by novice physicians and experienced echocardiographers. 
This article aims to discuss the key ways in which POCUS 
can specifically aid in the differential diagnosis of chest pain.

Introduction
The use of point-of-care ultrasound (POCUS) in emergency 

settings is now well established as an integral part of the 
initial assessment of critically ill patients. In cases of acute 
chest pain, POCUS has proven to be a valuable tool in 
differential diagnosis, helping reduce diagnostic errors and, 
most importantly, preventing the discharge of patients with 
potentially life-threatening conditions.1,2 Among the main 
differential diagnoses in this scenario are acute coronary 
syndrome (ACS), pericarditis, pulmonary thromboembolism 
(PTE), and acute aortic syndromes (AAS).

a) ACS
The diagnosis of ACS is primarily based on clinical history, 

electrocardiography (ECG), and troponin levels. Although 
these tools are simple and widely used, the increasing adoption 
of POCUS raises questions about its potential to improve 
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diagnostic accuracy, shorten time to diagnosis, assist in risk 
stratification, and detect complications associated with ACS.1,2

Following clinical assessment, patients with suspected 
ACS in the emergency department (ED) can be pragmatically 
classified into three groups:1,2

•	 Definitive or highly probable diagnosis of ACS (e.g., 
typical clinical presentation with ST-segment elevation 
and/or troponin elevation);

•	 Ruled-out diagnosis (e.g., low-suspicion presentation 
with normal ECG and troponin levels);

•	 Indeterminate diagnosis.

In confirmed cases, POCUS can be helpful in identifying 
complications in unstable patients, such as acute pulmonary 
edema or cardiogenic shock. When the diagnosis of ACS is 
ruled out, POCUS may assist in the differential diagnosis, such 
as AAS, pericarditis, or PTE.1,2

The indeterminate diagnosis group includes, for instance, 
patients with initially negative troponins but at intermediate 
risk for adverse events (e.g., a History, ECG, Age, Risk factors, 
Troponin [HEART] score between 4 and 6, or a 0/1-hour 
algorithm from the European Society of Cardiology [ESC] falling 
into the observation zone). In such cases, POCUS may reveal 
signs of poor prognosis and support the decision to conduct an 
earlier inpatient investigation. This group also includes patients 
presenting to the ED with a clinical or electrocardiographic 
presentation suggestive of acute coronary occlusion (ACO). If 
uncertainty remains, POCUS may help to increase or decrease 
the pretest probability of ACO.1-3

In recent years, there has been a growing recognition of 
the limitations of using ST-segment elevation as a dichotomous 
criterion to define ACO. Consequently, greater importance is 
being placed on clinical presentation and other ECG findings. 
In this context, POCUS emerges as a valuable complementary 
tool for detecting regional wall motion abnormalities (RWMA). 
As with ECG findings, echocardiographic findings should not 
be interpreted in a binary manner but rather as part of a 
broader process of clinical reasoning.3

A recent study evaluated whether the presence of 
RWMA on POCUS could predict obstructive coronary 
artery disease (CAD) in patients presenting to the ED with 
chest pain. Among the 657 participants with suspected 
ACS, approximately 11% showed RWMA. These findings 
were significantly more frequent in those who required DOI: https://doi.org/10.36660/abcimg.20250045i
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revascularization (26.2% vs. 7.6%), with odds ratios ranging 
from 3.16 to 3.68 depending on the statistical adjustment. 
The analysis included all three risk groups of the ESC 0/1-hour 
algorithm (rule-in, observe, and rule-out), demonstrating 
that the presence or absence of RWMA influenced CAD risk 
across all categories. These findings reinforce that POCUS 
can help identify higher-risk patients, even without offering a 
definitive diagnosis. However, the accuracy of the method in 
detecting acute myocardial infarction (AMI) varies depending 
on the population studied.4

Another retrospective study examined whether the 
detection of RWMA on POCUS could accelerate the 
indication for revascularization in patients with possible ACO. 
The study included 234 patients presenting to the ED with 
chest pain and negative troponins, excluding those with ST-
segment elevation. Among the 23 patients who underwent 
revascularization, 14 had RWMA on POCUS, which was 
performed on average 36 minutes before the first troponin 
result. The mean time to revascularization was 432 minutes 
in patients with RWMA, compared to 2,158 minutes in those 
without. Despite methodological limitations, the study suggests 

that POCUS may provide relevant information in less time 
than troponin testing.5

RWMA may represent either an acute coronary event or 
sequelae of prior events. Some studies on the topic choose 
to exclude patients with a history of AMI from their analyses. 
Although this distinction is not always possible based solely 
on clinical history, the presence of RWMA supports clinical 
reasoning and risk stratification by identifying patients with a 
higher likelihood of adverse outcomes. These patients should 
therefore be considered for hospital admission and further 
investigation, taking into account other factors that contribute 
to pretest probability.4

Several studies have investigated the value of POCUS 
performed by emergency physicians. A study published 
in 2020 compared trained emergency physicians with 
experienced echocardiographers, evaluating the accuracy 
of the former in detecting RWMA in patients with chest 
pain in the ED. A total of 89 patients were assessed, and the 
emergency physicians achieved a sensitivity of 76.9% and a 
specificity of 92.1%. The professionals evaluated were three 
in-hospital physicians with approximately 5 years of POCUS 

Use of POCUS in the differential diagnosis of acute chest pain. IVC: inferior vena cava; LVEF: left ventricular ejection fraction; LV: left 
ventricle; RA: right atrium; RV: right ventricle; RWMA: regional wall motion abnormality; Se: sensitivity; Sp: specificity; TAPSE: tricuspid 
annular plane systolic excursion.
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Acute coronary syndromes 

•	 Indeterminate cases → assess ACS
•	 Unstable patients → investigate mechanical complications, LVEF, and ACS
•	 Rule out differential diagnoses.
Echocardiographic views used:

•	 Parasternal long axis
•	 Parasternal short axis
•	 Apical 4-chamber
•	 Subcostal

Pericardial assessment

•	 Presence of pericardial effusion in suspected acute pericarditis →  
Se = 96% / Sp = 98%

•	 Cardiac tamponade:
�	 Diastolic collapse of RA → Se = 82%
�	 Diastolic collapse of RV → Se = 93%
�	 Dilated IVC without variation → Se = 97% / Sp = 40%
�	 Swinging heart

Echocardiographic views used:

•	 Parasternal long axis
•	 Parasternal short axis
•	 Apical 4-chamber
•	 Subcostal

Pulmonary thromboembolism

•	 Cardiac evaluation:
�	 RV dilation (RV/LV ratio > 1) →  

Se = 31–72% / Sp = 87–96%
�	 McConnell’s sign → Se = 77% / Sp = 94%
�	 60/60 sign → Se = 98%
�	 Pulmonary midsystolic notch →  

Se = 34% / Sp = 97%
�	 Dilated IVC with inspiratory collapse
�	 TAPSE < 17 mm → Se = 88% / Sp = 77%

•	 Pulmonary evaluation:
�	 Subpleural consolidations
�	 Presence of A-lines with pleural sliding
�	 Unilateral pleural effusion related to 

consolidation

•	 Evaluation of pulmonary veins:
�	 Absence of venous compressibility in 

lower limbs
Echocardiographic views used:

•	 Parasternal long axis
•	 Parasternal short axis
•	 Apical 4-chamber
•	 Subcostal

Acute aortic syndromes

•	 Direct signs (E=97.4%-98.4):
�	 Presence of intimal flap
�	 Aortic wall hematoma
�	 Penetrating aortic ulcer

•	 Indirect signs (E=74.5%-96.5):
�	 Thoracic aortic dilation
�	 Presence of pericardial effusion
�	 Aortic valve insufficiency

Echocardiographic views used:

•	 Parasternal long axis
•	 Suprasternal
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experience who underwent a specific 3-hour training on 
RWMA detection conducted by a cardiologist.6

Another similar study compared RWMA assessments 
performed by emergency medicine residents with formally 
conducted echocardiograms in the context of ST-elevation 
AMI. The study included five first-year residents, three 
second-year residents, and one third-year resident, all 
of whom underwent video-based training focused on 
RWMA identification. These residents had prior experience 
with at least 25 cardiac POCUS exams and 150 general 
POCUS exams, although they had no specific training in 
RWMA detection before the study. A total of 75 patients 
were included, 62% of whom showed RWMA on formal 
echocardiography. POCUS performed by the residents 
achieved a sensitivity of 88% and a specificity of 92% 
compared to the gold standard used in the study (formal 
echocardiography or, in some cases, ventriculography).7

These studies highlight several important points. 
First, it appears feasible to train physicians who are not 
echocardiography specialists to assess RWMA using POCUS. 
However, the accuracy achieved by these professionals tends 
to be lower than that of experienced echocardiographers. 
Moreover, findings observed in studies using echocardiograms 
performed by specialists are likely not fully reproducible when 
POCUS is used by less experienced operators. The level of 
agreement, as well as the sensitivity and specificity of the exam, 
can vary significantly depending on the clinical context and the 
provider’s level of training. Prospective studies incorporating 
POCUS into clinical decision-making may help clarify its true 
impact on the assessment of patients with chest pain.6,7

Finally, in unstable patients — such as those with acute 
pulmonary edema or cardiogenic shock — POCUS can aid 
in the differential diagnosis by enabling the assessment of 
biventricular function, volume status, and the identification 
of mechanical complications such as mitral regurgitation and/
or pericardial effusion.2

b) Pericardial assessment
In the systematic evaluation of the heart using POCUS, 

visualization of the pericardium plays a key role in 
hemodynamic characterization and the differential diagnosis 
of chest pain.8,9

In particular, when managing pericardial effusions, POCUS 
offers healthcare professionals a fast, accurate, and bedside-
available diagnostic tool. Its use enables not only precise 
estimation of effusion volume but also early detection of 
cardiac tamponade and appropriate guidance for interventions 
such as pericardiocentesis, significantly contributing to 
improved clinical outcomes.8,9

Under physiological conditions, the pericardial space 
contains approximately 15 to 50 mL of fluid, a volume that 
is generally undetectable by simpler ultrasound machines. A 
pericardial effusion is defined as the abnormal accumulation 
of fluid in this space, becoming more easily visualized on 
ultrasound examination.8,9

Among the differential diagnoses of chest pain, pericarditis 
accounts for approximately 5% of ED visits. Its clinical 
criteria include chest pain with features typical of pericardial 

involvement, suggestive ECG findings, presence of a pericardial 
friction rub, and evidence of pericardial effusion or an increase 
in the volume of a previously known effusion.9

Performing POCUS at the bedside facilitates the diagnosis 
of both pericarditis and pericardial effusion, as even small 
abnormal fluid collections in the pericardial space can be 
detected and considered diagnostic. The method has high 
accuracy, with sensitivity reaching up to 96% and specificity 
up to 98% when performed by adequately trained emergency 
physicians — not necessarily cardiologists.10

Pericardial effusion can be measured using several basic 
echocardiographic windows, such as parasternal long and 
short axes, apical four-chamber, and subcostal views. Based 
on the observed thickness of the fluid layer, the effusion can 
be classified as minimal, small, moderate, or large (Table 1).10

The presence of abnormal fluid in the pericardial space — 
its volume and rate of accumulation — may exert extrinsic 
compression on the cardiac chambers, directly affecting atrial 
and ventricular relaxation. This restriction depends not only 
on the absolute fluid volume but also on the pericardium’s 
elasticity to accommodate it. In cases of rapid accumulation, 
even small volumes may significantly increase intrapericardial 
pressure. On the other hand, in cases of slow and progressive 
accumulation, the pericardium can adapt due to its 
distensibility, accommodating volumes exceeding 500 mL.10

The echocardiographic findings most commonly identified 
on POCUS in patients with cardiac tamponade include:8-10

b.1) Late diastolic collapse of the right atrium (RA)
Diastolic collapse of the RA is one of the most important 

and earliest echocardiographic signs of cardiac tamponade.9 
This phenomenon occurs during atrial relaxation, when RA 
volume is reduced and intrapericardial pressure peaks, causing 
the atrial wall to invaginate into the chamber. It is a highly 
sensitive finding, particularly when the collapse lasts for more 
than one-third of the cardiac cycle. However, its specificity 
is moderate (approximately 82%), as brief RA collapses can 
also occur in other conditions, such as elevated intrathoracic 
pressure. Nevertheless, sustained RA collapse is a strong 
indicator of cardiac tamponade. 9,10

b.2) Diastolic collapse of the right ventricle (RV)
Diastolic collapse of the RV is typically observed 

during early diastole, when the chamber volume is still 

Table 1 – Classification of pericardial effusion according to 
thickness and estimated fluid volume

Pericardial effusion 
measurement Approximate fluid volume

< 5 mm 50–100 mL (minimal)

5–10 mm 100–250 mL (small)

10–20 mm 250–500 mL (moderate)

> 20 mm > 500 mL (large)



Arq Bras Cardiol: Imagem cardiovasc. 2025;38(3):e20250045 4

Review Article

Soeiro et al.
Assessment of chest pain with POCUS

reduced. Although its sensitivity is slightly lower than 
that of RA collapse (approximately 93%), this finding is 
highly specific for tamponade. It is important to note that 
in certain clinical scenarios—such as RV hypertrophy or 
elevated diastolic pressure in the RV (e.g., acute or chronic 
cor pulmonale)—this collapse may be absent even in the 
presence of tamponade.9,10

b.3) Dilated inferior vena cava (IVC) with minimal or 
absent respiratory variation

In cases of cardiac tamponade, the RA becomes unable 
to adequately accommodate venous return due to the 
compression caused by increased intrapericardial pressure. 
As a result, the IVC remains dilated, with minimal or absent 
respiratory variation. This finding has high sensitivity for 
cardiac tamponade (95–97%) and a high negative predictive 
value (NPV). However, its specificity is low (around 40%), 
as it can also be seen in other conditions such as chronic 
lung disease, heart failure, tricuspid regurgitation, and other 
cardiopathies.9,10

The IVC is typically visualized in a sagittal subcostal view, 
just below the xiphoid process. The diameter should be 
measured approximately 2 to 3 cm before its junction with the 
RA, near the confluence with the hepatic vein. In some cases, 
M-mode can be used to improve measurement accuracy. The 
IVC is considered abnormal when its diameter exceeds 2.1 
cm and inspiratory variation is less than 50%.9,10

b.4) Swinging heart
This finding is characteristic of large pericardial effusions 

and refers to the pendular movement of the heart within the 
pericardial sac.

The integration of POCUS into routine clinical practice 
has been shown to improve diagnostic accuracy and enable 
timely interventions, optimizing care for patients with 
pericardial involvement. However, it is essential to recognize 
the limitations of this modality. The effectiveness of POCUS is 
highly dependent on the operator’s experience and training, 
which can lead to variability in results. In addition, limited 
access to ultrasound equipment and trained personnel 
remains a significant barrier, particularly in resource-
constrained settings.9,10

c) PTE
PTE is one of the leading causes of chest pain in ED s, 

accounting for 5% to 10% of cases. Without treatment, its 
mortality rate is approximately 30%, but this can be reduced 
to 3%–8% with early therapy.1,11 Early diagnosis is essential 
but challenging. POCUS has proven to be a valuable bedside 
tool, allowing for rapid and integrated evaluation of cardiac, 
pulmonary, and vascular findings, with reported specificity as 
high as 96.7%.12

The ultrasound assessment of patients with suspected 
PTE should include three main regions: the heart, lungs, and 
deep venous system of the lower limbs. The combination of 
findings across these areas increases diagnostic accuracy and 

can support early therapeutic decisions, including the initiation 
of reperfusion therapy even in the absence of a pulmonary 
CT angiogram.

c.1) Cardiac assessment
In the context of PTE, cardiac POCUS aims to identify signs 

of acute RV strain and dysfunction. In the absence of such 
findings, the exam can help rule out PTE in hemodynamically 
unstable patients and assist in identifying alternative causes 
of instability, such as left ventricle (LV) dysfunction or valvular 
disease. The main echocardiographic findings associated with 
PTE include:

•	 RV dilation: RV/LV ratio > 1 in apical or subxiphoid 
views and/or end-diastolic diameter > 30 mm in 
the parasternal long-axis view. Sensitivity: 31%–72%; 
specificity: 87%–96%.1,12

•	 McConnell’s sign: hypokinesia of the RV free wall with 
preserved apical motion. Sensitivity: 77%; specificity: 
94%.12

•	 Interventricular septal flattening (“D-sign”): characterized 
by flattening of the septum toward the LV, predominantly 
during diastole, observed in the parasternal short-axis 
view.1

•	 60/60 sign: pulmonary artery acceleration time (PAT) < 
60 ms combined with tricuspid regurgitation gradient 
(TRG) < 60 mmHg. This pattern is suggestive of acute 
PTE, with sensitivity up to 98% when associated with 
RV overload (Figure 1).12,13

•	 Pulmonary midsystolic notch: a Doppler finding in the 
RV outflow tract, characterized by a pronounced notch 
after a sharp initial peak, followed by a dome-shaped 
waveform. Alerhand et al. reported 92% sensitivity and 
99% specificity for massive or submassive PTE; for PTE 
in general, sensitivity was 34% and specificity 97%.13

•	 Dilated IVC with inspiratory collapse < 50%.1

•	 Tricuspid annular plane systolic excursion (TAPSE) 
< 17 mm, indicating RV systolic dysfunction. 
Sensitivity: 88%; specificity: 77%.1,13

c.2) Pulmonary assessment
Pulmonary POCUS can be performed using either a convex 

or linear transducer, scanning the intercostal spaces in the 
anterior, lateral, and posterior regions of the chest. The main 
findings suggestive of pulmonary infarction secondary to PTE 
include (Figure 2):

•	 Triangular subpleural consolidations (the most common, 
seen in approximately 85% of cases) or, less frequently, 
rounded or polygonal consolidations (3%).1

•	 Presence of A-lines associated with pleural sliding.
•	 Pleural effusion, usually unilateral and associated with 

the area of consolidation.1

When combined with cardiac findings and evidence 
of deep vein thrombosis (DVT), these ultrasound patterns 



Arq Bras Cardiol: Imagem cardiovasc. 2025;38(3):e202500455

Review Article

Soeiro et al.
Assessment of chest pain with POCUS

significantly increase clinical suspicion for PTE, with specificity 
reaching up to 99%.13

c.3) Deep vein assessment
Ultrasound evaluation of the deep venous system of the 

lower limbs is a key component of the POCUS protocol 
in patients with suspected PTE. The absence of venous 
compressibility is highly suggestive of DVT. When identified 
in patients with compatible clinical signs or in those with 
suggestive cardiac and pulmonary POCUS findings, it may 
justify the immediate initiation of anticoagulant therapy.1

The multi-organ POCUS approach allows for the 
integration of both direct and indirect signs of PTE, providing 
a rapid assessment with high sensitivity and specificity.8 
The simultaneous presence of RV dysfunction, pulmonary 
consolidations, and DVT carries high predictive value. Recent 
studies highlight the growing role of POCUS, especially in 
emergency settings and resource-limited environments. In 

addition, POCUS enables the exclusion of other critical 
differential diagnoses, such as pneumothorax, cardiac 
tamponade, and aortic dissection. Thus, POCUS is increasingly 
recognized as an essential tool in the evaluation of patients 
with chest pain and suspected PTE — particularly when 
pulmonary CT angiography is not available.1

d) Aortic assessment
AAS should always be considered key differential diagnoses 

in the evaluation of chest pain in emergency settings. As with 
other conditions discussed, visualization of the ascending aorta 
should be part of the initial POCUS assessment, forming an 
integral part of the diagnostic algorithm for patients presenting 
with chest pain.14,15

The ADvISED study (Diagnostic Accuracy of the Aortic 
Dissection Detection Risk Score Plus D-Dimer for Acute 
Aortic Syndromes), which evaluated patients with chest pain 
in the ED, applied a protocol combining the Aortic Dissection 

Figure 2 – Pulmonary consolidations: A – triangular; B – rounded; C – polygonal with adjacent pleural effusion.

Figure 1 – Doppler showing pulmonary midsystolic notch and 60/60 sign (reduced PAT and TRG). TRG: tricuspid regurgitation gradient; 
PAT: pulmonary artery acceleration time.
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Detection Risk Score (ADD-RS) with D-dimer testing. The 
results demonstrated a negative predictive value (NPV) of 
99.7% for ruling out AAS, although the specificity of the model 
alone was limited (57.3%) for positive diagnosis.16

A subanalysis of that study incorporated POCUS into the 
algorithm and showed that the presence of direct signs of AAS 
raised the diagnostic specificity to 97.4%. Even indirect signs 
performed well, with specificity of 74.5%. The inclusion of 
POCUS increased the NPV to 100% and improved overall 
diagnostic accuracy, with the area under the curve (AUC) 
rising from 0.77 to 0.88.17

The PROFUNDUS study, conducted prospectively with 
over 1,900 patients, also evaluated the use of POCUS 
combined with D-dimer for AAS investigation in emergency 
settings. In that study, the presence of direct signs on POCUS 
showed 98.4% specificity for diagnosing AAS, while indirect 
signs reached specificity between 88% and 96.5%. As with 
ADvISED, the combined use of POCUS and D-dimer achieved 
an NPV of 100%.18

In clinical practice, the key question becomes: “Which 
echocardiographic views should be used, and what findings 
should be sought?” The preferred views include:

•	 Parasternal long-axis view: allows assessment of the LV 
outflow tract and ascending aorta;

•	 Suprasternal view (at the suprasternal notch): provides 
visualization of the aortic arch and descending thoracic 
aorta.14,15

During the evaluation, physicians should actively search for 
direct and indirect signs of AAS, as outlined below:

Direct signs:
•	 Presence of an intimal flap (dissection of the tunica 

intima);
•	 Aortic wall hematoma;
•	 Penetrating aortic ulcer.

Indirect signs:
•	 Aortic dilation;
•	 Pericardial effusion;
•	 Aortic valve insufficiency.
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