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Intracardiac Echocardiography: Current Status, Clinical Benefits, and 
Future Perspectives
Renner Augusto Raposo Pereira,1,2  Daniel Moreira Costa Moura1,2

Hospital Nossa Senhora das Neves,1 João Pessoa, PB – Brazil
Hospital Metropolitano DJMP,2 Santa Rita, PB – Brazil

Intracardiac echocardiography (ICE) is an ultrasound 
imaging technique capable of providing real-time, high-quality 
visualization of cardiac structures and their adjacent tissues 
through a catheter with a transducer inserted directly into 
the heart chambers, typically via transfemoral venous access. 
By allowing direct and precise visualization of intracardiac 
anatomy, ICE has been increasingly used to guide structural 
interventions and catheter ablations for cardiac arrhythmias, 
as well as to enable immediate detection of intraoperative 
complications.1

Initial clinical investigations began in the 1960s, focusing 
on the assessment of atrial septal defects. Since then, ICE has 
evolved significantly.2 The introduction of the phased-array 
transducer, the addition of color Doppler functionality, and 
advancements in manipulation systems have enabled its 
widespread clinical application. The latest version of phased-
array ICE features a position sensor at the catheter tip, allowing 
real-time integration with three-dimensional electroanatomic 
mapping systems used in complex ablations. The ability to 
precisely maneuver the catheter, combined with its versatile 
positioning, makes ICE a valuable tool for anatomic navigation 
and real-time monitoring during complex interventions.3

Initially, ICE was used to guide the percutaneous 
closure of atrial septal defects, serving as an alternative to 
transesophageal echocardiography (TEE), with comparable 
imaging quality and better tolerability.1 Currently, ICE is the 
preferred imaging modality in various electrophysiology 
procedures, as it eliminates the need for general anesthesia 
and allows the operator to manage the imaging, optimizing 
time and resources.4

In electrophysiology, ICE has become an essential tool. 
In atrial fibrillation ablation, ICE safely guides transseptal 
puncture and provides real-time visualization of the left atrium, 
pulmonary veins, atrial appendage, and adjacent structures, 
such as the esophagus and pulmonary arteries, allowing 
precise delineation of the ablation area and preventing thermal 
complications. In atrial tachyarrhythmia ablations, such as 
atypical atrial flutter, ICE helps identify complex anatomical 

Mailing Address: Renner Augusto Raposo Pereira •
Hospital Nossa Senhora das Neves. R. Etelvina Macedo de Mendonça, 531. 
Postal code: 58040-530. João Pessoa, PB – Brazil  
E-mail: rennerarp@gmail.com

Keywords
Echocardiography; Cardiac Electrophysiology; Patient 

Safety

structures and reentry pathways, guiding catheter positioning 
around scars or critical zones.5

In ventricular arrhythmias, ICE has been increasingly used. 
In the ablation of extrasystoles or tachycardias originating 
from the right ventricular outflow tract, ICE enables precise 
anatomical positioning between the outflow tract and adjacent 
structures. For arrhythmias originating from the left ventricular 
outflow tract and the left ventricular summit, ICE assists in 
guiding transseptal or retroaortic approaches, improving 
procedure efficacy and safety. Its role is even more crucial in 
coronary cusp arrhythmias, as it provides clear visualization of 
catheter contact with the cusp, Valsalva sinus, and coronary 
artery ostium. In cases of arrhythmias originating from the 
papillary muscles, ICE is particularly valuable, as it allows 
direct visualization of these mobile structures and continuous 
catheter contact with the target, which is challenging using 
electroanatomic mapping alone, enabling more effective 
procedures. In scar-related ventricular tachycardia, ICE 
complements electroanatomic mapping by identifying areas 
of myocardial thinning, aneurysms, and akinetic walls, as 
well as fibrotic regions associated with the arrhythmogenic 
substrate, while also monitoring real-time catheter stability 
during ablation.6

Another highlight is the use of ICE in the closure of left atrial 
appendage. In addition to transseptal puncture, ICE provides 
visualization of the appendage anatomy, diameter assessment, 
and guidance for device deployment, while reducing the use 
of iodinated contrast and fluoroscopy. In many centers, ICE 
has replaced TEE in this scenario, allowing the procedure to 
be performed under conscious sedation. This approach is 
particularly useful when combining atrial fibrillation ablation 
with LAA closure.7

ICE has been gaining ground in interventional cardiology, 
especially with the development of 3D ICE, serving as a 
valuable complement and even an alternative to TEE in certain 
cases. In adults, its application stands out in the percutaneous 
closure of atrial septal defects and patent foramen ovale, 
where image quality is superior, and the procedure can 
be performed under conscious sedation.Initial results are 
promising for transcatheter mitral valve repair, and more 
recently, ICE has been studied for percutaneous tricuspid valve 
procedures and paravalvular leak closure. In transcatheter 
aortic valve implantation, fluoroscopy remains the standard 
imaging method, but in more complex cases, 3D ICE can add 
value and serve as an alternative to TEE.8

In percutaneous treatment of congenital heart diseases, 
ICE has been explored in structural interventions beyond 
atrial septal defect closure, including ventricular septal defect 
interventions, patent ductus arteriosus procedures, and 
pulmonary valve disease treatments. Its use reduces radiation DOI: https://doi.org/10.36660/abcimg.20250031i
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exposure and minimizes the need for prolonged general 
anesthesia, providing significant benefits for pediatric and 
adult patients with congenital heart disease.1,9

ICE is a safe alternative for identifying thrombi in the left 
atrial appendage, significantly enhancing procedural safety 
by reducing complications such as cardiac tamponade, 
thrombosis, and pulmonary vein stenosis.10 Performing 
ablations with minimal or even no radiation exposure is now 
a reality, making it especially relevant for young patients 
and pregnant women, while also significantly reducing 
occupational risks for the medical team.1,10,11

Additionally, the implementation of ICE in daily practice is 
feasible after a short learning curve, allowing for rapid adoption 
without compromising procedure safety or efficacy.12

Despite advancements, cost remains a barrier to the 
widespread dissemination of ICE, primarily due to the high 

price of disposable catheters. However, considering reduced 
procedure time, fewer complications, and decreased need 
for general anesthesia, the total cost of the procedure may 
be comparable to that of TEE.1,13

Emerging technologies, such as real-time three-dimensional 
ICE, are already being applied and promise to further 
enhance the precision of interventions.8 The miniaturization 
of catheters, improvement in image resolution, and 
integration with artificial intelligence algorithms for automatic 
segmentation and structure identification are expected soon.1,9

ICE represents one of the major innovations in cardiovascular 
imaging for contemporary interventional practice. Its growing 
use is driven by its ability to combine image quality, safety, and 
efficiency, making it a fundamental tool for high-complexity 
procedures in electrophysiology and structural cardiology, with 
a positive impact on procedural safety and efficacy.

This is an open-access article distributed under the terms of the Creative Commons Attribution License
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Photon-Counting Computed Tomography in Cardiovascular Imaging: 
Where We Are and What Lies Ahead
Paulo Savoia,1  Rodrigo Bello1

University of Iowa Hospitals and Clinics,1 Iowa City, Iowa – USA

Computed Tomography Angiography (CTA) has been 
an important asset in cardiovascular diagnosis for decades. 
The continuous improvement of rapid data acquisition with 
often higher spatial resolution has established the method 
as indispensable for diagnosing and managing multiple 
cardiovascular entities such as aneurysms, aortic dissection, 
and pulmonary embolism.1,2 The use of CTA in heart and 
coronary imaging has also gained important territory and 
relevance.3,4 Computed Tomography (CT) techniques have 
been advancing significantly since its introduction in the 
medical field. Starting with single detectors, then helicoidal 
scanners, multidetector scanners with high pitch, improvement 
of reconstruction algorithms, the appearance of dual-energy 
technology, and lately the ability to acquire images of the 
whole heart in just one heartbeat with information from the 
entire cardiac cycle, are incredible milestones. Fractional 
Flow Reserve CT (FFR-CT) is also a very promising technique.5 
Progression does not come without downsides: ionizing 
radiation is still concerning, and despite ways to reduce it such 
as dose modulation, some cardiovascular CTA exams still show 
relatively high levels of absorbed radiation, especially exams 
with multiple series, extremely thin slices, and retrospective 
reconstruction of larger parts of the cardiac cycle. Following 
this trend of improving image quality with less ionizing 
radiation as possible, a new complex technique emerged: 
Photon-counting CT (PCCT).

The main distinction between conventional CT and PCCT 
is in the detectors of X-rays. The conventional CT detector is 
based on receiving the X-ray photons that interact with the 
patient, converting them into light photons (it is an indirect 
system), and then converting this light into electrical signals that 
ultimately are going to be converted into digital signals. This 
system is called an Energy-Integrating Detector (EID). Basically, 
more light means more X-rays arriving and less interaction / 
more penetration in the patient’s tissues. It is not possible to 
differentiate exactly how many X-rays are arriving, nor the 
different energy levels of each X-ray photon. Moreover, the 
septa between each of the detectors also limit the reception 
of X-rays.6,7 On the other hand, PCCT detectors can detect 
separately each X-ray photon that is arriving and measure 
the energy of each one of the X-ray photons directly. This is 
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possible because the PCCT detector has a high-voltage crystal 
layer that relocates electrons for each X-ray photon received, 
and the number of electrons relocated is proportional to the 
energy of each X-ray. The relocated electrons generate the 
electrical pulse that is going to be finally converted into the 
digital signal. And even smaller energy X-rays can be detected, 
improving the image contrast-to-noise ratio. It is a direct 
system, and there is no septa between the detectors. In the 
end, less X-rays are necessary (therefore less radiation) and 
it is possible to separate the X-rays according to the energy 
of each one, leading to applications of tissue recognition 
(different known energy X-rays are likely to have interacted 
with different known tissues) functioning as a dual energy CT.8,9

As far as this new technology became available, the 
scientific community was excited about the advances, 
and interesting publications were released. In mid-2022, 
Esquivel et al.6 published interesting concepts about PCCT for 
radiologists: “Key Points Radiologists Should Know”, which 
helped spread the information and knowledge amongst 
the international Radiology Community. The possibility 
of improving characterization of small vessels (e.g., distal 
coronary arteries, peripheral run-off arteries, artery of 
Adamkiewicz, and small arterial flaps) was highlighted. Still 
in 2022, Si-Mohamed et al.10 published the first In-Human 
Results for Coronary CT Angiography with PCCT: despite 
being a small group of fourteen participants, this prospective 
study showed significant improvements in overall image 
quality, diagnostic quality, and diagnostic confidence in PCCT 
compared to an EID dual-layer CT analyzing multiple variants 
such as distal coronary lumen, calcification sharpness, stents 
– classic scenarios of partially limited evaluation with the CT 
technology available before PCCT. 

In 2023, Cademartiri et al published a complete paper 
regarding PCCT cardiac and coronary applications.11 They 
revised the PCCT physics, analyzed publications released up 
to the moment that discussed the matter, and discussed that 
PCCT allegedly is beneficial in evaluating coronary lumen, 
coronary stents, prosthetic valves, plaque composition, 
myocardial tissue imaging, as well as radiation dose reduction, 
contrast media reduction and improved contrast-to-noise 
ratio. The reduction in contrast media usage could be around 
50%. About the radiation dose reduction, it is calculated 
between 19-32% according to some authors.12,13

Lately, after all these interesting improvements published in 
small groups of patients and pictorial essays, it is time to finally 
test the method in wide clinical practice. The theory and cases 
demonstrated so far are very promising. We have summarized 
the PCCT key quality improvements in Table 1. The next step 
is probably to publish data with larger patients’ samples, more 
centers, and mainly, to determine if there are significant changes 
in patient outcomes. The experience at our Institution, where DOI: https://doi.org/10.36660/abcimg.20250035i
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we have the opportunity to work with three PCCT Scanners (one 
100% dedicated to research and two for clinical assessment), is 
also leaning towards this direction, trying to measure differences 
in dose radiation, contrast media utilization, and significantly 
changing patient management. We have started using the PCCT 
scanner at the beginning of 2022. On the other hand, of course 
there are multiple challenges involved in PCCT worldwide: 
young clinical experience with the new method, optimization 
of protocols to extract the maximum possible of the technique 
(since we have multiple new protocols and Kernels available, 
with countless reconstruction parameters), robust / updated 
image viewers to deal with the extremely large number of 
images one single exam loads (the slice thickness can achieve 
up to 0.2 mm generating 11,000 images in one single Cardiac 
CTA) and, of course, the money invested in these novel scans. 
Figure 1 shows an example of a PCCT heart image acquisition of 
one of our patients with a prosthetic valve: notice the minimal 
or almost nonexistent beam hardening or blooming artifacts. 
Figure 2 shows the left anterior descending coronary artery of 
another patient scanned in our Institution with PCCT compared 
with a prior acquisition of the same artery in a multi-detector 
“conventional” CT. 

Finally, we can state that there is no doubt that the new 
PCCT technology has brought significant advances in image 
quality, with ultra-high resolution images, an important 
improvement in the signal-to-noise ratio, and overall reduction 
in radiation doses, potentially increasing the accuracy of 
reading physicians and maximizing patient-centered care. 
PCCT will likely be the future of our CT scanners.

Table 1 – PCCT Key Quality Improvements

1. Superior Spatial Resolution
Smaller detector elements allow for sharper images with enhanced anatomic detail, benefiting applications like coronary 
artery visualization, but also lung imaging and inner ear for example. 

2. Enhanced Tissue Contrast and Material Differentiation
Multi-energy detection enables material decomposition (e.g., calcium, iodine, uric acid), improving lesion 
characterization and reducing diagnostic ambiguity.

3. Lower Radiation Dose
Due to higher detector efficiency and reduced noise, diagnostic-quality images can often be achieved with significantly 
less radiation exposure. 

4. Reduction of Artifacts
PCCT minimizes beam hardening and metal artifacts, improving image fidelity in challenging cases such as prosthetic 
valves, implants and regions near to the bones. 

5. Native Spectral Imaging Without Dose Penalty
Unlike dual-energy CT, PCCT delivers spectral data in every scan, without requiring specialized protocols or increased 
dose. 

Figure 1 – PCCT acquisition of one of our patients’ heart with a 
prosthetic valve: notice the minimal or almost nonexistent beam 
hardening or blooming artifacts.
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Figure 2 – Left anterior descending coronary artery of another patient scanned in our Institution with PCCT (Figure 2B) compared to a 
few months prior acquisition of the same artery in a multi-detector “conventional” dual-source CT (2x192 detector rows) (Figure 2A).  
The “conventional” acquisition shows more beam hardening artifacts adjacent to a calcified plaque (hypoattenuating area – white 
arrow) in comparison to the PCCT acquisition- black arrow (Figure 2B).  Additionally, there is also less blooming artifact of a calcified 
plaque in the PCCT acquisition (Figure 2B) – black asterisk - in comparison to the “conventional” acquisition (Figure 2A) – white 
asterisk. The blooming artifact is a known cause for luminal stenosis overestimation in calcified plaques, and indeed the plaque looks 
larger in the “conventional” acquisition.
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Daniel Kahneman reinforced and popularized the idea of 
two distinct modes of thinking.1 System 1 relies on pattern 
recognition, detecting simple relationships, correlating 
stereotypes, and associating ideas in a search for coherence. 
It is fast, intuitive, automatic, and requires little or no effort 
or energy. It cannot be turned off and continuously monitors 
the environment, driven by a survival need rooted in our 
ancestral past. System 2, on the other hand, demands 
attention, compares objects based on various attributes, 
and makes deliberate choices among options. It evaluates 
scenarios using logical and statistical reasoning. Because 
it requires attention, its activity is interrupted when that 
attention is diverted. Therefore, tasks that require effort 
interfere with one another (for instance, making a turn while 
driving and performing a complex calculation simultaneously 
is impossible). However, System 2 is slow, deliberate, 
effortful, and orderly. The two systems are interconnected: 
System 1 effortlessly generates impressions and feelings 
that serve as the main source for the explicit beliefs and 
deliberate choices made by System 2. In daily life, we often 
make decisions based on heuristics—mental shortcuts closely 
linked to System 1—used to save time and energy. While 
extremely efficient, this faster way of thinking opens the 
door to cognitive biases, which are systematic tendencies 
that distort logical reasoning and lead to flawed decisions.

The causes of error in diagnostic medicine can be 
categorized into two main groups: perceptual errors 
and interpretive errors. Perceptual errors occur when an 
abnormality is present on the image but goes undetected. 
These may be related to image acquisition, post-processing, 
or equipment quality. Interpretive errors arise when the 
abnormality is seen but its significance is misunderstood. In 
such cases, cognitive biases may be involved and are estimated 
to account for up to 74% of diagnostic errors.2-4 Approximately 
30 types of cognitive biases have been described in literature.5 
In diagnostic imaging, the most relevant include anchoring, 
confirmation bias, availability bias, attribution bias, framing 
effect, and satisfaction of search.2-4,6

Anchoring refers to the disproportionate influence of initial 
impressions or salient information — typically presented 
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at the beginning of a case — on subsequent analytical 
processes. This bias occurs when a clinician remains fixated 
on an initial hypothesis and fails to adequately incorporate 
new clinical or imaging data that emerge during the 
diagnostic investigation. It is a phenomenon linked to the 
so-called “anchoring effect,” in which the first piece of 
information received tends to exert a significant impact 
on decision-making. A classic example involves numerical 
estimation: when a group is asked whether the Golden 
Gate Bridge is more or less than 2,500 meters long, and 
then prompted to estimate its actual length, the responses 
often cluster around the suggested figure — demonstrating 
anchoring to the initial reference. This bias becomes even 
more detrimental when combined with confirmation bias. 
In such cases, the reasoning process begins with a belief or 
preconceived notion, so that information supporting this 
initial hypothesis is readily accepted, while contradictory 
data are more easily dismissed.

Another important bias is availability bias, which 
refers to the tendency to judge the likelihood of an event 
based on how easily it comes to mind. The most readily 
available information is typically the most recent, frequent, 
or emotionally charged (especially if extreme, vivid, or 
negative), and therefore tends to be considered first in the 
diagnostic process. Attribution bias occurs when certain 
findings are interpreted based on patient characteristics 
or stereotypes — usually derived from clinical history. 
Factors such as ethnicity, geographic origin, or age group 
may influence diagnostic reasoning, as certain genetic 
or infectious diseases have higher prevalence in specific 
populations. A common example is the tendency to 
underestimate the likelihood of atherosclerotic coronary 
artery disease in young patients presenting with acute 
coronary syndrome.

One of the main strategies to mitigate the impact of 
these biases is to analyze imaging studies without clinical 
context initially, followed by a subsequent review in 
light of the clinical scenario. This approach is also useful 
in addressing the so-called “framing effect,” in which 
different diagnostic conclusions may be drawn from the 
same information depending on how the case is presented. 
The way the clinician describes the case or formulates the 
imaging request can influence interpretation — sometimes 
in suboptimal ways. It is well established that appropriate 
clinical information tends to enhance diagnostic sensitivity 
without compromising specificity. However, imaging 
requests are often incomplete, inadequate, or, in some 
cases, incorrect.

Satisfaction of search is another cognitive bias frequently 
encountered in radiologic practice. It refers to the decrease DOI: https://doi.org/10.36660/abcimg.20250040i
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in vigilance or attention to additional abnormalities after the 
first finding has been identified. Naturally, the likelihood of 
detecting a second or third abnormality diminishes once an 
initial anomaly has been recognized.

Several other biases may also be present, all of which 
have a direct impact on everyday medical practice. When 
these are understood as cognitive traps, a critical question 
arises: how can they be avoided? Metacognition3 — defined 
as “thinking about one’s own thinking” — is a multifaceted 
process that involves recognizing the limitations of memory, 
understanding the context and perspectives that influence 
decision-making, and cultivating self-awareness and critical 
reflection. These strategies aim to promote conscious 
questioning of the main sources of cognitive bias. However, 
evidence regarding their effectiveness in reducing diagnostic 
errors remains inconclusive.

Although artificial intelligence-based methods7 hold 
promise in supporting diagnostic decision-making in imaging, 
with the potential to mitigate cognitive biases, studies have 
shown that these systems can internalize certain preexisting 
biases and introduce new ones inherent to the models 
themselves, ultimately compromising clinical outcomes.

For the foreseeable future, it will remain the human 
perspective — grounded in knowledge and experience — 
that serves as the primary driver of clinical decisions. When 
this central role is combined with a deeper understanding of 
our own cognitive processes and a humble acknowledgment 
that the capacity for error is as intrinsic as the ability to 
perform with expertise, a new pathway emerges. This path 
leads to a culture that embraces error recognition, fosters 
learning from mistakes, and, consequently, enhances 
strategies for bias mitigation.

This is an open-access article distributed under the terms of the Creative Commons Attribution License
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A Reflection on Clinical and Subclinical 
Circulatory Congestion

The management of heart failure (HF) has improved over 
the past 20 years, mainly due to advances in diagnostic 
methods and circulatory decongestion strategies. Several 
management strategies have demonstrated efficacy in 
reducing symptoms, lowering rates of HF decompensation 
events, decreasing mortality indices, and improving surrogate 
markers of clinical events, such as left ventricular ejection 
fraction (LVEF).1 In HF management, the need for detecting 
and monitoring circulatory congestion is justified by its strong 
association with neurohormonal activation and systemic 
inflammation, which contribute to the progressive worsening 
of HF and, consequently, a higher incidence of clinical events.2

But what is the evidence supporting decongestion strategies 
with diuretics in reducing hard outcomes? In the outpatient 
setting, the STRONG-HF clinical trial3 is a good example. 
Comparing intensive optimization strategy versus usual HF 
treatment after hospital discharge, the study demonstrated 
that the group with more frequent visits and more intensive 
management achieved an absolute risk reduction of 8.1% 
(15.2% vs. 23.3%, P=0.0021) in the combined outcome of 
all-cause mortality and/or HF hospitalization within 180 days of 
follow-up.3 The statistically significant reduction in clinical signs 
of congestion, along with a 27% decrease in natriuretic peptide 
(NP) levels after three months, provided proof of concept for 
the relationship between decongestion and clinical benefit. This 
evidence reinforces the need to detect subclinical congestion, 
especially during the vulnerable phase of HF, which occurs 
between one and three months after an HF hospitalization, a 
period in which most potentially preventable events take place.4

The State of the Art in Congestion Detection and 
Monitoring in 2025

The identification of orthopnea, jugular vein distension, and 
third heart sound offers high specificity for diagnosing congestion, 
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whereas ankle edema and crackling rales demonstrate lower 
diagnostic accuracy.5 Among the complementary methods 
already tested to increase accuracy in detecting fluid overload, 
serum NP levels and various ultrasound techniques are already 
recommended by current guidelines and have established 
applicability in emergency and inpatient settings.1,6 However, 
the incorporation of these complementary diagnostic tests in 
the outpatient setting has been slower in Brazil compared to 
the rest of the world, especially regarding the point-of-care 
ultrasound (POCUS) technique.

Is POCUS in the office useful? What is the evidence?
Similar to its proven utility in emergency rooms, the goal 

of POCUS in the office setting is to identify and monitor 
pulmonary and systemic venous congestion, with the option 
to include imaging of cardiac structure and function.7,8 From 
a practical standpoint, a quick assessment of the lungs and 
inferior vena cava – including the identification of vertical 
echogenic pulmonary lines originating from the pleura (B-lines) 
with three or more lines in more than one bilateral lung 
field – the absence of echoes in the pleural space, indicating 
effusion, and changes in the inferior vena cava diameter (with 
a diameter greater than 21mm and inspiratory collapse of less 
than 50%) provides strong diagnostic accuracy for detecting 
subclinical congestion.8,9

The association of imaging with clinical events in outpatients 
has been extensively investigated. In the outpatient setting, a 
2013 study allocated a cohort of 97 outpatients with HF who 
underwent pulmonary ultrasound (PU) using a 28-lung-field 
model, echocardiography, and NP measurement. In assessing 
diagnostic accuracy for HF decompensation, PU outperformed 
other methods, with a sensitivity of 85% and specificity of 83% 
for a ≥15 B-lines cutoff, demonstrating its ability to reliably and 
early detect clinical congestion.10 In another study, Platz et al.11 
used a more contemporary PU model, recording four bilateral 
lung fields in a population of 195 HF patients with NYHA 
functional class II-IV. During outpatient consultation, patients 
in the third tertile of congestion line distribution (≥3 B-lines) 
had a fourfold increased risk of the primary outcome (adjusted 
HR: 4.08, 95% CI: 1.95-8.54; p < 0.001) and fewer days 
alive and out of the hospital (125 days vs. 165 days; adjusted  
p < 0.001).11 Additionally, in an outpatient setting of HF 
patients with preserved ejection fraction, in whom clinical 
congestion signs are often not apparent, POCUS also 
demonstrated a significant correlation between B-line 
count and NT-proBNP levels (p < 0.001). Notably, among 
individuals in the upper tertile of B-lines, 76% had no crackles DOI: https://doi.org/10.36660/abcimg.20250039i
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on auscultation, and 50% did not show elevated NT-proBNP 
levels, highlighting ultrasound’s ability to detect subclinical 
congestion early.12

Therefore, the use of POCUS in the office setting is 
associated with practicality and scientific evidence of better 
diagnostic and prognostic accuracy compared to standard 
management, especially when considering the detection of 
subclinical congestion.

Limitations of POCUS in the office
In PU and inferior vena cava assessment, several limitations 

must be considered in clinical practice. In pulmonary fibrosis, 
the usual reverberation pattern is altered due to the destruction 
of alveolar structures and the formation of consolidation areas 
and interstitial thickening, which reduces the visualization 
of A-lines and hinders the proper interpretation of B-lines, 
potentially leading to false positives for pulmonary congestion. 
In atelectasis, pulmonary collapse also alters echogenicity, 
potentially resembling both infectious consolidations and 
congestion signs, making it difficult to differentiate between 
infectious and hemodynamic causes. In the case of pulmonary 
infections, such as pneumonia, the formation of consolidation 

areas and mixed artifacts distorts the expected ultrasound 
pattern, masking or mimicking edema conditions. In obese 
individuals, the increased thickness of the thoracic wall 
compromises ultrasound beam penetration, reducing image 
quality and making it difficult to identify A and B lines as 
well as to accurately assess the inferior vena cava. In these 
situations, the scarcity of lines may be misinterpreted as 
clinical improvement, when in reality it is merely a technical 
limitation. Additionally, the cost of technology in Brazil remains 
a significant barrier to the widespread adoption of these 
diagnostic tools in the outpatient setting.13

POCUS in the office: seeing fluids at the bedside
POCUS has been called the stethoscope of the 21st 

century—but is it? The term ‘integration’ with traditional 
examination seems more accurate, as imaging offers greater 
reproducibility, the possibility of storage for evolutionary follow-
up, and a growing body of evidence correlating its findings 
with adverse clinical outcomes. POCUS does not replace the 
traditional approach but complements it. In 2025, POCUS 
expands our senses. Beyond touching and listening to the excess 
of organic fluids at the bedside, we can now see them (Figure 1).

Figure 1 – Touch, hear and see congestion: POCUS in the office.
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Do Patients with Homozygosity and Compound Heterozygosity for 
Variants in the Transthyretin Amyloidosis TTR Gene Have More 
Severe and Earlier Clinical Conditions?
Tonnison de Oliveira Silva,1,2  Samuel Ulisses Chaves Nogueira do Nascimento3

Escola Bahiana de Medicina e Saúde Pública,1 Salvador, BA – Brazil
Cardio Pulmonar Hospital,2 Salvador, BA – Brazil
Universidade Federal da Bahia,3 Salvador, BA – Brazil

The prevalence of homozygotes for the Val142Ile genetic 
variant in the transthyretin (TTR) gene is extremely low in 
the general population (0.72%). This prevalence is slightly 
higher in endomyocardial biopsy studies (6% to 10%) and 
in cohorts involving reference centers for TTR cardiac 
amyloidosis (4% to 14%).1,2

Homozygotes represent a distinct subpopulation 
within the spectrum of cardiac amyloidosis, with clinical 
characteristics that appear to differ substantially from those 
of heterozygotes. This genetic variation has been associated 
with an onset of clinical manifestations in younger patients 
compared with heterozygotes and also with a higher risk 
of serious cardiovascular events, such as heart failure 
and ventricular arrhythmias.³ Besides the earlier onset, 
observational studies indicate that the disease has a more 
aggressive phenotypic behavior in homozygous patients, 
characterized by greater ventricular thickening, worse 
diastolic function, and a higher load of amyloid fibrils in 
the heart.³ Thus, homozygotes usually have a higher risk 
of developing early and more severe heart failure than 
heterozygotes.1-3

Homozygosity, defined as the inheritance of two 
identical copies of a mutated allele in the same gene 
locus, and compound heterozygosity, characterized by the 
presence of two distinct pathogenic variants in different 
alleles, are genetic conditions that may exacerbate the 
severity and anticipate the disease onset due to the absence 
of a compensatory functional allele.4 However, incomplete 
penetrance and variable expressivity significantly modulate 
the clinical phenotype of this pathology.4

Incomplete penetrance means that not all carriers 
of pathogenic variants in the TTR gene will manifest 
the disease. Variable expressivity reflects the diversity 
of clinical manifestations between carriers of the same 
variant. For instance, Val50Met is associated with early-
onset polyneuropathy in endemic regions, such as Portugal 
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and Japan, but may have a predominantly ocular or 
cardiac phenotype in other regions, such as Sweden.5 A 
study of 13 homozygotes for Val142Ile revealed the onset 
of cardiac symptoms about a decade earlier (63 years) 
compared with heterozygotes (72 years).6 However, these 
findings are not universal. In the Val50Met variant, Swedish 
homozygotes showed a predominantly ocular phenotype, 
with no significant difference in age of onset compared 
with heterozygotes, suggesting that severity depends on 
the specific variant and genetic background.5

Compound heterozygosity also seems to predispose to 
earlier and more aggressive cases. Cases with combinations, 
such as Val142IIe/Ile88Leu or Val142Ile/Thr80Ala, showed 
cardiac symptoms in the fifth or sixth decade of life, 
significantly earlier than homozygotes or heterozygotes for 
Val142Ile alone.6

Micaglio et al. observed that compound heterozygosity 
causes important cardiac impairment in patients, similar 
to that observed in homozygotes, suggesting that the 
combined effect of the genetic variants exacerbates the 
deposition of amyloid fibrils and leads to a faster progression 
of cardiomyopathy.7 Despite these associations between 
compound homozygosity/heterozygosity and greater 
disease severity and precocity, factors, such as gender, 
geographical location, ancestry, and genetic modifiers, 
as well as the variable penetrance and expressivity of the 
TTR gene, influence phenotypic expression and sometimes 
hinder clinical predictions.

In short, homozygosity and compound heterozygosity are 
often associated with more severe and earlier conditions, 
but incomplete penetrance and variable expressivity, 
interacting with epigenetic factors, limit generalizations. 
Moreover, the treatment with the best clinical applicability 
for this group with more complex diseases may be the TTR 
stabilizers associated with RNA silencers.

DOI: https://doi.org/10.36660/abcimg.20250027i

https://orcid.org/0000-0001-9983-6438
https://orcid.org/0009-0002-9137-2645
mailto:tonnisonsilva@hotmail.com
https://doi.org/10.36660/abcimg.20250027i


Arq Bras Cardiol: Imagem cardiovasc. 2025;38(2):e20250027 2

Editorial

Silva & Nascimento
Homozygosity and compound heterozygosity: Poor prognosis?

This is an open-access article distributed under the terms of the Creative Commons Attribution License

1.	 Dungu JN, Papadopoulou SA, Wykes K, Mahmood I, Marshall J, Valencia 
O,  et al. Afro-Caribbean Heart Failure in the United Kingdom: Cause, 
Outcomes, and ATTR V122I Cardiac Amyloidosis. Circ Heart Fail. 
2016;9(9):e003352. doi: 10.1161/CIRCHEARTFAILURE.116.003352.

2.	 Brown EE, Lee YZJ, Halushka MK, Steenbergen C, Johnson NM, Almansa 
J, et al. Genetic Testing Improves Identification of Transthyretin Amyloid 
(ATTR) Subtype in Cardiac Amyloidosis. Amyloid. 2017;24(2):92-5. doi: 
10.1080/13506129.2017.1324418.

3.	 Buxbaum JN, Ruberg FL. Transthyretin V122I (pV142I)* Cardiac Amyloidosis: 
An Age-Dependent Autosomal Dominant Cardiomyopathy Too Common 
to be Overlooked as a Cause of Significant Heart Disease in Elderly African 
Americans. Genet Med. 2017;19(7):733-42. doi: 10.1038/gim.2016.200.

4.	 Nussbaum RL, McInnes RR, Willard HF. Thompson & Thompson Genetics 
and Genomics in Medicine. 10th ed. Philadelphia: Elsevier; 2023.

5.	 Holmgren G, Hellman U, Lundgren HE, Sandgren O, Suhr OB. Impact of 
Homozygosity for an Amyloidogenic Transthyretin Mutation on Phenotype 
and Long Term Outcome. J Med Genet. 2005;42(12):953-6. doi: 10.1136/
jmg.2005.033720.

6.	 Reddi HV, Jenkins S, Theis J, Thomas BC, Connors LH, Van Rhee F, et al. 
Homozygosity for the V122I Mutation in Transthyretin is Associated with 
Earlier Onset of Cardiac Amyloidosis in the African American Population in 
the Seventh Decade of Life. J Mol Diagn. 2014;16(1):68-74. doi: 10.1016/j.
jmoldx.2013.08.001.

7.	 Micaglio E, Santangelo G, Moscardelli S, Rusconi D, Musca F, Verde A, et 
al. Case Report: A Rare Homozygous Patient Affected by TTR Systemic 
Amyloidosis with a Prominent Heart Involvement. Front Cardiovasc Med. 
2023;10:1164916. doi: 10.3389/fcvm.2023.1164916.

References

https://creativecommons.org/licenses/by/4.0/


Arq Bras Cardiol: Imagem cardiovasc. 2025;38(2):e20240089

Original Article

SOC

IE
D

A
D

E
 B

R

A
S I L E I R A  D E  C

A
R

D
IO

L
O

GIA

Classifying the Size of an Atrial Septal Defect According to 
Echocardiographic Parameters and its Association with the Clinical 
Presentation in Pediatrics
Lívia de Castro Ribeiro,1  Rose Mary Ferreira Lisboa da Silva,1  Henrique de Assis Fonseca Tonelli,1  Adriana 
Furletti Machado Guimarães,1  Fátima Derlene da Rocha Araújo,1  Zilda Maria Alves Meira,1  Sandra Regina 
Tolentino Castilho,1  Alan Alvarez Conde,1 Lícia Campos Valadares1

Universidade Federal de Minas Gerais,1 Belo Horizonte, MG – Brazil

Abstract
Background: Few studies are using linear echocardiographic measurements for classifying the size of Atrial Septal 
Defect (ASD).

Objectives: Investigate the relationship between ASD hemodynamic repercussions and ASD diameter to the mitral 
annulus diameter (MI/ASD) ratio and ASD diameter to the interatrial septum diameter (ASD/septum) ratio, and describe 
cutoff points to classify the size of the defect.

Methods: An observational, prospective, cross-sectional study, including subjects aged 1 month and 18 years diagnosed 
with isolated ASD. Hemodynamic repercussion was quantified by clinical evaluation, tricuspid annulus (TA) Z-score, 
subjective estimation of the enlargement of the right chambers, and the relationship between systemic and pulmonary 
flows (QP/QS) on echocardiography. Its association with ASD/septum and MI/ASD measurements was also studied. A 
value of p < 0.05 was considered statistically significant.

Results: Thirty-five subjects, mean age 6.3 years, 69% female, mean ASD 13.5 mm. There was a correlation between 
MI/ASD and the clinical classification of ASD (Pearson: -0.61; p < 0.001), ASD/septum (Pearson: -0.80; p < 0.001), 
and QP/QS (-0.76; p < 0.001). There was a correlation between ASD/septum and the clinical classification of ASD 
(Pearson: 0.56; p < 0.001), QP/QS (0.63; p = 0.001), subjective assessment of the right chambers (0.62; p < 0.001), 
and a weak correlation with the TA Z-score (0.35; p = 0.04). According to the operating characteristic curve for the 
stable variable classification of ASD according to the subjective right chamber’s size, an area of 0.85 was obtained 
for ASD/septum (p = 0.001). The cutoff point of 0.27 for large ASD showed sensitivity of 85%, specificity of 86.7%, 
positive predictive value (PPV) of 86%, negative predictive value (NPV) of 85.2%, and positive likelihood ratio of 6.39.

Conclusions: ASD/septum was associated with the hemodynamic repercussion of ASD and was useful in detecting large ASD.

Keywords: Atrial Heart Septal Defects; Echocardiography; Tricuspid Valve; Atrial Septum.
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Introduction
Atrial Septal Defect (ASD) is a congenital structural 

alteration of the heart in which blood is mixed between 
the atria through a defect in the Atrial Septum or adjacent 
structures. Isolated ASD is the third most common cardiac 
malformation, corresponding to approximately 15% of all 
congenital heart diseases.1 The prevalence of ASD is twice 
as high among females compared to males.2 Transthoracic 
echocardiographic examination is the most widely used 

method for diagnosing and evaluating ASD in the pediatric 
population and is sufficient for adequately defining the 
lesion and its hemodynamic repercussions in most cases. 
The linear measurement of the defect, the Atrial Septum 
Size defect ratio (ASD/septum), the repercussion in the 
right chambers (signs of volumetric overload), and the 
measurement of the pulmonary flow/systemic flow (QP/
QS) ratio are commonly used to assess the defect size. The 
ASD/septum measurement has been used informally in 
clinical practice, with no systematization based on studies 
and without reliable cutoff points for size classification. The 
measurement of QP/QS during echocardiography has a 
major limitation, represented by low reproducibility3 and 
difficulty performing.4 The objectives of the study were 
to investigate, through clinical and echocardiographic 
assessments, the relationship between ASD hemodynamic 
repercussion and the measurements of the Mitral Annulus 
diameter to the ASD diameter (MI/ASD) ratio and the 
(ASD/septum) ratio, and describe the cutoff points of these 
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ratios that would allow the defect to be classified based 
on its size.

Methods
This was an observational, prospective, cross-sectional 

study. The population consisted of 35 subjects with 
isolated ASD with a single orifice on echocardiographic 
examination, of both genders, aged between 1 month and 
18 years. The study, the Informed Consent Form (ICF), and 
the Understanding Form (UF) were approved by the Ethics 
and Research Committee of the university hospital where 
the research was carried out. The subjects signed the ICF 
or UF and then underwent echocardiographic examination 
and clinical evaluation. Those with significant congenital 
heart disease (excluding patent foramen ovale, mild mitral, 
tricuspid, and aortic regurgitation, and bicuspid aortic valve 
without stenosis), cardiomyopathy (primary or secondary), 
chronic anemia, and pulmonary hypertension not attributed 
to the presence of ASD were excluded. The convenience 
sampling method was used.

The echocardiographic examination was performed 
with a TOSHIBA device, model APLIO 400, with pediatric 
and adult transducers with frequencies of 2.5 MHz and 
5.0 MHz, respectively, by a pediatric echocardiographer, 
and the clinical evaluation was performed by a pediatric 
cardiologist, both members of the team, and blinded to the 
clinical assessment and vice versa. The clinical assessment 
was performed on the same day as the echocardiographic 
evaluation, immediately after it. The degree of repercussion 
in the right chambers was assessed subjectively, comparing 

the areas of the Right Atrium (RA) to those of the Left 
Atrium (LA) and the areas of the Right Ventricle (RV) to 
those of the Left Ventricle (LV), in a two-dimensional 
mode, apical four-chamber view,5 since linear and area 
measurements of the RA and RV have not been consistently 
standardized for the pediatric population.6-8 Comparatively, 
if the right chambers had a smaller, equal, or larger area 
than the left chambers, the increase was considered 
absent or mild, moderate, or significant, respectively. 
Measurements of the interatrial septum and the ASD 
diameter were performed in two-dimensional mode, in 
the subcostal section of the Atrial Septum, with the aid 
of Color Doppler to identify the edges of the defect.6 To 
measure the Atrial Septum, the vertical distance between 
the end of each vena cava was standardized. The ASD 
was measured in the region with the greatest distance 
between the edges throughout the cardiac cycle. The 
ASD/septum ratio was calculated, and this measurement 
was compared with the hemodynamic repercussion. The 
magnitude of the shunt through the ASD was estimated 
by calculating the systemic flow/pulmonary flow (QP/QS) 
ratio.6 The diameters of the Mitral and Tricuspid Annuli 
were measured in two-dimensional mode, in protodiastole. 
The parasternal longitudinal long axis view of the LV and 
RV inflow tract were used to measure the anteroposterior 
diameters (mitral and tricuspid, respectively) and the apical 
four-chamber view to measure the laterolateral diameters7 
(Figure 1). The diameters were indexed in the form of 
a Z-score using the Boston reference.9-11 The Tricuspid 
Annulus (TA) Z-score values were also used to classify the 
degree of ASD repercussion in the right chambers. The 

PPV: positive predictive value; ASD: Atrial Septal Defect; NPV: negative predictive value; LR: likelihood ratio; ROC: receiver operating characteristic.
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MI/ASD ratio was calculated, and this measurement was 
compared with the hemodynamic repercussion. ASD size 
classification by echocardiographic criteria was performed 
by subjective analysis and Z-score: Small ASD: the right 
chamber area is smaller than left chamber area and the TA 
Z-score ranges from +2 to +2.5; medium ASD: the right 
chamber area is equal to the left chamber area and the 
TA Z-score ranges from +2.5 to +3; large ASD: the right 
chamber area is larger than the left chamber area and the 
TA Z-score is > +3.

The clinical evaluation consisted of an examination of 
the cardiovascular system guided by criteria that allowed 
inferences to be made about the size of the ASD.12 ASD size 
classification by clinical evaluation was performed according 
to Table 1, and the presence of at least three of the four 
findings for each column was considered.

Statistical analysis: Statistical analysis was performed 
using Statistical Package for Social Science (SPSS) software 
version 16.0. The results were expressed as numbers and 
proportions for categorical variables and as means ± 
standard deviation for continuous variables. The Shapiro-
Wilk test was used to check the normal distribution of 
variables. Proportions were compared using the Chi-
square test or Fisher’s exact test when appropriate. For 
continuous data, the unpaired Student’s T-test was used 
for two variables, or the One-Way ANOVA test was used to 
compare three or more variables. The Pearson coefficient 
was used to check the correlation between continuous. The 
correlation based on the coefficient (positive or inverse) 

was considered very weak (0.00–0.20), weak (0.21–0.40), 
moderate (0.41–0.60), strong (0.61–0.80), and very strong 
(0.81–1.00). The operating characteristic curve was applied 
to evaluate sensitivity, specificity, Positive Predictive Value 
(PPV), Negative Predictive Value (NPV), and the positive 
likelihood ratio of the ASD/septum ratio, considering 
the size of the septal defect. A P-value of < 0.05 was 
considered statistically significant.

Results
Among the 35 subjects, 24 (69%) were female. The 

mean age was 6.3 ± 3.9 years, ranging from 0.4 to 17.2 
years. The average weight, height, and body surface 
area were 21.2 kg, 112 cm, and 0.8 m², respectively. 
Comorbidities were present in 14% of the subjects (n = 5), 
including asthma (3), genetic syndrome under investigation 
(1), and neurological and psychomotor development delay 
in propaedeutics (1). 

Regarding the findings on physical examination, 14 
subjects (40%) had fixed splitting of the second heart 
sound, and 5 (14%) had a diastolic murmur in the tricuspid 
area. A systolic murmur in the pulmonary area was not 
detected in six subjects, was grade II in 16 subjects (46%), 
and grade III ≥ in 13 subjects (37%). RV impulse was not 
detected in 19 (54%) subjects. 

On echocardiographic examination, all subjects had 
ostium secundum-type ASD. The data collected are 
summarized in Table 2.

Figure 1 – Measurement of the interatrial septum, ASD, and mitral and tricuspid annuli on echocardiographic examination. RA: right 
atrium; LA: left atrium; RV: right ventricle; LV: left ventricle; ASD:  Atrial Septal Defect; IVN: inferior vena cava; SVC: superior vena cava; 
TV: tricuspid valve; MV: mitral valve.
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Association and correlation between the variables 
Table 3 shows the comparisons between clinical signs and 

echocardiographic measurements. There was no association 
between gender and any of the variables studied, whether 
in the clinical or echocardiographic context.

Twelve ASDs were clinically classified as small, 18 as 
medium, and 5 as large. The correlation between ASD size 
by clinical classification and echocardiographic findings is 
summarized in Table 4.

The MI/ASD diameter ratios showed a strong inverse 
correlation with the ASD/septum measurement. The 
Pearson coefficient with the anteroposterior and laterolateral 
measurements was -0.80 (p < 0.001). There was also a 
strong inverse correlation with the QP/QS measurement, 
with a Pearson coefficient of -0.71 (p < 0.001) for the 
anteroposterior measurement and -0.76 (p < 0.001) for the 
laterolateral measurement.

The ASD/septum diameter ratio showed a strong 
correlation with the QP/QS ratio with a Pearson coefficient 
of 0.63 (p = 0.001).

Regarding the size of the RV in the subjective assessment, 
the RV was larger than the LV in 17 subjects, was smaller in 
10 subjects, and eight subjects had chambers of equivalent 
sizes. When assessing the RA, it was larger than the LA in 
20 subjects, smaller in eight subjects, and seven subjects 
had chambers of equivalent sizes. The comparison and 
correlation between the degree of enlargement of the right 
chambers and the echocardiographic variables are shown 
in Tables 5 and 6.

Considering the TA Z-score to classify the size of the 
ASDs, 25 were small, 5 were medium, and 5 were large. This 
classification was not associated with the clinical classification 
of ASD nor with the echocardiographic classification made 
according to the subjective assessment of the right chambers.

Operating characteristic curve
Applying the operating characteristic curve, considering 

as the stable variable the classification of the ASD based on 
the subjective size of the right chambers, an area under the 
curve of 0.85 was obtained for the ASD/septum ratio. The 
curve and data with p-value and 95% confidence intervals 
are shown in Figure 2. The best cutoff point was 0.27, with 

a sensitivity of 85% and specificity of 86.7% for diagnosing 
large ASD. The PPV was 76%, and the NPV was 85.2%. The 
positive likelihood ratio was 6.39.

Regarding the variable classification of ASD according to 
the subjective size of the right chambers, an area under the 
curve of 0.14 was obtained for the MI/ASD ratio.

Discussion
The main findings of this study were the strong inverse 

correlation between the MI/ASD ratio and the clinical 
classification of the ASD, and the 6.39 probability of 
diagnosing a large ASD based on an ASD/septum ratio 
greater than 0.27, according to the subjective size of the 
right chambers as summarized in the Central Illustration.

The universal form used by cardiologists to classify ASD 
size is based on several subjective factors in a clinical and 
echocardiographic context. The presence of symptoms, 
changes found during the physical examination, and 
echocardiographic findings are evaluated. Considering 
there is great variability in body surface area values in the 
pediatric population, the ASD diameter alone is not an 
adequate parameter to quantify the size of the lesion. Other 
parameters are taken into consideration to assess the size 
of the lesion, such as the QP/QS ratio,6 the ASD/interatrial 
septum diameter ratio, and assessment of the degree of 
enlargement of the right chambers.4,5

At the time of the study, there was only one study13 
presenting normal values for linear and area measurements 
of the RA and RV, as indicated by the echocardiogram 
measurement guideline7 for the pediatric population. This 
study had the limitations of being a single-center study 
carried out only with a Caucasian population aged 0 to 3 
years. Therefore, the study could not be incorporated into 
clinical practice as it did not cover all pediatric age groups. 
Since then, two new publications14,15 of reference values 
in pediatrics have emerged.  Rajagopal et al., described 
measurements of the area of the RA, but this was a single-
center and retrospective study, the results of which have 
not yet been incorporated into clinical practice.14 Gokhroo 
et al., mentioned reference values for measurements, as 
recommended by the guideline, but the study was limited to 
the age group of 5 to 15 years.15 Therefore, the enlargement 
of the right chambers is estimated subjectively, visually 

Table 1 – Classification of ASD size according to clinical criteria

Size Classification

Clinical Parameter Small Medium Large

Impulse in BEEI and subxiphoid region Absent Present Present

Splitting of the second heart sound Physiological Fixed Fixed

Ejection systolic murmur in the 
pulmonary area

Absent or grade I/VI Grade II/VI Grade > III/VI

Diastolic murmur in the tricuspid area Absent Absent Present

BEEI: lower left sternal border.
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comparing the area of the right chambers with that of the left 
chambers in the apical four-chamber view in two-dimensional 
mode. The QP/QS ratio, despite being an objective measure, 
is very prone to errors and difficult to measure.16

Rao et al., presented the method of classifying the size of 
the residual shunt after ASD percutaneous closure considering 
the parameters of flow diameter greater than 2 mm and RV 
measurements with a percentile > 95% but did not propose 
a classification of the magnitude of the lesion itself.17

There are no studies in the literature that evaluate the ASD/
septum ratio to classify ASD size. Lin et al., used measurements 

Table 3 – Comparison between clinical and echocardiographic parameters

P-Value

Clinical Parameter MI/ASD – AP MI/ASD – LL ASD/septum QP/QS
ASD SIZE 
according  
to ASCD*

TA Z-score

RV impulses 0.028 0.018 0.15 0.35 0.025 0.56

Splitting of the S2 < 0.001 < 0.001 < 0.001 0.006 < 0.001 0.12

Pulmonary systolic 
murmur

0.015 0.006 0.022 0.037 0.002 0.41

Tricuspid diastolic 
murmur

0.055 0.045 0.015 0.016 0.29 0.019

* Fisher’s test. Other variables were analyzed using the unpaired Student’s t-test. MI/ASD: mitral annulus diameter/atrial septal defect 
diameter; AP: anteroposterior; LL: laterolateral; ASD/septum: atrial septal defect diameter/atrial septal diameter; QP/QS: pulmonary flow/
systemic flow; ASCD: subjective assessment of the right chambers; TA: tricuspid annulus; RV: right ventricle; S2: second heart sound.

of the Interatrial Septum and ASD in two-dimensional and 
color mode with the use of artificial intelligence in a population 
with an average age of 3 years and demonstrated good 
accuracy in detecting defects and cases that could be subjected 
to percutaneous closure of the lesion by measuring the free 
edges of the septum. However, this study did not evaluate the 
degree of hemodynamic repercussion, the classification of the 
lesion size, or the need for treatment.18 The measurements 
chosen in this study were the MI/ASD and ASD/septum ratios, 
as a way of indexing ASD measurement to a cardiac structure, 
and should be easy to measure. The ASD was measured using 
the largest linear diameter.

Table 2 – Measurements and ratio calculation of echocardiographic measurements

Variables Medium Minimum Maximum Standard deviation

ASD diameter (mm) 13.46 2.70 37.70 8.33

MI/ASD - LL 2.04 0.62 6.30 1.49

MI/ASD - AP 2.00 0.52 6.80 1.48

ASD/septum 0.30 0.06 0.65 0.15

QP/QS 2.56 1.10 4.48 0.99

TA diameter - LL (mm) 23.38 14.40 38.60 5.14

TA Z-score - LL +1.40 -1.63 +5.28 1.74

TA diameter - AP (mm) 22.48 10.90 37.40 5.77

TA Z-score - AP +1.11 -2.34 +3.76 1.28

MA diameter - LL (mm) 18.18 11.40 25.80 3.41

MA Z-score - LL -0.39 -2.34 +2.09 1.15

MA diameter - AP (mm) 17.87 9.80 25.40 3.25

MA Z-score - AP -0.07 -1.89 +1.93 0.91

ASD: atrial septal defect; mm: millimeters; MI/ASD: mitral annulus diameter/atrial septal defect diameter; LL: laterolateral; AP: 
anteroposterior; ASD/septum: atrial septal defect diameter/atrial septum diameter; QP/QS: pulmonary flow/systemic flow; TA: 
tricuspid annulus; AM: mitral annulus.
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Considering that lesions may be asymmetrical, the diameter 
measurements taken may not necessarily reflect the largest 
diameter of the lesion. The most reliable measurement would 
be calculating the ASD area, which is done through 3D 
echocardiography and magnetic resonance imaging, but these 
exams are not as widely available in clinical practice.19,20 Thus, 
to avoid greater bias, diameter measurements were performed 
with images of good technical quality and using the same 
subcostal view in all subjects. The subcostal view is very similar 
to the mid-esophageal bicaval view of the transesophageal 

echocardiographic examination, which is used to guide 
percutaneous closure of the ASD with a prosthesis.6 Boon et al., 
demonstrated that 2D echocardiographic examination is 
a reliable method for measuring the diameter of the ASD, 
especially in cases where the septum is firm, corresponding 
to 85% of the cases of ostium secundum ASD.21

The MI/ASD measurement showed a strong inverse 
correlation with the clinical classification of ASD and with the 
classification by subjective assessment of the right chambers. 
Despite this, it was not possible to define cut-off points for 
this variable to classify the size of the defect. Although it is 
intuitive to imagine that the smaller the ratio, the greater 
the deficit in LV filling and mitral annulus development, it 
can be speculated that such a relationship is not so linear 
with the size of the ASD to the point of enabling assertive 
size calculation.

The ASD/septum measurement showed a moderate 
correlation with the clinical classification of ASD and a 
strong correlation with the classification by subjective 
assessment of the right chambers. It was not possible to 
define cutoff points for classifying the magnitude of ASD 
considering its clinical classification. This finding may be 
explained by the small number of large ASDs classified by 
the clinical method. A cutoff point of 0.27 was found for 
the ASD/septum ratio to identify large ASDs compared with 
the subjective assessment of the size of the right chambers. 
The same was not possible for medium-sized ASDs, perhaps 
also due to the small number of subjects with medium ASD 
according to the classification by subjective assessment of 
the right chambers. 

The QP/QS ratio is one of the parameters found in 
the guidelines for indicating ASD closure in the adult 
population.22 It showed a strong correlation with the MI/
ASD and ASD/septum measurements and with the clinical 
and echocardiographic classification of ASD by a subjective 
assessment of the right chambers. It may have great 

Table 4 – Correlation between ASD size by clinical classification 
and echocardiographic variables

Echocardiographic 
variables Pearson coefficient P-Value

ASD size: subjective 
assessment of the right 
chambers

0.52 0.001

ASD size: TA Z-score 
assessment

0.26 0.13

TA Z-score - 
Anteroposterior 

0.34 0.045

TA Z-score - Laterolateral 0.34 0.048

ASD/septum 0.56 <0.001

QP/QS 0.62 0.002

MI/ASD - Anteroposterior -0.58 <0.001

MI/ASD - Laterolateral -0.61 <0.001

ASD: atrial septal defect; TA: tricuspid annulus; ASD/septum: 
atrial septal defect diameter/atrial septal diameter; QP/
QS: pulmonary flow/systemic flow; MI/ASD: mitral annulus 
diameter/atrial septal defect diameter.

Table 5 – Comparison between the degree of enlargement of the right chambers according to subjective assessment and 
echocardiographic variables

Degree of enlargement of the right chambers

Variables Mild Standard 
deviation Moderate Standard 

deviation Major Standard 
deviation

p-value 
(ANOVA)

ASD diameter (mm) 5.15 2.27 11.8 6.12 17.37 8.01 0.001

MI/ASD -AP 4.07 1.69 1.78 0.84 1.24 0.48 < 0.001

MI/ASD -LL 4.15 1.58 1.86 0.85 1.25 0.52 < 0.001

ASD/septum 0.13 0.06 0.29 0.14 0.36 0.13 < 0.001

QP/QS 1.19 0.10 2.45 0.93 3.05 0.84 0.007

TA Z-score -AP -0.17 0.00 +1.00 1.28 +1.66 1.04 0.001

TA Z-score - LL -0.04 1.30 +1.17 0.75 +2.06 1.81 0.01

ASD: atrial septal defect; mm: millimeters; RA: right atrium; RV: right ventricle; MI/ASD: mitral annulus diameter/atrial septal 
defect diameter;  AP: anteroposterior; LL: laterolateral; ASD/septum: atrial septal defect diameter/atrium septal diameter; 
QP/QS: pulmonary flow/systemic flow;  TA: tricuspid annulus.
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variability3,4 because of how the relationship is calculated, 
with four measurements being required: the radius and the 
velocity-time integral of the RV and LV outflow tract. An error 
in any of the four measurements can alter the final value of 
the relationship. Furthermore, the radius measurement is 
squared, which causes a radius measurement error to also 
be squared in the calculation.16 Faherty et al., correlated 
the QP/QS calculation values on echocardiography with 

those obtained by oximetry on catheterization in patients 
with hemodynamically significant ostium secundum ASD 
and found a weak correlation between the methods, with 
the echocardiographic method tending to overestimate the 
values obtained by oximetry.23 

In clinical practice, it is common to repeat the measurement 
when the echocardiographer finds a value considered to 
be incompatible with the other findings. Therefore, the 
measurement is influenced by a subjective bias. In the study data 
collection protocol, the number of measurement repetitions 
for calculating the QP/QS ratio was not limited. Consequently, 
echocardiographers were free to choose the calculation value 
they considered to be the most reliable. This subjectivity bias 
may have contributed to the finding of a strong correlation 
between this measurement and the other variables studied. 

The TA Z-score measurement showed a weak correlation 
with the clinical classification of ASD and a moderate 
correlation with the classification based on a subjective 
assessment of the right chambers. One explanation for such 
findings may be the lack of normalization of Z-score reference 
values for TA measurements in the literature. Despite the 
standardization of the measurement method of the most 
recent studies and their larger sample size compared to older 
studies,24-26 there are still differences between the nomograms, 
which result in Z-scores that are very discordant with each 
other. The studies show differences between them, such as 
the body surface formula used, gender differentiation or lack 
of it, age range used, and intra-observer and interobserver 
variability.27 Snyder et al., demonstrated that there was no 
strong linear relationship between RV volume on cardiac 
magnetic resonance imaging and tricuspid valve Z-score on 
echocardiography in patients in the late postoperative period 
of Tetralogy of Fallot. Among patients with RV enlargement 
on MRI, the TA Z-score measurement on echocardiography 
showed a sensitivity of 45% to identify enlargement, with 
a Z-score > +2.28 In the present study, the tricuspid valve 
diameter Z-score was observed within the normal range 
despite enlarged RV on a two-dimensional assessment 
compared to the LV in some subjects. 

The classification of the magnitude of ASD by the TA Z-score 
value as described in the methodology was not associated with 
any of the parameters investigated in the physical examination 
and, consequently, with the clinical classification of ASD, nor 
it was associated with the classification of ASD according to a 
subjective assessment of the right chambers. In addition to the 
already-mentioned variability of Z-score normality values in 
the pediatric population, the choice of the Z-score range used 
for classification must be considered. In the study, different 
Z-score ranges were not compared, and the association of 
each of them with other methods of classifying ASD size was 
not evaluated.

Many of the results found in the study are in agreement with 
the literature data. Among them, the frequency of findings on 
physical examination and the proportion between genders.

The frequency was higher in females, in a proportion of 
2.2:1, very close to that described in the literature of 2:1.2 
The percentages found of wide and fixed splitting of the 
second heart sound (S2), systolic murmur in the pulmonary 

Figure 2 – Operating characteristic curve for the ASD/septum 
ratio, considering as the stable variable the classification of the 
ASD based on the subjective size of the right chambers. ROC: 
receiver operating characteristic.
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Table 6 – Correlation between the degree of enlargement of 
the right chambers according to subjective assessment and 
echocardiographic variables

Variables Pearson coefficient P-Value

ASD diameter 
(mm)

0.61/0.66 RA/RV < 0.001 RA/RV

MI/ASD -AP -0.75 <0.001

MI/ASD -LL -0.77 <0.001

ASD/septum 0.62 <0.001

QP/QS 0.61 0.002

TA Z-score -AP 0.58 <0.001

TA Z-score - LL 0.50 0.002

ASD: atrial septal defect; mm: millimeters; RA: right atrium; RV: 
right ventricle; MI/ASD: mitral annulus diameter/atrial septal 
defect diameter; AP: anteroposterior; LL: laterolateral; ASD/
septum: atrial septal defect diameter/atrium septal diameter; 
QP/QS: pulmonary flow/systemic flow; TA: tricuspid annulus.
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area, and diastolic murmur in the tricuspid area were 66%, 
83%, and 15%, respectively, similar to the values of 66%, 
90%, and 12% described in the literature, respectively.29 
Regarding RV impulses, the presence and intensity of such 
a finding depend greatly on the patient’s biotype.

The ASD type most frequently found is ostium secundum, 
responsible for approximately 85% of the cases.30 In the study, 
it was the only type found, a finding that can be explained 
by the small sample size. 

Among the parameters investigated by physical examination, 
all were associated with the subjective classification of the right 
chambers, except for the diastolic murmur in the tricuspid 
area. This fact can be explained by the low sensitivity of this 
parameter for the diagnosis of ASD.29 

Limitations
This study has some limitations because it is a single-

center, cross-sectional study with a small sample size and a 
large age standard deviation. Furthermore, it was not possible 
to assess the intra-observer and interobserver variability 
regarding the clinical method and the echocardiographic 
examination, but the team was previously trained on the 
measurement protocol. No post hoc test was used to verify 
significant differences between the echocardiographic 
parameter measurements and the subjective assessment of 
the enlargement of the right chambers. 

Conclusions
 The MI/ASD and ASD/septum measurements were 

associated with ASD size classification concerning the clinical 
parameters and subjective assessment of the size of the right 
chambers during an echocardiogram. The measurement of 
the ASD/septum ratio above 0.27 proved to be useful in 
identifying large ASDs based on the subjective enlargement 
of the right chambers, which was not found in small and 

medium-sized ASDs. It was not possible to define cut-off 
points for the MI/ASD measurement to classify ASD size. 
The TA Z-score measurement was not a good parameter for 
classifying ASD size.
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Abstract

Background: Anxiety is an important factor that influences patient experience during medical procedures. 
Transesophageal echocardiography (TEE) is an exam that requires sedation, which can exacerbate anxiety and 
affect its practice. 

Objective: To assess variables that influence the degree of anxiety experienced by patients undergoing TEE and 
its correlation with sedation. 

Methods: We assessed patients of both sexes, age >18 years, referred for TEE. We applied an anxiety questionnaire 
(none, mild, moderate, and high) and collected demographic, clinical, and physiological data. For comparison 
purposes, patients were divided into the following 2 groups: no/mild anxiety and moderate/severe anxiety.

Results: We studied 63 patients, 41 (66%) of whom were male. The majority were White (87.3%), and the mean age 
was 52.5 ± 14.7 years. Only 35% of patients had comorbidities, the most frequent being hypertension (63.6%), 
and 70% patients were undergoing TEE for the first time. The main indication for TEE was valvular disease (30%). 
The majority of patients (62%) reported some degree of anxiety, as follows: 25 (40%) mild, 10 (16%) moderate, 
and 4 (6%) severe. Patients with moderate/severe anxiety (p = 0.03) and younger patients (p = 0.001) required 
higher doses of midazolam for sedation. 

Conclusion: Anxiety was common in patients referred for TEE, and it appeared to be less influenced by clinical 
variables. However, we concluded that more anxious and younger patients required higher doses of sedation.

Keywords: Echocardiography; Anxiety; Conscious Sedation.
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risks, which are often associated with sedation itself. The 
most common complications include hypoventilation, 
hypoxemia,4 and hypotension.5 Furthermore, some 
factors associated with the patient or the examination 
may contribute to an increased level of anxiety related 
to medical procedures; non-White ethnicities,6 female 
sex,7 and history of chronic diseases7 have been related 
to the development of anxiety in the general population. 
Higher anxiety levels have also been related to prolonged 
duration of medical procedures and eventual use of higher 
sedative doses.8 Therefore, it is important to define factors 
that could influence the level of anxiety related to TEE 
and its impact on sedation, in order to optimize patient 
management during examination.

Objectives
The objectives of this study were to determine 

the prevalence of anxiety related to TEE, to assess 
factors related to the examination and/or patients that 
could influence the degree of anxiety experienced by 
patients, and to verify whether the amount of anesthetic 
administered during the procedure could correlate with 
the degree of anxiety and/or other clinical variables.

Introduction
Transesophageal echocardiography (TEE) is a widely 

used tool in cardiology; due to the anatomical proximity 
between the heart and the esophagus, it allows the 
assessment of functional and/or structural cardiac 
alterations with high accuracy,1 for example, valvular heart 
disease, thrombi and masses, aortopathies, among other 
diseases.2 It is considered a semi-invasive examination, 
as it requires the introduction of an esophageal probe; in 
order to provide comfort to patients, light or moderate 
sedation is performed,3 generally using benzodiazepines 
(midazolam) in combination with an opioid (fentanyl). It is 
important to emphasize that the examination is not without 

1

mailto:astolfimartins@gmail.com
https://orcid.org/0009-0009-8858-5421
https://orcid.org/0009-0007-0146-7496
https://orcid.org/0009-0001-0725-0761
https://orcid.org/0009-0005-7507-6338
https://orcid.org/0009-0006-5580-7700
https://orcid.org/0000-0003-0219-944X
https://orcid.org/0009-0001-1813-060X
https://orcid.org/0000-0002-4561-5717
https://orcid.org/0000-0002-1321-9752
https://orcid.org/0000-0003-4500-5270


Arq Bras Cardiol: Imagem cardiovasc. 2025;38(2):e20250005

Original Article

Martins et al.
 Transesophageal echocardiography and anxiety

Methods

Patients
This study prospectively assessed patients aged 18 years or 

older of both sexes who were referred for TEE, as outpatients 
or inpatients at a tertiary hospital located in the South Zone of 
the city of São Paulo, Brazil. We only included patients who 
provided written informed consent via a free and informed 
consent form.

Regarding the exclusion criteria, this study excluded 
patients with contraindications to TEE, patients with impaired 
cognition, and patients who required sedation under 
anesthesiologist supervision.

TEE and sedation
After the routine transthoracic examination, TEE was 

performed in the routine manner, with the prescribed 
sedation and under the guidance of the cardiologist 
and echocardiographer responsible for performing the 
examination. Following oropharyngeal anesthesia with 
lidocaine spray, with patients in the left lateral decubitus 
position, sedation with intravenous fentanyl (50 or 100 
mcg) was performed, followed by intravenous midazolam in 
an initial dose of 1 to 2 mg, with additional doses of 1 mg 
administered for conscious sedation. If necessary, additional 
doses of midazolam could be administered to continue the 
examination.9 

Anxiety questionnaire
To assess the level of anxiety, we used a mini-questionnaire 

adapted from Cao,10 consisting of a simple visual self-
assessment scale, to analyze each study participant’s anxiety 
level. Patients were asked to choose among facial drawings 
showing different levels of anxiety, marking the one that 

described their state of anxiety at that time (Figure 1). For 
comparative purposes, the patients were divided into 2 groups, 
one including patients with no/mild anxiety and the other with 
moderate/high levels of anxiety.

Clinical variables
We recorded data such as blood pressure, heart rate, 

respiratory rate, and oximetry. The presence of comorbidities 
(diabetes, hypertension, cardiovascular diseases, and 
others), routine use of anxiolytics, and the indication for the 
examination were also recorded.

Statistical analysis
The variables were described based on absolute and 

relative frequencies, means and standard deviations, or 
medians and quartiles. Comparisons of patient characteristics 
with anxiety levels were performed using Student’s t test or 
Mann-Whitney test for quantitative variables, according to 
their distribution, and chi-square or Fisher’s exact test were 
used for qualitative variables. Data normality was assessed 
using the Shapiro-Wilk test. To correlate variables with 
sedative dose, we used Pearson or Spearman correlation, as 
appropriate. Analyses were performed using SPSS statistical 
software, version 26.0. Study data were entered into a data 
storage platform dedicated to REDCap research for later 
analysis.11 This study is part of a research project aimed at 
evaluating music therapy as an adjunct measure to sedation 
in patients referred to TEE. The study received approval from 
the institutional research ethics committee.

Results
We assessed 65 patients, 2 of whom were excluded (1 

due to refusal to participate and 1 due to contraindication to 
TEE), leaving 63 patients who fulfilled the inclusion criteria and 

TEE: transesophageal echocardiography.

Central Illustration: The Impact of Anxiety on Patients Referred for Transesophageal Echocardiography Imagem
Cardiovascular
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signed the free and informed consent form. Most patients 
were male (65%). The mean age was 52 ± 14 years, and 
the majority were White (87%). The majority of patients 
had completed secondary education (95%). Regarding 
origin of patients, only 11 were hospitalized at the time 
of the examination, while the remainder underwent the 
examination on an outpatient basis. Comorbidities were 
infrequent (35% of patients), the most frequent being 
systemic arterial hypertension. For 66% of patients, the 
examination was being performed for the first time. For 
24%, it was the second time, and only 10% had undergone 
more than 2 examinations. Regarding indications, valvular 
heart disease was the most frequent (30%), followed by 
stroke (20%), arrhythmias (13%), and suspected endocarditis 
(9.5%). Other less frequent indications included investigation 
of patent foramen ovale, cardiac masses, and evaluation of 
the aorta. When asked, almost all patients (95%) confirmed 
that they had received detailed instructions about the 
examination, including about complications. None of the 
patients who had previously undergone the examination 
reported a negative previous experience with TEE, and only 
11% used routine anxiolytics. Table 1 displays the patients’ 
characteristics.

Anxiety level and influence of patient-related variables
Regarding anxiety level, the majority of patients (62%) 

were anxious before the procedure, with mild anxiety in 40%, 
moderate anxiety in 16%, and high anxiety in 6% (Figure 2). 
We did not observe any correlation between demographic 
variables (sex, age, and ethnicity), education level, indication 
for the examination, routine use of anxiolytics, or patient origin 
with the presence of anxiety before TEE.

Comparison between sedative dose used, anxiety level, 
and variables related to the examination

The mean fentanyl dose was 55.5 ± 17.6 mcg. The 
mean initial dose of midazolam was 4.8 ± 2.2 mg, and 
the mean additional midazolam dose was 1.32 ± 1.6 mg. 
The midazolam doses required for sedation were similar for 
men and women. No difference was observed between the 
midazolam dose and education level or ethnicity. On the other 
hand, patients with comorbidities required lower midazolam 

doses for sedation (p = 0.04), whereas outpatients required 
higher sedative doses when compared to inpatients (p = 0.01). 
These findings are displayed in Figure 3.

Regarding the sedative dose used, when comparing the 
subgroups of patients with no anxiety/mild anxiety and patients 
with moderate/high anxiety, a significant difference was observed 
only for the additional dose of midazolam required for sedation (p 
= 0.03). Patients with moderate/high anxiety levels used a larger 
additional amount of midazolam (2 mg [2 to 3 mg]) compared to 
those with mild/no anxiety (1.5 mg [1 to 2 mg]), as shown in Figure 
4. There was no difference between anxiety levels and variables 
such as instructions received, indication for the examination, 
routine use of anxiolytics, or the number of transesophageal 
examinations previously undergone. Only 2 patients required 
anesthesia to complete the procedure; therefore, there was no 
difference between groups for this variable.

Figure 1 – Anxiety questionnaire

ANXIETY QUESTIONNAIRE

Question: How would you describe your current state of anxiety?

Anxiety level NONE MILD MODERATE HIGH

Mark with an X:

Table 1 – Characteristics of patients referred for TEE (n = 63)

Characteristic Mean ± standard  
deviation or n (%)

Age (years) 52.5 ± 14.8

Weight (kg) 77.8 ± 15.3

Height (cm) 172.2 ± 8.9

BMI (kg/m2) 26.1 ± 3.9

Male sex 41 (65)

White ethnicity 55 (87.3)

Multiracial (Pardo) ethnicity 8 (12.7)

Complete secondary education 58 (92)

Inpatients 11 (17.5)

Outpatients 52 (82.5)

No comorbidities 41 (65)

Systemic arterial hypertension 14 (22.2)

Obesity 6 (9.5)

Diabetes mellitus 1 (1.5)

BMI: body mass index.
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Correlation between sociodemographic variables and 
anesthetic dose administered

The variables that showed a significant correlation with the 
total dose of midazolam were age, with a moderate negative 
correlation (r = −0.41, p = 0.001); oximetry, with a moderate 
positive correlation (r = 0.39); and respiratory rate, with a slight 
negative correlation (r = −0.28). Table 2 displays these data.

Discussion
TEE is a widely used tool in cardiology; it is a semi-invasive 

technique, as it requires the introduction of an esophageal probe. 

In order to provide comfort to patients, it is often accompanied 
by mild or moderate sedation, generally using benzodiazepines 
(midazolam) in combination with an opioid (fentanyl). TEE is not 
without risks, which are often associated with sedation itself. The 
most common complications are hypoventilation, hypoxemia, 
and hypotension. It is known that the anxiety experienced 
by patients is a determining factor for additional difficulties in 
performing procedures, requiring greater management skills 
and more time from the team to perform the procedure.12 
Furthermore, in addition to the resulting technical difficulties, 
anxiety could contribute to negative patient experience during 
the procedure. The quality of the examination is also directly 
related to the quality of the sedation performed. In this sense, 
when we evaluated the relationship between factors related to 
the exam/patient and the level of anxiety reported, we observed 
that the dose required for sedation was higher for outpatients 
when compared to inpatients. One possible explanation might 
be exposure to the hospital environment, which is unfamiliar 
to the patient, causing greater anxiety, whereas inpatients, in 
addition to being previously exposed to the environment, are 
often using sedative medications. We also noted that patients 
with comorbidities required lower sedation doses when 
compared to patients without comorbidities. In patients referred 
for endoscopic procedures, it was observed that those with 
higher American Society of Anesthesiologists (ASA) classification 
for pre-anesthesia surgical risk require less sedation. Since the 
ASA class increases according to the number of comorbidities 
presented, this could explain the correlation with comorbidities 
found in our study.12 

It is known that non-White ethnicities,6 female sex, and history 
of chronic diseases7 are risk factors for the development of anxiety. 
However, in this study, we did not observe a correlation between 
anxiety and these variables. One possible explanation for the lack 
of correlation is that anxiety in a social context presents different 
risk factors compared to anxiety related to a medical examination, 
as in the case of TEE. Moreover, other authors, when studying 

Figure 2 – Anxiety level in patients referred for TEE (n = 63)

Table 2 – Correlation between patient characteristics and total 
midazolam dose (n = 63)

Variable r p

Age (years) –0.41 0.001

Weight (kg) –0.009 0.942

Height (cm) –0.20 0.114

BMI (kg/m2) –0.15 0.223

Systolic blood pressure 
(mmHg) –0.07 0.574

Diastolic blood pressure 
(mmHg)

0.11 0.356

Heart rate (bpm) 0.06 0.592

Respiratory rate (breaths per 
minute) –0.28 0.026

Oximetry (%) 0.39 0.001

BMI: body mass index.
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Figure 3 – Comparison of patient characteristics with midazolam dose

Mediana da Dose Total de Midazolan (mg) com intervalo interquartil e valores de p

Dose total (mg)

Sexo: Masculino 5,0 [5,0 a 7,0]

5,0 [4,0 a 7,0] p = 0,573

p = 0,295

p = 0,509

p = 0,013

p = 0,004
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5,0 [3,5 a 6,5]

5,0 [4,0 a 8,0]

5,0 [5,0 a 5,0]

4,0 [3,0 a 5,0]

6,0 [5,0 a 8,0]

6,0 [5,0 a 8,0]

5,0 [3,0 a 5,0]

0 1 2 3 54 6 7

Etnia: Branca

Paciente: Internado

Paciente: Ambulatorial

Comorbidades: Sem

Comorbidades: Com

Escolaridade: Completa

Sexo: Feminino

Su
bg

ru
po

s

Etnia: Parda

Escolaridade: Incompleta

patients undergoing endoscopic procedures (similar to TEE), also 
did not find a correlation between sex and anxiety.8

Regarding the correlation between the variables and sedative 
doses, we observed that age presented a negative correlation 
coefficient; in other words, the younger the patient, the higher 
the dose of midazolam required for sedation, a finding already 
reported in the literature.8 Furthermore, it is known that elderly 
patients are more sensitive to the use of medications due to 
pharmacokinetic and pharmacodynamic changes resulting 
from age;13 consequently, they have greater adverse effects with 
the use of sedation. Accordingly, given that elderly patients are 
more sensitive, the physician responsible for sedation would 
be expected to be more cautious, administering a lower dose 
of sedative.

Finally, in relation to anxiety and the dose of anesthetic 
administered, we observed that the additional midazolam dose 
was higher in patients with moderate/high anxiety level (p = 
0.033). Although some authors have reported no correlation 
between the level of pre-procedure anxiety and the sedative 
dose used,14 similar to our findings, other studies have shown 
that the anesthetic dose required to perform the procedure may 
increase according to the anxiety level.15 A possible explanation 
would be greater activation of the neuroaxis due to the increased 
release of adrenocorticotropic hormone and corticosteroids in 
anxious patients,16 thus requiring greater anesthetic doses to 
achieve the same level of sedation as non-anxious patients for 
the same procedure.14

Limitations
It is worth noting the main limitation inherent to this study. 

The study sample was small, restricting the possible influence 
of other factors, such as sex or ethnicity, on the level of anxiety 
presented. However, we were able to identify other factors 
that were significantly related to anxiety level, even with the 
sample studied. 

Conclusion
Anxiety is a common symptom in patients referred for TEE. 

As a result of this study, we have understood that more anxious 
and younger patients required higher doses of sedation to 
perform the procedure (Central Figure).
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Impact of Anxiety on Patients Referred for Transesophageal 
Echocardiography
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Short Editorial related to the article: The Impact of Anxiety on Patients Referred for Transesophageal Echocardiography

In this issue of ABC Cardiovascular Imaging, anxiety is 
highlighted not only as a factor in the subjective assessment 
of patients’ experiences during invasive medical procedures 
(transesophageal echocardiography, TEE) but also for its 
influence on the amount of sedative drugs administered 
during the procedure.

The study The Impact of Anxiety on Patients Referred 
for Transesophageal Echocardiography, conducted at a 
tertiary institution, provides a detailed analysis of multiple 
characteristics of patients undergoing the exam, its influence 
on sedation, and revisits important aspects of good medical 
practice. The study results indicate that anxiety, assessed 
using easily implemented indicators,1 was present in 62% of 
patients. Self-assessment tables show mild anxiety in 40%, 
moderate anxiety in 16%, and severe anxiety in 6%. It is 
part of the experience of echocardiographers performing 
transesophageal exams to deal with patient anxiety, especially 
among younger individuals.2,3

Multiple variables are influential; after a satisfactory 
consultation time and an excellent doctor-patient 
relationship, the absence of “questions or need for 
additional clarifications” from patients may be related to 
their embarrassment in ignoring details they assumed to be 
general knowledge in the current “Google era”.4 The previous 
unrestricted functionality of young individuals contributes 
to insecurity and anxiety regarding hospital admission. In 
addition, the array of medical equipment and the fear of a 
new reality –the possibility of confirming a medical condition 
with serious consequences – contribute to patient anxiety.

An interesting aspect of this study is that it was conducted 
in patients with a high sociocultural level, with 92% having 
completed university education, which is uncommon in our 
setting. Broad access to information and a higher cultural 
level did not help reduce pre-procedure anxiety in unfamiliar 
situations (66% of the studied patients were undergoing TEE 
for the first time). The excess of available information may 
play a role in increasing pre-procedure anxiety.5

The results obtained confirmed expectations: younger patients 
and those with a higher self-assessed level of anxiety required 
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higher doses of medication to achieve adequate sedation during 
the procedure. These findings are consistent with existing literature, 
both for invasive diagnostic procedures (TEE, colonoscopy)6 and 
for achieving appropriate levels of anesthesia during surgical 
procedures.7 Also, they were shown to be related to increased 
activation of the neuroendocrine axis.8 Among patients whose 
indication for the test was made after hospitalization, older 
individuals, with comorbidities that had required previous hospital 
procedures or admissions, showed lower levels of self-assessed 
anxiety.9  In these patients, clinical deterioration requiring intensive 
treatment may trigger awareness of the possibility of the end of 
life.10 This increase in anxiety levels can be further exacerbated by 
the effects of medications used in critically ill patients (vasopressors, 
corticosteroids), as well as the need for respiratory support and 
invasive procedures, including TEE.10

The main risks of the procedure analyzed by the authors 
— an increase in vagal autonomic tone, hypotension, and 
respiratory depression with hypoxia — may be exacerbated 
by the need for higher doses of opioids/benzodiazepines.11

Identifying contributing factors and understanding and 
implementing measures to mitigate or control anxiety can 
help multidisciplinary teams achieve effective management 
in the perioprocedural period, improving patient experience. 
There are advantageous benefits, such as better quality of 
image acquisition, and lower risk of sedation complications 
in young patients, in individuals with a low body mass index,6 
and in anxious elderly patients with comorbidities who have 
lower tolerance to additional complications.

Complex procedures, such as endovascular aortic 
prosthesis implantation, even after significant functional 
improvement, can still be associated with anxiety symptoms 
for up to six weeks post-intervention.12,13 A reasonable 
rationale would be to seek faster relief through more 
intensive psychological preparation. Low-cost measures 
that have shown effectiveness include music therapy and 
aromatherapy,14,15 which are already used in percutaneous 
interventions guided by computed tomography (tumor 
biopsies, abscess drainage, tumor ablation).

The analysis made by Munn et al. is highly relevant 
regarding the repercussions of anxiety and the opportunity 
to reflect on different resources and approaches15-17 to 
alleviate patient distress before, during, and after invasive 
procedures. These procedures have become increasingly 
frequent, integrated into the routine of various institutions. 
Sometimes, for this reason, we adopt “conscious sedation” 
when continuous awareness should be maintained. Invasive 
procedures often cause concern, anxiety, and distress in 
patients; this publication invites us to remain alert and vigilant 
to these possibilities.DOI: https://doi.org/10.36660/abcimg.20250036i
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Assessment of Interrater Reliability in Point-of-Care Ultrasound for 
Assessing Congestion in Cardiovascular Intensive Care
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Abstract
Background: The assessment of congestion is critical for managing patients with cardiovascular conditions, including 
heart failure (HF). Traditional methods often lack sensitivity, whereas point-of-care ultrasound (POCUS) provides an 
objective bedside alternative.

Objective: To evaluate the interrater reliability (IRR) of key POCUS variables used to assess hemodynamic, pulmonary, 
and venous congestion. 

Methods: This single-center, prospective study was conducted from January to June 2023 in a cardiovascular intensive 
care unit (CICU) in Brazil. Adult patients underwent standardized POCUS examinations. Three trained investigators 
independently assessed lung ultrasound (LUS) (B-lines), left ventricular filling pressures (LVFP) (E/A and E/e′ ratios), 
inferior vena cava (IVC) measurements, hepatic and portal vein Doppler flow, and modified Venous Excess Ultrasound 
(mVExUS) Score. IRR was analyzed using intraclass correlation coefficient (ICC).

Results: A total of 23 patients were included, with a median age of 65 years, each undergoing three independent POCUS 
examinations (69 total assessments). LUS and IVC measurements showed excellent IRR (ICC 0.903). Hepatic and portal 
vein flows demonstrated good IRR (ICCs 0.808 and 0.796, respectively). mVExUS grading achieved the highest IRR (ICC 
0.957). The E wave showed excellent IRR (ICC 0.934), while the A wave and e′ velocity had lower IRRs (0.512 and 0.399, 
respectively). E/e′ and E/A ratios demonstrated moderate-to-good IRR (ICCs 0.662 and 0.852, respectively). The median 
exam duration was 10 minutes.

Conclusion: POCUS variables demonstrated high reproducibility, particularly for LUS and mVExUS. The reproducibility 
of LUS and mVExUS was higher than that of LVFP parameters, suggesting they may be more reliable than traditional 
measures such as E/e′. These findings support the use of POCUS for standardized assessment of congestion. Further 
studies are needed to validate its prognostic value.

Keywords: Ultrasonics; Intensive Care Units; Heart Failure; VExUs, modified VExUS.
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Introduction
Accurate assessment of hemodynamic and fluid status 

is critical in critically ill patients, particularly those with 
cardiovascular diseases such as heart failure (HF).1 Traditional 
approaches, including clinical examination and radiological 
imaging, often fail to provide precise information due to 
their subjective nature and limited sensitivity,2 highlighting 
the need for more objective bedside tools. Lung ultrasound 
(LUS), echocardiography (TTE), and derived parameters have 
been developed to enhance the evaluation of these patients.3

LUS has been widely used for over a decade and has 
demonstrated utility in detecting pulmonary congestion, 
particularly in HF.4-6 However, the appearance of B-lines is 
not exclusive to pulmonary edema and can sometimes be 
misleading. Therefore, combining LUS findings with other 
congestion parameters is recommended.7,8 TTE enables the 
assessment of hemodynamic congestion through parameters 
such as the transmitral flow (E/A ratio) and the E/e′ ratio. 
These relatively simple TTE measures are easy to learn and 
can be applied at the bedside.8,9 Venous Excess Ultrasound 
(VExUS) Score is used to assess systemic venous congestion 
by evaluating the size and flow patterns of the inferior 
vena cava (IVC), hepatic vein, and renal vein. Evaluation of 
systemic congestion through VExUS has also proven useful 
in predicting cardiorenal syndrome (CRS).10,11 Integrating 
pulmonary and hemodynamic congestion parameters, 
particularly the E/e′ ratio, has been shown to be more 
accurate than LUS alone for diagnosing HF in emergency 
settings.12 Adding systemic congestion parameters would 
likely further enhance diagnostic accuracy.
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Despite its growing use, the reproducibility of individual 
point-of-care ultrasound (POCUS) components remains 
a concern. Interrater reliability (IRR) is essential to 
ensure consistency across different operators and clinical 
settings. Most previous studies have evaluated pulmonary, 
hemodynamic, and systemic congestion parameters 
individually, aiming to correlate them with congestion 
severity or clinical outcomes. However, it is important to 
determine whether the POCUS variables commonly used for 
congestion assessment demonstrate good IRR and whether 
the combined evaluation of these selected parameters is 
feasible in clinical practice.

This study aims to evaluate the IRR of key POCUS 
variables — specifically LUS, left ventricular filling pressure 
(LVFP) parameters (E/A and E/e′ ratios), IVC measurements, 
hepatic and portal venous Doppler assessments, and 
modified VExUS grading (mVExUS) — in patients admitted 
to a cardiovascular intensive care unit (CICU), assessing 
their potential for standardized bedside application 
(Central Illustration).

Methods

Study design
This was a single-center, prospective study conducted in 

the CICU at a tertiary hospital in Brazil. The study period 

spanned from January to June 2023 and included adult 
patients (≥18 years) admitted with various cardiovascular 
conditions, including HF, acute coronary syndromes, and 
arrhythmias. The only exclusion criterion was lack of consent 
to participate.

The study protocol was approved by the Research Ethics 
Committee of Hospital de Clínicas de Porto Alegre (HCPA) under 
approval no. 6.468.353 and conducted in accordance with the 
Brazilian National Health Council Resolution no. 466/12.

Ultrasound assessment
US examinations were performed using a portable US 

machine (Mindray ME Series; Shenzhen, China) equipped 
with a 2.5-MHz phased-array sector transducer. Patients 
were positioned supine with a 30-degree head elevation 
to standardize imaging conditions. Vital signs were 
recorded immediately before each evaluation to ensure 
consistency in hemodynamic status during the examinations. 
All assessments were conducted with concurrent ECG 
monitoring. Investigators were blinded to each other’s results 
to minimize bias.

Ultrasound parameters
The following key parameters commonly used to assess 

pulmonary, hemodynamic, and systemic venous congestion 
were assessed:

Key POCUS parameters assessed in this study included LVFP, LUS, IVC measurements, and venous congestion evaluation using the 
mVExUS Score. The variables analyzed were E/A and E/e’ ratios for LVFP, B-lines for LUS, IVC diameter and collapsibility, and hepatic 
vein (HV) and portal vein (PV) Doppler assessments for mVExUS. Created with BioRender.com.

Central Illustration: Assessment of Interrater Reliability in Point-of-Care Ultrasound for Assessing 
Congestion in Cardiovascular Intensive Care Imagem
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•	 LUS: assessment of B-lines in eight lung zones.
•	 LVFP: measurement of E/A and E/e′ ratios from the 

apical four-chamber view.
•	 IVC: measurement of diameter and collapsibility index.
•	 Venous Doppler: assessment of hepatic and portal 

venous flow patterns using pulsed-wave Doppler 
(PWD).

•	 mVExUS: grading modified VExUS score based on 
findings from hepatic and portal venous Doppler flow.

Assessment of hemodynamic congestion
The objective of the hemodynamic evaluation was to 

detect an increased LVFP. From the apical four-chamber view, 
the mitral inflow pattern was assessed using PWD at the tips 
of the mitral valve leaflets. The E/A ratio was categorized into 
three grades: grade 1 (E/A ≤0.8 and E velocity ≤50 cm/s), 
considered normal; grade 3 (E/A ≥2), indicating elevated 
LVFP; and grade 2 (E/A ≤0.8 with E velocity >50 cm/s, or 
E/A between 0.8 and 2), classified as indeterminate. In cases 
with a grade 2 E/A ratio, the septal E/e′ ratio was used to 
further differentiate between normal and elevated LVFP.13

In the same apical four-chamber view, with angulation to 
align with the interventricular septum, the medial e′ velocity 
was measured at the mitral annulus using PWD after tissue 
Doppler imaging (TDI).14 Medial e′ was selected for its 
feasibility and because most published data on the E/e′ ratio 
are based on this measurement. It is considered the most 
reliable parameter for estimating LVFP.15 Increased LVFP was 
defined as medial E/e′ >15 in sinus rhythm or >11 in atrial 
fibrillation (Figure 1).16

Assessment of lung congestion
The chest wall was divided into eight zones, with one 

scan obtained for each zone. The cardiac transducer was 
positioned perpendicularly to the ribs along the intercostal 
spaces, at a depth of approximately 12-18 cm depending 
on body habitus.17 Each zone (two anterior and two lateral 
per hemithorax) was evaluated independently. A zone was 
considered positive if three or more B-lines were present, 
and pulmonary congestion was assumed when two or more 
zones were positive (Figure 2).6

Assessment of peripheral venous congestion
The final step included the evaluation of IVC for diameter 

and collapsibility, along with hepatic and portal venous flows 
assessed using PWD.

The IVC was evaluated through the subcostal window, 
approximately 1 cm caudal to its junction with the hepatic 
vein, to estimate central venous pressure (CVP). CVP was 
inferred based on IVC diameter and inspiratory variability: a 
normal CVP of approximately 3 mmHg was suggested when 
both an IVC diameter ≤2.1 cm and collapsibility ≥50% 
were present; conversely, an IVC diameter >2.1 cm with 
<50% collapsibility corresponded to a CVP of approximately 
15 mmHg. An intermediate CVP of around 8 mmHg was 
assigned when only one of these two criteria was met.18

If the IVC diameter was ≥2 cm, a modified VExUS 
assessment was performed using hepatic and portal vein 
Doppler evaluations. PWD was used in the hepatic vein 
to assess flow patterns, graded as follows: grade 1 (normal) 
when the systolic (S) wave was higher than the diastolic 
(D) wave; grade 2 (mild congestion) when the S wave was 
lower than the D wave; and grade 3 (severe congestion) 
when S-wave reversal was present. Portal vein flow was also 
assessed with PWD and classified into three grades: grade 1 
(normal) if nonpulsatile with a maximum-minimum velocity 
variability <30%; grade 2 (mild congestion) if the pulsatility 
index was between 30-50%; and grade 3 (severe congestion) 
if the pulsatility index was ≥50%.11

Venous congestion severity by mVExUS was classified 
into four grades based on IVC diameter and PWD findings. 
A non-dilated IVC (<2 cm) indicated no significant venous 
congestion (grade 0). An IVC diameter ≥2 cm with normal 
or mildly abnormal hepatic or portal vein flow corresponded 
to mild congestion (grade 1). A plethoric IVC associated with 
one severely abnormal venous flow pattern (either S-wave 
reversal in the hepatic vein or ≥50% pulsatility index in the 
portal vein) defined moderate congestion (grade 2). Severe 
congestion (grade 3) was diagnosed when severely abnormal 
flow patterns were present in both the hepatic and portal 
veins (Figure 3).19

Assessment of IRR
Three trained investigators, blinded to each other’s 

evaluations, independently performed real-time POCUS 
assessments to evaluate IRR. All investigators had received 
standardized training, consisting of a 4-hour theoretical-
practical session followed by a one-month supervised period 
in the CICU. During this time, each cardiology resident 
completed at least 50 ultrasound examinations. Exams 
were not recorded, thereby eliminating retrospective bias 
and ensuring that IRR reflected real-world clinical practice.

Difficulty scoring
To further characterize the practical applicability of the 

US protocol, each investigator rated the difficulty of each 
patient’s assessment as easy, average, or hard. An “easy” 
assessment was defined by clear imaging and straightforward 
interpretation; an “average” assessment required moderate 
effort and interpretation; and a “hard” assessment involved 
significant challenges related to imaging acquisition or 
interpretation. This subjective evaluation provided additional 
insight into the feasibility of protocol implementation across 
varying patient anatomies and clinical conditions.

Statistical analysis
Sample size was calculated assuming a minimum 

acceptable intraclass correlation coefficient (ICC) of 0.65 
and an expected ICC of 0.90. With three raters per subject, 
a sample of 23 patients provided 90% power at a 0.01 
significance level. Continuous variables were reported as 
mean (standard deviation [SD]) or median (interquartile range 
[IQR]), according to distribution symmetry assessed by the 
Shapiro-Wilk test. Categorical variables were presented as 
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Figure 1 – The aim of the hemodynamic evaluation is to identify elevated LVFP. The E/A ratio is categorized into three grades, reflecting 
different levels of LVFP. Patients with a grade 1 E/A ratio are assumed to have normal LVFP, while those with a grade 3 E/A ratio 
(restrictive pattern) are associated with elevated LVFP. For patients with a grade 2 E/A ratio, the septal E/e’ ratio is used to differentiate 
between normal and elevated LVFP. RV: right ventricle; RA: right atrium; LV: left ventricle; LA: left atrium; FP: LVFP: left ventricular 
filling pressures; SR: sinus rhythm; AF:atrial fibrillation.

Figure 2 – For assessing lung congestion, the chest wall is divided into eight zones, with one scan obtained for each zone. Each zone 
(two anterior and two lateral per hemithorax) is evaluated independently. A zone is considered positive if three or more B-lines are 
present, and pulmonary congestion is assumed when two or more zones are positive.
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absolute and relative frequencies. ICCs were calculated using 
a two-way mixed-effects model to assess agreement among 
the three raters for both continuous and ordinal variables. 
IRR was classified as poor (<0.50), moderate (0.50-0.75), 
good (0.75-0.90), or excellent (>0.90). Statistical analyses 
were performed using SPSS Statistics for macOS, version 
29.0 (IBM Corp., Armonk, NY, USA), with significance set 
at 0.05 (two-tailed).

Results
Between January and June 2023, 23 patients were 

enrolled in the study. Each patient underwent three 
independent POCUS assessments, resulting in a total of 69 
ultrasound examinations evaluated for IRR. The median 
age was 65 years (IQR, 53-70), and 60.9% were male. 
Most admissions to the CICU were due to decompensated 
HF (65%), followed by ST-elevation myocardial infarction 
(STEMI) (17%). Parenteral vasodilators were used in 43.5% 
of patients, inotropes in 21.7%, and vasopressors in 13%.

Regarding cardiac function, 17.4% of patients had 
preserved left ventricular ejection fraction (LVEF), while 
82.6% exhibited reduced LVEF (≤50%). HF etiology was 
classified as ischemic in 39.1%, nonischemic in 30.4%, 
and valvular due to severe aortic stenosis in 8.7%. The 
median LVEF was 33.5% (IQR, 21.7-46.2). During the 
ultrasound examinations, atrial fibrillation was present in 
9% of patients, left bundle branch block in 13%, and 17.4% 
had an implantable cardioverter-defibrillator. Severe or 
moderate mitral regurgitation was observed in 43.5% of 
patients, and severe or moderate tricuspid regurgitation 
in 39.1%.

A detailed description of the demographic and clinical 
characteristics of the study population is provided in Table 
1, while Appendix Table 1 and Appendix Table 2 summarize 
POCUS measurements.

IRR
Regarding the IRR of US measurements, excellent 

agreement was observed for lung positive zone assessments 
(ICC, 0.903; 95% CI, 0.818-0.954; p<0.001) and IVC 
measurements (ICC, 0.903; 95% CI, 0.820-0.954; p<0.001), 
indicating consistent evaluations for pulmonary congestion 
assessment and CVP estimation.

Subsequent analyses of venous congestion components, 
including hepatic vein flow, portal vein flow, and mVExUS 
grading, also demonstrated substantial IRR. Hepatic vein 
assessment yielded an ICC of 0.808 (95% CI, 0.662-0.906; 
p<0.001), while portal vein assessment showed an ICC of 
0.796 (95% CI, 0.641-0.899; p<0.001). mVExUS grading, 
reflecting an integrated evaluation of venous congestion, 
exhibited the highest IRR with an ICC of 0.957 (95% CI, 
0.914-0.981; p<0.001) (Table 2).

Further assessments of hemodynamic congestion 
parameters revealed varying levels of IRR. The E wave 
demonstrated excellent consistency, with an ICC of 
0.934 (95% CI, 0.873-0.969; p<0.001). In contrast, the 
A wave and septal e′ velocity showed lower IRR, with 
ICCs of 0.512 (95% CI, 0.176-0.799; p<0.001) and 
0.399 (95% CI, 0.146-0.650; p<0.001), respectively. 
Despite the lower IRR of isolated e′ measurements, the 
E/e′ ratio demonstrated moderate IRR (ICC, 0.662; 95% 
CI, 0.449-0.824; p<0.001). The overall classification 

Figure 3 – Venous congestion by mVExUS is classified into four grades based on IVC assessment and PWD findings. A nondilated 
IVC (<2 cm) indicates no significant venous congestion (grade 0). When the IVC is ≥2 cm with normal or mildly abnormal findings 
on hepatic or portal vein Doppler, congestion is considered mild (grade 1). A plethoric IVC associated with one severely abnormal 
pattern (S-wave reversal in the hepatic vein or ≥50% pulsatility index in the portal vein) defines moderate congestion (grade 2). 
Severe congestion (grade 3) is indicated by severely abnormal flow patterns in both hepatic and portal veins.
IVC: inferior vena cava; RAP: mVExUS: modified Venous Excess Ultrasound; HV: hepatic vein; PV: portal vein.
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<2 cm > 2 cm

≥∆ 50% < ∆ 50%

PV

HV
S D D DS

S

High RAP mVExUS grading

mVExUS 0
• IVC < 2 cm

mVExUS 1
• IVC > 2 cm
• Normal or mild finding in HV and PV

mVExUS 2
• IVC > 2 cm
• 1 severe finding in HV or PV

mVExUS 3
• IVC > 2 cm
• Severe finding in both HV and PV
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of the E/A ratio demonstrated good IRR, with an ICC of 
0.852 (95% CI, 0.731-0.928; p<0.001) (Table 2). We 
additionally evaluated the interobserver agreement for the 
velocity-time integral (VTI) of the left ventricular outflow 
tract (LVOT), which, although not part of the standard 
congestion assessment, has been widely used in ICU 
settings as a surrogate for cardiac output. Its reproducibility 
was considered good, with an ICC of 0.820 (95% CI: 
0.680–0.912; p<0.001).

The overall examination duration was 10.0 minutes (IQR, 
8.0-12.0), reflecting the protocol’s efficiency and highlighting 
its practicality for clinical settings where timely assessments 
are critical. The concise duration supports the feasibility 
of integrating the protocol into routine clinical workflows 
without significant disruption.

Overall, the ICC values for most parameters indicated 
good to excellent reproducibility among investigators, 
confirming the protocol’s IRR for clinical application. A 
comprehensive summary of the ICC values for all assessed 
parameters is provided in Appendix Table 2.

Assessment difficulty
The difficulty ratings assigned by investigators varied, with 

most assessments classified as easy (50.7%), indicating that 
the protocol is generally manageable. An additional 36.2% 
of assessments were rated as average, suggesting the protocol 
is straightforward in many cases. Only 10.1% were rated as 
hard, indicating that the protocol remains a reliable tool even 
under suboptimal imaging conditions. These findings support 
its practical applicability and suggest it can be effectively 
implemented across diverse clinical settings, even when ideal 
acoustic windows are not available.

Discussion
The results of this study underscore the high IRR of 

the proposed US protocol across its various components, 
with most ICC values ranging from good to excellent. 
Furthermore, the findings confirm the feasibility of 
implementing a novel protocol for hemodynamic 
assessment at the bedside within a CICU. The high 
ICC values for lung positive zone assessments indicate 
excellent IRR in evaluating pulmonary congestion, 
consistent with previous studies that have demonstrated 
substantial agreement among observers following short-
term training.20-22

The IVC diameter and collapsibility also demonstrated 
excellent IRR, reflecting consistent agreement in estimating 
CVP as low, normal, or high. However, it is well known that 
the accuracy of IVC measurements for CVP estimation is 
greater at the extremes of volume status and less reliable 
at intermediate values. Additionally, accuracy can be 
compromised in patients with comorbid conditions such as 
pulmonary or hepatic disease, obesity, or in those receiving 
positive pressure ventilation, leading to reduced clinical 
utility in these scenarios.23,24

Evaluating peripheral venous congestion using VExUS 
is valuable because, in addition to identifying systemic 

Table 1 – Clinical characteristics of the sample

Variable Total (n = 23)

Age, years 65 (53-70)

Male sex  (n, %) 14 (60.9%)

Smoking status

Active smoker  (n, %) 2 (8.7%)

Former smoker  (n, %) 7 (30.4%)

HF etiology

Preserved ejection fraction  (n, %) 4 (17.4%)

Ischemic  (n, %) 9 (39.1%)

Nonischemic  (n, %) 7 (30.4%)

Aortic stenosis  (n, %) 2 (8.7%)

Previous myocardial infarction  (n, %) 13 (56.5%)

Implantable cardioverter-defibrillator  
(n, %) 4 (17.4%)

Atrial fibrillation  (n, %) 2 (8.7%)

Left bundle branch block  (n, %) 3 (13%)

LVEF, % 33.5 (21.7-46.2)

Severe or moderate mitral regurgitation  
(n, %) 10 (43.5%)

Severe or moderate tricuspid 
regurgitation  (n, %) 9 (39.1%)

Diagnosis at admission

Decompensated HF  (n, %) 15 (65.3%)

Acute STEMI (n, %) 4 (17.4%)

Unstable angina  (n, %) 1 (4.3%)

Cardiogenic shock  (n, %) 1 (4.3%)

Complete atrioventricular block  (n, %) 1 (4.3%)

Post-percutaneous coronary 
intervention  (n, %)

1 (4.3%)

Parenteral drugs

Vasopressor  (n, %) 3 (13%)

Venodilator  (n, %) 10 (43.5%)

Inotropic  (n, %) 5 (21.7%)

Creatinine, mg/dL 2 (1.2-2.6%)

Brain natriuretic peptide, pg/mL 1375 
(218.5-2668.5)

Results are expressed as n (%) or median (interquartile 
range). HF: heart failure; STEMI: ST-elevation myocardial 
infarction; LVEF: left ventricular ejection fraction.
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congestion and predicting CRS, it appears to correlate 
well with CVP.24 While the isolated assessment of hepatic 
and portal vein flows showed good IRR, mVExUS grading 
demonstrated even better agreement. Our results indicate 
that although observers did not always agree on the 
classification of specific hepatic or portal flow patterns, the 
mVExUS grading still exhibited excellent IRR. This suggests 
that, for mVExUS grading, the most critical factor is the 
identification of severely abnormal patterns that shift the 
congestion category.

Comparing our findings with those from previous 
studies evaluating IRR in VExUS, it is evident that available 
data are relatively scarce. One study reported an ICC of 
0.83 (p<0.001) for the overall VExUS grade, indicating 
substantial agreement among interpreters. For individual 
VExUS components, ICCs were 0.71 (p<0.001) for the 
hepatic vein, 0.74 (p<0.001) for the portal vein, and 
0.48 (p<0.001) for the renal vein, reflecting a range 
from poor to moderate IRR.25 Additionally, another study 
reported good IRR for portal pulsatility fraction assessment 
by transthoracic ECG, with a mean difference of 5.6% 
between repeated measurements and an ICC of 0.824 
(p<0.001).26 This finding aligns with our results and 
highlights the robustness of portal vein assessments. In our 
study, similar patterns were observed, with even higher IRR 
for the hepatic and portal veins. This improvement may 
be attributed to the consistent use of ECG tracing during 
all examinations, a practice previously associated with 
increased concordance.25 Due to the previously reported 
poor concordance and time-consuming nature of renal 
vein assessment,25 it was excluded from our protocol to 
streamline the process and improve IRR. This decision 
is further supported by evidence that a mVExUS score 
excluding renal venous Doppler has already been validated 
in patients with CRS admitted to the intensive care unit in 
a single-center prospective study.27

In the evaluation of hemodynamic congestion, the lower 
ICC values for the A wave and e′ measurements may be 
attributed to challenges such as patient tachycardia and 
the prevalence of arrhythmias during the study, both of 
which can affect the consistency of measurements related 
to atrial contraction and early diastolic velocities at the 
septal mitral annulus. Although TDI e′ velocity is generally 
more robust than transmitral flow assessment, it still presents 
challenges, particularly in patients with regional myocardial 
dysfunction.13,28 Measurement inconsistencies could also result 
from the US probe not being perfectly aligned parallel to the 
interventricular septum in the supine position. Including only 
patients with HF and reduced LVEF could potentially improve 
the performance and reproducibility of e′ measurements.29

The overall classification of the E/A ratio demonstrated 
good IRR, with an ICC of 0.852 (95% CI, 0.731-0.928; 
p<0.001), while the evaluation of the E/e′ ratio showed 
moderate IRR (ICC, 0.662; 95% CI, 0.449-0.824; p<0.001). 
Although the E/A and E/e′ ratios are widely used for the 
assessment of diastolic function in ECG and have been 
proposed for bedside application, their use by non-
echocardiographers in clinical practice has not been 
extensively studied.15,30,14

Strengths and limitations
This single-center study with a relatively small sample 

size may limit generalizability and sensitivity to detect subtle 
variations. Operator dependence could affect reproducibility 
in less experienced settings; however, the high ICCs observed 
suggest that adequate training mitigates this concern. 
Methodological rigor was maintained through real-time, 
blinded assessments performed by trained investigators, 
with ECG integration, minimizing biases typically associated 
with retrospective or video-based analyses. These strengths 
reinforce the robustness and clinical applicability of the 
evaluated POCUS variables.

Conclusion
This study demonstrates POCUS variables used to assess 

hemodynamic, pulmonary, and peripheral venous congestion 
exhibit high IRR across their components. High reproducibility 
was observed for lung positive zones, LVFP parameters, IVC 
measurements, and mVExUS grading. The reproducibility of 
LUS and mVExUS was higher than that of LVFP assessment, 
suggesting these parameters may offer greater consistency than 
traditional measures such as the E/e′ ratio.
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Table 2 – IRR for each POCUS parameter

Variable ICC 95% CI p-value

Lung positive zones 0.903 0.818-0.954 <0.001

IVC 0.903 0.820-0.954 <0.001

CVP estimation 0.955 0.817-0.954 <0.001

E wave 0.934 0.873-0.969 <0.001

A wave 0.512 0.176-0.799 <0.001

Septal e’ wave 0.399 0.146-0.650 <0.001

E/A ratio 0.852 0.731-0.928 <0.001

E/e’ ratio 0.662 0.449-0.824 <0.001

Hepatic vein Doppler 0.808 0.662-0.906 <0.001

Portal vein Doppler 0.796 0.641-0.899 <0.001

mVExUS grading 0.957 0.914-0.981 <0.001

LVOT-VTI 0.820 0.680- 0.912 <0.001

Difficulty rating 0.298 0.030-0.584 0.014

CI: confidence interval; CVP: central venous pressure; 
ICC: intraclass correlation coefficient; mVExUS: modified Venous 
Excess Ultrasound Score  ; LVOT-VTI  : left ventricular outflow 
tract velocity-time integral; IVC: inferior vena cava.
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Research on congestion in patients with heart failure 
(HF) is crucial for clinical management and prognosis of 
the disease. Congestion (i.e., the accumulation of fluids 
in the body) is the main cause of hospital admission and 
readmission of patients with HF, and it is associated with 
increased mortality. Early detection and identification of 
the extent of congestion are essential for choosing the 
most appropriate therapy, preventing complications, and 
improving prognosis.1 Clinical signs of congestion may be 
insufficiently sensitive and specific for the diagnosis and 
management of patients with HF.2

The point-of-care ultrasound (POCUS) is a diagnostic 
tool that allows immediate and dynamic visualization of 
ultrasound images. This tool can be used at the bedside 
to obtain additional clinical information for the physical 
examination of a specific disease or procedure. The 
practicality and speed with which images are obtained result 
in their high use at hospitals for critically ill patients. POCUS 
has been used in various medical specialties, especially in 
pulmonary and cardiac ultrasound.3

The POCUS exam at the bedside of critically ill patients 
in the intensive care unit or even at the outpatient clinic is 
becoming increasingly common in medical practice, along 
with physical examination and other complementary tests. 
As demonstrated by its excellent sensitivity and specificity, 
performing the POCUS with a focus on specific clinical 
questions allows for accurate and rapid diagnosis of the 
hemodynamics of the patient, as well as systemic volume 
status and degree of pulmonary congestion, and does not 
add too much time to its performance.

The steps for performing a complete hemodynamic 
POCUS are based on assessing the degree of cardiac 
function impairment (cardiac POCUS), assessing pulmonary 
congestion (pulmonary US ), and assessing systemic 
congestion (VExUS). The POCUS may be crucial in patients 
with shock of undetermined cause, cardiac arrest, and 
sudden dyspnea, but it is increasingly used to optimize 
therapy in non-critical patients.

Mailing Address: Angelo Antunes Salgado •
Universidade do Estado do Rio de Janeiro. Avenida 28 de Setembro, 77. 
Postal code: 20550-900. Rio de Janeiro, RJ – Brazil  
E-mail: angeloasalgado@gmail.com

Keywords: 
 Ultrasonography; Heart Failure; Clinical Diagnosis

Cardiac POCUS evaluates the function of the left and 
right ventricles, the presence of pericardial effusion, and the 
characteristics of the inferior vena cava. These parameters 
enable the identification of causes of hypotension, such as 
hypovolemia, ventricular dysfunction (cardiogenic shock), or 
obstructive processes (PTE or hemodynamically significant 
pericardial effusion).

In the cardiovascular field, pulmonary ultrasound 
plays an important role in the search for B-lines (known 
as “comet tails”), which commonly occur in patients with 
decompensated left ventricular function, either due to 
contractility failure or increased left ventricle diastolic 
pressure in hypertensive crises or volume overload, causing 
pulmonary congestion. The presence of B-lines precedes the 
auscultation of pulmonary crackles on physical examination, 
making it important for early diagnosis and treatment.

The VExUS protocol is based on the evaluation of the 
inferior vena cava, suprahepatic vein flow, portal vein flow, and 
renal interlobar veins.4 The analysis of the inferior vena cava 
serves as a guideline for the VExUS protocol; if its diameter is 
less than 2.0 cm, the protocol is interrupted, indicating that 
the patient has no signs of systemic overload (VExUS Score 
grade 0). However, an inferior vena cava diameter greater 
than or equal to 2.0 cm is indicative of systemic volume 
overload, and the protocol is continued by analyzing the flow 
of the suprahepatic vein, portal vein, and renal interlobar 
vein. According to the characteristics of the flow, systemic 
overload is classified as VExUS grade 1 (mild overload), grade 
2 (moderate overload), or grade 3 (severe overload).

Saadi et al.5 found a low inter-examiner variability in 
performing the POCUS in real-world patients among the 
three examiners trained for this purpose, with an inter-
examiner correlation of 0.9 for pulmonary assessment and 
0.9 for estimating the diameter of the inferior vena cava. For 
the assessment of visceral vessels, the correlation of hepatic 
vein flow was 0.8, and portal vein flow was 0.79, with 
the correlation with the VExUS score showing the highest 
correlation in the study (0.95). The evaluation of left ventricle 
diastolic pressure parameters showed the lowest values  
(E/e’ correlation: 0.66; A wave: 0.51; septal e’ wave: 0.39), 
despite the good E/A correlation (0.85).

Saadi demonstrated that the POCUS exam is feasible for 
professionals who are not experts in the method and that 
after a standardized training period of four hours (theoretical-
practical sessions) and one month of training, performing 
at least 50 supervised exams, they become able to perform 
the exam, adding diagnostic and management power to 
the patients examined.  POCUS is not a substitute for a full DOI: https://doi.org/10.36660/abcimg.20250026i
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specialist assessment; thus, proper training is essential to 
ensure accurate diagnoses.

The performance of these exams by a fourth examiner, 
fully trained in the method, could serve as a gold standard, 
allowing not only the degree of agreement between trained 
professionals to be assessed but also diagnostic accuracy.

Doppler ultrasound of the renal interlobar vessels, an 
important part of the VExUS assessment, is a challenge for 
professionals with little knowledge of the method and even 
for qualified professionals. The dorsal decubitus position 
of the patient, obesity, inability to mobilize, and the lack 
of cooperation of the patient in apnea may hinder the 
evaluation of the intrarenal flow. In the original study by 
Beaubien et al.6 the degree of renal congestion was more 
closely related to the development of renal failure than any 

other parameter; thus, this degree is important in determining 
the VExUS score. Removing this parameter from the analysis 
could distort the VExUS score, reducing the sensitivity and 
specificity of the severity of systemic congestion. However, 
in situations in which it is difficult to obtain intrarenal flow, 
the simplified VExUS protocol can be used using only the 
suprahepatic veins and portal vein, as it will give us a better 
idea of the volemia of the patient than with information from 
the inferior vena cava alone.

POCUS is a tool that is here to stay in clinical practice. 
Greater sensitivity and specificity in detecting hemodynamically 
relevant conditions not only improves diagnosis but also guides 
more precise therapeutic interventions, even in outpatients. 
Therefore, POCUS become an indispensable resource in 
contemporary medical practice.

This is an open-access article distributed under the terms of the Creative Commons Attribution License
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Hypertrophic Cardiomyopathy: Analysis of Septal Thickness with 
Gradient Reduction in Patients Undergoing Radiofrequency  
Septal Ablation
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Abstract
Background: Hypertrophic obstructive cardiomyopathy (HOCM) is an autosomal dominant genetic disorder. Invasive 
treatment for intraventricular gradient reduction is indicated in patients (p) who are refractory to clinical treatment with 
gradient ≥ 50 mmHg. Radiofrequency ablation (RFA) is one of the current options for invasive management. 

Objectives: To evaluate the correlation between interventricular septal diameter and procedural success, defined as 
immediate post-procedural gradient reduction, improvement in functional class (FC), and sustained gradient reduction 
at 6-month follow-up. 

Methods: Twenty-two patients with HOCM were included. Transthoracic echocardiography was performed before and 
six months after RFA, while transesophageal echocardiography (TEE) was carried out intraprocedure. 

Results: The mean age was 56.64 years (± 12.23), with 68.18% of patients being female and 73% hypertensive. An 
immediate gradient reduction greater than 50% was observed in 72.7% of patients. At the 6-month follow-up, 60% of 
patients showed a ≥ 50% gradient reduction along with an improvement in FC. A median septal thickness of 18 mm 
was associated with greater procedural success compared to a median of 15 mm, and no significant change in septal 
thickness was observed over the 6-month follow-up period. 

Conclusion: Radiofrequency septal ablation (RFSA) is an effective and safe technique for the invasive management 
of HOCM. The procedure enables a significant reduction in the intraventricular gradient, accompanied by improved 
FC and sustained short-term results. Thicker septal were associated with greater intraprocedural gradient reductions; 
however, there was no reduction in thickness during the 6-month follow-up.

Keywords: Hypertrophic Cardiomyopathy; Radiofrequency Ablation.
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Introduction
Hypertrophic cardiomyopathy (HCM) is an autosomal 

dominant genetic disorder that affects one in 500 individuals1 
and is considered the most common isolated form of 
hereditary heart disease.2 In addition to its genetic basis, the 
disease’s pathophysiology involves a combination of diastolic 
dysfunction, left ventricular outflow tract (LVOT) obstruction, 
mitral regurgitation, and myocardial ischemia.3 

This pathophysiological mechanism explains the 
development of clinical manifestations, which not only 
present with a highly heterogeneous clinical picture, but 

can begin at any stage of life.4-7 This diversity in clinical 
presentations is largely due to genetic heterogeneity itself, 
with progression ranging from asymptomatic cases to sudden 
death as the initial diagnosis.8 

In the presence of symptoms, treatment for HCM 
is indicated.8 Pharmacological therapy is the first-line 
treatment used to relieve heart failure symptoms. However, 
in cases of significant obstruction and severe symptoms 
refractory to drug treatment, more invasive measures 
may be necessary to improve symptoms and reduce the 
intraventricular gradient.9

Two invasive methods, surgical myectomy and alcohol 
septal ablation, are used to relieve LVOT obstruction in 
patients refractory to clinical treatment. Recent studies have 
reported favorable results of a new interventional procedure, 
radiofrequency septal ablation (RFSA). 

There are few studies in the literature correlating 
myocardial thickness diameters with the success of this 
procedure. Therefore, our objective was to assess whether 
the degree of myocardial wall thickening prior to the 
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intervention was associated with greater success in RFSA 
in patients with hypertrophic obstructive cardiomyopathy 
(HOCM).

Methods

Study Sample
This is a retrospective observational study based on a 

review of medical records, approved by our institutional 
research ethics committee under protocol No. 5133.  
Patients of both sexes, aged 18 years or older, diagnosed 
with HOCM, and who underwent RFSA treatment were 
included. The procedure was performed between May 2017 
and October 2019.

Invasive therapy was indicated for patients with HOCM 
with a maximum gradient at rest or after provocative 
maneuver ≥ 50 mmHg, were symptomatic, and refractory 
to clinical treatment. Patients who underwent another 
concomitant invasive procedure or declined participation 
were excluded from the study.

RFSA Protocol
The procedure protocol was described by Valdigem et 

al.10 RFSAs were performed in an electrophysiology room, 
with the patient under general anesthesia and mechanical 
ventilation. The right femoral artery was accessed using an 
8F introducer for retroaortic access to the left ventricular 
septal region. Two additional punctures were made 
in the right femoral vein (6F introducer) to place one 

quadripolar catheter in the right septum (to identify the 
His bundle electrocardiographically) and another in the 
right ventricular apex.

With the aid of transesophageal echocardiography (TEE), 
the ventricle-aortic gradient was measured, and the area of 
greatest flow acceleration—corresponding to the point of 
greatest obstruction — was identified.

Thus, using TEE morphofunctional analysis and 
electroanatomical mapping, the therapeutic catheter was 
positioned at the site of greatest septal obstruction, and 
radiofrequency energy was applied for 120 seconds (80W, 
60 °C). After each application, the gradient was measured 
by means of TEE. Immediately after the procedure, TEE was 
used to measure the maximum gradient in the LVOT and to 
rule out complications such as pericardial effusion, mitral 
valve injury, or significant mitral regurgitation.

After the sheaths were removed, patients remained in 
the intensive care unit (ICU) for 24 hours and were then 
transferred to the inpatient ward for 3 to 5 days.

Research Design Flowchart
Medical records of eligible patients were reviewed 

according to the established inclusion and exclusion criteria. 
Clinical data and interventricular septal diameters (measured 
by pre-procedure transthoracic echocardiography) were 
analyzed. Procedural success was defined as immediate 
gradient reduction, absence of reintervention within six 
months, improvement in NYHA functional class (FC), and 
gradient reduction at 6-month follow-up (Central Illustration).

Central Illustration: Hypertrophic Cardiomyopathy: Analysis of Septal Thickness with Gradient Reduction 
in Patients Undergoing Radiofrequency Septal Ablation Imagem
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Statistical Analysis
Frequency distribution was used to describe categorical 

variables. Central trend measures (mean and median) and 
variability (minimum, maximum, and standard deviation) 
were used to describe numerical variables.

Given the variability in hemodynamic conditions, two 
assessment settings were defined: intraprocedure and 
outpatient. Intraprocedure: considering the gradients 
immediately before ablation and immediately after ablation, 
with the patient intubated under the effect of positive 
pressure. Outpatient: considering the gradients estimated by 
the echocardiogram before the procedure and six months 
after the procedure.

The nonparametric Mann-Whitney U test was used to 
verify the association between the septal measurement 
numerical variable and procedural success. This test was 
chosen because the normal distribution of the septal 
measurements was not observed.

A graph was constructed for the evolution of the 
septal thickness at the time points before the procedure, 
three months, and six months after the ablation. A mixed 
linear regression model was used to assess changes in 
septal thickness over time, treating repeated patient 
measurements as a random effect.

The paired Student’s t-test was applied to compare the 
numerical variable gradient before the procedure and at 6 months, 
where the normal distribution of the data was identified.

The nonparametric Wilcoxon paired test was applied to 
compare the numerical variable immediate gradient before 
the procedure and immediately after, and no normality was 
observed in the variables data.

The Shapiro-Wilk test was conducted to verify data 
normality (normal distribution) for each numerical variable. 

Box-Plot graphs were used to represent the distribution 
of the pre and post-immediate gradient at timepoint zero 
and six months later.

A significance level of 5% was adopted for all statistical 
tests. The statistical software STATA version 16.0 was used to 
perform the statistical analyses (ref:  StataCorp. 2019. Stata 
Statistical Software: Release 16.0. College Station, Texas: 
Stata Corporation).

Results
The study included 22 patients with HOCM who 

underwent RFSA treatment at a tertiary cardiology hospital 
between May 2017 and October 2019.

Table 1 shows the clinical characteristics observed 
before the procedure. Regarding gender, the sample was 
predominantly female, with seven men (32%) and 15 women 
(68%). Patient age ranged from 23 to 79 years, with a mean 
of 56.73 ± 12.20 years. The mean body mass index (BMI) 
was 29.69 ± 5.46 kg/m².

Regarding medical history, 16 patients (73%) were 
hypertensive, 11 (50%) had dyslipidemia, six (27%) were 
diabetic, and three (14%) had a diagnosis of hypothyroidism. 
Three patients (14%) had associated coronary artery disease. 

A known family history of HCM was documented in 
approximately 23% of the cases.

Among the patients with previous coronary artery disease, 
only one had undergone prior myocardial revascularization. 

Regarding symptoms (Table 2), all 22 patients (100%) 
had dyspnea, 12 (55%) had angina, six (27%) experienced 
palpitation, seven (32%) had syncope, and five (23%) 
reported fainting. Nearly all patients (91%) were in FC III-IV 
despite clinical treatment. All 22 patients (100%) used beta-
blockers, seven (32%) were on calcium channel blockers and 
two (9%) were using antiarrhythmics (Table 3).

Mean heart rate was 62.45 bpm ± 6.99. The 
electrocardiogram performed before the procedure showed 
left ventricular overload in 100% of patients, and eight of 
them (36.4%) had left bundle branch block.

The mean septal thickness before the procedure was 
18.59 mm (± 4.63), ranging from 13 mm to 32 mm (Table 4). 
Diastolic dysfunction (grades I to III) and mitral insufficiency 
due to systolic anterior motion of the mitral valve were 
notable findings. All patients had preserved systolic function, 
with a mean ejection fraction estimated by Simpson of 68% 
± 4.3. As expected, ventricular mass was increased, with 
a mean value of 341.86 g (± 113.85). The mean, median, 
and standard deviation values of the echocardiographic 
parameters are shown in Table 5.

The mean initial maximum gradient estimated during 
the procedure was 78.18 mmHg (± 33.05). At the end 

Table 1 – Clinical profile of patients before RFSA

Clinical Characteristics Total patients 
(n = 22)

Age (years) – mean (SD) 56.73 ± 12.20

Female – n (%) 15 (68%)

Male – n (%) 7 (32%)

BMI (kg/m²) – mean (SD) 29.69 ± 5.46

Body surface area (m²) –  
mean (SD)

1.84 ± 0.23

Smoking - n (%) 2 (9%)

Former smoker – n (%) 2 (9%)

Systemic arterial hypertension 16 (73%)

Dyslipidemia 11 (50%)

Coronary artery disease 3 (14%)

Hypothyroidism 3 (14%)

Diabetes mellitus 6 (27%)

Familial HCM 5 (23%)

N: number of patients; SD: standard deviation; BMI: body 
mass index; HCM: hypertrophic cardiomyopathy; SD: Standard 
Deviation.
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There is no established definition of successful outcomes 
for RFSA in the literature. Ifor this study, success was 
defined as an immediate gradient reduction of ≥ 50%, with 
this reduction maintained six months after the procedure. 
Gradients lower than 50 mmHg and lower than 30 mmHg 
immediately after the procedure were also considered 
parameters of procedural success. Table 7 shows the 
proportion of patients who presented a reduced gradient 
(immediately after RFSA and at six months) according to 
success-defining parameters. The nonparametric Mann-
Whitney U test was used to verify the association between 
ventricular septum diameter and RFSA success. Table 8 
shows the distribution of septal measurements based on 
procedural outcomes. When defining success as a gradient 
reduction of ≥ 50%, septa with a median thickness of 18 
mm were associated with better outcomes compared to 
those with 15 mm (p < 0.05). When success was defined 
as a gradient reduction of ≥ 50% and an absolute gradient 
below 50 mmHg, septa with a median thickness of 18 mm 
again showed better outcomes than those with 15 mm 
(p < 0.05). No significant associations were found in the 
other success categories (p > 0.05).

Table 2 – Symptoms reported by patients before RFSA

Symptoms Total patients 
(n = 22)

Dyspnea 22 (100%)

FC I 0

FC II 2 (9%)

FC III 15 (68%)

FC IV 5 (23%)

Angina 12 (55%)

Palpitation 6 (27%)

Syncope 7 (32%)

Fainting 5 (23%)

FC: Function class.

Table 3 – Medications regularly used prior to the RFSA 
procedure

Medication Total patients 
(n = 22)

Beta blocker 22 (100%)

Propranolol 6 (27.3%)

Atenolol 11 (50%)

Metoprolol 5 (22.7%)

Amiodarone 1 (4.6%)

Disopyramide 1 (4.6%)

Calcium channel blocker 7 (31.8%)

Amlodipine 1 (4.6%)

Verapamil 3 (13.6%)

Diltiazem 3 (13.6%)

ARB 4 (19.2%)

Losartan 4 (19.2%)

Diuretics 15 (68.2%)

Furosemide 2 (9.1%)

Hydrochlorothiazide 4 (18.2%)

Chlorthalidone 8 (36.4%)

Spironolactone 13 (59.1%)

ARB: angiotensin receptor blocker.

of the procedure, the mean decreased to 34.09 mmHg 
(± 28.48).  

Two patients developed complications at the puncture 
site, one pseudoaneurysm and two hematomas, which 
were resolved conservatively. Seven patients developed left 
bundle branch block immediately after the procedure and, 
and two patients had hypotension. There were no deaths 
or complications requiring surgical intervention during 
hospitalization. No cases of pericardial effusion or clinical 
cerebral embolic events were observed.

The mean length of hospital stay was 4.14 days, ranging 
from two to 10 days.

Before the radioablation procedure, 68% of the patients 
were in NYHA FC III, and 23% reported FC IV. At the end 
of one year after the procedure, 77% were in FC I, and 9% 
were in FC II (Figure 1).

LVOT gradient measurements were performed 
immediately before and after radioablation, considering the 
same hemodynamic status (patient sedated, on mechanical 
ventilation with PEEP of 5, with the same pressure level 
and inferior vena cava diameter) for accurate analysis of 
gradient variation related to the procedure (Figure 2). 
A statistically significant reduction in the LVOT gradient 
was observed, with the median pre-procedure value at 
68 mmHg and the median immediate post-procedure 
value at 27 mmHg (p < 0.001). Obstructive gradients 
recorded in the outpatient setting prior to the procedure 
(mean = 110.5 mmHg) were higher than those recorded 
in the procedure room, as shown in Figure 3, and higher 
than those measured in the outpatient setting six months 
post-procedure (45.7 mmHg) compared to the immediate 
post-procedure values. This difference is likely due to 
the hemodynamic response under sedation during the 
radioablation procedure. In both assessments, a significant 
reduction in the gradient was observed: a mean relative 
reduction of 58.9% immediately after the procedure and 
52% at the 6-month follow-up (Table 6).
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Table 4 – Individual echocardiographic characteristics prior to the RFSA procedure

Patient Sex Age
Aortic 
Root 
(mm)

LA 
(mm)

iLA 
(mm/m²)

LVDD 
(mm)

Pre-Ablation 
Septal 

Thickness 
(mm)

Posterior 
Wall 
(mm)

Septum/
PW Ratio

LV 
mass 
(g)

Indexed  
LV  

mass  
(g/m²)

EF (%)

1 M 55 33 50 60.00 44 23 11 2.09 408 178.3 69

2 F 50 32 57 81.00 47 24 12 2.00 345 156 78

3 F 51 32 40 73.00 36 15 11 1.36 201 99 74

4 F 64 29 41 37.00 41 15 10 1.50 229 165 68

5 F 71 32 47 43.00 43 18 13 1.38 341 165 70

6 F 62 30 33 46.00 42 27 19 1.42 427 207 74

7 F 58 29 52 108.00 36 18 14 1.29 214 143 70

8 M 51 36 43 36.00 44 18 12 1.50 335 163 66

9 F 23 29 39 50.00 36 17 8 2.13 189 114 67

10 F 73 34 42 49.00 48 16 13 1.23 362 189 62

11 F 64 29 46 52.00 42 15 11 1.36 252 155 65

12 M 55 35 41 37.00 51 20 11 1.82 438 223 69

13 F 79 34 56 64.00 38 21 18 1.17 367 209 69

14 F 50 36 33 40.00 40 16 14 1.14 292 200 68

15 F 54 31 38 53.00 42 15 10 1.5 237 145 66

16 M 38 33 58 43.00 49 22 13 1.69 497 225 61

17 M 51 36 46 46.00 51 17 12 1.42 397 193 67

18 M 62 37 43 43.00 48 17 13 1.31 381 214 62

19 M 55 34 50 80.00 42 32 16 2.00 686 394 76

20 F 71 32 49 82.00 45 15 15 1.00 346 215 68

21 F 64 37 45 55.00 52 13 12 1.08 331 186 67

22 F 48 31 32 40.00 43 15 10 1.50 246 129 67

LA: left atrium; iLA: indexed left atrium; LVDD: left ventricular end-diastolic diameter; PW: posterior wall; LV: left ventricle; 
EF: ejection fraction.

The measurement of septal thickness at the pre-
procedure, three-months and six-months’ time points is 
shown in Figure 4. The red line represents the mean values. 
A mixed linear model was used to evaluate the effect of time 
on septal thickness, considering the dependence between 
participants. No evidence was found to suggest that the 
measurements changed over time.

Discussion
To date, this study has shown that RFSA presents favorable 

results in reducing the ventricular gradient, without fatal 
complications. 

To minimize hemodynamic variability, we compared 
gradients measured immediately before and after the 
procedure while the patient was sedated and on mechanical 
ventilation in the catheterization lab. Similarly, we compared 
outpatient gradients measured before the procedure with 
those measured six months post-procedure.

The procedure was largely successful, whether defined as 
a gradient reduction of more than 50%, an absolute gradient 
below 50 mmHg or 30 mmHg, or a combination of these 
criteria. Immediate gradient reduction above 50% occurred 
in 72.7% of patients. 

The result at 6 months also demonstrated a gradient reduction 
≥ 50% in 60% of the patients. At six months, the patients benefited 
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Figure 1 – Percentage distribution of patients with FC I, II, 
III and IV before and after 6 months of the RFSA procedure. 
FC: functional class.

Table 5 – Echocardiographic parameters prior to the RFSA

Parameter Mean Median Standard 
deviation Minimum Maximum

AO (mm) 32.77 32.50 2.67 29 37

LA (mm) 44.59 44.00 7.46 32 58

iLA 
(mm/m²)

56.36 49.50 18.76 36 108

LVDD  
(mm)

43.64 43.00 4.87 36 52

IS (mm) 18.59 17.00 4.63 13 32

PW (mm) 12.64 12.00 2.63 8 19

IS/PW 1.50 1.42 0.33 1.00 2.12

LV mass 
(g)

341.86 343.00 113.85 189 686

Indexed 
LV mass 
(g/m²)

184.88 182.15 58.49 99 394

LVEDV 
(ml)

88.7 85.5 23.10 54 130

EF (%) 68.32 68.00 4.29 61 78

AO: aortic root; LA: left atrium; iLA: indexed left atrial 
volume; LVDD: left ventricular end-diastolic diameter; 
IS: interventricular septum; PW: posterior wall; IS/PW: 
interventricular septum/posterior wall ratio; LV: left 
ventricle; EDV: end-diastolic volume; EF: ejection fraction; 
LVEDV: Left Ventricular End Diastolic Volume.

Figure 2 – Gradients assesment immediately before and after 
RFSA.

N	 22	 22
Variation	 30 – 160	 9 – 140
Median	 68	 27
Mean (Standard	 78.2 (33.0)	 34.1 (28.5)
Deviation)

p < 0.001

Gradient immediately 
before ablation

Gradient immediately 
after ablation

16
0

14
0

68
30

27
9

from the procedure, as demonstrated by improved FC in 100% 
of the patients, without the need for reintervention.

The results analysis showed that septa with a median of 
18 mm tended to have greater success than those with a 
median of 15 mm. This can be explained by the fact that 
greater septal thicknesses are related to higher gradients, 
and the reduction becomes more noticeable in patients who 
already have greater gradients.

Over the course of six months, the analysis of the septal 
diameter evolution was influenced by the loss of data, but 
there was no significant change during this period. These 
findings suggest that the gradient reduction probably occurs 
due to the lower motility of the septal segment treated by 
radioablation, rather than a reduction in its thickness.

Study Limitations
This was a retrospective study with a short follow-up period. 

As a retrospective study, we acknowledge that including a 
validated quality of life questionnaire pre- and post-procedure (six 
months) would have provided additional insight beyond NYHA 
FC. Likewise, the six-minute walk test and cardiopulmonary 
test would have offered quantitative parameters, which would 
certainly contribute more valuable data.

The sample size was small, which limits statistical 
correlation. The small sample size and retrospective design 
restricted our ability to perform comparative analyses with 
other established methods, such as alcohol septal ablation 
or surgical myectomy. 

Since data were obtained from medical records, some 
cases were excluded due to incomplete information.

Conclusion
RFSA is an effective and safe technique in the invasive 

management of HOCM. The procedure allows for a significant 
reduction in intraventricular gradient, improvement in FC, 
and maintenance of results in short-term follow-up.
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Figure 3 – Gradients assesment before and after 6 months of 
the RFSA procedure.

N	 22	 20
Variation	 43 – 222	 13 – 99
Median	 100	 46
Mean (Standard Deviation)	 110.5 (41.5)	 45.7 (24.4)

p < 0.001

Gradient before 
ablation

Gradient 6 months 
after ablation

22
2

10
0

99
46

43
13

Multicenter studies comparing RFSA to traditional invasive 
techniques, with long-term follow-up, are required for this 
new modality to be considered an alternative for invasive 
management in HOCM, as outlined in the guidelines.
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Table 6 – Gradient in the pre- and post-intraprocedural time points and at 6 months

Time points Pre Post Absolute Dif. [95% CI] Relative Reduction % [95% CI] p-value

Intraprocedural 78.2 ± 33.1 34.1 ± 28.5 -44.1 [-53.3; -34.9] 58.9 [51.1; 66.7] <0.001

Outpatient 110.5 ± 41.5 45.7 ± 24.4 -60.9 [-80.7; -41.1] 52.0 [38.2; 65.8] <0.001

CI: Confident interval.

Table 7 –  Proportion of patients who reduced gradients comparing pre and immediate post, and comparing pre-outpatient and 
6-months post-outpatient

Endpoints Total

Pre- and Post-Immediate Intraoperative

Immediate gradient reduction ≥ 50% 16/22 (72.7%)

Post-immediate gradient ≤ 50 mmHg 19/22 (86.4%)

Post-immediate gradient ≤ 30 mmHg 12/22 (54.5%)

Gradient reduction ≥ 50% and Post-immediate gradient ≤ 50 mmHg 16/22 (72.7%)

Gradient reduction ≥ 50% of Post-immediate gradient ≤ 30 mmHg 12/22 (54.5%)

Pre-Outpatient and 6-Months Post-Outpatient

Gradient reduction in 6 months ≥ 50% 12/20 (60.0%)

Gradient after 6 months ≤ 50 mmHg 12/20 (60.0%)

Gradient after 5 months ≤ 30 mmHg 7/20 (35.0%)

Gradient reduction in 6 months ≥ 50% and after 6 months gradient ≤ 50 mmHg 9/20 (45.0%)

Gradient reduction in 6 months ≥ 50% and after 6 months gradient ≤ 30 mmHg 6/20 (30.0%)
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Table 8 – Distribution of septum measurements according to success group

SEPTUM

SUCCESS Category N Variation Median Mean (SD) p-value

Immediate gradient dropped MORE  
than 50%

No 6 15 – 18 15 15.8 (1.3)
0.050

Yes 16 13 – 32 18 19.6 (5.0)

Immediate gradient dropped BELOW 50%
No 3 15 – 18 15 16.0 (1.7)

0.300
Yes 19 13 – 32 17 19.0 (4.8)

Immediate gradient dropped BELOW 30%
No 10 15 – 27 16 17.9 (4.2)

0.421
Yes 12 13 – 32 17.5 19.2 (5.0)

Immediate gradient dropped more than 50% 
and BELOW 50 mmHg

No 6 15 – 18 15 15.8 (1.3)
0.050

Yes 16 13 – 32 18 9.6 (5.0)

Immediate gradient dropped more than 50% 
and BELOW 30 mmHg

No 10 15 – 27 16 17.9 (4.2)
0.421

Yes 12 13 – 32 17.5 19.2 (5.0)

Success 6 months gradient DROPPED 
more than 50%

No 8 16 – 32 19 20.6 (5.2)
0.137

Yes 12 13 – 27 16.5 17.8 (4.2)

Success Gradient 6 months BELOW 50%
No 8 13 – 23 17.5 17.5 (3.1)

0.506
Yes 12 15 - 32 17.5 19.9 (5.4)

Success Gradient 6 months DROPPED 
Below 30 mmHg

No 13 13 – 32 18 19.1 (5.1)
0.984

Yes 7 15 – 27 17 18.7 (4.1)

Success gradient 6 months dropped > 50% 
and below 50 mmHg

No 11 13 – 32 18 19.2 (5.1)
0.751

Yes 9 15 – 27 17 18.7 (4.4)

Success gradient 6 months dropped > 50% 
and below 30 mmHg

No 14 13 – 32 17.5 18.9 (5.0)
0.889

Yes 6 15 – 27 17.5 19.0 (4.4)

SD: Standard Deviation. P-value obtained by the Mann-Whitney U test.

Figure 4 – Profile graph of the septal thickness evolution (mean and standard deviation) over time.
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Radiofrequency in Obstructive Hypertrophic Cardiomyopathy: 
The Role of Imaging in the Assessment of Septal Thickness and 
Gradient Reduction
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Short editorial referring to the article: Hypertrophic Cardiomyopathy: Analysis Of Septal Thickness With Gradient Reduction In 
Patients Undergoing Radiofrequency Septal Ablation

Obstructive hypertrophic cardiomyopathy (HCM) is a genetic 
disorder characterized by pronounced myocardial hypertrophy 
and varying degrees of fibrosis. The obstruction of the left 
ventricular outflow tract (LVOT) is an anatomical condition with 
dynamic behavior that can lead to symptoms such as exercise 
intolerance and reduced functional class, and is also associated 
with cases of sudden cardiac death.¹

The indication for invasive treatment aimed at reducing the 
intraventricular gradient is reserved for symptomatic patients —
those who are refractory to medical therapy — with a gradient 
≥ 50 mmHg. Common interventional therapies for this condition 
include surgical myectomy or, in a less invasive approach, alcohol 
septal ablation of coronary septal branches. However, these 
interventions have shown highly variable outcomes in the literature 
and remain infrequently used in clinical practice.²,³

In view of this scenario, catheter-based radiofrequency septal 
ablation (RFSA), using electroanatomical mapping for improved 
characterization of the interventricular septum, has been 
increasingly investigated as a less invasive therapeutic alternative 
with greater potential for lesion extent control.4

In this context, detailed echocardiographic evaluation is 
essential for procedural selection and follow-up, assessing 
morphological aspects (distribution of hypertrophy and degree 
of septal thickening) and functional/hemodynamic aspects 
(LVOT obstruction, systolic anterior motion of the mitral valve, 
and consequent mitral regurgitation).5 Moreover, it enables the 
diagnosis of potential complications and aids in monitoring the 
clinical course of patients undergoing interventional therapies, 
including RFSA.2,4

The study by Vilela et al.,6 published in this issue of ABC 
Imagem Cardiovascular, evaluated 22 patients diagnosed with 
obstructive HCM who underwent RFSA, aiming to correlate 
septal thickness with the hemodynamic response achieved 
through the procedure. To this end, the authors used transthoracic 
echocardiography for pre-procedural assessments and six-month 

Mailing Address: Marcus Vinicius Silva Freire de Carvalho •
Hospital São Rafael. Avenida São Rafael, 2152. Postal code: 41253-190. São 
Marcos, Salvador, BA – Brazil
E-mail: marcusviniciusfrc@hotmail.com

Keywords
Radiofrequency Ablation;Cardiomyopathies; Left 

Ventricular Outflow Obstruction

follow-up, as well as transesophageal echocardiography for intra-
procedural measurements.

The primary endpoint was the reduction of the maximal 
intraventricular gradient, as measured by continuous-wave 
Doppler at the LVOT. Procedural success was defined by 
composite criteria: an immediate gradient reduction of  
≥ 50%, maintenance of the reduced gradient at six months, 
and improvement in functional class according to the NYHA 
classification. In the immediate post-procedural period, 72.7% 
of patients achieved the proposed gradient reduction, and 
60% maintained this result during outpatient follow-up. A 
significant improvement in functional class was also observed 
throughout the follow-up period.

The authors found that patients with septal thickness ≥ 18 mm 
had significantly higher immediate success rates (p = 0.050) 
compared to those with an average thickness of 15 mm. However, 
no significant reduction in septal thickness was observed over 
time, suggesting that the gradient reduction was more likely 
related to functional modification of the treated segment rather 
than anatomical remodeling. Nonetheless, these findings should 
be interpreted with caution, given the small sample size (n = 22), 
which limits the generalization of results and restricts subgroup 
analysis of specific clinical or anatomical profiles.

The results of this study highlight the crucial contribution 
of cardiovascular imaging, particularly echocardiography, in 
supporting invasive decision-making in patients with HCM. 
Septal thickness measurement, accurate documentation of the 
intraventricular gradient, and functional assessment over time 
together provide a robust set of data, strengthening the clinical 
application of RFSA as an emerging therapeutic strategy. Although 
limited by sample size, the findings reinforce the technical 
feasibility of the method and its association with favorable clinical 
outcomes. In a context of ongoing advances in structural therapies, 
the integration of clinical reasoning with imaging modalities 
remains central to individualized case selection and management.

Despite the positive findings, the small sample size and 
retrospective design limit the generalizability of the results. The 
lack of direct comparison with traditional invasive techniques, 
such as surgical myectomy or alcohol septal ablation, also prevents 
definitive conclusions regarding the superiority or equivalence 
of the method. Prospective, randomized studies with long-term 
follow-up and objective criteria for clinical and functional success 
are essential to firmly establish RFSA within the therapeutic 
algorithm for HCM. The evolution of imaging techniques and their 
integration with electrophysiology represent a promising pathway 
toward the individualization of invasive approaches.DOI: https://doi.org/10.36660/abcimg.20250024i
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Figure 1 – Schematic illustration of the catheter-based approach for RFSA, highlighting the thickened interventricular septum frequently 
involved in LVOT obstruction in obstructive HCM. The image shows the position of the ablation catheter relative to the mitral valve 
apparatus and the LV outflow tract, the target region for RFSA therapy.
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Conventional and Partially ECG-Gated Triple Rule-Out Computed 
Tomography Angiography with Extension to Abdominal Aorta: 
Comparative Radiation Dose and Imaging Quality
Pamela Bertolazzi,1  Carla Franco Greco Silva,1 Leonardo Iunes,1  Fernando Freitas de Oliveira,1  Fabio Payão 
Pereira,1 Publio Cesar Cavalcanti Viana,1  Isac Castro,1  Natally Horvat,2  José Arimateia Batista Araújo-Filho1
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Abstract
Background: Triple rule-out (TRO) computed tomography angiography (CTA) is an ECG-gated protocol that enables the 
simultaneous evaluation of the coronary arteries, thoracic aorta, and pulmonary arteries in a single scan. It is especially 
useful for patients in the emergency department with low to moderate risk of acute coronary syndrome, particularly 
when aortic dissection and pulmonary embolism are also considered in the differential diagnosis.

Objective: This study aimed to compare two TRO protocols, fully electrocardiogram (ECG)-gated (protocol A) 
and partially ECG-gated (protocol B), both including coverage of the abdominal aorta, in terms of radiation dose 
and image quality. Such a comparison of protocols can be useful when iterative reconstruction algorithms are not 
available and a manual transition between partially ECG-synchronized protocols is required.

Methods: Radiation dose was evaluated using dose-length product (DLP), effective dose (ED), and virtual dose. 
Attenuation values were measured in the coronary and pulmonary arteries, as well as in the descending and abdominal 
aorta. Image quality and vessel conspicuity were assessed using a 5-point Likert scale.

Results: A total of 56 patients were included. Protocol B demonstrated significantly lower radiation exposure compared 
to protocol A across all metrics: median DLP (1.1 mSv [interquartile range: 0.9 to 1.1] versus 2.2 mSv [interquartile 
range: 1.6 to 2.8]), ED (17.0 mSv [interquartile range: 14.3 to 18.1] versus 32.6 mSv [interquartile range: 24.4 to 
42.7]), and virtual dose (16.2 [interquartile range: 9.3 to 20.4] versus 34.7 [interquartile range: 19.9 to 43.5]); all 
differences were statistically significant (p < 0.001). There were no significant differences in attenuation measurements 
or qualitative image assessment between the two protocols.

Conclusion: Partially ECG-gated TRO CTA provides comparable image quality to the fully ECG-gated technique 
while significantly reducing radiation exposure, becoming a more radiation dose-efficient alternative when iterative 
reconstruction algorithms are not available and manual transition is necessary.

Keywords: Electrocardiography; Drug Tapering; Radiation Dose-Response Relationship.
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Introduction
Chest pain is one of the most frequent reasons for 

emergency rooms visits worldwide. Its differential diagnosis 
is broad, encompassing both cardiac causes (particularly 
coronary artery disease) and non-cardiac conditions such as 
aortic dissection and pulmonary embolism. Cardiovascular 
disorders may be present in up to 20% of patients,1 with 
acute coronary syndrome as the most feared condition. 
A prompt and accurate diagnosis is critical to reducing 

morbidity and mortality in patients presenting with chest 
pain. However, distinguishing those who require urgent 
hospitalization from those with benign conditions who 
can be safely discharged remains a common challenge in 
clinical practice.

In this context, computed tomography angiography 
(CTA) can expedite the evaluation of patients with chest 
pain by effectively ruling out acute coronary syndrome, 
offering a high negative predictive value.2,3 Advances in CT 
technology and contrast injection protocols have further 
enabled the implementation of triple rule-out (TRO) CTA.4 
TRO CTA is an electrocardiogram (ECG)-gated protocol 
that enables the simultaneous evaluation of the coronary 
arteries, thoracic aorta, and pulmonary arteries in a single 
scan. It is currently regarded as a cost-effective diagnostic 
tool for patients in the emergency department with low to 
moderate risk of acute coronary syndrome,2 particularly 
when aortic dissection and pulmonary embolism are also 
considered in the differential diagnosis.5,6 However, before 
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implementing TRO CTA, it is essential to consider radiation 
exposure and technical scanning parameters, as these 
factors can present challenges depending on the operational 
capabilities of the available CT system.

Various CT systems can be used to perform the TRO CTA 
protocol, including 64-slice and 128-slice multidetector 
scanners, as well as dual-source systems. These typically 
employ retrospective ECG-gating to enhance coronary 
arteries visualization. However, the use of expanded 
anatomic coverage and small pitch values is associated 
with a significant increase in mean radiation dose.7,8 
Additionally, contrast injection protocols and scan 
techniques for TRO CTA vary widely across institutions, 
often leading to inconsistent image quality.9 Given these 
challenges, it is essential to maintain high image quality 
while minimizing radiation exposure. 

In recent years, several strategies have been proposed 
to address this issue.4,10-14 Ketelsen et al.,15 for instance, 
demonstrated a significant reduction in radiation dose 
using prospective ECG-gated acquisition compared to 
the traditional retrospective approach. Other studies have 
explored dose reduction through technical optimizations, 
such as tube current modulation.14 To date, existing studies 
on radiation dose reduction in TRO CTA have not included 
full coverage of the abdominal aorta, potentially limiting 
the evaluation of descending aortic dissections. In this 
context, the aim of our study was to compare radiation 
dose and diagnostic image quality between two TRO 
CTA protocols, one using full (protocol A) and the other 

partial (protocol B) ECG-gating, with both extending to 
the abdominal aorta.

Materials and methods

Study population
This prospective study was approved by the institutional 

review board, and informed consent was obtained from all 
participants. Consecutive patients presenting with chest pain 
between January and June 2018 and referred for TRO CTA 
with abdominal aorta extension were enrolled to undergo the 
partially ECG-gated protocol (protocol B). Inclusion criteria 
consisted of having previously undergone a fully ECG-gated 
protocol (protocol A) at our institution within the past 5 years. 
Patients with contraindications to contrast-enhanced CT, as 
defined by institutional guidelines, were excluded.

TRO computed tomography
All TRO CTA exams were performed on a single-source 

128-slice scanner (SOMATOM Definition AS+, Siemens, 
Erlangen, Germany) equipped with SAFIRE (sinogram-affirmed 
iterative reconstruction) technology, using retrospective 
ECG-gating. Scans were acquired with patients in the supine 
position (feet first), arms raised, and during breath-hold (apnea) 
lasting 8 to 20 seconds, depending on body habitus.

Scan parameters included a detector collimation of 128 
× 0.6 mm, slice thickness of 0.6 mm, and a gantry rotation 
time of 0.3 seconds. For both protocols, automatic exposure 

A B

Three-dimensional volume-rendering CTA reconstructions of the same patient showing no significant difference in the overall image 
quality between fully (A) and partially (B) ECG-gated TRO scans.
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control systems (CAREDose 4D for tube current modulation 
and CAREkV for tube voltage optimization) were activated.

•	Protocol A (fully ECG-gated): tube voltage of 120 kV and 
reference tube current (mAs reference) of 210 mAs.

•	Protocol B (partially ECG-gated): two sequential 
acquisitions:
–	 Thoracic aorta phase (ECG-gated): 120 kV, 160 mAs 

reference, with CAREDose 4D.
–	 Abdominal aorta phase (non-ECG-gated): same voltage 

and mAs settings.
•	Table 1 summarizes the main differences between 

protocols A and B.
•	Reconstruction parameters were as follows:
•	Chest: 1.0 mm thickness, 0.7 mm increment, D30f 

medium smooth filter, mediastinal window.
•	Aorta (full extent): 1.0 mm thickness, 0.7 mm increment, 

I26f smooth filter, angiographic window.
•	Coronary arteries: 0.6 mm thickness, 0.3 mm increment, 

D30f filter, angiographic window.
An electromechanical injector pump was used to administer 

150 mL of non-ionic iodinated contrast (Omnipaque® 300, 
Iohexol 300 mg/mL; GE Healthcare, USA) at a flow rate of 4 
mL/s. Scan initiation was controlled via bolus tracking software, 
with a region of interest (ROI) placed in the abdominal aorta.

Radiation dose
Radiation dose was assessed using the dose-length product 

(DLP) and effective dose (ED), expressed in millisieverts 
(mSv), calculated according to the European Commission’s 
conversion factors. In addition, organ-specific doses were 
estimated using VirtualDose™ (Virtual Phantoms Inc., Albany, 
USA), a tool based on anatomically realistic computational 
phantoms representing pediatric, pregnant, and adult 
patients with varying body sizes and morphologies.16

Image evaluation
The image sets were anonymized and randomly ordered 

for review. A board-certified abdominal radiologist with 
10 years of experience, blinded to the scan protocol, 
independently evaluated all examinations for both 
quantitative and qualitative image analysis.

Attenuation measurements were performed on a post-
processing PACS workstation (Carestream Health, Rochester, 
USA) at four predefined anatomical locations: pulmonary 

trunk, descending aorta, anterior descending coronary artery, 
and abdominal aorta. Circular ROIs were manually placed 
at the center of each vessel with the following dimensions: 
0.6 × 0.5 cm (pulmonary trunk), 0.6 × 0.5 cm (descending 
aorta), 0.1 × 0.1 cm (anterior descending coronary artery), 
and 0.6 × 0.5 cm (abdominal aorta), as illustrated in Figure 1.

Subjective assessment of image quality was performed 
using a five-point Likert scale,17 where 1 = excellent, 2 = 
good, 3 = sufficient, 4 = suboptimal, and 5 = unsatisfactory. 

Table 1 – TRO CTA parameters at our institution

Parameter Protocol A Protocol B

Collimation detector (mm) 128 × 0.6 128 × 0.6

Rotation time (s) 0.3 0.3

Tube voltage (kVp) 120 120

mAs reference 210 160

Figure 1 – CTA in axial plane demonstrating the 4 predefined circle 
regions of interest to assess the attenuation measurements in the 
anterior descending coronary artery (A), pulmonary trunk and 
descending aorta (B), and abdominal aorta (C).

A

B

C
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Table 2 – Patient characteristics

Characteristics Total (N = 56) 
Median (IQR or %)

Sex (male/female) 38/18 (68%/32%)

Age (years) 66 (59-70)

BMI (kg/m2) 23.5 (21.0-25.9)

Interval between protocol A and B 
(months)

24 (14.2-33.3)

BMI: body mass index; IQR: interquartile range.

Table 3 – Radiation doses of protocol A and B

Protocol A Protocol B p

Dose length 
product,  
median (IQR)

2.2 (1.6-2.8) 1.1 (0.9-1.1) < 0.001

ED,  
median (IQR)

32.6 (24.4-42.7) 17.0 (14.3-18.1) < 0.001

IQR: interquartile range; ED: effective dose.

Table 4 – Arterial attenuation in Hounsfield unit measurements 
in protocols A and B

Protocol A Protocol B p

Ascending 
aorta,  
median (IQR)

432 (377-390) 439 (387-500) 0.601

Descending 
aorta,  
median (IQR)

399 (346-458) 405 (363-451) 0.890

Abdominal 
aorta,  
median (IQR)

406 (364-475) 393 (335-456) 0.486

Pulmonary 
trunk,  
median (IQR)

460 (387-551) 477 (416-531) 0.835

IQR: interquartile range.

Statistical analysis
Continuous variables were presented as medians with 

interquartile ranges (IQR), while categorical variables were 
expressed as counts and proportions. Comparisons between 
protocols A and B were performed using either Student’s 
t-test or the Wilcoxon rank-sum test, depending on data 
distribution. A p value < 0.05 was considered statistically 
significant. All statistical analyses were conducted using 
SPSS software (version 22.0, IBM Corp.). The statistical 
methodology was reviewed by an independent statistician.

Results
 The final study population included 56 patients, of whom 

38 (68%) were men, with a median age of 66 years (IQR: 
59 to 70). The median time interval between protocol A 
and protocol B was 24 months (IQR: 14.2 to 33.3). Patient 
characteristics are summarized in Table 2.

In terms of radiation dose, the median DLP for Protocol 
B was 1.1 mSv (IQR: 0.9 to 1.1), while for Protocol A it was 
2.2 mSv (IQR: 1.6 to 2.8). The median ED for Protocol B 
was 17.0 mSv (IQR: 14.3 to 18.1), compared to 32.6 mSv 
(IQR: 24.4 to 42.7) for Protocol A. Both the DLP and ED 
values were significantly lower for protocol B compared 
to protocol A (p < 0.001). Additionally, the virtual dose 

The radiologist also rated the conspicuity of key thoracic 
and abdominal vascular structures, including pulmonary 
trunk, lobar and segmental pulmonary arteries, aortic arch, 
descending aorta, aortic valve, left coronary trunk, right 
coronary artery, circumflex artery, celiac trunk, superior 
and inferior mesenteric arteries, right and left renal arteries, 
and right and left iliac arteries. Additionally, image quality 
of relevant findings such as coronary stents and aortic 
endoprostheses was assessed.

Table 5 – Comparison of subjective evaluation of overall 
imaging quality and conspicuity of the main thoracic and 
abdominal vessels

p

Overall image quality 0.610

Pulmonary trunk 0.564

Lobular arteries 0.705

Segmental arteries 1.000

Aortic arch 0.317

Descending aorta 0.157

Aortic valve 0.107

Left coronary trunk 1.000

Right coronary artery 0.750

Circumflex artery 0.301

Celiac trunk 0.317

Superior mesenteric artery 1.000

Inferior mesenteric artery 1.000

Right renal artery 1.000

Left renal artery 1.000

Right iliac arteries 0.317

Left iliac arteries 0.317
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for protocol B was significantly lower than for protocol A, 16.2 
(IQR: 9.3 to 20.4) versus 34.7 (IQR: 19.9 to 43.5), respectively 
(p < 0.001), as shown in Table 3. 

Regarding image evaluation, no significant differences were 
observed in the quantitative attenuation measurements of 
the ascending aorta, descending aorta, abdominal aorta, and 
pulmonary trunk between protocols A and B (Table 4). Similarly, 
no significant differences were found in the qualitative assessment 
of the conspicuity of the main thoracic and abdominal arteries 
or in the overall image quality between protocols A and B (Table 
5 and Central Illustration).

Discussion
In our study population, the median DLP and ED were 

significantly lower in protocol B compared to protocol A, with 
a similarly significant reduction in virtual dose for protocol 
B. However, there were no significant differences between 
the two protocols regarding quantitative analysis of ROI 
measurements in the main thoracic and abdominal arteries 
or qualitative assessments of vessel conspicuity and overall 
image quality.

A previous study focusing solely on chest evaluation reported 
estimated ED values for retrospective ECG-gated TRO CTA 
ranging from 7.4 to 13.4 mSv for men and 10.1 to 17.5 mSv for 
women.15 Another study also including only the chest, using a 
larger coverage scanner, demonstrated ED of 9.7 to 23.2 mSv, 
depending on the patient heart rate.18 In comparison, our results 
for the partially ECG-gated TRO CTA protocol, which included 
the abdomen, showed an ED range of 14.3 to 18.1 mSv. This 
range is consistent with previous studies and has the added 
advantage of evaluating the abdominal aorta.

In recent years, equipment manufacturers have developed 
various acquisition protocols to combine thoracic and abdominal 
images in angiography scans. For example, some manufacturers 
have implemented automatic switching to non-gated scanning 
with a faster pitch for imaging the abdominal aorta. However, 
in certain CT units, automatic iterative reconstruction algorithms 
are unavailable, requiring manual transitions in partially ECG-
gated protocols. This manual switch between gated and non-
gated sequences can be time-consuming and may introduce 
reconstruction artifacts. The CT unit used in our study lacked the 
automatic iterative reconstruction algorithm, yet no significant 
loss in image quality was observed. Based on these findings, we 
strongly advocate for the incorporation of partially ECG-gated 
protocols when including the abdominal aorta, even in the 
absence of automatic switching.

Currently, TRO CTA is recognized as an important diagnostic 
tool for selected patients in the emergency department with 
acute chest pain.19,20 However, there are no established guidelines 
outlining its clinical indications. Very few studies, like ours, 
have incorporated the abdominal aorta into the protocol to 
enhance the evaluation of the entire aorta when descending 
aortic dissections need to be ruled out. The clinical significance 
of our findings lies in the feasibility of including abdominal aorta 
scanning in a partially ECG-gated TRO CTA protocol, which 
provides additional diagnostic information without a substantial 
increase in effective radiation dose compared to previous 
thoracic-only studies.7,8,15,18

Several limitations of this study should be noted. First, imaging 
analysis was conducted by a single experienced radiologist, 
which precluded the assessment of interobserver agreement 
and may have introduced bias in the evaluation of image quality. 
Additionally, the impact of heart rate on image quality was not 
explored in a subgroup comparison. Lastly, we did not compare 
the procedural times for each protocol or the time required for 
image reconstruction. These aspects should be addressed in 
future studies. Furthermore, additional research is needed to 
assess the cost-benefit ratio of including abdominal scanning in 
TRO CTA for patients at different risk levels for aortic dissection.

In conclusion, our study demonstrates the feasibility of using 
a partially ECG-synchronized acquisition protocol as an effective 
strategy to reduce radiation dose compared to the fully ECG-
synchronized technique in CCTA with TRO, when iterative 
reconstruction algorithms are not available. The proposed 
protocol maintained image quality, with scan extension to 
include the abdominal aorta, without loss of image quality 
when a manual transition between partially ECG-synchronized 
protocols is necessary.
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“Triple Rule-Out”: Including the Abdominal Aorta With a Clear 
Conscience?
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Short Editorial related to the article: Conventional and Partially ECG-Gated Triple Rule-Out Computed Tomography Angiography with 
Extension to Abdominal Aorta: Comparative Radiation Dose and Imaging Quality

The triple rule-out computed tomography angiography (TRO 
CTA) has been established as a valuable tool in the emergency 
care of patients with chest pain.1,2 By allowing simultaneous 
assessment of the coronary arteries, thoracic aorta, and pulmonary 
arteries, this approach provides high diagnostic value, particularly 
in patients at low to intermediate risk of acute coronary syndrome, 
aortic dissection, and pulmonary thromboembolism. However, 
the main criticism of TRO CTA remains its significant radiation 
exposure,3 especially when retrospective electrocardiographic 
synchronization techniques are used.

The study by Bertolazzi et al.4 published in this issue 
contributes to this debate by comparing two TRO CTA 
protocols that include an extension to the abdominal aorta 
– one fully synchronized with the electrocardiogram (ECG) 
and a second partially (in chest images only) synchronized 
with the ECG. Although simple, the hypothesis is clinically 
relevant: would it be possible to maintain diagnostic image 
quality while significantly reducing radiation exposure with a 
partially ECG-synchronized protocol?

Less is More – Less Radiation Dose, More Patient Safety
The main strength of the study lies in its methodological 

approach. The authors selected patients who had 
previously undergone the TRO CTA protocol including 
the abdominal aorta with full electrocardiographic 
synchronization. After obtaining consent, they performed 
a new examination using the partial electrocardiographic 
synchronization protocol, enabling a robust comparison 
through a “matched case-control” model. This approach 
minimizes bias related to anatomical and technical 
variability among different individuals.

The results were interesting. The dose reduction was 
significant: the mean effective dose of the protocol with partial 
ECG synchronization was 47.9% lower than that of the protocol 
with full synchronization (17.0 mSv vs. 32.6 mSv, p<0.001). 
It is noteworthy that this reduction in radiation dose was not 
accompanied by a compromise in image quality. The quantitative 
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assessment of attenuation values in critical vascular regions – such 
as the ascending aorta, descending aorta, abdominal aorta, and 
pulmonary trunk – showed no statistically significant differences. 
Similarly, the subjective qualitative evaluation demonstrated 
equivalence between the two protocols in terms of image quality 
of the assessed anatomical structures.

The present study also stands out for including the abdominal 
aorta in the acquisition, which is not commonly reported in 
previous publications on TRO CTA. This is particularly relevant as 
it expands the clinical utility of the exam by allowing a complete 
evaluation of the aorta when there is suspicion of descending 
dissections or abdominal involvement – a considerable diagnostic 
benefit, especially in emergency settings. At this point, however, 
a comment is warranted: although technically feasible and 
clinically useful, the TRO CTA protocol with extension to the 
abdominal aorta should be indicated with caution. The rational 
use of diagnostic resources should always guide our decisions. An 
examination evaluating multiple vascular territories, as presented, 
is only justified when there is clinical uncertainty or a real need 
to investigate all these segments. In other words, the fact that 
we can see more, with less radiation, does not mean we should 
always see everything.

Impact on clinical practice and future perspectives
The implementation of hybrid protocols with partial ECG 

synchronization represents a realistic and accessible alternative 
for institutions seeking to optimize their diagnostic workflows 
with safety and reduced radiation exposure. The study 
proposes a technical acquisition model that can be replicated 
by institutions already using TRO CTA and wishing to extend 
anatomical coverage without proportionally increasing 
radiation burden. The approach seems accessible and feasible 
for centers with ‘intermediate’ CT scanners, available in most 
major urban centers. Furthermore, the reduced radiation dose 
protocol should not negatively impact patient flow, exam 
execution time, or image reconstruction and post-processing 
times compared to the conventional strategy.

Despite the clear benefit of radiation dose reduction, 
the future calls for cost-effectiveness and clinical outcome 
evaluations.5 While image quality and dose reduction are 
fundamental, the impact of this protocol in terms of accuracy 
and cost-effectiveness in real clinical scenarios must be 
validated in larger cohorts and multicenter studies. As a 
scientific and clinical community, we must foster discussions 
and studies that expand this line of investigation, promoting 
the development of optimized examination protocols that lead 
to safer and more efficient clinical decisions.DOI: https://doi.org/10.36660/abcimg.20250041i
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tracking in two-dimensional (2D) echocardiography. The 
importance of MAPSE extends to the ease with which it can 
be obtained and reproduced, especially in patients with poor 
image quality, for whom LVEF and GLS may be inaccurate. 
This review intends to clarify the evidence available in the 
literature on MAPSE, which, despite its applicable usefulness 
in the context of various heart diseases, is an underused index 
in clinical practice.

Introduction
Mitral annular plane systolic excursion (MAPSE) is an 

ultrasound parameter obtained from motion mode (M-mode) 
over the lateral aspect of the mitral valve annulus. It evaluates 
its movement during the cardiac cycle (Figure 1). It also 
presents a good correlation with left ventricular ejection 
fraction (LVEF), is easy to use, and is readily available. It is 
also a simple and reproducible index. 

The American Society of Echocardiography and European 
Association of Cardiovascular Imaging Guidelines recommend 

Abstract
Mitral annular plane systolic excursion (MAPSE), a parameter 

that can be obtained from transthoracic echocardiography or 
nuclear magnetic resonance (NMR), is capable of reflecting the 
longitudinal systolic function of the left ventricle (LV) and may 
change earlier than the LV ejection fraction (LVEF), estimated 
by usual methods. Furthermore, it also presents a correlation 
with global longitudinal strain (GLS), assessed by speckle 

LV: left ventricle; LA: left atrium.
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its use as a surrogate parameter when LVEF or global 
longitudinal strain (GLS) cannot be accurately obtained in 
patients with poor image quality, as both methods require 
left ventricular (LV) endocardial tracking, which is highly 
dependent on adequate visualization.1

MAPSE can quantitatively reflect LV longitudinal systolic 
function, as the longitudinal movement of the mitral valve 
annulus leads LV pumping, unlike the apex, whose position is 
relatively stationary.2 Therefore, its measurement only requires 
the visualization of the mitral annulus, with no need to define 
the LV endocardial limit, which is essential in performing the 
other methods mentioned above.

The MAPSE value may be determined from four locations 
in the atrioventricular plane, equivalent to the septal, lateral, 
anterior, and posterior walls, viewed in the apical four- 
and two-chamber windows in M-mode. The cursor must 
be parallel to the LV walls (Figure 1). The measurement is 
calculated from the lowest point at the end of the diastole up 
to the aortic valve closure (Figure 2). In general, MAPSE should 
be obtained from the septal and lateral mitral annulus, with 
this value being slightly higher in normal hearts.

A large multicenter study3 identified normal reference 
values for MAPSE, established according to age and sex, using 
M-mode and speckle-tracking 2D echocardiography (Table 1). 
Women exhibited slightly higher MAPSE values than men, and 
older individuals had lower values ​​than younger individuals.

There are many studies on the usefulness of MAPSE in 
assessing LV longitudinal systolic function in heart failure 
(HF). However, recent publications also present it as a 
tool with prognostic value in the setting of ischemic heart 
disease, valvular heart disease, cardiomyopathies, septic 
shock, and cardio-oncology.4 It is a sensitive marker of 
early LV dysfunction, also correlating with some diastolic 
function indices, such as the E/A ratio, septal e’ wave, and 
lateral e’ wave.5

In this sense, as this study will show, MAPSE may be altered 
in certain cardiac conditions even when the LVEF is still normal. 
Figure 3 illustrates a patient with amyloidosis, with preserved 
ejection fraction (supranormal), but, disproportionately, with 
a MAPSE value at the lower limit of normal (10 mm) and with 
reduced GLS (12.1%).

MAPSE can also be assessed by cardiac nuclear magnetic 
resonance (NMR) and is considered an important independent 
predictor of serious adverse cardiac events (death, non-fatal 
myocardial infarction, hospitalization for HF or unstable 
angina, and late revascularization). According to the study by 
Rangarajan et al. (2016),6 patients with lateral MAPSE <1.11 cm 
(median value) had a significantly higher incidence of adverse 
events than did those with MAPSE ≥1.11 cm.

This review article will describe the main clinical 
applications available in the literature for MAPSE, a parameter 
that is easy to apply but often forgotten in practice.

Figure 1 – MAPSE calculated from M-mode in 2D echocardiography in an athlete patient, obtaining a value of 20 mm, considered normal. Source: 
created by the authors. RV: right ventricle; LV: left ventricle; RA: right atrium; LA: left atrium; MAPSE: mitral annular plane systolic excursion.

LVRV

LARA
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Clinical applications

HF
Reduced MAPSE reflects the presence of impaired 

longitudinal function, providing complementary information 
to ejection fraction, which represents the overall result 
of longitudinal and circumferential contraction.7 It was 

shown that patients with chronic HF resulting from dilated 
cardiomyopathy or myocardial infarction presented a 
significant reduction in MAPSE, which had a good correlation 
with ejection fraction.8

Patients with preserved LVEF were divided into three groups 
according to the value of lateral MAPSE: low (<12 mm), 
relatively preserved (12-15 mm), and high (≥15 mm). The 
diastolic dysfunction rate and all-cause hospitalization proved 
to be higher in the low and relatively preserved groups than 
in the high group, whereas the pro-BNP level and mortality 
rate were higher in the low group when compared with the 
relatively preserved and high groups.9 

There is also evidence that MAPSE, measured at rest 
and during exercise (on a treadmill using the modified 
Bruce protocol), correlates well with more sophisticated 
measurements of ventricular function in patients with HF with 
preserved ejection fraction (HFpEF), and is, therefore, a useful 
measure for the early detection of left ventricular dysfunction, 
which in HFpEF is most evident during exercise testing.10

Systemic arterial hypertension
In the early stages of systemic arterial hypertension 

(SAH), before the appearance of symptoms related to HF 
or the reduction in LVEF (<50%), it is already possible 
to identify abnormalities in the longitudinal components 
of mechanical contractility and systolic dysfunction. In 
these patients, parameters were studied to determine the 

Figure 2 – Demonstration of the locations where the cursor should be placed on the septal (1) and lateral (2) mitral rings in the apical 
4-chamber window. On the left, the echocardiographic measurement in M-mode is observed (above, septal MAPSE; below, lateral 
MAPSE). MAPSE: mitral annular plane systolic excursion; LV: left ventricle. Source: created by the authors.

Table 1 – Reference values for a MAPSE by M-mode and 2D-STE.

Men Women

Msep (mm) 9-19 9-19

Mlat (mm) 10-20 10-21

STEsep (mm) 7-16 7-16

STElat (mm) 6-18 6-19

STEm (mm) 7-17 8-17

nSTEm (%) 8-19 9-21

M-mode: motion mode; 2D-STE: speckle tracking by 2D 
echocardiography; Msep and Mlat: Septal and lateral MAPSE 
by M-mode echocardiography, respectively; STEsep, STElat, 
and STEmid: septal, lateral, and midpoint MAPSE measured 
by 2D-STE; nSTEmid: STEmid normalized by LV long axis 
length in end-diastole. Adapted from WANG et al. (2023).3

LV

LA
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transition between structural abnormalities and myocardial 
dysfunction early.11

LVEF was identical in hypertensive and healthy patients, 
while GLS and MAPSE were lower in the first group. Patients 
with moderate or severe ventricular hypertrophy (septum 
≥13 mm) presented longitudinal systolic dysfunction, with 
GLS being reduced more than MAPSE even in the presence 
of small structural changes; conversely, LVEF was insensitive 
for detecting longitudinal myocardial dysfunction in patients 
with hypertension.11 This finding shows that the compensatory 
increase in circumferential deformation may mask the reduced 
longitudinal deformation, leading to normal LVEF.

The prognostic value of MAPSE obtained by cardiac NMR 
was evaluated in a large multicenter population of SAH 
patients. The risk of death was significantly higher in patients 
with lateral MAPSE lower than 10 mm, even after adjustment 
for clinical and imaging risk factors, as well as in the subgroups 
of patients with preserved LVEF and those without a history 
of myocardial infarction.12 

Aortic stenosis
In patients with aortic valve stenosis, MAPSE changes 

earlier when compared to LVEF or other parameters that assess 
ventricular function, which may be normal. Furthermore, it 

has a lower value in symptomatic patients when compared to 
asymptomatic and severe patients. It is also useful in predicting 
the onset of symptoms.13 MAPSE was able to differentiate 
low-gradient aortic stenosis into moderate or severe in the 
presence of preserved ejection fraction, using a cutoff value 
of 9 mm to distinguish them.14

Intensive care units and emergency services

Bedside transthoracic echocardiography is essential for the 
diagnosis and treatment of left ventricular systolic dysfunction 
in critically ill patients, especially those with septic shock, 
for whom septic cardiomyopathy may be present in 40% of 
the cases.15 Studies show that MAPSE reflects systolic and 
diastolic function in critically ill patients and is commonly 
related to ICU mortality when associated with TAPSE, LVEF, 
and lung ultrasound.16

Longitudinal systolic function may be more sensitive in 
detecting cardiac depression than LVEF. Therefore, when 
assessing cardiac function in patients with septic shock and 
normal LVEF, longitudinal function indices, such as MAPSE, 
should be taken into account.17 A study with 90 patients, 
divided evenly between individuals with septic shock and 
those without sepsis, compared these echocardiographic 
parameters. No difference was found between groups for LVEF 

Figure 3 – Patient with amyloidosis, who exhibits LVEF, MAPSE, and GLS values, respectively, of 76%, 10 mm, and 12.1%. LVEF: left ventricular 
ejection fraction; MAPSE: mitral annular plane systolic excursion; GLS: global longitudinal strain; EF: ejection fraction; LVEDV: left ventricular 
end-diastolic volume; MOD: modified; LVEF: left ventricular ejection fraction; BP: biplane; SV: systolic volume; LVL: left ventricular length; 
LVESV: left ventricular end-systolic volume; LVLd: left ventricular length diastolic. Source: created by the authors.
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(64.6% vs. 67.2%, p = 0.161), but a difference was observed 
for MAPSE, which was significantly worse in those with septic 
shock (1.2 cm vs. 1.5 cm, p <0.001).17 Similarly, other authors 
found that MAPSE, but not LVEF, differed between patients 
with septic shock with and without myocardial injury, defined 
as high-sensitivity troponin T ≥45 ng/L upon ICU admission.18 

A significant advantage, in the emergency or intensive 
care setting, is that MAPSE assessment does not require good 
image quality or an experienced operator. The decrease in 
value correlates with LV systolic dysfunction and may precede 
changes in LVEF during acute myocardial infarction. It also 
correlates with elevated levels of brain natriuretic peptides 
and isolated diastolic dysfunction.9

A study with 61 emergency physicians found that MAPSE 
measurement was easily performed with minimal training 
and excellent inter-user agreement. An <8 mm value had a 
moderate predictive value and high specificity for LVEF <50%, 
and was more specific for identifying a reduced LVEF than the 
commonly used qualitative assessment.19

Acute myocardial infarction
In the context of acute ST-segment elevation myocardial 

infarction (STEMI), the risk of cardiovascular complications 
after revascularization, including mortality, is considerable. It is 
suggested that MAPSE provides significantly greater prognostic 
validity than LVEF in this patient population.20 Research shows 
that MAPSE has a significant incremental predictive value over 
LVEF; therefore, the combination of both can serve as a good 
alternative for LV-based risk assessment after STEMI, if GLS 
is not available.21,22

Arrhythmias
In a study of 247 patients undergoing coronary artery 

bypass grafting surgery, MAPSE was able to predict the 
development of postoperative atrial fibrillation (AF), with 
an area under the Receiver Operating Characteristic 
(ROC) curve (AUC) of 0.831 (95% CI 0.761-0.901, 
p <0.001), in addition to sensitivity and specificity of 90% and 
81%, respectively.23

In patients who underwent catheter ablation with 
pulmonary vein isolation, reduced MAPSE and increased 
left atrial volume index represented risk factors for AF 
recurrence.24 In HFpEF, a reduced MAPSE was associated with 
right atrial dyssynchrony, a risk predictor for AF.25

Oncology
Cardiotoxicity associated with cancer therapies is 

detected early through GLS and LVEF in echocardiography; 
however, ultrasound imaging may be affected, especially in 
postoperative patients with left breast cancer or those with 
high obesity. The European cardio-oncology guideline26 
recommends using surrogate parameters for evaluation, such 
as MAPSE.

In breast cancer patients treated with preoperative or 
postoperative chemotherapy (anthracyclines and trastuzumab), 
the following cutoff values were identified for septal MAPSE, 

lateral MAPSE, and mean MAPSE (septal and lateral), 
respectively: 11.7 mm (AUC = 0.65, p = 0.02; sensitivity 79%; 
specificity 45%), 13 mm (AUC = 0.82, p = 0.001; sensitivity 
94%; specificity 96%) and 11.7 mm (AUC = 0.87, p < 0.001; 
sensitivity 83%; specificity 80%), respectively.27 

In another study, MAPSE and peak mitral annular systolic 
velocity (S’) showed good accuracy, sensitivity, and positive 
predictive value for detecting anthracycline therapy-related 
cardiac dysfunction (ATRCD), with GLS being used as the gold 
standard diagnostic test to define it. The authors stated that 
these conventional echocardiographic parameters may work 
as screening tools to detect subclinical ATRCD in resource-
limited settings.

I n  p a t i e n t s  w h o  u n d e r w e n t  n e o a d j u v a n t 
chemoradiotherapy for esophageal or esophagogastric 
junction cancer, no change was identified in LV GLS after 
treatment. However, septal MAPSE decreased significantly, 
showing that chemoradiotherapy appears to induce an 
acute negative effect on left ventricular systolic function, 
which was not observed for chemotherapy.28

Mapse limitations
MAPSE has some disadvantages inherent to the method. 

It is not able, for instance, to detect regional dysfunctions 
in the myocardium, unlike GLS. Furthermore, there are 
no normalized values for variations in heart size between 
different patients, especially in children. Its value may also 
be influenced by moderate to large pericardial effusion, 
since the cardiac apex, which is relatively stationary under 
normal conditions, becomes mobile, interfering with the 
true MAPSE measurement. Similarly, paradoxical septum 
due to right ventricular dysfunction alters septal MAPSE, and 
in these conditions, lateral MAPSE should be used. Finally, 
it is not possible to perform a direct measurement on the 
mitral annulus when it has significant calcification; in this 
case, the measurement must be made slightly higher up in 
the myocardium.7

Conclusion
In addition to being readily available and easy to use, 

MAPSE is a useful parameter in the clinical assessment of 
LV longitudinal systolic function in different contexts, such 
as HF, septic cardiomyopathy, and cardio-oncology, and 
may be altered even when LVEF is normal. Studies on its 
applicability are still scarce in the literature. Therefore, it 
is hoped that this review will allow more research to be 
carried out on MAPSE so that its use can be expanded in 
medical practice. 
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Abstract
Atrial fibrillation (AF) is the most common arrhythmia 

encountered in clinical practice and is associated with serious 
complications such as stroke and heart failure. The prevalence 
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Fibrillation

of AF is increasing significantly due to population aging and 
related comorbidities.1 In addition, advances in technology — 
particularly the detection of AF through wearable devices such 
as smartwatches — have enabled earlier diagnosis. Intracardiac 
echocardiography (ICE) is a valuable imaging modality in 
electrophysiology and hemodynamic labs and is well-supported 
by the literature.2-5 Since the early studies conducted at the 
Mayo Clinic,6,7 ICE has rapidly become an indispensable tool 
for assessing cardiac anatomy. ICE enables real-time visualization 
of catheter positioning, tissue contact, its relationship to 
arrhythmogenic substrates and ablation targets, lesion formation, 
and procedural complications. Several recent studies have 
demonstrated the benefits of ICE in complex ablations, including 
reduced procedure times and complication rates, such as lower 
risks of cardiac tamponade and mortality, along with higher 
success rates (Central Illustration).8-12 ICE-guided procedures are 
increasingly used in clinical practice across a variety of settings. 
They are considered feasible, safe, and associated with decreased DOI: https://doi.org/10.36660/abcimg.20250021i

Central Illustration: My Approach to Intracardiac Echocardiography During Atrial Fibrillation Ablation Imagem
Cardiovascular
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fluoroscopy exposure — or even complete fluoroless procedures, 
as implemented by several groups in Brazil and worldwide.8,13-15 
This article provides a step-by-step “My Approach to” guide on 
how to perform ICE during AF ablation.

Step 1 – Getting to know the system
The catheter used employs a phased-array system (8 and 

10 Fr) with a high-resolution ultrasound transducer located 
at the distal tip (5 to 10 MHz). Images are acquired in the 
longitudinal plane, with the imaging field aligned with the 
catheter axis. The catheter can be manipulated in four 
directions using bidirectional steering: anterior-posterior and 
right-left (Supplementary Video 1).

There are two models currently available in Brazil: i) 
SoundStar® eco (Biosense Webster), compatible with the GE 
ultrasound systems Vivid™ i and Vivid™ q; ViewFlex™ Xtra 
(Abbott), compatible with the Zonare Z.One Ultrasound 
System (Figure 1A and 1B).

Step 2 – Inserting the catheter
Following ultrasound-guided venous puncture, the 

catheter is advanced from the left femoral vein through the 
ipsilateral iliac vein and the inferior vena cava until it reaches 
the right atrium (RA). During this progression, attention must 
be paid to possible vessel curvatures and draining veins. At 
this stage, anterior and/or posterior deflection of the catheter 
should be used to navigate curves. The catheter should 
always be advanced within the vessel while visualizing the 
“echo-free space” on ultrasound, which reduces the risk of 
vascular perforation and eliminates the need for fluoroscopy 
(Supplementary Video 2).

Step 3 – Identifying intracardiac anatomy and adjacent 
structures

With the catheter positioned in the RA, the Eustachian 
valve and its morphology — whether rigid, prominent, or 

filamentous — can be identified. A filamentous Eustachian 
valve with erratic motion within the RA, if not previously 
recognized, may be mistaken for filamentous thrombi 
adherent to sheaths or catheters.

From the mid-RA, with the transducer directed toward 
the tricuspid valve (TV), the image known as the “Home 
View” is obtained. This view displays the RA, TV, and the 
inflow tract of the right ventricle (RV). For operators in the 
early stages of the learning curve, this image serves as a 
reference point to return to when anatomical structures are 
not clearly identified. By rotating the catheter clockwise 
approximately 10-20 degrees from the Home View, the 
following structures are sequentially visualized: i) aorta 
and RV outflow tract (RVOT); ii) aorta and left ventricular 
(LV) outflow tract (LVOT); iii) left atrium (LA) and interatrial 
septum (IAS); iv) LA, mitral valve (MV), and LV; v) LA and 
left atrial appendage (LAA); vi) LA and left pulmonary veins 
(PVs) in longitudinal view; vii) posterior wall (PW) of the 
LA, esophagus, and descending aorta; and viii) right PVs 
in transverse view.

There are no mandatory or predefined imaging planes. 
Cranial advancement or retraction of the catheter, as well as 
anterior-posterior and right-left flexion, are often required to 
obtain optimal images. Figure 2 (A-H) illustrates such imaging 
planes and the corresponding views obtained with the catheter 
positioned in the RA.

In atrial fibrillation (AF) ablation, it is often necessary to 
evaluate certain structures with the catheter positioned in 
the RV, which can be done without the use of fluoroscopy. 
With the TV in view, the catheter is gently deflected 
anteriorly and advanced into the RV. Once it crosses the 
TV, the deflection is released, allowing visualization of the 
inferior portion of the RV and its anatomical landmarks, 
such as the moderator band and papillary muscles, as 
well as the pericardial space. This view is particularly 
important for detecting any preexisting pericardial 
effusion (PE) at the start of the procedure. From the RV, 

Figure 1 – Phased-array catheters available in Brazil. A: SoundStar® (Biosense Webster); B: ViewFlex Xtra® (Abbott).
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clockwise torque enables sequential visualization of the 
interventricular septum (IVS) and the LV apex, followed 
by the posteromedial and anterolateral papillary muscles, 
the MV, the aortic valve in cross-section, the LAA, and the 
origin of both the left and right coronary arteries. In some 
cases, it is necessary to advance the catheter through the 
RVOT and into the pulmonary artery (PA) trunk to improve 
visualization of the LAA tip and to rule out the presence 
of thrombi (Figure 3A-F).

Step 4 – Rule out intracavitary thrombi before transeptal 
puncture

Thrombus detection in the LA or LAA is essential 
prior to AF ablation in order to prevent thromboembolic 
events related to the procedure. Although transesophageal 
echocardiography (TEE) is the gold standard for this purpose, 
anatomical limitations can lead to false-negative results. In 
our practice, TEE is performed before the procedure only 
in high-risk patients — those with persistent AF and MV 
disease, a history of stroke, or elevated CHA2DS2-VASc 
scores in the setting of poor anticoagulation adherence. We 
routinely use intracardiac echocardiography (ICE) to rule 
out thrombi prior to transeptal puncture, visualizing the 
LAA from the RA, RV (Figures 2 and 3), and PA. ICE catheter 
positioning in the RVOT, near the pulmonary valve, or 
within the main PA trunk provides the clearest images for 
thrombus detection (Supplementary Video 3).16-18

Step 5 – Guiding the transeptal puncture
To perform transeptal puncture, the catheter is 

positioned in the mid-RA, allowing direct visualization of 
IAS and LA. Since the procedural target is the electrical 
isolation of PVs — which drain into the PW of the LA — the 
ideal puncture site on the IAS is at the level of the left PVs 
or slightly more posterior. This facilitates maneuverability 
of the ablation catheter and improves safety by avoiding 
anterior puncture paths that may be directed toward the 
LAA, aortic root, or ascending aorta (Figure 4). From the 
Home View, clockwise rotation is performed until the entry 
of the left PVs into the LA becomes visible. In some cases, 
posterior deflection is also required, pulling the catheter 
slightly away from the IAS to optimize the view of the RA, 
IAS, and LA, thereby facilitating more accurate guidance 
of the transeptal puncture.

With ICE, we can rapidly identify the anatomy of the 
IAS and its relatively common anatomical variations that 
may complicate transeptal puncture, such as lipomatous 
hypertrophy, aneurysms, double fossa ovalis, and the presence 
of surgical patches or occluder devices.19-22

Whenever possible, we target the thinnest region of the 
IAS. In cases of redundant or aneurysmal septa, we select the 
lowest possible puncture site — while carefully avoiding the 
risk of perforating a pericardial recess. This strategy provides 
better anchoring of the needle and facilitates transeptal access 
in these more challenging scenarios.

Figure 2 (A-H) – Image sequence obtained with the catheter in the RA. A: Home View; sequential images from B to H show the progression 
of views obtained through clockwise catheter rotation starting from the Home View. LA: left atrium; AO: aorta; RV: right ventricle; LV: left 
ventricle; RA: right atrium; RVOT: right ventricle outflow tract; LVOT: left ventricular outflow tract; LAA: left atrial aappendage; LSPV: left superior 
pulmonar vein; LIPV: left inferior pulmonary vein; RIPV: right inferior pulmonary vein; RSPV: right superior pulmonary vein.
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Figure 3 (A-F) – Image sequence obtained from the RV. A: Home View; B: Green arrow shows anterior deflection with catheter 
positioned in the RV; C-F: Sequential views acquired via clockwise rotation of the catheter in the RV (blue arrows). PMPM: posteromedial 
papillary muscle; ALPM: anterolateral papillary muscle; AO: aorta; LA: left atrium; AO: aorta; RV: right ventricle; LV: left ventricle;  
RA: right atrium; LAA: left atrial appendage.
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Figure 4 (A-D) – Imaging planes for transeptal puncture. A: Schematic view of the heart and corresponding ICE imaging planes 
(1-3); B: Plane 1 – more anterior, with risk of aortic perforation; C: Plane 2 – anterior view of the LAA, which may hinder catheter 
manipulation; D: Plane 3 – ideal for transeptal puncture in AF ablation procedures, visualizing the entry of the left PVs. The orange 
arrow indicates the transeptal needle. Figure adapted from Enriquez, A. et al.19 LA: left atrium; LV: left ventricle; LAA: left atrial 
appendage; LSPV: left superior pulmonar vein; LIPV: left inferior pulmonary vein.
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Step 6 – Guiding circular catheter contact during 
electroanatomic mapping

We perform two ICE-guided transeptal punctures and 
insert two long sheaths: one for the electroanatomic mapping 
catheter and another for the ablation catheter. Once the 
anatomy of the LA and PVs is defined — whether there is a 
common trunk, separate ostia, or their relationship with the 
LAA — ICE is used to guide the mapping catheter’s contact 
with atrial tissue, avoid proximity to the MV, and identify the 
ridge separating the left PVs from the LAA. This facilitates the 
rapid construction of the electroanatomic map of the LA and 
PVs. In some centers, the CARTOSOUND™ system (Biosense 
Webster) is used to generate chamber geometry based on 
multiple ICE imaging slices.

Step 7 – Monitoring ablation catheter contact and lesion 
formation

Once electroanatomic mapping is complete, the next step 
is real-time, accurate monitoring of the ablation catheter’s 
contact with atrial tissue. This improves the efficacy of 
energy delivery while reducing the risk of complications. 
Inadequate tissue contact may result in ineffective lesion 
formation, leading to incomplete electrical isolation and 
increased blood heating, which raises the risk of thrombus 
formation. Energy delivery can also be titrated based on the 
gradual increase in tissue echogenicity observed on ICE. A 
sudden or excessive increase in echogenicity may precede a 
steam pop, which is associated with tissue perforation and an 
increased risk of cardiac tamponade (Supplementary Video 
4). Such events are often accompanied by the formation of 
microbubbles, reflecting tissue heating and cellular leakage, 
and may pose a risk of cerebral microembolization.5 Although 
current technologies provide contact force monitoring and 
recommend specific energy parameters for radiofrequency 
delivery, individual variations must be considered. Fragile 
patients, atrial scarring, or calcifications may result in either 
excessive or ineffective lesions.23

Step 8 – Monitoring esophageal proximity to ablation sites
Ablation of the PW — either for PV isolation or direct 

PW targeting — carries a potential risk of esophageal injury 
due to the close anatomical relationship between the 
esophagus and the LA. This may result in an atrioesophageal 
fistula.24,25 To prevent esophageal injury, energy delivery 
near the esophagus is typically reduced in both force 
and duration, and esophageal temperature monitoring is 
routinely employed. However, despite these precautions, 
cases of esophageal injury detected by upper endoscopy 
after ablation have been reported.26,27 In our esophageal 
temperature monitoring protocol, we first use ICE to visualize 
the position of the esophagus and its relationship to the PVs. 
We then insert a deflectable catheter orally for temperature 
monitoring, with excellent outcomes28 (Figure 5).

Detecting complications
ICE imaging is used throughout the entire AF ablation 

procedure. Therefore, the early detection of potential 
complications should not be considered a single step in the 

process. From the initial femoral venous puncture, ICE can 
assist in identifying thrombi, occlusions, dissections, and 
extrinsic venous compressions along the pathway to the RA. 
Below, we highlight the most common complications that may 
occur during the procedure.

Pericardial effusion
One of the potential complications of radiofrequency 

ablation (RFA) for AF is cardiac tamponade. ICE allows 
for the rapid detection of PE, often before hemodynamic 
instability or tamponade develops.29 This enables early 
intervention, reversal of anticoagulation, and, if necessary, 
pericardiocentesis. Initially, PE is typically visualized in the 
inferior region of the RV and the posterior aspect of the RA, 
and may progressively extend to the apical and anterior regions 
of the RV, eventually surrounding the entire heart.

Upon reaching the RA, the catheter is advanced into the RV, 
and clockwise rotation allows visualization of the pericardial 
space adjacent to both the RV and the LV (Figure 3). This 
approach enables early identification of any preexisting PE 
before catheter manipulation begins. With this baseline 
reference, if there is any suspicion of perforation or an episode 
of arterial hypotension, the pericardial space is promptly 
reassessed and compared to the initial images. As part of 
our standard protocol, we perform repeated ICE evaluations 
of the pericardial space from the RV at specific stages of the 
procedure: after isolation of the left PVs, after isolation of the 
right PVs, following any additional RF applications, and again 
after catheter withdrawal at the end of the procedure.

Intracavitary thrombi
Thrombus formation on sheaths and catheters can be 

readily detected in real time using ICE, allowing for immediate 
intervention and the prevention of potentially imminent 
embolic events.30,31 Although less common due to the use of 
irrigated-tip catheters and direct oral anticoagulants, thrombi 
may still be observed adherent to sheaths or catheters while 
they are positioned in the RA, enabling early management 
before transeptal puncture. If thrombi are identified on 
catheters within the LA during the procedure, management 
strategies may include intensifying systemic heparinization, 
aspirating the thrombus into the sheath, or, in extreme cases, 
deploying bilateral carotid artery filters to prevent cerebral 
embolization.

Conclusion
ICE is the only tool that provides direct, real-time 

visualization throughout all phases of AF ablation. Mastery 
and systematic use of ICE enhance both the effectiveness and 
safety of the procedure.
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Figure 5 – ICE-guided deflection of the esophageal temperature monitoring catheter. A: ICE showing the esophagus in relation to 
the left and right PVs (green contours); B: Esophagus (in gray) visualized in the electroanatomic map, broad and in contact with 
both left and right PVs; C: Electroanatomic map with black markers indicating esophageal temperature rise >2 °C; D: Fluoroscopy 
showing the luminal esophageal temperature (LET) probe in a neutral position, apparently distant from the right PVs; E: Fluoroscopy 
showing LET deflected to the right, approaching the ablation catheter; F: ICE image of the right PVs and esophagus without LET 
positioning, corresponding to fluoroscopic image D; G: ICE image with LET probe in place and in close proximity to the ablation 
catheter, corresponding to fluoroscopic image E. Eso: esophagus; MAP: circular mapping catheter; CS: coronary sinus catheter; 
LET: luminal esophageal temperature; ICE: Intracardiac echocardiography; LA: left atrium; RIPV: right inferior pulmonary vein; 
ABL: ablation catheter. Figure reproduced with permission from Leite L.R. et al.28
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Abstract
Sickle cell disease (SCD) is the most prevalent hereditary 

genetic disorder worldwide, and cardiovascular alterations 
are the main cause of death among patients with this 
disease. 

Therefore, the early identification of markers of sickle cell 
cardiomyopathy using echocardiographic parameters (Central 
Illustration) is essential for the appropriate management of 
the cardiovascular condition in these patients. DOI: https://doi.org/10.36660/abcimg.20240128i

Echocardiographic evaluation in patients with sickle cell disease.
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This review provides a comprehensive overview of the 
use of echocardiography in pediatric patients with SCD, 
highlighting the main characteristics of the condition and 
the importance of regular follow-up.

Introduction
Sickle cell disease (SCD) is considered the most prevalent 

hereditary genetic disorder worldwide.
In Brazil, this condition affects between 60,000 and 

100,000 individuals and has a higher incidence among the 
Afro-descendant population (8%). The distribution across the 
Brazilian territory is heterogeneous, with a higher incidence 
in the states of Bahia, Distrito Federal, and Piauí. The national 
incidence is approximately 1:1,200 live births, while it 
reaches 1:650 live births in Bahia.1

SCD is characterized by a recessive autosomal hereditary 
mutation, in which the glutamic acid is replaced by valine 
at the sixth position of the hemoglobin (Hb) beta chain. As 
a result, the organism produces Hb S , an abnormal type of 
Hb responsible for the physiopathology of SCD. Hb S has a 
shorter half-life (approximately one-sixth of the normal Hb A) 
due to its increased susceptibility to hemolysis and increased 
adhesiveness, contributing to vaso-occlusive events.

The disease may manifest as a homozygous form (Hb SS), 
known as sickle cell anemia, which is the most severe and 
prevalent form (approximately 60% to 75% of cases), with 
symptoms typically beginning within the first year of life. The 
heterozygous form occurs in approximately 25% to 40% of 
cases, tends to be milder, and results from the association 
of Hb S with other abnormal Hb, such as Hb SC and Hb SE. 
On the other hand, the sickle cell trait occurs when there 
is an association between Hb S and Hb A.2 Individuals with 
sickle cell trait are usually asymptomatic.

Under stress conditions (e.g., extreme temperatures, 
infection, or dehydration), the deoxygenated Hb S undergoes 
polymerization, causing red blood cells to assume a sickle 
shape. This condition makes Hb more prone to hemolysis, 
leading to chronic anemia. Moreover, the increased Hb 
rigidity impairs its passage through the microvasculature, 
triggering repeated painful vasoconstriction, endothelial 
dysfunction, inflammation, and ischemia-reperfusion injury.

The cardiac involvement in SCD arises from multiple 
mechanisms:

–	 Chronic hemolytic anemia leads to reflex peripheral 
vasodilation to improve tissue oxygen delivery. This 
condition activates the renin-angiotensin-aldosterone 
system to retain sodium and water and, consequently, 
increase preload and chronic cardiac chamber 
dilation, particularly in the left chambers. Over time, 
this results in compensatory eccentric hypertrophy.

–	 Chronic vaso-occlusive crises may cause microvascular 
myocardial dysfunction, renal failure, and systemic 
arterial hypertension. These conditions promote 
myocardial fibrosis and consequent systolic (less 
common) and diastolic dysfunction (more frequent). 

–	 Pulmonary hypertension in patients with SCD 
is multifactorial (Group 5): it may present with 

pre-capillary (arterial) characteristics secondary 
to intravascular hemolysis and Hb release into 
the plasma, which consumes nitric oxide and 
causes vasoconstriction, and post-capillary (venous) 
characteristics, in which diastolic dysfunction increases 
ventricular filling pressure, impairing blood flow 
through pulmonary veins and increasing pulmonary 
venous pressure. Additionally, chronic hypoxia and 
pulmonary thromboembolism may further contribute 
to elevated pulmonary pressure in patients with SCD.  

Given these al terat ions,  qual i f ied and regular 
echocardiographic assessments are essential in patients 
with SCD.

Echocardiographic evaluation in patients with SCD

Dilation of cardiac chambers
The dilation of cardiac chambers, particularly the left 

chamber, occurs in approximately 30% to 65% of patients 
with SCD and is more prevalent in adults and those with 
the most severe form. 

Atrium dilation is the earliest cardiac alteration resulting 
from volume overload secondary to compensatory 
vasodilation in response to anemia as a mechanism to 
improve oxygen delivery to tissues. 

Sabatini et al. demonstrated an inverse association 
between serum Hb levels (degree of anemia) and left atrial 
dilation, and a direct association between reticulocyte levels 
(a marker for hemolytic anemia) and left atrial dilation3 
(Figure 1).

Eccentric hypertrophy
Eccentric hypertrophy (more common in the left chambers) 

occurs in 25% to 45% of patients with SCD and is more 
prevalent among older adults and individuals with more severe 
hemolytic anemia.

Koyunku et al. conducted a retrospective study on 
146 patients with SCD aged over 18 years and found 
that 45 (30.8%) patients presented eccentric hypertrophy. 
After a 5-year follow-up, 31 (21.2%) patients had died. 
Survival analysis showed that patients presenting eccentric 
hypertrophy had a worse prognosis (the greater the eccentric 
hypertrophy, the higher the risk of death).4

Cardiac dysfunction
Chronic hemolytic anemia and recurrent vaso-

occlusive episodes are physiopathological mechanisms 
for microvascular dysfunction and myocardial fibrosis. 
Moreover, disease-related systemic alterations, such as 
renal dysfunction, systemic arterial hypertension, and iron 
overload (which may occur in patients receiving periodical 
blood transfusions), contribute to the development or 
worsening of cardiac dysfunction, or both.

Diastolic dysfunction is common in adults with SCD 
(approximately 15% to 20% of cases) and is associated with 
an increased risk of premature death.5 Evaluating diastolic 
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function in patients with SCD is needed but also challenging 
for echocardiographers.

In children, the assessment of diastolic function is limited 
because the Doppler parameters vary significantly according 
to age, body surface area, and heart rate. Unlike systolic 
function, which can be evaluated using one parameter (e.g., 
ejection fraction), there is no single gold-standard marker for 
diastolic function.

Even invasive measurements obtained by cardiac 
catheterization have limitations and provide only partial 
information on ventricular diastolic characteristics. Also, 
the parameters used to define diastolic dysfunction may 
be affected by the underlying disease physiopathology 
without truly reflecting diastolic function alterations, such 
as atrial dilation.6,7

In the general population, atrial dilation is associated with 
increased ventricular filling pressures. However, this dilation 
in patients with SCD occurs early in the development of the 
disease due to volume overload from the compensatory 
physiopathology of the condition and may not reflect 
elevated filling pressures. Hammoudi et al. evaluated 127 
patients with SCD and found that most presented with 
left atrial dilation, but this finding was not associated with 
diastolic dysfunction. Instead, it correlated with disease 
severity and duration.5

Tricuspid regurgitation velocity peak is another parameter 
used to assess diastolic function. However, an increase in this 
parameter in patients with SCD may not necessarily indicate 
elevated pulmonary arterial pressure but rather increased 
cardiac preload or pre-capillary pulmonary hypertension. 
Hence, tricuspid regurgitation velocity data must be 
interpreted with caution in this population.5

The ratio between early diastolic transmitral flow 
velocity and tissue Doppler velocity (E/e′) is also used to 
estimate the left ventricular filling pressure in SCD. Sachdev 
et al. assessed 436 patients with SCD (homozygous for Hb 
S) and found that the E/e′ ratio independently correlated 
with reduced exercise capacity measured using the six-
minute walk test.8

Another parameter used to evaluate diastolic function 
is the ratio between early and late diastolic flow velocity  
(E/A ratio). In a study of 141 patients with SCD, Sachdev 
et al. found that a low E/A ratio (i.e., indicative of diastolic 
dysfunction) was associated with increased mortality risk 
(hazard ratio of 3.5 ).9

Systolic dysfunction  (assessed by conventional 
echocardiography) is rare in children with SCD.4  Poludasu 
et al. performed a meta-analysis of 19 case-control studies 
and found no significant difference in systolic function 
between 841 patients with SCD (homozygous Hb S) and 

Figure 1 – Apical 2- and 4-chamber views for left atrial volume calculation.
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554 controls when evaluated using echocardiographic 
parameters10 (Figure 2).

Strain analysis in SCD: what is new?
The development of 2D strain imaging enabled the early 

detection of cardiac damage in many chronic diseases and 
has become an increasingly important tool in prognostic 
stratification. The aim is to highlight the contribution of 2D 
strain in detecting subclinical ventricular myocardial damage 
in patients with SCD.

Cardiac dilation and eccentric ventricular hypertrophy in 
patients with SCD occur in response to increased preload and 
may progressively alter the cardiac function. These alterations 
contribute to morbidity and mortality in patients with SCD.

The global longitudinal strain of the left ventricle is a 
more specific predictor of myocardial remodeling than the 
left ventricle ejection fraction (LVEF), making it a sensitive 
tool for detecting early systolic dysfunction even when LVEF 
is preserved.

Studies have shown that patients with SCD presenting 
lower Hb levels (Hb < 9 g/dl) and increased preload are more 
likely to develop long-term subclinical systolic dysfunction in 
the left ventricle due to the limited adaptability of the heart 
to chronic preload increases. Resende et al. followed 219 
patients with SCD for 30 months and observed that those 
with abnormal strain had worse clinical outcomes (pain crises, 
acute chest syndrome, and SCD-related death), independent 
of age, tricuspid regurgitation velocity peak, and ejection 
fraction assessed using conventional echocardiography. Thus, 
patients with SCD who present abnormal strain are at greater 
risk for adverse outcomes11 (Figure 3).

Pulmonary hypertension
Pulmonary hypertension is characterized by reduced 

blood flow through the pulmonary arterial circulation due 
to increased pulmonary vascular resistance and elevated 
arterial pressures.

The prevalence of pulmonary hypertension is higher in 
patients with Hb SS disease than in those with SC, Sβ+, or 
Sβ° thalassemia. 

Studies using echocardiography to measure tricuspid 
regurgitation velocity peak as an index of systolic pulmonary 
artery pressure demonstrated a high prevalence (30%) of 
pulmonary hypertension in patients with SCD.5

The physiopathology of pulmonary hypertension varies. 
First, since pulmonary pressure is a product of flow and 
pulmonary vascular resistance, the high cardiac output in 
SCD leads to increased pulmonary pressure regardless of 
altered pulmonary vascular resistance. Second, chronic 
volume overload may lead to left ventricular failure and 
subsequent pulmonary venous hypertension. Third, 
intravascular hemolysis may induce pulmonary arterial 
vasculopathy, mainly driven by nitric oxide depletion due 
to free plasma Hb. 

Last, several other mechanisms may contribute, including 
hypoxemia, post-embolic pulmonary hypertension, lung injury 

related to SCD, and chronic liver disease. Importantly, several 
of these factors often occur simultaneously in the same patient 
with SCD and pulmonary hypertension. This represents a 
major challenge in the clinical management of the disease. 
Therefore, these patients are currently classified into Group 5 
of the WHO classification system for pulmonary hypertension.5

Mehari et al. studied 531 patients and found associations 
between pulmonary pressure and reduced exercise tolerance 
and increased mortality rate in patients with SCD.12

Given the impact of pulmonary hypertension on the 
morbidity and mortality of patients with SCD, the American 
Thoracic Association published a management guideline 
in 2014 recommending diagnostic cardiac catheterization 
when tricuspid regurgitation velocity was ≥ 3 m/s or between 
2.5 and 2.9 m/s in symptomatic patients (e.g., reduced 
performance in the six-minute walk test or elevated serum 
NT-pro-BNP) 13 (Figure 4).

Echocardiographic assessment during SCD treatment
Symptomatic patients with SCD or those with pulmonary 

hypertension are candidates for disease-modifying 
treatments.

Hydroxyurea is one of the drugs used to treat SCD. One of 
its mechanisms of action is to increase fetal Hb levels; thus, 
reducing pathological Hb S levels and its physiopathological 
consequences. 

Dhar et al. analyzed 100 patients with SCD, including 
60 who received hydroxyurea, and observed that left 
ventricular dilation and hypertrophy significantly improved 
with hydroxyurea therapy. Additionally, left ventricular 
volume and mass were inversely correlated with treatment 
duration, demonstrating that pharmacological therapy may 
lead to cardiac remodeling.14 

Another recommended therapy in symptomatic patients 
with SCD is chronic blood transfusion, aimed at reducing 
levels of pathological Hb S.

Turpin et al. evaluated 13 patients with SCD (homozygous 
Hb S) before and after chronic blood transfusion therapy and 
observed improved functional class and reduced tricuspid 
regurgitation jet velocity following transfusion.15

Therefore, patients with SCD undergoing disease-
modifying treatment should also be regularly evaluated 
by echocardiography for a better definition of the 
cardiovascular status.

Echocardiographic assessment during SCD crises
Patients with SCD may present numerous acute events 

throughout life, such as pain crises, acute chest syndrome, 
splenic sequestration, and stroke.

Onalo et al. followed 176 patients for two years (92 without 
crisis and 84 with at least one crisis) and found a higher 
prevalence of pulmonary hypertension and cardiac dysfunction 
in those who experienced a crisis during this period.16

Therefore, patients with SCD who present with a sickle 
cell crisis must have their cardiovascular status re-evaluated to 
ensure appropriate cardiac management during these episodes.
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Figure 2 – Apical 2- and 4-chamber views for the analysis of ventricular function during systole and diastole. Ejection fraction was 
calculated using Simpson’s method. CVEd/VDFVE: Left Ventricular End-Diastolic Volume; MOD:  Simpson’s Method; FEVE/FE: Left 
Ventricular Ejection Fraction; CVE/VSFVE: Left Ventricular End-Systolic Volume; SV: Stroke Volume.

Figure 3 – Left ventricle global longitudinal strain of -19.5% in a child with SCD. Sept: Septal wall; Ant: Anterior wall; Inf: Inferior wall; 
Lat: Lateral wall; Post: Posterior wall; GLPS: Global Longitudinal Peak Strain; FR: Frame Rate
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Conclusion
Routine echocardiogram for asymptomatic pediatric 

patients with SCD is not yet a reality in clinical practice. 
However, the significant impact of cardiac alterations can 
be already observed from childhood.

Serial echocardiography exams must be considered to 
allow an early diagnosis of cardiac complications, improve 
clinical care for patients with SCD, and reduce cardiovascular 
morbidity and mortality in this population. 
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Pressure Gradient; CW: Continuous Wave Doppler; WF: Waveform; CF: Color Flow Doppler
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Abstract
Dyspnea is a common and potentially serious symptom 

whose traditional diagnostic approach, based on physical 
examination and complementary tests, may present significant 
limitations. Point-of-care ultrasound (POCUS) has emerged as 
an effective tool for the rapid and accurate assessment of this 
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symptom, both in outpatient settings and in emergency and 
critical care environments. 

This article provides a practical, illustrated guide to the 
integrated application of POCUS in the evaluation of dyspnea, 
with an emphasis on distinguishing cardiac from pulmonary 
causes. It describes techniques for acquiring cardiac, 
pulmonary, and venous ultrasound images, highlights key 
sonographic findings, and outlines a step-by-step approach 
to clinical application. Lung POCUS has demonstrated high 
sensitivity in detecting differential diagnoses of dyspnea. Its 
integration with echocardiography and lower limb ultrasound 
further refines diagnosis by identifying specific clinical patterns 
such as acute pulmonary edema (APE), pulmonary embolism 
(PE), and acute respiratory distress syndrome (ARDS). 

The structured use of POCUS represents a significant 
advancement in the modern physical exam, enabling 
faster and more accurate bedside clinical decision-making. 
Its adoption should be encouraged among cardiologists, DOI: https://doi.org/10.36660/abcimg.20250023i

Central Illustration: My Approach to Point-of-Care Ultrasound for Dyspnea Assessment Imagem
Cardiovascular

ABC

Use of POCUS in the assessment of dyspnea.

Acute Dyspnea

POCUS

APE

2) Reduced time to treatment: 27 min
(95% CI, -43 to -11 min)

3) Decreased length of ICU stay: 1.27 days 
(-1.94 to -0.61 days) 

4) Improves rate of appropriate treatment: 
OR 2.31 (95% CI, 1.61-3.32)20

1) Reduced time to diagnosis: 63 min
(95% CI, -115 to -11 min)

Pneumonia

ARDS

PE

Other 
Causes

Pneumothorax
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intensivists, and healthcare professionals working in critical 
care settings.

Introduction
Dyspnea is a common and potentially serious complaint 

encountered in emergency departments, intensive care units, 
and outpatient settings. Traditionally, clinical reasoning around 
this symptom relies on correlating patient history, physical 
examination, and complementary tests such as chest X-ray 
(CXR), computed tomography, or biomarkers like D-dimer 
and BNP. However, these methods have significant limitations, 
including the low sensitivity of physical examination and delays 
in obtaining complementary test results.

In this context, point-of-care ultrasound (POCUS) has 
become an essential tool for enhancing diagnostic sensitivity 
in the evaluation of dyspnea (Central Illustration).1,2 Several 
studies have shown that lung POCUS is more sensitive than 
auscultation and CXR for detecting pulmonary congestion,1,3 
and can even identify abnormalities before the onset of 
clinical symptoms (Figure 1).4 Moreover, ultrasound findings 
such as the presence of multiple B-lines correlate with 
invasive hemodynamic measurements, including elevated 
left ventricular (LV) filling pressures and pulmonary capillary 
wedge pressure, especially in patients with heart failure. 
Nonetheless, interpretation must always consider the clinical 
context, particularly differential diagnoses such as interstitial 
lung diseases or acute inflammatory injuries.1,3,4

This article presents a step-by-step approach to evaluating 
patients with dyspnea of unclear etiology using an integrated 
POCUS strategy, including assessment of the lungs, heart, 
and deep venous system of the lower limbs. The aim is 

to demonstrate how this approach can efficiently support 
clinical reasoning.

For cardiologists seeking to go beyond traditional physical 
examination, mastering POCUS means embracing what 
Braunwald, Narula, and colleagues have termed the “fifth 
pillar of the modern physical exam”: insonation, alongside 
inspection, palpation, percussion, and auscultation.5 This tool 
is transforming clinical practice by enabling real-time, portable, 
bedside visualization of conditions that previously depended 
on slower or unavailable complementary tests. In emergency 
settings, especially in the evaluation of dyspnea, POCUS has 
become a frontline modality for differentiating causes such as 
pulmonary edema, pneumonia, and pneumothorax.1 

Just as the stethoscope revolutionized auscultation two 
centuries ago, the ultrasound probe is now beginning to 
play a comparable role in the physical exam of the modern 
cardiologist.

Technique and Probe Positioning
The POCUS assessment of a dyspneic patient involves 

different probes and scanning windows, tailored to the 
anatomical target.6

• Heart: phased array transducer, with parasternal long- 
and short-axis, apical and subcostal windows being the most 
commonly used (Figure 2).7 

• Lungs: For pulmonary ultrasound, using a high-frequency 
linear transducer (7–13 MHz) is preferable to obtain detailed 
views of the pleural line and its dynamic features, such as lung 
sliding.8 The convex transducer, with its greater penetration 
and wider field of view, is better suited for evaluating 
pulmonary artifacts such as A-lines and B-lines (Figure 3).

Figure 1 – Hemodynamic congestion is the first step in the sequence leading to pulmonary congestion. Initially, exertion-induced 
B-lines emerge, marking a subclinical stage. Resting B-lines appear subsequently, preceding overt clinical signs that may take hours 
or days to develop. Therapeutic interventions are likely more effective when initiated during the early, asymptomatic stages of the 
preclinical and pre-radiological cascade. Adapted from Picano E, Scali MC, Ciampi Q, et al. LV: left ventricular
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The scan begins in the longitudinal orientation with the 
probe marker facing cephalad, allowing identification of the rib 
spaces and pleural line.8 Next, a transverse sweep is performed 
by sliding the probe from anterior to lateral regions, either 
covering the entire thoracic surface or focusing on the zone 

of interest—a reasoning process analogous to auscultation 
during the traditional physical exam.

The anterosuperior thoracic quadrant is best for 
pneumothorax assessment, while the inferolateral quadrant 
along the posterior axillary line is preferred for evaluating 

BASIC ECHOCARDIOGRAPHIC WINDOWS

RV

LV

LV
LV

LV
LA

LA LA

AD

Liver

AD

Ao

RV

RV

RV

Figure 2 – Basic echocardiographic windows. Ao: aorta. LA: left atrium. RA: right atrium. LV: left ventricle. RV: right ventricle.

Figure 3 – Lung ultrasound assessment in the lateral decubitus position: A-pattern. Left: B-mode image showing the A-pattern, 
with a hyperechoic pleural line and multiple horizontal A-lines (reverberation artifacts), indicating well-aerated lung. Also visible 
is the acoustic shadow of the rib (marked with an asterisk). Right: schematic representation of the ultrasound scan of the right 
hemithorax, with the probe positioned perpendicular to the rib cage. Blue arrows indicate the sequential scan direction along the 
intercostal spaces.

Pleural Line

Line A
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Line A



Arq Bras Cardiol: Imagem cardiovasc. 2025;38(2):e20250023 4

Review Article

Brentegani et al.
POCUS for dyspnea assessment

PneumothoraxPneumothorax

Pleural Pleural 
EffusionEffusion

Parasternal Line

Anterior Axillary Line

Posterior 
Axillary Line

Figure 4 – Division of the hemithorax into quadrants for lung assessment, with the patient in supine position. 1: anterosuperior region; 
2: anteroinferior region; 3: upper lateral region; 4: lower lateral region.

pleural effusion and consolidations. The exam can be 
performed with the patient in the supine or semi-upright 
position, depending on clinical condition and diagnostic 
goal (Figure 4).

• Lower limb deep veins: high-frequency linear transducer 
for compression ultrasound from the common femoral vein9 
down to the popliteal vein (Figure 5).

Why use POCUS? Advantages over physical exam and CXR
Standalone physical examination has low sensitivity for 

detecting pulmonary congestion, ranging from 17% to 33%, 
whereas POCUS can exceed 90% sensitivity for the same 
purpose.10,11 Studies have also shown that the presence of 
15 or more B-lines strongly correlates with biomarkers such 
as NT-proBNP, the E/e’ ratio, and functional class in patients 
with decompensated heart failure, reinforcing its prognostic 
value4,12,13 (Figure 6). Furthermore, a reduction in B-lines 
during treatment is associated with clinical improvement 
and hemodynamic compensation, validating POCUS as both 
a diagnostic and therapeutic monitoring tool.3 In contrast, 
CXR may show delayed or inconclusive findings in early 
stages.  Pulmonary ultrasound can detect congestion before 
symptom onset and demonstrate early resolution after therapy, 
sometimes within a few hours.3,14-17

It is essential to remember that POCUS should not 
replace the traditional physical exam or formal tests such 
as echocardiography, computered tomography, lower limb 
Doppler, or biomarkers, but rather serve as a complementary 
tool to support more informed clinical decision-making.

Bedside protocols: which one to choose?
Several POCUS protocols have been developed for 

evaluating dyspnea, including the Bedside Lung Ultrasound 
in Emergency (BLUE) protocol,1 used in emergency contexts, 
the FALLS protocol,19 for hemodynamic assessment in shock, 
and the Rapid Ultrasound for Shock and Hypotension 
(RUSH) protocol,20 for undifferentiated shock. Each offers 
a specific and structured approach tailored to different 
clinical scenarios.

The BLUE protocol is the most widely validated and 
utilized for ultrasonographic assessment of acute respiratory 
failure. A study involving over 300 patients demonstrated a 
sensitivity of 90.5% and specificity of 98.2% for identifying 
the main causes of respiratory failure, with an average 
scan time of under three minutes. Developed by Daniel 
Lichtenstein in 2008, its primary goal is to enable a rapid, 
structured, and accurate approach to diagnosing the most 
common causes of dyspnea in adults. 



Arq Bras Cardiol: Imagem cardiovasc. 2025;38(2):e202500235

Review Article

Brentegani et al.
POCUS for dyspnea assessment

The BLUE protocol is based on syndromic reasoning, as it begins 
with assessing the presence or absence of lung sliding, followed by 
the analysis of pulmonary artifacts (A-lines and B-lines), subpleural 
and pulmonary consolidations (C-lines), and pleural effusions. 
Based on these findings, specific ultrasonographic profiles are 

generated that correlate with clinical syndromes such as Chronic 
obstructive pulmonary disease (COPD), asthma, heart failure, 
pneumonia, pulmonary embolism (PE), and pneumothorax.

It is important to remember that the goal of any protocol 
is to guide clinical reasoning, not to restrict it. Understanding 

Figure 5 – Venous compression protocol for deep vein thrombosis (DVT) evaluation—normal exam with vein collapse upon probe 
compression. This choice allows clear visualization of anatomical structures while respecting the regional anatomy. The gray arrow 
indicates the scan direction.

Figura 6 – Schematic representation of interstitial pulmonary edema progression as evaluated by lung ultrasound, reflecting the 
gradual loss of aeration. Based on Gargani.18
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the available tools, knowing when to apply them, and how 
to interpret the results is more valuable than rigidly following 
any given model.

Step-by-step guide to the BLUE protocol
The exam begins by placing the transducer on the 

anterosuperior chest wall, followed by the anteroinferior and 
finally the inferolateral regions of both hemithoraces, with 
the patient lying supine or semi-upright. The transducer is 
oriented longitudinally to clearly identify the pleural line5 
between the intercostal spaces (also known as the “bat sign”). 
The following are assessed:

1. Lung sliding;
2. Horizontal artifacts (A lines);
3. Vertical artifacts (B lines);
4. Subpleural and pulmonary consolidations;
5. Evaluation of pleural effusion.
Lung sliding refers to the dynamic, horizontal movement 

of the pleural line seen on lung ultrasound, occurring in sync 
with respiration. It represents the visceral pleura gliding against 
the parietal pleura during breathing, indicating normal contact 
and well-aerated lungs. In B-mode, this movement appears as a 
horizontal shimmering of the pleural line; in M-mode, it creates 
the classic “sea-shore sign”, with a static upper section (chest 
wall) and a granular lower section (moving lung) (Figure 7). 

The presence or absence of lung sliding, combined with 
the analysis of pulmonary artifacts (A-lines and B-lines) 

or direct visualization of lung parenchyma in cases of 
consolidation, will define the BLUE protocol diagnostic 
profiles listed below. 

These profiles should be complemented by evaluating DVT 
in the lower limbs, especially in patients with an A-profile 
and suspected PE. Compression of the common femoral 
and popliteal veins using a linear transducer allows for quick 
confirmation or exclusion of DVT. 

Diagnostic profiles in the BLUE protocol
By assessing the structures described above, the following 

classic ultrasonographic profiles are identified, as defined by 
Lichtenstein et al.,1,19 with the patient in the supine or semi-
upright position (Figure 8):

• A-profile: presence of repetitive horizontal A-lines 
originating from the pleural line, with bilateral lung sliding 
preserved. Suggests normally aerated lungs or patterns typical 
of COPD or asthma. When combined with evidence of DVT, 
it increases the likelihood of PE.

• A’-profile: same as the A-profile, but with absent lung 
sliding and presence of the pathognomonic lung point—the 
transition zone between areas with and without lung sliding—
indicative of pneumothorax with 100% specificity. 

• B-profile: bilateral, predominant B-lines (long, vertical, 
hyperechoic, well-defined, dynamic comet-tail artifacts 
that erase A-lines), with lung sliding preserved. It indicates 
pulmonary congestion.

Figure 7 – Sea-shore sign: the M-mode representation of normal lung sliding.
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• B’-profile: same as B-profile, but with absent lung sliding. 
It may indicate interstitial pneumonia or ARDS.

• A/B-profile: asymmetric pattern with B-lines on one 
hemithorax and A-lines on the other. It suggests mixed 
pathologies or early stages of congestion.

• C-profile: presence of anterior alveolar consolidations, 
with or without air bronchograms, typically representing 
pneumonia.

• PLAPS -profile: presence of posterior and/or lateral 
alveolar consolidations or pleural effusions.

• Pleural Effusion Profile: an anechoic space between the 
lung and diaphragm and/or pleura, associated with conditions 
such as heart failure, pneumonia, or malignancy.

Image-Guided Clinical Reasoning
Once the main ultrasound findings have been identified 

and the pulmonary profiles classified according to the BLUE 
protocol,1 clinical reasoning can be organized into a systematic 
flowchart (Flowchart 1). This approach streamlines the bedside 
differential diagnosis of dyspnea and speeds up decision-
making by integrating pulmonary, cardiac, and venous data, 
as described below:

Multisystem Integration: Lungs, Heart, and Vessels
Although the BLUE protocol prioritizes lung assessment, 

incorporating echocardiography and venous ultrasound 
enhances interpretation and expands the diagnostic 
capabilities of POCUS in patients with dyspnea. Two key 
questions can guide cardiac evaluation:

1. Is there LV dysfunction? Findings such as reduced anterior 
mitral valve leaflet systolic excursion toward the interventricular 
septum (EPSS, E-point septal separation), decreased mitral 
annular plane systolic excursion (MAPSE), ventricular dilation, 
and diffuse hypokinesia suggest LV systolic dysfunction.17

Additionally, the mitral E/e’ ratio12 plays a central role in 
indirectly estimating LV filling pressures. To obtain this ratio:

• Use the apical four-chamber view with pulsed Doppler 
to measure the E wave of mitral inflow;

• Then, using tissue Doppler imaging (TDI), place the cursor 
at the septal and lateral mitral annulus to measure the e’ wave;

• An E/e’ ratio ≥ 15 strongly suggests elevated left-sided 
filling pressures, while values < 8 indicate normal pressures. 
Intermediate values require clinical correlation.

This parameter is especially useful in patients with diffuse 
B-lines on lung ultrasound, as it helps distinguish between 
cardiogenic pulmonary congestion and non-cardiogenic 
causes such as ARDS. When combined with pulmonary 
findings and clinical data, diagnostic accuracy improves, 
enabling more targeted and timely management.

2. Is there right ventricular (RV) overload or dysfunction? 
Key findings include:11

• RV dilation (RV/LV ratio > 1);
• Paradoxical septal motion (“D-shape”);
• McConnell’s sign (hypokinesia of the mid and basal free 

RV wall with preserved apical contractility);
• Tricuspid regurgitation with elevated estimated 

pulmonary artery systolic pressure.
These findings are strongly suggestive of acute cor 

pulmonale, particularly in the context of PE or decompensated 
pulmonary hypertension.

How to integrate lung ultrasound with echocardiography 
to identify the congestion pattern?

Echocardiography can be integrated with lung ultrasound, 
allowing different types of congestion to be distinguished: absent, 
purely hemodynamic, combined hemodynamic and pulmonary, 
or purely pulmonary with possible non-cardiac etiology.16

Figure 8 – Lung ultrasound profiles described in the BLUE protocol.
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INTERSTITIAL EDEMA
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These four congestion profiles, resulting from the integration 
of echocardiography (presence or absence of increased filling 
pressures based on the E/e’ ratio) and lung ultrasound (presence 
or absence of pulmonary congestion based on the identification 
of diffuse B lines), are explained as follows:

1. No Congestion: When echocardiography shows no 
evidence of elevated LV filling pressure (normal E/e’) and 
lung ultrasound reveals no B-lines, the patient is classified 
as not congested (Figure 9).

2. Hemodynamic Congestion: If echocardiography 
indicates elevated LV filling pressure (high E/e’) but lung 
ultrasound does not detect B-lines, the patient presents with 
hemodynamic congestion. This reflects increased pressure on 
the left side of the heart without a detectable fluid overload 
in the lungs, possibly an early stage of cardiac congestion 
(Figure 10).

3. Hemodynamic and Pulmonary Congestion: When 
echocardiography reveals elevated LV filling pressure and 
lung ultrasound shows multiple, bilateral diffuse B-lines, the 
patient has both hemodynamic and pulmonary congestion. 
This reflects increased pressure on the left side of the heart that 
has resulted in fluid leakage into the pulmonary interstitium, 
as manifested by B-lines (clinical congestion) (Figure 11).

4. Pulmonary Congestion without Hemodynamic 
Congestion: If echocardiography shows no signs of elevated 
LV filling pressure, but lung ultrasound reveals multiple, 
bilateral diffuse B-lines, the patient has pulmonary congestion 
without hemodynamic overload. This suggests a non-cardiac 
cause for the B-lines, such as acute lung injury (ALI) or acute 
respiratory distress syndrome (ARDS) (Figure 12 and Table 2).

Conclusion
The integration of POCUS in the evaluation of dyspnea 

marks a major advance in contemporary clinical practice. 
Its high diagnostic accuracy, combined with the ability to 
provide dynamic monitoring, makes it an indispensable 
tool in emergency medicine, critical care, and even 
outpatient settings.

Despite these advantages, POCUS remains underused by 
cardiologists,6 even though it has proven reproducibility and 
a positive impact on diagnostic accuracy. Evidence suggests 
that the main barriers to adoption are related to medical 
training and access to proper education.

Mastery of ultrasound techniques and familiarity with 
sonographic profiles, such as those outlined in the BLUE 
protocol, will enable an objective and effective syndromic 
approach. 
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Figure 9 – Integration of echocardiography with lung ultrasound: Normal E/e’ and A-profile on lung ultrasound indicate absence 
of congestion.

Increased filling pressures?

NO congestion

No (E/e’ < 15 – normal)

Presence of diffuse B lines?

No (A lines pattern) 

Table 2 – Differentiation between Cardiogenic Acute Pulmonary Edema (APE) and ARDS

Ultrasound finding Cardiogenic APE ARDS

Anterior pleural line Regular, thin Irregular, thickened

Pleural motion Normal glide Reduced glide 

Multiple B-line distribution Diffuse anterior Random

Right and left lung Symmetrical May have spared areas

Pleural effusion Frequent and bilateral May be present

Dependent consolidation Usually present Usually present

Anterior (non-dependent) consolidation Never visible Sometimes present

Cardiac POCUS (LV function) Abnormal Often normal

*Adapted from Picano et al.4 LV: left ventricular

Table 1 – Ultrasound profiles and differential diagnosis

Diagnosis Pulmonary profile 
(BLUE)

US of lower limbs 
(DVT) Cardiac POCUS

Pulmonary edema B-profile Negative LV dysfunction, E/e´≥ 15

COPD / Asthma A-profile Negative Normal

Pneumothorax A’-profile Not applicable Normal

PE A-profile
Positive (non-

compressible vein)
RV overload (D-shape, McConnell, RV > LV)

Pneumonia B’, C or PLAPS profile Negative Normal or hyperdynamic LV

ARDS / Interstitial pneumonitis B’-profile Negative Normal, E/e´<15, or RV dysfunction in severe cases

Pleural Effusion
Pleural effusion or 

PLAPS
Variable

LV dysfunction or signs of associated systemic 
disease

*Adapted from Lichtenstein et al.1 PE: pulmonary embolism; BLUE: Bedside Lung Ultrasound in Emergency; DVT: deep vein thrombosis; 
POCUS: Point-Of-Care Ultrasound; ARDS: acute respiratory distress syndrome; LV: left ventricule; RV: right ventricle; COPD: Chronic 
obstructive pulmonary disease.
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Figure 10 – Integration of echocardiography with lung ultrasound: Elevated E/e’ and A-profile on lung ultrasound indicate 
hemodynamic congestion.

Increased filling pressures? Presence of diffuse B lines?

Hemodynamic congestion

Yes (E/e’ > 15) No (A lines pattern)

Figure 11 – Integration of echocardiography with lung ultrasound: Elevated E/e’ and B-profile on lung ultrasound indicate both 
hemodynamic and pulmonary congestion.
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and pulmonary

congestion
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Increased filling pressures? Presence of diffuse B lines?

Pulmonary congestion 
without hemodynamic 

congestion (consider ARDS or 
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Yes (B lines pattern)No (E/e’ < 15 – normal)

Figure 12 – Integration of echocardiography with lung ultrasound: Normal E/e’ ratio and B-profile on lung ultrasound indicate 
pulmonary involvement without hemodynamic congestion. ARDS: acute respiratory distress syndrome.
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Abstract
Pulmonary hypertension (PH) is a global disease and 

is increasingly present in echocardiography laboratories, 
given the progressive rise in its prevalence with population 
aging. Previously diagnosed only through invasive methods, 
echocardiographic assessment of pulmonary pressures has 

Mailing Address: Halsted Alarcão Gomes Pereira da Silva •
Instituto Dante Pazzanese de Cardiologia. Rua Dr. Dante Pazzanese, 500. 
Postal code: 04012-909. São Paulo, SP – Brazil
E-mail: halstedufg@hotmail.com
Manuscript received April 28, 2025; revised May 6, 2025;
accepted May 8, 2025
Editor responsible for the review: Marcelo Tavares

Keywords
Pulmonary Hypertension; Echocardiography; Doppler 

Ultrasonography; Pulmonary Wedge Pressure.

become fundamental in screening and monitoring patients 
with PH. This topic was revisited by the American Society 
of Echocardiography in a new guideline published in March 
2025, reinforcing the importance of echocardiography in 
clinical stratification, considering recent updates in the 
definition of PH. Among the main assessment parameters, 
systolic pulmonary artery pressure, mean pulmonary artery 
pressure (mPAP), pulmonary vascular resistance (PVR), and 
pulmonary capillary pressure (PCP) are described, along 
with a series of precautions for the correct estimation and 
interpretation of these values. The classification of PH levels 
has also been revised in a new framework. As an accessible 
and reproducible method, the assessment of pulmonary 
pressures through echocardiography stands out as an 
essential tool in the evaluation and follow-up of PH.

Introduction
Pulmonary hypertension (PH) has an estimated prevalence 

of about 1% of the global population, with a gradual increase DOI: https://doi.org/10.36660/abcimg.20250028i
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with aging due to its direct relationship with cardiac and 
pulmonary diseases. It has prognostic implications due to 
its severe hemodynamic consequences and serves as a 
fundamental parameter for clinical decision-making and 
therapeutic guidance.1

The assessment of pulmonary pressures has been a 
constant pursuit for a better hemodynamic understanding 
of diseases affecting both acquired and congenital heart 
conditions. Initially, this type of evaluation was performed 
exclusively through invasive hemodynamic methods, 
predominantly using pulmonary artery catheters such as the 
Swan-Ganz and right heart catheterization.2

The incorporation of the color Doppler method and 
the ability to correlate intracavitary flow velocities with 
hemodynamic gradients, with reasonable agreement with 
invasive parameters, has enabled the rapid evolution 
of echocardiography in this field. As a non-invasive, 
reproducible, and replicable method, performed at the 
bedside and with relatively low cost, echocardiography 
presents a significant advantage as an initial assessment tool.3

Definition of PH
The currently accepted definition of PH was proposed 

during the 6th World Symposium on PH in 2018, where 
124 experts gathered and reviewed it.4

Previous definition of PH
–	 Mean pulmonary artery pressure (mPAP): ≥ 25 mmHg
–	 Pulmonary vascular resistance (PVR): ≥ 3 Wood Units 

(WU) – Precapillary hypertension
–	 Pulmonary capillary pressure (PCP): ≤ 15 mmHg – 

Precapillary hypertension

Proposed (current) definition:
–	 mPAP: > 20 mmHg
–	 PVR: > 2 Wood Units (WU) – Precapillary hypertension
–	 PCP: ≤ 15 mmHg – Precapillary hypertension

This change was based on data from healthy individuals, 
in which resting mPAP was identified as approximately 
14.0±3.3 mmHg. Considering a variation of two standard 
deviations as still within normal limits, a mPAP value >20 
mmHg would be the threshold for abnormal pulmonary 
artery pressure (above the 97.5th percentile).4

Based on these values, the echocardiographic parameters 
described below were studied in relation to invasive 
assessment, not with the aim of replacing this examination, 
but rather as an initial screening proposal, since performing 
right heart catheterization at a population level is impractical 
and not cost-effective.

The concept of communicating vessels
The echocardiographic assessment of pulmonary 

pressures is based on the concept of communicating 
vessels. This concept establishes that a fluid with the 

same specific mass and at the same height would have 
the same pressure at any point in the system. Based on 
this, echocardiography can identify the pulmonary artery 
systolic pressure (PASP) by calculating the right ventricular 
systolic pressure (RVSP).

To calculate RVSP, the systolic gradient between the right 
ventricle (RV) and the right atrium (RA) must first be evaluated 
using the maximum velocity of tricuspid regurgitation (TR), 
applying the modified Bernoulli equation, which derives 
the gradient based on velocity. By adding the estimated 
right atrial pressure (RAP) to this pressure estimate, RVSP is 
obtained, which, in a system without flow obstruction, will 
be similar to PASP.

Mean RAP
For this estimation, we first examine how to assess 

the mean RAP. Throughout its evolution, transthoracic 
echocardiography has identified various metrics to estimate 
RAP with reasonable accuracy. Despite several limitations 
in its analysis, the most commonly used parameter for this 
inference is the measurement of the inferior vena cava (IVC) 
diameter during an expiratory pause and its respiratory 
variability, as shown in Figure 1.

Depending on the initial measurement of the IVC and its 
variation with respiratory phasicity, RAP can be estimated 
as follows:

–	 RAP < 3 mmHg

–	 RAP: 3 mmHg (0 - 5 mmHg)

–	 RAP: 8 mmHg (5 - 10 mmHg)

–	 RAP: 15 mmHg (10 - 20 mmHg)

–	 RAP: 20 mmHg

The IVC can be measured in most patients using the 
subcostal window, making it easily reproducible during 
hospitalization or outpatient follow-up. As we will see 
below, this index is not always representative of RAP 
in certain scenarios, which should be interpreted with 
caution.

Precautions in the acquisition and interpretation of 
the IVC:

–	 Acquire the IVC image longitudinally with a central 
axis cut throughout the respiratory cycle (the 
measurement of the transverse axis can help avoid 
errors).

–	 Be cautious when evaluating patients with chronic 
hypervolemia (heart failure and advanced chronic 
kidney disease)

–	 Be cautious when evaluating athletes (IVC distended 
due to excellent preload).

In cases of diagnostic uncertainty or indeterminate cases, 
secondary indices for estimating RAP can be considered, 
such as a tricuspid E/e' ratio > 6, predominance of diastolic 
flow in the hepatic veins*, and identification of a restrictive 
diastolic filling pattern in the right chambers.5
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*SFF =
VTI of the S wave

X 100
VTI of the S wave + VTI of the D wave

(Values < 55 % are sensitive and specific for  
increases in RAP)

The systolic filling fraction (SFF) equation VTI: velocity-
time integral; S: systolic; D: diastolic

PASP
Still regarding the concept of communicating vessels 

without flow obstruction, it can be inferred that RVSP will be 
equivalent to PASP, which is the hemodynamic parameter that 
is actually being investigated.

Figure 2 illustrates a case of a significant increase in 
pulmonary pressures and how the final PASP value is calculated.

Precautions in the acquisition and interpretation of PASP:
–	 When measuring the maximum velocity of TR 

(RV–RA gradient), proper Doppler angle alignment 

(< 20°) should be maintained to avoid possible 
underestimation due to measurement error.

–	 Excessive gain should be avoided when acquiring  
the spectral Doppler image to prevent overestimation 
of the actual transvalvular gradient, as shown in 
Figure 3.

–	 To ensure accuracy and account for respiratory 
variation, RVSP should ideally be calculated 
from the average of three consecutive beats in 
echocardiographic windows with the highest 
velocities and best spectral Doppler envelopes.

Other parameters for estimating PASP have been 
described using the acceleration time (AcT) of systolic flow 
in the right ventricular outflow tract (RVOT). As a region 
of low pressure and high compliance, the pulmonary bed 
generates a flow pattern with low velocities and a long AcT 
during the systolic period.

A progressive increase in pulmonary pressures, particularly 
in its precapillary component, will result in a progressively 
shorter AcT, associated with an earlier-than-usual systolic 
peak (Figure 4).

Figure 1 – Flowchart for the assessment of mean RAP proposed by the American Society of Echocardiography in its latest guideline 
(ASE 2025);5 IVC: inferior vena cava; RAP: right atrial pressure; RV: right ventricle.

IVC diameter

–	IVC variation ≥ 20% with 
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–	RAP between 0-5mmHg 
(mean 3mmHg)

–	IVC variation ≥ 20%, 
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–	RAP 20 mmHg
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Figure 3 – TR on continuous-wave Doppler with excessive gain (left, with a maximum velocity of 3.9 m/s) and with appropriate gain 
(right, with a maximum velocity of 3.5 m/s).

Figure 4 – Assessment of AcT considering the sample volume at the level of the pulmonary valve; A) Shortened AcT (81ms) associated 
with mid-systolic notch in the tracing, confirming the finding of PH; B) Normal AcT (113ms).

Figure 2 – Estimation of PASP, measured at 59 mmHg in this patient. A) TR assessed with continuous-wave Doppler. B) Estimation of RAP by 
evaluating the diameter of the IVC and collapsibility with the respiratory cycle in M-mode. IVC: inferior vena cava; PASP: Pulmonary arterial 
systolic pressure; RAP: right atrial pressure.

Vmax= 3,3 m/s
Grad= 44 mmHg IVC = 23mm

PASP= 4 x (peak TR velocity)2 + right atrial pressure
PASP= 44 + 15

PASP= 59 mmHg

Variation < 50%
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Based on this important hemodynamic concept, 
correlation studies between these two variables were 
conducted, allowing for the identification and validation of 
the formulas presented in Table 1.

Precautions in the acquisition and interpretation of AcT

–	 Window: Parasternal short-axis at the level of the great 
vessels, directed toward the pulmonary valve.

–	 Sample volume position: Acquired using pulsed 
Doppler in the RVOT, with the sample volume 
positioned just below the pulmonary valve at the end 
of expiration.

–	 Measurement: From the beginning of pulmonary flow 
to the peak velocity.

–	 The greatest validation of pulmonary ATc has been 
conducted in cases of precapillary PH. 

–	 ATc in the RVOT may be less reliable in patients with 
low or high heart rates (<60 and >100 beats/min).

mPAP
Considered the reference measure for defining PH and 

severity stratification, the determination of mPAP is very 
important for clinical cardiologists. Over the past decades, several 
studies have validated this non-invasive estimate, culminating 
in the recommendation of the American guideline for the 
echocardiographic evaluation of the right heart in adults in 2010. 
This document provided a detailed description of the formulas for 
calculating both mPAP and pulmonary artery diastolic pressure 
(PADP), which were replicated in the 2025 guideline.

Based on current knowledge, mPAP values greater than 20 
mmHg are considered pathological and should be reported 
in the echocardiographic report.

The step-by-step process for calculating mPAP after acquiring 
PASP and PADP is illustrated in Figure 5 and Table 2.

Precautions in acquisition and interpretation
–	 The calculation of mPAP involves other variables, so 

its estimation should be performed using the best 
possible technique.

Table 1 – Main Clinically Validated Formulas for Estimating Pulmonary Artery Systolic Pressure (PASP)

Parameter Formula Condition

PASP 4 x maximum velocity of TR + RAP 6,7

PASP 134 – (0,9 X  AcT) 5

PASP
RVOT AcT > 105 ms (without PH*)6

*	Considered normal, based on epidemiological studies involving healthy 
populations.

PASP RVOT AcT < 80 ms (probable HP)5

PASP: pulmonary artery systolic pressure; TR: tricuspid regurgitation; RAP: right atrial pressure; AcT: acceleration time; PH: pulmonary 
hypertension; RVOT: right ventricular outflow tract.5

Figure 5 – Estimation of mPAP and pulmonary artery diastolic pressure (PADP) using the initial and final velocities of pulmonary 
insufficiency (PI): A) PI on continuous-wave Doppler; mPAP is obtained by summing RAP with the peak gradient of PI calculated 
using the Bernoulli equation. PADP is obtained by calculating the gradient considering the end-diastolic velocity of PI added to 
RAP; B) Estimation of RAP by evaluating the IVC and its respiratory collapsibility; C) TR; D) Application of formulas for calculating 
mPAP and PADP; PASP: pulmonary artery systolic pressure; IVC: inferior vena cava.

Vmax= 2,65 m/s
V diast. Final 1,89 m/s

IVC= 23 mm

PADP = 4x (PI end velocity)2 + RAP = 23.3mmHg
mPAP = 1/3x (PASP) + 2/3x (PDAP) = 39 mmHg

Variation < 50%

Vmax= 3,3 m/s
Grad= 44 mmHg
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–	 mPAP uses Pulmonary Insufficiency (PI) as an analysis 
parameter for its calculation. The initial velocity of 
the PI jet, added to RAP, allows for the determination 
of mPAP.

–	 PADP uses the final velocity of the PI jet, added to 
RAP, to determine the PADP value.

PVR
Concept describing the measurement of resistance that 

the pulmonary vascular system offers to blood flow from the 
RV. This parameter provides an important discriminatory 
factor, allowing stratification between the precapillary and 
postcapillary components of PH.

The identification of this measurement in a non-invasive 
manner originates from the classic work of Abbas et al.12 
The study was published in the Journal of the American 
College of Cardiology (JACC) in 2003, and their formula 
was later validated in a new publication in 2013 in the 

Journal of the American Society of Echocardiography 
(JASE).12

For the calculation of PVR, two basic evaluation 
parameters are required (Figure 6).

The formulas used for PVR calculation are described in Table 3.

PCP
The combined assessment of pulmonary pressures, PVR, 

and PCP allows for the classification of PH into one of the 
five categories described below, according to the latest PH 
classification (ESC 2022):

1.	 Pulmonary Arterial Hypertension (PAH)
2.	 PH associated with left ventricular disease
3.	 PH associated with lung disease
4.	 PH associated with obstructive lung disease
5.	 PH with unclear or multifactorial mechanisms 

(etiology)

Table 2 – Main clinically validated formulas used for mPAP estimation

Parameter Formula Condition

mPAP
1

(PSAP) +
2 PADP

3 3

mPAP 79 – 0.45x(AcT)8 AcT ≥ 120ms (HR 60 – 100bpm)

mPAP 90 – 0.62x(AcT)9 AcT < 120ms (HR 60 – 100bpm)

mPAP 0.61x(PASP) + 210

mPAP VTI da IT + RAP11

mPAP: mean pulmonary artery pressure; AcT: acceleration time of the right ventricular outflow tract; HR: heart rate; TR: tricuspid 
regurgitation; VTI: velocity-time integral; RAP: right atrial pressure.5

Figure 6 – Calculation of PVR using velocity-time integral (VTI) of the RVOT’ (A); maximum velocity of TR (B); application of 
the formula (C).

TR Vmax = 2.36 m/sRVOT VTI = 13.3 cm

PVR = ([TR Vmax/RVOT VTI] x 10) + 0.16
PVR = ([2.35/13] x 10) + 0.16

PVR = 1.93 Wood
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Table 4 – Main clinically validated formulas used for PCP estimation

Parameter Formula Condition

PCP 1,24 X E/e’ ratio + 1,9 13

–	 Normality values: < 12 – 15 mmHg

	 E/e’ > 15 was correlated with PCP > 15 mmHg

Original study:
Sensitivity: 89%  - Specificity: 91% - Accuracy: 0.92

PCP PCP = 5,7 X E/VP + 4,6 14 Study with 45 patients (LVEF: 40% ± 15%)

PCP: pulmonary capillary pressure; LVEF: left ventricle ejection fraction; CO: cardiac output; PVR: Pulmonary vascular resistance.

Table 3 – Main clinically validated formulas used for PVR estimation

Parameter Formula Condition

PVR
TR maximum velocity (m/s)

X 10 + 0.16(12)

RVOT VTI (cm)
RVP > 2.0 Woods is considered abnormal

PVR
RVSP – PCP

CO
RVSP, RVDP and CO values may be obtained from 
echocardiographic data

PVR: Pulmonary Vascular Resistance; TR: Tricuspid Regurgitation; VTI: Velocity-Time Integral; RVOT: Right Ventricular Outflow 
Tract; RVSP: Right Ventricular Systolic Pressure; PCP: Pulmonary Capillary Pressure; CO: Cardiac Output.5

Figure 7 – Calculation of PCP using Nagueh's formula; A) E and A waves of mitral inflow on pulsed Doppler; B) e' wave of the 
mitral annulus on tissue Doppler; C) Nagueh's formula with the estimation of a significant increase in PCP.

septal e' = 4cm/s lateral e' = 5 cm/sE wave = 67 cm/s

PCP = 1.9 + 1.24 x average E/e'
PCP = 1.9 + 1.24 x (67/4.5)

PCP = 20.4 mmHg

Thus, the evaluation of PCP will determine whether 
capillary pressures – and consequently, left atrial pressure – 
are elevated or not, enabling an initial stratification between 
groups with and without left heart involvement (postcapillary 
and precapillary hypertension).

The main formulas for this calculation are described below (Table 
4), with Nagueh’s formula being the most widely used. In their 

original study, the findings of Nagueh et al.13 were strongly correlated 
with left ventricular filling pressures and, therefore, with PCP.

Precautions in acquisition and interpretation:
–	 The evaluation of E/e' variables is routinely performed 

in the assessment of diastolic function and therefore 
does not add extra time to the examination.
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–	 Since they use the Doppler method, these variables 
are influenced by the insonation angle. 

–	 In patients with significant mitral valve disease, the 
A wave may be increased due to the valvulopathy, 
limiting the analysis of PCP. 

–	 PCP assessment is impaired in the presence of arrhythmias.

Summary of main warnings and pitfalls
1.	 Measure the densest primary edge of the continuous-

wave Doppler signal ("chin") and not the faint spectra 
("beard"), optimizing gain and brightness across 
multiple imaging planes.

2.	 Ultrasound contrast agents, saline blood contrast, and 
agitated saline solution can be used to enhance the 
Doppler signal, improving diagnostic accuracy.

3.	 Position the ultrasound beam parallel to the direction 
of blood flow, ideally at an angle <20° to minimize 
any errors in velocity measurement.

4.	 If there is significant TR, the shape of the continuous-
wave Doppler signal can help guide the accuracy of 
right ventricular systolic pressure (RVSP) estimates. 
A triangular continuous-wave Doppler contour will 
underestimate RVSP, while accuracy improves with a 
parabolic Doppler contour. 

5.	 Do not consider velocity after a pause or premature 
contraction (extrasystole).

6.	 Consider the average velocity over five to seven beats 
in patients with arrhythmia. 

7.	 Measure the IVC while visualizing its walls throughout 
the entire respiratory cycle, avoiding possible false 
collapsibility due to sampling error.

8.	 Physiological aging and an increase in body surface 
area can elevate pulmonary artery systolic pressure 
(PASP) without necessarily indicating pathology.

Clinical interpretation
Although there are several echocardiographic methods to 

calculate PMAP, the standard reporting of RVSP is generally 
preferred for several reasons. First, RVSP is measured directly 
from the peak velocity of the TR jet, making it a more direct and 

Table 5 – Classification of pulmonary pressure levels according to the 2025 American Society of Echocardiography 
guidelines 

Variable Normality
Abnormality grade

Discrete Moderate Important

TR velocity < 2.8m/s 2.8 -3.1m/s 3.2 - 3.5m/s ≥3.6m/s

PASP ≤34mmHg 35 – 49 mmHg 50 -69 mmHg ≥70mmHg

RAP
0 - 4 

(Mean 3 mmHg)
5 a 9 

(Médio 8 mmHg)
10 a 14 mmHg ≥15mmHg

AcT >105ms 80 – 105ms 61 -79ms ≤ 60ms

PVR: pulmonary vascular resistance; TR: tricuspid regurgitation; PASP: pulmonary artery systolic pressure; RAP: right atrial 
pressure; AcT: acceleration time3

reliable estimate. In contrast, methods such as AcT of RVOT and 
the estimation of mPAP and PADP rely on indirect calculations 
and assumptions, which can introduce measurement errors.

The correct quantification and stratification of pulmonary 
pressures will allow their classification as mild, moderate, 
and severe. This classification was revisited in the guideline 
for echocardiographic assessment of the right heart in adults 
and special considerations in PH by the American Society 
of Echocardiography (ASE), grading the abnormality of the 
values presented in Table 5.

Due to the significant limitation in correctly identifying 
pulmonary vascular resistance (PVR), PH can be assessed 
by considering only the maximum velocity of TR to avoid 
inference errors, a parameter that had already been 
corroborated by the European Society of Cardiology (ESC) 
in its 2022 PH guidelines.

The definitive assessment of mPAP for diagnosis, 
classification, and initiation of pharmacological therapy for 
PH requires direct hemodynamic measurement via invasive 
right heart catheterization.

Conclusion
The evaluation of pulmonary pressures has been a 

cornerstone in identifying adult patients and patients with 
congenital diseases who have a worse clinical prognosis. The 
identification of pulmonary pressure levels is still based on 
invasive quantification through hemodynamic assessment, 
which remains the gold standard method. Doppler 
echocardiography emerges as an excellent alternative for the 
initial stratification of these patients, adding other parameters 
such as ventricular function and valve assessment.
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Abstract
Fabry disease (FD) is an inherited lysosomal storage 

disorder caused by a deficiency of the enzyme alpha-
galactosidase A (α-Gal A).  This enzymatic defect 
leads to the cytoplasmic lysosomal accumulation 
o f  g lobot r iaosy lceramides  (GB3 and LysoGB3) , 
result ing in multisystemic cl inical manifestations. 
Cardiovascular involvement, often mimicking hypertrophic 
cardiomyopathy, is the main determinant of morbidity 
and mortality, due to the development of arrhythmia, DOI: https://doi.org/10.36660/abcimg.20240091i

Diagnostic sequence of FD: ancillary tests. ECG: electrocardiogram; GLA: gene associated with FD (X chromosome); FD: Fabry
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myocardial ischemia, and heart failure. Although FD is a 
rare condition in the general population, the availability of 
specific enzyme replacement therapy, which can alter the 
natural course of the disease, underscores the importance 
of including FD as a key differential diagnosis among 
storage cardiomyopathies. Diagnostic evaluation should 
encompass a thorough clinical assessment, with particular 
attention to patient history and physical examination, 
complemented by laboratory testing and imaging studies, 
such as electrocardiography and echocardiography. 
Cardiac magnetic resonance imaging , including late 
gadolinium enhancement and T1 and T2 parametric 
mapping, provides additional diagnostic and prognostic 
information and should ideally be performed at the time 
of initial diagnosis. Definitive diagnosis is established by 
genetic sequencing of the GLA gene, located on the long 
arm of the X chromosome, enabling the selection of the 
most appropriate therapeutic strategy for each patient.

Introduction
Fabry disease (FD; OMIM 301500) is a rare, X-linked 

lysosomal storage disorder. Pathogenic variants in the GLA 
gene, located on the long arm of the X chromosome, lead to 
a deficiency of the enzyme alpha-galactosidase A (α-Gal A), 
which is responsible for the catabolism of glycosphingolipids, 
such as globotriaosylceramide (GB3) and its deacetylated 
form, Lyso-GB3, within lysosomes. The accumulation of 
these substrates begins in the intrauterine period and triggers 
an intense tissue inflammatory response, coupled with 
local oxidative stress. This cascade promotes cellular injury, 
apoptosis, and, progressively, organ dysfunction and failure.1

Cardiovascular involvement, which can mimic hypertrophic 
cardiomyopathy (phenocopy), is the leading cause of 
morbidity and mortality among Brazilian patients, primarily 
due to the development of arrhythmias, myocardial ischemia, 
and heart failure.2 Despite its low prevalence in the general 
population, the availability of disease-specific enzyme 
replacement therapy, capable of modifying the disease course, 
highlights FD as a key differential diagnosis among storage 
cardiomyopathies.

The diagnostic approach to FD-associated cardiomyopathy 
should include a comprehensive clinical evaluation, 
encompassing a detailed medical history and physical 
examination, as well as accessible laboratory and imaging 
studies, such as electrocardiography and echocardiography. 
Cardiac magnetic resonance imaging provides additional 
diagnostic and prognostic insights and should preferably be 
performed during the initial diagnostic workup. Definitive 
diagnosis is established through genetic sequencing of the GLA 
gene, which also guides the selection of the most appropriate 
therapeutic strategy for each patient.3

My approach to
Diagnosing a rare cardiomyopathy poses a significant 

challenge for cardiologists, particularly when dealing with 
phenocopies. The estimated prevalence of FD in the 
general population is approximately 1 in 117,000 cases.4 
However, this figure may reach as high as 1 in 3,100 when 
considering neonatal screening, a strategy that has been 
progressively incorporated into the Brazilian public health 
care system, as already implemented in certain regions, 
such as the Distrito Federal.5

Figure 1 – Multisystemic manifestations of FD.
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The low prevalence of FD in the general population 
highlights two key considerations. First, it emphasizes the 
importance of including FD in the differential diagnosis of 
cardiomyopathies, given the availability of specific treatment 
through enzyme replacement therapy, which has been 
recently incorporated into Brazil’s Unified Health System 
(Sistema Único de Saúde, SUS). This therapy has the potential 
to positively alter the natural history of the disease and 
improve patients’ symptom-free survival. Second, it reinforces 
the need to thoroughly identify and manage more prevalent 
conditions — such as systemic hypertension, valvular heart 
disease, and, in the Brazilian context, rheumatic heart 
disease — before considering FD as the underlying cause of 
the presenting symptoms.

The diagnostic workup for FD should begin with a 
thorough clinical history. Figure 1 outlines the key elements 
that may raise clinical suspicion of FD. Patient age and sex 
should also be considered, as the clinical expression of the 
disease varies depending on the type of pathogenic variant 
identified in the GLA gene.

In the classic form of FD, cardiovascular manifestations 
— such as palpitations and exercise intolerance — may 
appear as early as childhood. These symptoms are often 
accompanied by other early manifestations, including 
characteristic neuropathic pain (Fabry crises) triggered by 
exposure to extreme temperatures, hypohidrosis or anhidrosis 
with impaired thermoregulation, gastrointestinal disturbances 
with alternating constipation and diarrhea, tinnitus or hearing 
loss, as well as cornea verticillata and angiokeratomas typically 
located in the pelvic region and/or mucosal surfaces.6

In contrast, in the nonclassic form of FD, also referred 
to as late-onset FD, these early systemic manifestations 
are often absent, with clinical presentation predominantly 
characterized by cardiac or renal involvement. These may 
occasionally be associated with central nervous system 
ischemic events, such as strokes occurring at relatively 
young ages.7

A careful assessment of the patient’s personal history of 
symptoms and prior disorders is also essential, as is gathering 
information on first-degree relatives. Commonly reported 
symptoms include exertional chest pain, palpitations, 
exercise intolerance, orthostatic hypotension, and/or 
syncope, which may be associated with renal dysfunction, 
ischemic neurological events, or polyneuropathy. Family 
history should include targeted questions regarding known 
cases of FD, cardiomyopathies, strokes, sudden cardiac 
death, and/or renal failure requiring dialysis.8 Based on 
these data, it is advisable to construct a family pedigree, 
ideally encompassing at least three generations, in order 
to identify the familial inheritance pattern, which in the 
case of FD is X-linked.9

Once the c l in ica l  data  have been co l lec ted, 
electrocardiography is the first ancillary tool available in 
the evaluation of FD-associated cardiomyopathy. The most 
frequent electrocardiographic findings are summarized in 
Table 1. Although PR interval shortening combined with 
signs of left ventricular overload is not specific to FD, 
its presence may suggest glycosphingolipid deposition 
in cardiac tissues. These findings can aid in differential 
diagnosis with other cardiomyopathies presenting 

Table 1 – Findings of FD-associated cardiomyopathy on ancillary tests

Method Findings

Clinical evaluation
Clinical complaints from the index case and family members

Detailed physical examination

Electrocardiogram

Short PR interval

Arrhythmias of undefined origin (tachyarrhythmia/bradyarrhythmia)

Left ventricular overload pattern

Repolarization abnormalities suggestive of myocardial ischemia

Corrected QT interval <440 ms

Echocardiogram

Increased left ventricular wall thickness >12 mm

Papillary muscle hypertrophy

Diastolic dysfunction (early) and left ventricular systolic dysfunction (late)

Regional wall motion abnormalities (basal inferolateral wall)

Reduced longitudinal and radial strain (basal inferolateral wall)

Cardiac magnetic 
resonance imaging

Mid-myocardial late gadolinium enhancement in the basal inferolateral wall

Low native T1 mapping values

Valores elevados no mapa T2



Arq Bras Cardiol: Imagem cardiovasc. 2025;38(2):e20240091 4

Review Article

Silva
Diagnosing Fabry disease

with a hypertrophic phenotype, such as sarcomeric 
cardiomyopathy or cardiac amyloidosis.

Early conduction abnormalities may be detected as early 
as childhood; however, they typically become clinically 
apparent during adolescence, manifesting as palpitations 
or exercise intolerance. Additional findings include 
corrected QT interval abnormalities, electrocardiographic 
signs suggestive of myocardial ischemia secondary to 
microvascular dysfunction (MINOCA), as well as ventricular 
or supraventricular arrhythmias, the latter carrying a 
potential risk of adverse outcomes, such as embolic events 
or sudden cardiac death at a young age.10,11

More advanced diagnostic tools are required for 
phenotypic characterization of the disease, contributing to 
the definition of the therapeutic strategy and the planning 
of long-term follow-up. In this context, echocardiography 
stands out as a widely accessible, low-cost, easy-to-perform 
imaging modality. The most common echocardiographic 
findings are presented in Table 1.

The earliest sign of cardiac involvement is diastolic 
dysfunction, which cannot be attributed to pressure or 
volume overload, nor to conditions such as systemic 
hypertension, valvular heart disease, or diabetes mellitus. 
Another characteristic finding is increased left ventricular 
wall thickness, with lower cutoff values than those 
established for sarcomeric hypertrophic cardiomyopathy: 
≥11 mm in women and ≥12 mm in men. This distinction is 
justified by the fact that, in storage diseases, wall thickness 
equal to or greater than 15 mm is often associated with 
myocardial fibrosis, which serves as an arrhythmogenic 
substrate and a marker of poor prognosis.

Concentr ic  hyper t rophy i s  the most  common 
presentation; however, eccentric or isolated apical 
patterns have also been described. Glycosphingolipid 
deposits also affect the chordae tendineae and papillary 
muscles, leading to significant thickening, as well as the 
endocardium, resulting in the so-called “binary sign.” 
Biventricular ejection fraction tends to remain preserved 
throughout the natural course of the disease, except in the 
presence of myocardial fibrosis, which increases the risk 
of progressive systolic dysfunction.

Emerging techniques, such as global longitudinal strain 
(GLS) analysis, provide additional valuable information for 
the differential diagnosis with other causes of hypertrophy 
and with the athlete’s heart. GLS reduction, particularly due 
to impaired strain in the basal segment of the inferolateral 
wall, is strongly correlated with the presence of myocardial 
fibrosis detected by cardiac magnetic resonance imaging. 
Moreover, mild valvular regurgitation — especially of the 
mitral and aortic valves — as well as proximal thoracic 
aortic ectasia, are additional echocardiographic findings 
commonly observed in FD with cardiac involvement.12,13

Cardiac magnetic resonance imaging is considered 
the gold standard for the diagnosis of FD-associated 
cardiomyopathy, given the comprehensive diagnostic 
and prognostic information it provides. Late gadolinium 
enhancement, typically located in the mid-myocardial layer 
of the basal inferolateral wall, has significant prognostic 

value due to its association with an increased risk of heart 
failure and arrhythmia, as well as serving as a marker of 
chronic cardiac involvement.14

Native T1 parametric mapping typical ly shows 
characteristically reduced values in FD, which may be 
altered even before the development of ventricular 
hypertrophy. The only other condition that shares 
this pattern of reduced T1 values is cardiac-involved 
hemochromatosis, which can be differentiated through 
serum iron metabolism markers and liver ultrasound. 
Conversely, T2 mapping in FD reveals characteristically 
elevated values, contributing — together with T1 mapping 
— to the early diagnosis of cardiomyopathy as well as 
aiding in the differential diagnosis with other etiologies of 
cardiomyopathy.15,16

Cardiac biomarkers, such as high-sensitivity troponin 
and NT-proBNP, are elevated in the presence of FD-
associated cardiomyopathy. Lyso-GB3 is considered the 
most specific biomarker for the disease, with markedly 
elevated plasma levels, particularly in the classic form. 
Following the initiation of enzyme replacement therapy, 
a reduction in Lyso-GB3 levels is observed, making it a 
useful marker for monitoring therapeutic effectiveness. In 
contrast, GB3 levels in plasma and urine are not routinely 
assessed in clinical practice, especially in women, as they 
may present altered levels even in individuals without the 
disease, thus limiting their diagnostic utility.17,18

Definitive diagnosis of FD is established by identifying a 
pathogenic variant in the GLA gene through genetic testing. 
As illustrated in Central Illustration, in male individuals, 
genetic testing may be preceded by measurement of 
enzymatic activity, which typically shows markedly low 
levels in this population. In females, however, due to the 
presence of two X chromosomes, enzymatic activity may 
be normal or only slightly reduced, limiting its diagnostic 
utility. Moreover, to confirm the diagnosis, at least one of 
the following criteria must be present: signs or symptoms 
suggestive of FD (e.g., neuropathic pain, cornea verticillata, 
or angiokeratomas); elevated plasma Lyso-GB3 levels; or 
a family history of FD confirmed by the same pathogenic 
variant.19,20

This diagnostic pathway is crucial for the appropriate 
therapeutic management of patients with FD-associated 
cardiomyopathy, especially considering the recent approval 
by the Brazilian National Committee for the Incorporation 
of Technologies into the Unified Health System of specific 
therapies capable of modifying the prognosis and natural 
course of the disease. Enzyme replacement therapies are 
currently available through the SUS high-cost pharmacy 
network nationwide. Therefore, it is the cardiologist’s 
responsibility to actively ensure early access to the most 
appropriate and available treatment for these patients.
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Large Heterogeneous Mass in the Right Chambers: A Case Report in 
Cardio-Oncology
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Abstract
Renal cell carcinoma (RCC) is one of the most lethal 

cancers. It is frequently associated with the formation of 
tumor thrombi (TT), an intravascular extension of the tumor. 
Approximately 4% to 10% of patients with RCC have TT, 
which can reach the renal vein (10% to 18%), the inferior 
vena cava (4% to 23%), and, rarely, the right atrium (1%). 
These thrombi generally accompany advanced tumors, with 
distant metastases, and they reflect an aggressive biology. 
Treatment is challenging, especially in metastatic cases, and 
surgical resection is indicated in the absence of metastases. 
Anticoagulation remains controversial due to the neoplastic 
composition of TT. We report the case of a 51-year-old male 
patient with clear cell RCC and lung and liver metastases 
treated with pazopanib. The patient presented right heart 
failure and was diagnosed with extensive TT up to the right 
atrium, identified by transthoracic echocardiography. In an 
advanced stage, with clinical deterioration, palliative care 
was chosen, and the patient died within a few weeks. The 
diagnosis of TT is crucial to define prognosis and therapeutic 
strategies. Echocardiography, combined with advanced 
imaging techniques, plays a fundamental role in differentiating 
between TT and thromboembolism. This case highlights the 
importance of a multidisciplinary approach and technological 
advances for managing complex conditions such as TT, with 
the goals of early diagnosis and reduced complications.

Introduction
Renal cell carcinoma (RCC) is one of the most lethal 

cancers, associated with the formation of tumor thrombi 
(TT), characterized by intravascular tumor extension. 
RCC represents approximately 3% of all cancers, and it is 
estimated that 4% to 10% of patients with RCC have some 
degree of TT. The reported prevalence of venous TT in RCC 
is 10% to 18% with invasion of the renal vein, 4% to 23% 

with involvement of the inferior vena cava, and 1% with 
extension to the right atrium.1,2

TT is strongly associated with pulmonary embolism, and 
it is challenging to distinguish it from thromboembolism 
by radiographic findings. However, biopsy can assist in 
definitive diagnosis, although it is rarely performed.1 Other 
common outcomes of TT include thrombotic or hemorrhagic 
complications and death. 

With respect to treatment, in the absence of distant 
metastases, surgical resection is indicated for local control. In 
metastatic disease, therapy aims to control symptoms, with a 
primary focus on palliative treatment.3

Regarding anticoagulation, it is still debatable, since TT 
behaves differently from a conventional thrombus, exhibiting 
organized tumor cells instead of only a fibrin clot.1,2 Because it 
is a rare condition and, in the majority of cases, it is diagnosed 
late, treatment still poses a challenge, especially when the 
disease is in the metastatic phase.

Case report
We report the case of a 51-year-old male patient, with 

smoking and alcoholism, who was diagnosed with a clear cell 
renal tumor, clinical stage IV, with lung and liver metastases. He 
began treatment with the vascular endothelial growth factor 
inhibitor pazopanib. He developed significant peripheral 
edema and ascites and was hospitalized for further assessment.

The patient underwent a transthoracic echocardiogram, 
which revealed the presence of a large heterogeneous mass 
with well-defined borders, measuring 8.3 × 4.0 cm in the right 
chambers, obstructing anterograde flow in the tricuspid valve 
(mean gradient of 5 mmHg). Subcostal imaging revealed the 
continuity of the mass in the right chambers with the inferior 
vena cava, suggesting the presence of an extensive TT. These 
findings explain the etiology of the clinical signs and symptoms 
of right heart failure, initially attributed to a possible pulmonary 
thromboembolism.

During hospitalization, due to difficulties in improving 
symptoms and signs of clinical deterioration, in addition to 
the advanced stage of the disease, exclusive palliative care 
was chosen. The patient died within a few weeks.

Discussion
Intravascular tumor extension is known as TT, which 

occurs in diverse tumor types, RCC being the most common 
in adults. Of these, 10% to 18% reach the renal vein only; 
4% to 23% reach the inferior vena cava, and only 1% extend 
into the right atrium. They are generally associated with 
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Figure 1 – Enlargement of the right heart chambers observed in 
the apical four-chamber view.

Figure 3 – Turbulent flow and a mean gradient of 5 mmHg across 
the tricuspid valve (relative obstruction due to mass protrusion).

Figure 5 – Mass in the inferior vena cava.

Figure 2 – Preserved right ventricular systolic function based on 
TAPSE.

Figure 4 – Dimensions of the mass within the right heart 
chambers.

larger tumors and advanced stages, often accompanied by 
distant metastases, which reflect a more aggressive biology 
and may explain the worse prognosis.4

Patients without associated metastases may undergo 
tumor resection, including the TT, by means of various 
techniques. Anticoagulation is debatable, given that the 
behavior of TT differs from simple thrombi due to the 
presence of organized neoplastic cells. In 1.5% to 3.4% of 
patients with TT, embolization to the pulmonary arteries 
may occur, mainly during the intraoperative period, and this 
complication is associated with a high mortality rate (up to 
75%). It is noteworthy that TT, in spite of their extension, are 
not considered metastases. Moreover, there is a possibility 
of recurrence of the TT after the initial resection. Diagnosis 
of TT implies a 65% greater chance of mortality.5

Transthoracic echocardiography is the initial imaging 
modality, whereas cardiac magnetic resonance imaging 
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plays an important role in the differential diagnosis 
between thrombus and cardiac tumor. The associated 
use of ultrasound enhancement agents in transthoracic 
echocardiography increases diagnostic accuracy. This 
finding is decisive in a patient’s journey, indicating an 
unfavorable prognosis and demanding a differentiated 
surgical approach.

The complexity of TT management reinforces the 
importance of a multidisciplinary approach. Teams 
composed of specialists in oncology, cardiology, vascular 
surgery, and radiology are essential to ensure early 

diagnosis, personalized treatment planning, and reduced 
complications. Furthermore, advances in imaging 
techniques have the potential to enhance detection and 
differentiation between tumor and non-TT, contributing 
to more precise treatment and better survival prospects 
for patients.6

In conclusion, this case highlights the relevance of 
echocardiography as an essential tool for the diagnosis 
of pathologies in which the signs and symptoms suggest 
a cardiac component, in addition to guiding therapeutic 
management.

Video 1 – Access: http://abcimaging.org/supplementary-material/2025/3801/2025-0002_RC_Video1.mp4

Video 2 – Access: http://abcimaging.org/supplementary-material/2025/3801/2025-0002_RC_Video2.mp4
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Important Mitral Regurgitation and Ventricular Dysfunction in 
Hypereosinophilic Syndrome: A Case Report
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Introduction
Hypereosinophilic syndrome (HES) represents a group 

of rare hematologic diseases characterized by an increased 
number of eosinophils in the peripheral blood. Once 
activated, these eosinophils can cause damage to host 
tissues and organs. Patients with HES generally present 
with dermatological, respiratory, and gastrointestinal signs 
and symptoms. Involvement of the cardiovascular system 
is uncommon and can lead to serious consequences 
such as heart failure, arrhythmias, and thromboembolic 
phenomena.

Thi s  a r t ic le  descr ibes  a  case  o f  eos inophi l i c 
endomyocardial disease, also known as Loeffler syndrome, 
a manifestation of HES characterized by eosinophil-
mediated cardiac damage. Despite adequate treatment and 
control of the hematologic disease, the patient developed 
biventricular systolic dysfunction and important mitral 
regurgitation (MR).

Case report
A 29-year-old male patient, with no comorbidities, 

history of fever, night sweats, and 17-kg weight loss in the 
last 4 months, sought medical care with fatigue upon mild 
exertion, pain in the left hypochondrium, and increased 
abdominal volume. Physical examination revealed pale 
skin, tachycardia, hepatosplenomegaly, and edema of the 
lower limbs.

Laboratory tests showed hemoglobin 7.0 g/dL, 
hematocrit 21.2%, leukocytes 161,000/mm3, neutrophils 
120,000/mm3, eosinophils 35,000/mm3, and platelets 
87,000/mm3. Given the hypothesis of HES, a bone marrow 
biopsy was performed, which showed absolute granulocytic 
predominance and eosinophilia in all maturation stages, 
suggesting chronic myeloproliferative disease.
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Syndrome

An echocardiogram was performed, showing diffuse 
endocardial thickening in the left ventricle (LV), which 
was more pronounced in the apical region, extending 
to the base of the posterior leaflet of the mitral valve, 
preserved systolic function, ejection fraction of 68%, and 
reduced global longitudinal strain (GLS) of −11.6 (Figure 
1). There was an echogenic intracavitary image covering 
the apex and the anterolateral wall, and an ultrasound 
contrast agent (Sonovue) was infused, suggesting an 
intracavitary thrombus (Figure 2). The right ventricle did 
not show any abnormalities, and analysis of diastolic 
function was impaired by tachycardia. The mitral valve had 
restricted movement of the posterior leaflet and moderate 
eccentric MR.

Intravenous furosemide and full anticoagulation with 
enoxaparin were initiated, due to the clinical condition and 
the intracardiac thrombus. The patient showed improved 
congestion symptoms, followed treatment with hematology, 
and was discharged from hospital 30 days later.

The patient was asymptomatic from a cardiovascular 
p e r s p e c t i v e  w h e n  h e  r e t u r n e d  f o r  f o l l o w - u p 
echocardiography 1 year after the onset of the disease. 
The examination showed mild systolic dysfunction of 
the LV, ejection fraction of 50%, inferior hypokinesia, 
and rectified septum. The right ventricle showed mild to 
moderate systolic dysfunction (tricuspid annular plane 
systolic excursion 13 mm and fractional area change 30%). 
Assessment of diastolic function was impaired by significant 
mitral reflux, and the mitral valve showed reduced mobility 
and important MR filling the entire left atrium (Figure 3).

Discussion
HES represents a group of rare diseases defined by 

peripheral blood eosinophil counts greater than 1.5 × 109/L. 
It can be classified as primary (myeloid or lymphocytic 
neoplasm), secondary (infectious, autoimmune, drug-related, 
allergic, and metabolic causes), and idiopathic.

HES generally affects individuals between 20 and 50 
years of age, and it is more common in men, especially HES 
of myeloproliferative origin. It can affect different tissues 
and organs, causing signs and symptoms such as skin lesions, 
diarrhea, abdominal pain, fever, and weight loss. When it 
affects the cardiovascular system, it represents a severe form 
of the disease with high morbidity and mortality.2

Loeff ler syndrome is the manifestat ion of HES 
characterized by eosinophil-mediated cardiac damage. 
In its early stages, it is asymptomatic, but it causes 
inflammation and necrosis of the endocardium with 
formation of intracardiac thrombi and fibrosis. It can DOI: https://doi.org/10.36660/abcimg.20250029i
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cause heart failure (systolic and diastolic dysfunction), 
thromboembolic phenomena, arrhythmias, and valvular 
diseases, mainly regurgitation of the atrioventricular valves, 
resulting from valvular involvement due to fibrosis.

It is worth highlighting that MR can decrease after 
treatment of the underlying disease with corticosteroids., 
Nonetheless, in this case, MR worsened, even after 
t rea tment .  Fur thermore,  the  pat ient  deve loped 
biventricular systolic dysfunction, and he had already 
presented reduced GLS since diagnosis of the disease, 
reinforcing the ability of GLS to detect ventricular systolic 
dysfunction early.

Echocardiography is essential in the evaluation of 
patients with Loeffler syndrome. In the initial (inflammatory) 
phase, increased echogenicity of the subendocardium is 
observed. Subsequently, intracardiac thrombi may appear, 
which are typically located in the apex of the LV and the 
subvalvular regions of atrioventricular valves. The use of 
an ultrasound contrast agents increases the sensitivity of 
thrombus detection, in addition to allowing differential 
diagnosis of other conditions, such as apical hypertrophic 

cardiomyopathy and noncompaction of the myocardium. 
Following identification of ventricular dysfunction on 

echocardiography, cardiac magnetic resonance imaging 
was performed for further evaluation, as this is the most 
accurate exam for tissue characterization, helping to define 
inflammation, edema, and fibrosis in all disease stages 
(Figure 4).

Endomyocardial biopsy is the gold standard for diagnosis, 
providing evidence of eosinophilic infiltrate in the cardiac 
tissue.4 However, due to the potential for complications, 
it is only performed in select cases.

Treatment depends on the stage of the disease and 
the degree of fibrosis. The main goals are to reduce 
hypereosinophilia and to prevent the progression of 
tissue damage and thrombus formation. Corticosteroids 
are the most commonly used medication, but many 
patients do not respond well. Other options include 
interferon-alpha, hydroxyurea, imatinib, mepolizumab, 
and immunomodulatory drugs.1-3 

The prognosis of HES has improved in recent years due to 
a better understanding of the disease and the emergence of 
new therapeutic modalities. However, cardiac dysfunction 
remains the leading cause of mortality.8

Conclusion
We have reported a case of Loeffler syndrome 

secondary to chronic myeloproliferative disease. Despite 
adequate diagnosis and treatment, the patient developed 
biventricular systolic dysfunction and important MR. We 
emphasize the importance of early diagnosis, treatment, 
and long-term follow-up as means of reducing the morbidity 
and mortality of this disease.
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Figure 1 – (A) Diffuse endocardial thickening, more pronounced in the apical region and the papillary muscle. (B) Bull’s-eye plot 
showing reduced GLS.

Figure 2 – Ultrasound contrast agent showing an echogenic 
image compatible with a thrombus in the apical region of the LV.
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Figure 3 – (A) Moderate MR jet (yellow arrow) before antineoplastic treatment. (B) Important MR jet, even after treatment. LV: left 
ventricle.

Figure 4 – (A) Cine magnetic resonance imaging showing attachment of the papillary muscles to the lateral wall of the LV with loss 
of trabeculation and mitral (orange arrow) and tricuspid (yellow arrow) regurgitation jets. (B) Delayed enhancement showing diffuse 
circumferential subendocardial fibrosis, without corresponding to a coronary territory (white arrows) and associated with thrombus 
covering the left ventricular subendocardium (asterisks). (C) Native T1 mapping showing diffusely increased T1, mainly in the septal 
wall, indicating edema and fibrosis, associated with the thrombus (asterisk).
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Abstract
This case report presents a myocardial perfusion analysis 

in a 67-year-old asymptomatic male patient with known 
coronary artery disease (CAD) and multiple risk factors. 
While myocardial perfusion Imaging (MPI) with single-photon 
emission computed tomography (SPECT) revealed a 5% 
area of ischemia, the myocardial blood flow quantification 
assessment in a camera equipped with cadmium-zinc-
telluride (CZT) detectors demonstrated a reduced global 
myocardial flow reserve (MFR) of 1.57. Coronary angiography 
confirmed extensive multivessel disease, including an 80% 
stenosis in the left anterior descending artery (LAD) and an 
occlusion of the circumflex artery (LCx), findings not fully 
identified by the semi-quantitative SPECT MPI. This case 
underscores the importance of MFR assessment, particularly 
using CZT technology, in detecting significant CAD that 
may be underestimated by traditional SPECT methods. It 
highlights the potential of dynamic CZT SPECT to provide 
more comprehensive functional information, enhancing risk 
stratification and potentially influencing patient management 
in complex cases of suspected or known CAD.

Introduction
Myocardial perfusion imaging (MPI) using single-photon 

emission computed tomography (SPECT) plays a crucial 
role in the diagnosis, risk stratification, and prognostic 
evaluation of coronary artery disease (CAD), with its clinical 
value being well established.1,2 Although SPECT provides 
valuable information, it also has certain limitations.2,3 Recent 
advancements in novel cameras using cadmium-zinc-
telluride (CZT) detectors offer improved spatial and temporal 
resolution, enabling dynamic imaging and assessment of 
myocardial flow reserve (MFR).2-4 MFR serves as an indicator 
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of microvascular function and has been shown to provide 
incremental information beyond perfusion analysis alone.2 
Studies have demonstrated good correlation between 
CZT SPECT and positron emission tomography (PET) for 
myocardial blood flow (MBF) quantification.3,5

This case report highlights the limitations of SPECT 
without myocardial blood flow quantification in a patient 
with suspected CAD and underscores the importance of 
MFR assessment using CZT SPECT. It demonstrates how 
quantitative flow data can reveal critical information that is 
not readily apparent through traditional qualitative or semi-
quantitative SPECT analysis, with potential implications for 
clinical decision-making and patient management.

Case report
A 67-year-old asymptomatic male patient with a medical 

history of systemic arterial hypertension, dyslipidemia, type 
2 diabetes mellitus, sedentary lifestyle, and former smoking. 
He reported undergoing coronary angioplasty 10 years ago 
in the right coronary artery (RCA). The patient was on beta-
blockers, statins, calcium channel blockers, spironolactone, 
antiplatelet agents, and proton pump inhibitors. He 
underwent myocardial perfusion scintigraphy at rest and 
after pharmacologic stress with dipyridamole, using 12 mCi 
and 36 mCi, respectively, of the radiopharmaceutical 
99mTc-sestamibi on a D-SPECT CARDIO system (Spectrum 
Dynamics Medical) for the evaluation of myocardial ischemia 
and coronary flow reserve (CFR). Pharmacologic stress was 
performed using dipyridamole (0.568 mg/kg) over 4 minutes, 
with 99mTc-sestamibi administered at the 7th minute for 
acquisition of both dynamic and perfusion images.

Perfusion analysis revealed an estimated ischemic defect 
involving 5% of the left ventricle, affecting the mid anterior, 
mid anterolateral, and mid inferior segments. The global MFR 
was reduced, with an estimated value of 1.57 (normal > 2.0). 
Segmental MFR values (stress/rest) were estimated at 1.60 in 
the RCA, 1.02 in the circumflex artery (LCx), and 1.83 in the 
left anterior descending artery (LAD) (Figure 1). The patient 
subsequently underwent coronary angiography, which 
showed a patent previous stent, a calcified 80% stenosis in 
the LAD, 50% in the RCA, 90% in the posterior descending 
artery (PDA), and total occlusion of the LCx (Figure 1).

Discussion
This case report highlights how myocardial perfusion 

scintigraphy can underestimate the extent of myocardial DOI: https://doi.org/10.36660/abcimg.20250020i
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ischemia. It underscores the importance of evaluating coronary 
flow reserve (CFR). CFR provides a more comprehensive 
assessment of myocardial perfusion through the absolute 
quantification of blood flow.6 Although the patient was 
asymptomatic, with known coronary artery disease (CAD) and 
a low ischemic burden, the reduced CFR indicates a high risk 
of extensive CAD and future cardiac events.1 The coronary 
microvasculature plays a crucial role in myocardial perfusion, 
and its assessment improves risk stratification.7,8

CZT cameras offer higher resolution, 3D dynamic 
acquisition capability, and accurate myocardial flow reserve 
(MFR) assessments, which enhance the detection of ischemic 
regions—particularly in patients with obstructive coronary 
artery disease (CAD).9,10 In this case, a D-SPECT system 
(CZT camera) was used, revealing a discrepancy between 
the findings of semi-quantitative SPECT and the blood flow 
quantification data obtained through dynamic CZT SPECT 
imaging. The detection of a globally impaired flow reserve is 
associated with more extensive anatomic coronary disease, 
and the territory of the circumflex artery—where a coronary 
occlusion was identified—showed the most pronounced 
reduction in regional MFR, demonstrating the superior 
diagnostic accuracy of CZT technology.

Conclusion
The reported case highlights the importance of considering 

myocardial flow reserve (MFR) and the potential use of CZT 
gamma cameras in the evaluation of patients with suspected 
or known coronary artery disease (CAD), especially when 
myocardial perfusion findings are inconclusive or inconsistent 
with the clinical presentation.
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Figure 1 – A) Electrocardiogram (resting): sinus rhythm, nonspecific ventricular repolarization abnormalities. B) Electrocardiogram: 
Peak pharmacological stress showing ST-segment depression. C) Perfusion analysis relative to stress-induced myocardial ischemia 
in the anterior (middle), anterolateral (middle), and inferior (middle) segments. Estimated ischemic defect area in 5% of the left 
ventricle. Fixed defect in the inferior segment (apical). D) Coronary flow reserve: There was no adequate increase in blood flow in the 
myocardium under stress. Global MBF reserve = 1.57. Reserve (stress/rest) in the LAD = 1.83; LCX = 1.02; RCA = 1.60. Post-stress 
ejection fraction was estimated at 68%. E) Coronary angiography: Obstructive three-vessel atherosclerotic CAD. Left coronary artery: 
left coronary artery trunk with diffuse non-obstructive irregularities and calcifications. LAD with 70% lesions in the middle third and 
80% in the distal third. LCX occluded in the proximal third. RCA with 50% lesion in the proximal third, 30% in the distal third. Posterior 
descending artery with 90% lesion in the middle third. Posterior ventricular branch with 40% lesion in the proximal third intrastent. 
LAD: left anterior descending artery; LCX: left circumflex artery; RCA: right coronary artery.
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Coronary Artery Dissection Following Pharmacologic Stress 
Echocardiography and the Follow-Up of Clinical Management:  
A Case Report
Thiago Artioli,1  Bruno Querido Marcondes Santos,1  Denis Cárdenas Monteiro,1  Layane Bonfante Batista,1  
Matheus Zavaris Lorenzoni,1  Hsu Gwo Jen,1  Kelvyn Melo Vital,1  Kelvin Henrique Vilalva1

Instituto Dante Pazzanese de Cardiologia,1 São Paulo, SP – Brazil

Introduction
Spontaneous coronary artery dissection (SCAD) remains 

a diagnostic and therapeutic challenge in the evaluation 
of chest pain. Misinterpretation of symptom characteristics 
and failure to consider the patient’s epidemiological profile 
may lead to inappropriate diagnostic workups and treatment 
strategies. The case described herein represents only the 
second report with similar characteristics published in major 
medical databases.1 This case underscores the importance 
of considering uncommon causes of chest pain and acute 
coronary syndrome (ACS), while also providing a brief review 
of relevant literature. The report was prepared in accordance 
with the CAse REport (CARE) guidelines.2

Case report
The patient is a 42-year-old white female from São Paulo, 

Brazil. She is divorced, has completed high school, works as 
an administrative secretary, and identifies as Catholic. Her 
weight was 72 kg and height 1.75 m at presentation.

Primary symptoms
The patient reported the onset of chest pain, initially suggestive 

of noncardiac origin, in January 2024. The pain was described 
as mild, located in the thoracic region, and not associated with 
physical exertion. The symptoms persisted until March 2024, 
prompting her to seek evaluation by a private cardiologist. 
During the initial consultation, the clinical impression was that 
the patient likely had stable angina. The following medications 
were prescribed: acetylsalicylic acid at 100 mg/day, simvastatin at 
20 mg/day, metoprolol at 50 mg/day, and enalapril at 20 mg/day. 
Previously, the patient was only taking desogestrel at 75 mg/day 
as an oral contraceptive. A dobutamine stress echocardiography 
was requested for further functional assessment.
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Medical, family, and psychosocial history
The patient had a known history of sporadic migraine 

and iron-deficiency anemia. She denied smoking, alcohol 
consumption, and maintained a sedentary lifestyle. Her 
surgical history included cesarean section, saphenectomy for 
venous insufficiency, and partial thyroidectomy for a benign 
thyroid nodule. She reported four pregnancies, including 
three cesarean deliveries and one spontaneous abortion of 
unknown etiology. There was no significant family history of 
cardiovascular or rheumatologic diseases.

Relevant past interventions
On March 20, 2024, the patient underwent a dobutamine 

stress echocardiography at a private hospital. During the 
examination, she experienced a sudden onset of severe 
precordial pain, distinct from her previous symptoms, 
described as a crushing sensation rated 10/10 in intensity, 
radiating to the head, and accompanied by nausea and 
vomiting. The procedure was immediately interrupted.

She was referred to a public emergency department, where 
she was admitted with a working diagnosis of non-ST-segment 
elevation ACS (NSTE-ACS). Electrocardiogram findings were 
nonischemic; however, serial troponin measurements showed 
a positive curve. Diagnostic coronary angiography revealed a 
tortuous and elongated left anterior descending artery, which 
also supplied the inferior wall, with an image consistent with 
a type 1 coronary dissection (Figure 1) in the mid to distal 
segment. Transthoracic echocardiography showed a preserved 
left ventricular ejection fraction (47%), with hypokinesia of the 
basal segment of the inferior wall and the apical region. She 
was discharged on her initial medications, with the addition of 
clopidogrel at 75 mg/day and sublingual isosorbide dinitrate at 
5 mg as needed for chest pain. She was referred to our tertiary 
public cardiology center for outpatient follow-up.

Physical examination and clinical findings at the tertiary 
cardiology center

The patient was first evaluated at our tertiary cardiology 
center on May 10, 2024. She reported persistent angina 
classified as Canadian Cardiovascular Society (CCS) class II, 
with characteristics distinct from the initial atypical pain in 
January 2024, but similar to the pain experienced during the 
ACS event. Physical examination was unremarkable, and both 
electrocardiogram and chest X-ray performed at our center 
were within normal limits.

Following clinical assessment, myocardial perfusion 
scintigraphy at rest and under pharmacologic stress using DOI: https://doi.org/10.36660/abcimg.20250034i
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sestamibi and dipyridamole was requested, along with coronary 
computed tomography (CT) angiography to monitor coronary 
anatomy and assess the dissection plane. It was decided 
to maintain clinical management with no indication for 
percutaneous intervention at that time. Anti-anginal therapy was 
optimized by increasing the metoprolol dose to 100 mg/day.

Follow-up and outcomes
The patient returned for follow-up on July 15, 2024. 

Clinically, she continued to experience episodes of nonspecific 
chest discomfort, associated with atypical chest pain described 
as a burning sensation lasting for hours, radiating to the left 
upper limb, and worsening when lying on the left side.

Laboratory tests revealed normal blood count, renal and 
liver function, no electrolyte abnormalities, urinalysis without 
crystals, and negative serologies for HIV, syphilis, and hepatitis 
B and C. Her LDL cholesterol level was 62 mg/dL, and NT-
proBNP was 53 pg/mL. Myocardial perfusion scintigraphy 
showed no evidence of myocardial ischemia. Coronary CT 
angiography demonstrated a zero calcium score (Agatston 
method), no luminal coronary stenosis, and no residual signs 
of dissection (Figure 2).

Etiology and future follow-up
Following the July 2024 appointment, the patient continued 

regular follow-up at our center. She did not experience any 
further episodes of chest pain with characteristics suggestive of 
angina. Further investigation into the etiology of the coronary 
dissection was conducted, including assessments for Marfan 
syndrome, vasculitis, and collagen vascular diseases. All clinical 
and laboratory evaluations were negative.

Discussion
SCAD accounts for 0.1% to 4% of ACS and is more 

frequently observed in women, particularly young females.3 
The pathophysiology of nonatherosclerotic SCAD is not yet 
fully understood; proposed mechanisms include intimal tears, 
bleeding of the vasa vasorum, arterial inflammation, and 
vessel tortuosity. Approximately 20% of cases are classified as 
idiopathic. Other reported etiologies include pregnancy, use 
of oral contraceptives, genetic predisposition, and associations 
with certain conditions such as migraines, connective tissue 
disorders, and others.4,5

SCAD should be considered in any young patient 
presenting with ACS or cardiac arrest, particularly in 
females without traditional coronary artery disease 
risk factors.6 Emotional stress, physical exertion, and 
hormonal influences have been identified as potential 
triggers for SCAD. The diagnostic workup should include 
electrocardiography, cardiac biomarkers, and coronary 
angiography. Echocardiography is valuable for assessing 
ventricular function, prognosis, and for differentiating from 
other conditions, such as Takotsubo syndrome. SCAD is 
classified into three angiographic types: type 1, characterized 
by contrast dye staining of the arterial wall with multiple 
radiolucent lumens; type 2, presenting as diffuse stenosis of 
varying severity, from mild narrowing to complete occlusion; 
and type 3, which mimics atherosclerosis, presenting as focal 
or tubular stenosis. Intracoronary imaging, coronary CT 
angiography, or cardiac magnetic resonance imaging may 
aid in diagnosis, particularly in ambiguous cases.7,8

Revascularization in patients with SCAD remains challenging 
and is associated with higher rates of procedural failure and 
complications. Therefore, conservative management is 

Figure 1 – Dissection of the left anterior descending artery visualized in the right anterior oblique cranial view during cardiac 
catheterization (A). Magnified view of the dissection (B).
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Figure 2 – Coronary computed tomography angiography and myocardial perfusion scintigraphy during follow-up.
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generally recommended as the first-line treatment, unless 
the patient presents with ongoing ischemia, hemodynamic 
instability, or left main coronary artery involvement.9 
Angiographic “healing” of SCAD lesions has been frequently 
observed following conservative management. Regarding 
long-term management, there are currently no studies directly 
comparing different therapeutic strategies. As such, treatment 
is often extrapolated from ACS guidelines, typically including 
aspirin, beta-blockers, statins, and antianginal agents. It is 
considered reasonable to discontinue dual antiplatelet therapy 
once dissection healing is confirmed, which is generally 
expected to occur within 4 to 6 weeks following the event.7,8

To date, only one case report describing coronary artery 
dissection following stress echocardiography has been 
identified in major medical databases. In that case, a middle-
aged male patient presented with significant ST-segment 
elevation followed by an accelerated idioventricular rhythm. 
Similar to our case, the patient was managed conservatively, 
with complete restoration of vessel patency.1 A limitation of 
our report is the inability to definitively determine whether 
the dissection occurred during the dobutamine stress 
echocardiography or whether the exam exacerbated a pre-
existing SCAD, as we do not have prior imaging of the patient’s 
coronary anatomy. Nevertheless, the notable difference in the 
patient’s symptoms before, during, and after the examination 
supports the possibility that the test acted as a potential trigger 
for the dissection.
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Idiopathic Multiple Coronary Artery Aneurysms
Alberto Vera,1  Virginia Álvarez1

Navarre Hospital Complex,1 Pamplona, Navarra – Spain

Case presentation
A 54-year-old patient with no previous medical history 

was evaluated in the cardiology clinic for chest pain with 
atypical characteristics. Due to a pretest probability of 
ischemic heart disease of 20%, a coronary computed 
tomography scan was performed, which showed a 
coronary aneurysm (10 × 11 mm) from the origin of the 
right coronary artery (RCA) to the mid-segment (Figure 1A, 
white arrow; Figure 2C). In the RCA mid-segment, there 
was partial circumferential thrombosis with 50% lumen 
stenosis (Figure 1B and C; Figure 2C, white asterisks). The 
rest of the RCA showed no coronary artery obstruction. A 
9 × 9 mm aneurysm was also observed in the left main 
coronary artery extending to the bifurcation and proximal 
portion of the left anterior descending coronary artery, 
without significant lesions (Figure 1A and D, white arrows; 
Figure 2A). A 5 × 6 mm aneurysm was also observed in the 
proximal left circumflex artery, without significant coronary 
lesions (Figure 1A, white arrow; Figure 2B). The study was 
completed with a regadenoson stress cardiac magnetic 
resonance that was negative for inducible ischemia. 
Serologies and autoantibodies were also requested, and 
they were negative. The decision was made to initiate 
medical treatment with acetylsalicylic acid and atorvastatin. 
During the 6-month follow-up, the patient did not present 
coronary outcomes and remained asymptomatic. 

A coronary artery aneurysm (CAA) is typically defined 
as a focal dilation of a coronary artery that exceeds 1.5 
times the diameter of an adjacent normal segment, whereas 
coronary ectasia refers to a diffuse dilation involving at 
least 50% of the artery’s length. Giant coronary aneurysms, 
although rare, are classified as those measuring more than 
20 mm in diameter. This distinction is clinically significant, 
as ectasia represents a more extensive and generalized 
involvement of the artery, whereas aneurysms are focal and 
may carry a different prognosis and management approach. 

Considering the definitions provided above, we 
classif ied our case as multiple CAAs because the 
dilations observed were focal rather than diffuse, which 
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differentiates them from coronary ectasia. We have 
explicitly compared our case with the coronary ectasia 
classification proposed by Kawsara et al.1 In particular, 
type I coronary ectasia, which affects multiple arteries 
and may present focal superimposed dilations, could 
have a similar radiological phenotype. However, in our 
case, the imaging findings demonstrated well-demarcated 
aneurysms rather than extensive arterial involvement. 
This distinction supports our classification of the lesions 
as aneurysms rather than ectasia. CAAs are uncommon, 
yet clinically significant findings, often associated with 
atherosclerosis, Kawasaki disease, or other inflammatory 
conditions. Their management is complex and depends 
on factors such as aneurysm size, location, and the 
presence of complications like thrombosis or rupture.1 The 
treatment of CAAs can range from conservative medical 
management to invasive interventions. Medical therapy 
typically includes antiplatelet agents, anticoagulation, and 
statins to reduce thrombotic risk and control underlying 
atherosclerosis. For patients with large or symptomatic 
aneurysms or those with a high risk of rupture, surgical 
or percutaneous interventions may be necessary. These 
approaches include aneurysm resection, coronary artery 
bypass grafting, or stenting.1

Multiple CAAs have been reported in the literature, 
including cases affecting more than one coronary artery.2 
However, our case presents some particular features 
that make it unique. The aneurysms were discovered 
incidentally during the evaluation of atypical chest pain, 
rather than being diagnosed due to acute complications 
or symptomatic presentation. Additionally, there was 
involvement of all three major coronary arteries, which 
remains a rare finding. Another distinctive aspect of our 
case is that the patient was successfully managed with 
a conservative medical approach, without requiring 
interventional or surgical treatment. These aspects highlight 
the importance of considering conservative management 
in stable patients with multiple CAAs, emphasizing the 
need for individualized decision-making in such rare 
presentations.

In conclusion, the novelty of our case lies in being the 
first reported case of idiopathic CAAs present in the three 
main coronary arteries and the presence of 50% partial 
asymptomatic circumferential thrombosis of the RCA 
aneurysm, which was successfully managed with medical 
therapy.
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Figure 1 – (A) Three-dimensional volume rendering. (B) RCA mid-segment. Partial circumferential thrombosis with 50% lumen stenosis. 
(C) RCA mid-segment. Partial thrombosis with 50% lumen stenosis. (D) LAD aneurysm. LAD: left anterior descending artery; LCX: 
left circumflex artery; LM: left main coronary artery; RCA: right coronary artery.
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Figure 2 – Multiplanar reconstruction. (A) LAD. (B) CX. (C) RCA. CX: left circumflex artery; LAD: left anterior descending artery; 
RCA: right coronary artery.
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