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Between the Physiological and the Pathological Spectra: When the
Athlete’s Heart Demands More Than Admiration

Antonio Amador Calvilho Jdnior,"?
Cranja Nunes,?" Beatriz Moraes dos Santos Branco?
Instituto Dante Pazzanese de Cardiologia,’ Sdo Paulo SP — Brazil
Universidade Paulista — Medicina,? Sdo Paulo, SP — Brazil

The increasing participation in high-intensity sports has
expanded the role of cardiology in athlete screening and
monitoring. Although Sudden Cardiac Death (SCD) is rare, it
has a deep impact on society as a whole. Echocardiography is
central in this setting, serving as the primary imaging modality
to distinguish physiological remodeling in the athlete’s heart
from structural cardiomyopathies.

Prolonged and intense exercise induces adaptive
phenotypic and physiological changes that enhance myocardial
performance. These adaptations, known as “athlete’s
heart,” are extensively studied because they need to be
differentiated from potentially fatal cardiovascular diseases.'
The Athlete’s Heart shares phenotypic characteristics with
several pathological conditions, such as Hypertrophic
Cardiomyopathy (HCM), Dilated Cardiomyopathy (DCM),
and Arrhythmogenic Right Ventricular Cardiomyopathy
(ARVC).* Cardiologists need to be aware of these overlaps to
correctly diagnose and prevent serious outcomes, especially
in young, apparently healthy individuals, who may not
experience symptoms until they engage in intense exercise.
Equally important is the ability to identify normal adaptive
cardiac remodeling, thereby enabling precise screening and
appropriate guidance for elite athletes.

Pre-participation sports evaluation is recommended as a
preventive measure for athletes’ SCD and begins with clinical
evaluation and electrocardiography. However, up to 16%
of SCD cases are linked to structural heart disease without
electrocardiographic abnormalities. Many of these conditions
could be detected earlier through cardiovascular imaging.
For this reason, some professional sports organizations have
incorporated echocardiography, a low-cost and widely
accessible tool, into initial screening protocols, and in some
cases, as the only test performed at baseline evaluation. *7

This editorial underscores the importance of identifying
echocardiographic “red flags” in athletes, findings that may
warrant further investigation or temporary restriction from
competition. These borderline features, situated between

Keywords

Echocardiography; Exercise-Induced Cardiomegaly;
Cardiomyopathies
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physiological adaptation and early disease, demand both high-
quality image acquisition and expert interpretation. Therefore,
defining the scope of relevant echocardiographic parameters
in this population, as well as clarifying when adaptations
should raise suspicion of pathology, remains a key priority.

Comprehensive Echocardiographic Evaluation in Athletes

A well-conducted echocardiogram should follow minimum
quality protocols and be tailored to the athlete’s clinical
context.® To increase sensitivity in detecting structural heart
disease, it is recommended that athletes’ echocardiograms
include:

1. Multiple short-axis views to assess ventricular wall
thickness in all segments.

2. Detailed assessment of the presence of myocardial
trabeculations.

3. Visualization of the origin of the left and right coronary
arteries.

4. Measurement of Left ventricular Global Longitudinal
Strain (GLS) and Left Atrial Strain (LAS) whenever
possible.

Echocardiography in Athletes: What is Expected?

Evaluating an athlete’s heart requires not only technical
expertise from the echocardiographer but also clinical
sensitivity to recognize the complexities and nuances of
physiological remodeling. Recognizing that there will often be
uncertainties in the interpretation of the findings is important,
which may require more specific and targeted additional
investigations. To achieve this, the health professional must
fully understand the expected cardiac adaptations, the
variability of findings according to the type and volume
of exercise, and the impact of factors such as the athlete’s
ethnicity, sex, age, and body composition.®

Structural and functional changes in the athlete’s heart vary
widely according to the predominant type of effort involved in
the sport. Endurance sports, for example, tend to cause greater
dilation of the cardiac chambers, while strength sports can lead
to a more pronounced increase in ventricular wall thickness.
Table 1 summarizes the main echocardiographic characteristics
expected in the normally adapted athlete’s heart.

Echocardiographic Red Flags: How to Recognize
Suspicious Alterations in an Athlete’s Heart

Certain echocardiographic findings should raise suspicion
of pathology in athletes because they deviate from typical
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physiological adaptations. A septal wall thickness > 15 mm
or significant asymmetry points to possible HCM. Left Atrial
dilation disproportionate to ventricular dilation indicates
chronic overload or diastolic dysfunction. E/e” values greater
than 14 suggest elevated ventricular filling pressure, which is
unusual in normal adaptations. A reduction in GLS (< -16%)
may reveal subclinical dysfunction even with preserved
ejection fraction, while a LA reservoir strain measurement

below 38% is an early sign of impaired atrial compliance.
Furthermore, the presence of excessive trabeculations,
apical aneurysms, or segmental dysfunction deviates from
the physiological pattern. These criteria justify the need for
further investigation.?

Table 2 summarizes the main echocardiographic red
flags, their related entities, and the rationale for each to be
considered a warning sign.

Table 1 — Normal echocardiographic findings in the athlete’s heart?

Cardiac chamber dilation
Left ventricular thickening

Eccentric LV remodeling

LV systolic function

Diastolic function

Atrial dilation

Aortic root

Symmetrical dilatation of LV and RV; common in several modalities.
Slight increase in wall thickness, especially in endurance athletes.
Increased LV volume without disproportionate thickness.

Preserved or increased when assessed by specific methods, such as longitudinal strain
by speckle tracking, this is evident even when the ejection fraction is slightly reduced.

LV diastolic function is usually preserved or even optimized in adaptive states, as is the
case with the “supernormal” pattern with a mitral inflow E/A ratio >2.

Frequent biatrial dilation, especially in men.

Slight dilation of the aortic root may occur within physiological limits.

AE: Atrio esquerdo; VD: Ventriculo direito; VE: ventriculo esquerdo.

Table 2 - Echocardiographic Red flags*&1°

Septal thickness > 15 mm
or

Septal thickness between 13-15 mm Hypertrophic

and associated with LVDD < 53 mm, LA cardiomyopathy

anteroposterior diameter < 39 mm, diastolic

dysfunction, concentric geometry, or

hypertrophy asymmetry (IVS: PP ratio < 1.3).

Isolated Left Ventricular Dilation D|Iat_ed
cardiomyopathy

Disproportionate left atrial dilation Hypertrophic

or pronounced increase in LA Cardiomyopathy

anteroposterior diameter

(men > 50 mm, women > 45 mm) Dysfunction

Increased Ventricular

s Filling Pressure
LVEF < 47% Dilated
cardiomyopathy

or Early Diastolic

Values above physiological limits suggest structural
pathology. Values that fall in the gray zone (13-15
mm) when associated with small chambers and/or
asymmetry and/or diastolic dysfunction also suggest
hypertrophic cardiomyopathy.

Isolated left ventricular dilation should not be
considered physiological and should raise immediate
suspicion of dilated cardiomyopathy.

Although it can occur in isolation, in physiological
adaptive situations, it tends to coexist with ventricular
enlargement, therefore, isolated or disproportionate
LA enlargement should raise suspicion of a
pathological cause.

Indicator of elevated filling pressure, an unusual
condition in healthy athletes, and indicative of the
presence of myocardial disease.

There is indeed a decrease in resting LVEF in athletes
(between 53-48%), but values below this range raise
suspicion of cardiomyopathy.

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(3):e20250059
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Hypertrophic
cardiomyopathy
(if associated with Early functional alteration, even with preserved
GLS < -16% LV hypertrophy) ejection fraction. Adaptive LV hypertrophy does not
or subclinical LV reduce GLS.
dysfunction of any
etiology
RAS < 38% Diastolic dysfunction Early sign of loss of atrial compliance.

or chronic overload

Excessive trabeculations + segmental
dysfunction and/or myocardial wall thinning

(end-diastolic thickness < 5 mm) i7eee )
N _— . . Dilated
Significant LV dilation + systolic dysfunction cardiomyopathy

RV dilation* + contractile abnormalities or
aneurysms (including in the LV)

Malignant coronary
artery course
susceptible to

Coronary artery origin anomalies

ischemia

Non-compaction

Arrhythmogenic RV
cardiomyopathy

Prominent trabeculations may occur in healthy athletes,
but concomitant segmental dysfunction and/or
myocardial wall thinning indicate a pathological origin.

Combination incompatible with isolated physiological
adaptation.

Suggests RV structural involvement outside the
athlete's spectrum.

Abnormalities indicating an interarterial or
intramural course are susceptible to coronary
obstruction and, therefore, a risk of sudden
death. Even non-classically malignant anomalies
(retroaortic and prepulmonary courses) should
indicate further evaluation.

* The presence of RV longitudinal dysfunction (S’ < 9 cm/s and/or TAPSE < 16 mm) or reduced RV FAC (< 31%) is not normal in
athletes and indicates further evaluation with stress echocardiography. LA: Left atrium; LVDD: Left ventricular diastolic diameter;
LVEF: Left ventricular ejection fraction; PP: Posterior wall; GLS: Global longitudinal strain; IVS: Ventricular septum; RAS: Left atrial

reservoir strain; RV: Right ventricle.

How to Manage Suspicious Findings on Athletes’
Echocardiograms?

The identification of a red flag on echocardiography
should not, by itself, justify the athlete’s immediate
disqualification. Any isolated abnormality must be interpreted
within a broader clinical context that considers symptoms,
family history of sudden cardiac death or cardiovascular
disease, electrocardiographic findings, and the nature
of the sport involved. Within this integrated framework,
the echocardiographer plays a pivotal role, not only in
documenting structural or functional alterations but also in
identifying patterns that warrant further investigation. This
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Cardiovascular imaging is crucial in the selection and
planning of interventions for structural heart disease.’

Transcatheter aortic valve implantation (TAVI) has
transformed the management of severe aortic stenosis (AS) in
high-risk surgical populations and is currently being expanded
to intermediate- and low-risk populations.?

Transesophageal echocardiography (TEE) offers high spatial
resolution and excellent anatomical characterization of the
aortic valve. However, it is a semi-invasive examination that
requires preparation, fasting, and sedation. Furthermore,
it can cause discomfort and poses risks, albeit low, such as
esophageal perforation and bronchoaspiration.’

Despite the historical importance of TEE in TAVI, its routine
use prior to the procedure has been questioned. In general, in
this scenario, TTE is the initial examination in the evaluation
of severity quantification, ventricular function, and other
associated valvular pathologies, while computed tomography
angiography (CT angiography) has become the standard for
planning and choosing the prosthesis.?

The current ACC/AHA (2020) and ESC (2021) guidelines
do not recommend the systematic use of TEE before
TAVI. Therefore, the flowchart focuses on TTE and CT
angiography, with TEE reserved for specific situations such
as: suboptimal TTE images or inconclusive CT angiography,
diagnostic uncertainty or discrepancy in the severity of
AS, presence of aortic regurgitation disproportionate to
the degree of valve calcification, evaluation of associated
valvular diseases, evaluation of suspected endocarditis,
severe renal failure, allergy to iodinated contrast, and
presence of atrial fibrillation where left atrial appendage
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occlusion is considered in combination with TAVI. In these
contexts, TEE adds essential clinical information and can
change the management.**¢

Another relevant point is the use of TEE during the
procedure, as it is useful in assessing prosthesis positioning,
residual periprosthetic regurgitation, ventricular function, and
immediate complications (annular rupture, aortic dissection,
and early prosthetic dysfunction)."”

However, in cases selected by the Heart Team, the TAVI
“minimalist approach” has become increasingly common.
In these cases, monitoring and evaluation are performed
with TTE, with TEE reserved for support in the assessment
of complications, such as localization and quantification of
periprosthetic regurgitation, aortic dissection, and acquired
Gerbode defects."”

In the context of the “Heart Team,” the echocardiographer
is an integral part and must adopt a critical and selective
approach, opting for TEE before TAVI and/or intraprocedurally
only when its contribution is clear.!

Therefore, the answer to the initial question is NO.

TEE should not be mandatory before TAVI, but rather
reserved for select cases in which TTE or CT angiography
cannot provide sufficient information for safe and effective
planning.®

In a value-based medicine environment, the performance
of exams should be guided by real clinical benefit, not by
automatic institutional protocols.

Rational use preserves their high clinical utility and avoids
unnecessary risks to patients.®
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“If it is any point requiring reflection,
we shall examine it to better purpose in the dark.”

— Edgar Allan Poe, The Purloined Letter (1844)

Over the past 15 years, Speckle-tracking Echocardiography
has evolved into a robust technique for assessing both global
and regional myocardial function. Among its expanding
applications, Left Atrial (LA) strain, particularly in the reservoir
phase, has emerged as a clinically relevant parameter.
A reduced Left Atrial Strain reservoir (LASr) has been
independently associated with elevated Left Ventricular (LV)
filling pressures, recurrence of atrial fibrillation, heart failure
hospitalizations, and overall cardiovascular mortality.'?
Reflecting this growing body of evidence, LASr has been
formally incorporated into clinical practice in the recently
published “Recommendations for the Evaluation of Left
Ventricular Diastolic Function by Echocardiography and for
Heart Failure With Preserved Ejection Fraction Diagnosis: An
Update From the American Society of Echocardiography.”

Despite this, the complexity of LA mechanics has largely
followed an oversimplified approach: it is often treated as a
surrogate marker of filling pressures, evaluated in isolation and
interpreted using fixed cut-off values, without integrating the
hemodynamic and mechanical context in which the atrium
operates. While such an approach has facilitated its clinical
adoption, it may obscure important physiological nuances and
lead to misinterpretation in complex scenarios.

The LA wall is histologically similar to the pulmonary veins,
with a mean thickness ranging from 2.3 to 4.4 mm, which can
be less than 30% of the LV wall thickness.* This makes it highly
sensitive to the mechanical influence of adjacent structures
that operate at a much higher force scale. Therefore, from a
physiological standpoint, LA reservoir strain is a composite
biomarker, shaped by at least three major components:>®

1. Early atrial relaxation, shown by the S1-wave of
pulmonary venous flow, which indicates the initial
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suction phase of the reservoir function. This is best
appreciated when LA volume changes are analyzed
alongside LA pressure waveforms, and occasionally
appears as a subtle notch at the onset of the LASr curve.

2. Longitudinal systolic function of the ventricle, responsible
for the apical displacement of the Atrioventricular (AV)
plane during systole. This component stretches the LA
wall and directly contributes to reservoir strain amplitude.

3. Left atrial pressure, particularly the V-wave, which
modulates atrial wall tension and LA compliance.

These three forces interact dynamically and define the
shape and magnitude of the LASr curve. This concept has
been supported by physiological studies showing that acute
changes in afterload, such as those induced by isometric
handgrip, can significantly impact LA reservoir strain.” In this
setting, increased LV pressure results in altered LASr patterns,
even in the absence of changes in intrinsic atrial function —
highlighting the load dependency of this metric (Figure 1).

Such physiological interplay may yield practical clinical
insights. Consider patients with non-severe mitral regurgitation
undergoing Cardiac Resynchronization Therapy (CRT).
Improvement in mitral regurgitation often reduces LA preload®
and subsequently decreases LASr, despite favorable LV
remodeling and decreased LV end-systolic volume. Without
hemodynamic contextualization, this apparent paradox might
be misinterpreted as functional worsening, when in fact it
reflects normalization of loading conditions.

A second, more complex scenario involves patients
with paradoxical low-flow, low-gradient aortic stenosis, a
subgroup that often overlaps with HFpEF physiology. In such
cases, low-dose nitroprusside infusion has been explored
as a hemodynamic tool to assess contractile reserve and
guide treatment. Simultaneous assessment of Pulmonary
Capillary Wedge Pressure (PAWP) and Left Atrial (LA) strain
during vasodilation can provide further insights: a reduction
in PAWP accompanied by an increase in LASr, in response
to reduced LA pressure, may indicate a load-sensitive
phenotype with increased afterload-mediated systolic and
diastolic dysfunction, which supports prioritizing guideline-
directed medical therapy for HFpEF and provides caution and
concerns towards more invasive treatment as Transcatheter
Aortic Valve Implantation (TAVI), that could potentially
lead to further increase in pulsatile vascular load and thus
worsening abnormal ventricular-vascular coupling.® While
these strategies remain exploratory, they reflect a growing
recognition that dynamic assessment of atrial mechanics can
enrich the diagnostic and therapeutic process.

Another fact that we need to consider is the interplay that
exists between the different phases of Left Atrial physiology. In
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Figure 1 - Speckle-tracking Echocardiography (STE) was used to extract strain curve segments from the left Ventricle (LV) during the
ejection phase and from the Left Atrium (LA) during the reservoir phase. Polynomial regression was applied to each segment, generating 29
shape coefficients per phase: LV Ejection Linear Coefficients (ELC) and LA Reservoir Linear Coefficients (RLC). Curves from a representative
subject (in blue) are displayed alongside population-level polynomial fits for baseline and isometric handgrip conditions (dotted lines). This
approach was used to quantitatively assess ventricular and atrial myocardial mechanics beyond peak strain values. The acute increase in
afterload induced by the handgrip maneuver mobilizes the contractile reserve of the LV and, in ventricles with limited reserve, reduces
the velocity and magnitude of contraction. This imbalance may result in afterload-mediated LV systolic dysfunction and modify the slope
of the LA reservoir strain curve, thereby altering its overall shape. These changes are quantitatively captured by shifts in the polynomial
coefficients,’ providing a quantitative marker of atrioventricular coupling and functional reserve under stress.

some circumstances, a decrease in LA pressure could not affect
the reservoir phase. This is probably because this phase also
reflects the rigidity of the Left Atrium, which can be impacted
by the chronicity of the disease. In these cases, the active
contractile function of the left atrium may more accurately
indicate improvements in hemodynamics.'

In conclusion, LASr should be interpreted not merely as a
static marker of atrial function, but rather as a dynamic signal,
modulated by ventricular mechanics and loading conditions.
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Abstract

Background: Non-invasive imaging for cardiovascular disease diagnosis has grown in volume and relevance in recent
years, and it is important for early detection of cardiovascular diseases. There is a lack of data from Brazil on the
availability of methods such as computed tomography (CT) and cardiac magnetic resonance imaging (CMR).

Objective: This study assessed the regional distribution of professional practice and the exams performed, correlating
these factors with population data and the number of active professionals.

Methods: A nationwide survey was conducted by means of an online questionnaire applied to professionals who perform
CT and CMR, compared with demographic data and the number of scans performed within Brazilian public and private
healthcare systems.

Results: A total of 219 professionals filled out the questionnaire, 139 (63.8%) male, 161 (73.9%) cardiologists, and 46
(21.1%) radiologists. Regarding regional distribution, the Southeast had 125 professionals (57.3%), the Northeast 35
(16.1%), the South 30 (13.8%), the Central-West 22 (10.1%), and the North 6 (2.8%). The profile of these professionals
in Brazilian regions was similar, with no statistical differences observed regarding the proportion of men (p = 0.2451),
cardiologists (p = 0.1325), radiologists (p = 0.4564), or training time > 2 years (p = 0.8519). The Southeast had the
highest absolute number of exams, and the North had the lowest.

Conclusion: The data revealed structural disparities in access to cardiovascular imaging throughout Brazil, in terms
of both number of professionals and number of exams performed. The regional discrepancies observed in this study
reflect distinct demographic and economic circumstances in Brazilian regions.

Keywords: X-Ray Computed Tomography; Magnetic Resonance Imaging; Cardiovascular Diseases; Unified Health
System; Supplemental Health.

Introduction in adults over 35 years of age from 2010 to 2022.% Brazilian
data are similar, with cardiovascular mortality accounting for
approximately 30% of all deaths in the country.* Early and
accurate diagnosis is a fundamental part of cardiovascular

Cardiovascular diseases remain the leading cause of
mortality worldwide."* A study conducted in the United States
based on data from the National Center for Health Statistics

(NCHS) showed a total of 10,951,403 cardiovascular deaths disease investigation, and it assists in decision-making regarding
Y the most appropriate treatment, thus preventing cardiovascular

complications such as infarction, stroke, revascularization,
and cardiovascular mortality. Accordingly, advanced imaging
methods such as computed tomography (CT) and cardiac
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availability have created an extremely favorable scenario for
growth in this field. In Brazil, there is a lack of available data
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Professional profile by Brazilian region. CMR: cardiac magnetic resonance imaging; CT: computed tomography.

on these exams in the literature. Given Brazil’s continental size
and population and the heterogeneous nature of healthcare
access within both the Brazilian Unified Health System (SUS,
acronym in Portuguese) and private health insurance (PHI), itis
important to understand distinct Brazilian realities. To this end,
a survey of professionals involved in Brazilian cardiovascular
imaging was designed.

We believe that this survey makes it possible to identify
regions with a shortage of professionals, which will allow for
targeted policies to encourage training and qualification, in
addition to facilitating the planning of infrastructure investments,
for example, installation of advanced equipment in areas with
higher demand. Moreover, the survey can help identify gaps
in the training profile of professionals, indicating the need to
enhance academic curricula and training programs to further
align them with current technological and clinical requirements,
in accordance with the guidelines of the field, thus developing
a comprehensive overview of the Brazilian situation.®

Methods

The objectives of this survey were to identify the profile of
medical professionals working in cardiovascular imaging, in
2024, with a focus on CT and CMR; to assess their geographic

distribution in Brazil; to assess the length of training in
cardiovascular imaging; and to correlate the data obtained
with the number of exams performed through the SUS and
PHI in the same year.

This cross-sectional study was conducted by means of an
online questionnaire applied to healthcare professionals who
perform CT and CMR scans in Brazil. This survey is a partnership
between the Department of Cardiovascular Imaging (DIC) of
the Brazilian Society of Cardiology (SBC) and the Radiological
and Diagnostic Imaging Society of Sao Paulo (SPR).

The questionnaire consists of the following four questions:

What is/are your medical specialty/ies (multiple choice):

—_

. Cardiologist
. Radiologist
. Pediatrician

oW N

. Heart surgeon
Where do you practice?

1. Southeast
2. Northeast
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3. Central-West
4. North
5. South

How many years of training did you complete in CT/CMR?
1. <1 year

2. 1 year

3. 2 years

4. > 2 years

What methods do you work with (multiple choice)?
1. Computed tomography

2. Magnetic resonance imaging

3. Echocardiography

4. Nuclear medicine

The questionnaire was posted on the websites of
participating medical societies, in message boards, medical
conferences, and webinars whose target audience was
healthcare professionals who perform CT/CMR in Brazil. The
questionnaire was available from October 2024 to January 2025
at: https://docs.google.com/forms/d/e/1FAIpQLSchvkOlti_
TbezPstpCIPK3Qz_KuU5zyd79MwYama2M6vbDng/
viewform?usp=sf_link.

The total number of exams performed within the SUS
in outpatient and inpatient settings by Brazilian region was
obtained by consulting DATASUS (https://datasus.saude.gov.
br/home/tabnet) in May 2025, searching for code 0207020019
(magnetic resonance imaging of the heart/aorta w/ cine). It was
not possible to estimate the number of cardiac CT scans for
calcium score assessment or coronary computed tomography
angiography (CCTA) due to the lack of specific codes for these
exams in the SUS.

The total number of exams performed through PHI in
outpatientand inpatient settings by Brazilian region was obtained
by consulting the website of the National Supplementary Health
Agency (ANS), the regulatory body responsible for private
health plans in Brazil. The website (https://www.gov.br/ans/
pt-br/acesso-a-informacao/perfil-do-setor/dados-e-indicadores-
do-setor/d-tiss-painel-dos-dados-do-tiss) was accessed in May
2025 to search for the following codes:

— 41101138 MRI - heart — morphological and functional

— 41101146 MRI — heart — morphological and functional
+ perfusion + stress

— 41101154 MRI - heart — morphological and functional
+ perfusion + myocardial viability

— 41001087 CT — heart — for coronary calcium score
assessment

— 41001230 CT — coronary computed tomography
angiography

Codes 41101138, 41101146, and 41101154 were
grouped under the classification CMR.
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This survey did not include out-of-network exams.

Brazilian demographic data were obtained from the last
census, available at: https://www.ibge.gov.br/estatisticas/todos-
os-produtos-estatisticas.html (see Supplementary Material).

The information collected by the questionnaire was
analyzed in conjunction with data on the number of exams
performed in Brazil by region and demographic data.

Statistical Analysis

Normally distributed continuous variables were presented
as mean and standard deviation, and non-normally distributed
continuous variables were presented as median and
interquartile range. Categorical variables were presented as
absolute and relative frequencies (percentages). Continuous
variables were analyzed using Student’s t test or Mann-
Whitney U test, and categorical variables were analyzed using
the chi-squared test or Fisher’s exact test. P values < 0.05 were
considered significant, and SPSS (Statistical Package for the
Social Sciences), version 18.0 (SPSS Inc., Chicago, IL, USA)
was used to analyze the data.

Results

Atotal of 219 professionals responded to the questionnaire,
139 (63.8%) male and 80 (36.7%) female. In relation to medical
specialty, 161 (73.9%) were cardiologists, and 46 (21.1%)
were radiologists. The distribution of these professionals was
heterogeneous throughout Brazilian regions. There were 125
(57.3%) professionals in the Southeast, 35 (16.1%) in the
Northeast, 30 (13.8%) in the South, 22 (10.1%) in the Central-
West, and 6 (2.8%) in the North. The majority of professionals
had completed 2 or more years of training in cardiovascular
imaging (169 professionals, 77.5%), and they worked with
CT (219 professionals; 100%) and CMR (210 professionals;
96.3%). A minority also worked with echocardiography (39
professionals; 17.9%) or nuclear medicine (12 professionals;
5.5%). Table 1 summarizes the baseline data described.

Regarding sex, women and men were similar in their medical
specialty of origin, but differed in the length of training in cardiac
imaging (Table 2). The proportion of men who responded that
they had 2 or more years of training was lower than that of women
(100 [72.5%] versus 69 [86.3%), respectively; p = 0.029).

Proportional analysis of the number of professionals
in relation to the percentage distribution of the Brazilian
population showed that, in the North and Northeast regjons,
the proportion of professionals was lower than the percentage
distribution of the Brazilian population, suggesting a shortage
of professionals in those regions. In the Southeast region, the
concentration of professionals was higher than the distribution
of the Brazilian population (Figure 1). The profile of these
professionals in the different regions of the country was similar,
with no statistical differences observed regarding the proportion
of men (p = 0.2451), cardiologists (p = 0.1325), radiologists
(p = 0.4564), training time greater than or equal to 2 years
(p = 0.8519), and additional imaging methods (p = 0.4361)
(Central Figure).

In relation to the volume of exams in Brazil in 2024,
14,966 CMR scans were performed within the SUS. Within
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Table 1 - Profile of professionals who perform computed
tomography and cardiac magnetic resonance imaging in Brazil

Male 139 63.8

Female 80 36.7

Cardiologist 161 73.9
Radiologist 46 211
Pediatric cardiologist 8 3.7
Heart surgeon 1 0.5
Cardiologist/radiologist 2 0.9

North 6 2.8
Northeast 35 16.1
Central-West 22 10.1
Southeast 125 57.3
South 30 13.8

<1 year 12 5.5
1 year 37 17.0
2 years 130 59.6
> 2 years 39 17.9

Computed tomography 219 100
Magnetic resonance imaging 210 96.3
Nuclear medicine 12 55
Echocardiography 39 17.9

Table 2 - Professional profile according to sex

private healthcare, there were 44,382 CMR scans, 130,189
CCTA exams, and 2,629 calcium score assessments. Table 3
displays the distribution of exams by region. Analysis of the
distribution of cardiovascular imaging exams in Brazil revealed
significant disparities between regions and between the public
and private healthcare systems. Considering the CMR exams
performed within the SUS, a pronounced concentration was
observed in the Southeast region, with 9,404 exams, followed
by the Northeast (2,855), South (1,759), Central-West (849),
and North (99).

In data on PHI, regional inequality persists, but with
considerably higher absolute numbers in all regions. The
Southeast region stood out again with 22,492 CMR scans,
representing greater availability through PHI. The South
(13,955) and Central-West (3,318) also had significant volumes,
in contrast to the North (1,130) and Northeast (3,487), which
continued to have lower access, although higher than that
observed within the SUS.

CCTA exams were also largely concentrated in the Southeast
(66,304) and South (35,152) regions, with much lower numbers
in the North (3,209), Northeast (10,902), and Central-West
(14,622). Calcium score assessments followed a similar pattern,
with emphasis on the South (1,095) and Southeast (1,041),
demonstrating the greater presence of these cardiovascular risk
stratification tools in areas with a higher density of specialized
services.

The Southeast region, with 36% of the population using
the SUS and 59.7% using PHI, disproportionately accounted
for 62.8% of CMR scans performed within the SUS and 50.7%
of CCTA and CMR scans within PHI, as well as 57.3% of
professionals specializing in cardiovascular imaging. Conversely,
the North region, with 10.4% of the population using the SUS
and 3.7% using PHI, accounted for only 0.7% of CMR scans
performed within the SUS, 2.4% of CCTA exams within PHI,
and 2.8% of professionals in this field, representing a scenario
of significant healthcare shortages. Meanwhile, the South,
with approximately 14% of the population in each system,
accounted for 27.3% of CT scans and 31.4% of CMR scans
within PHI, although it concentrated only 13.8% of specialized
professionals. This suggests a high density of exams per
professional in this region. These data are detailed in Figure 2.

Table 4 shows the relationship between the total number of
cardiovascular imaging exams performed and regional structural
variables, such as population, gross domestic product (GDP),

Cardiologist 58 (72.5%)
Radiologist 14 (17.5%)
Training > 2 years 69 (86.3%)
CMR/CT/CMR+CT 63 (78.8%)

104 (75.4%) 0.7601
32 (23.2%) 0.4123
100 (72.5%) 0.0291
110 (79.7%) 1.0

CMR: cardiac magnetic resonance imaging; CT. computed tomography.
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Figure 1 - Proportion of cardiovascular imaging professionals in Brazil and percentage distribution of the Brazilian population.

Table 3 - Number of cardiac magnetic resonance and computed tomography scans by region and healthcare system

CMR 99

2,855

849 9,404 1,759

CMR 1,130 3,487
CCTA 3,209 10,902
Calcium score 12 363

3,318 22,492 13,955
14,622 66,304 35,152
118 1,041 1,095

CCTA: coronary computed tomography angiography; CMR: cardiac magnetic resonance imaging; PHI: private health insurance;

SUS: Brazilian Unified Health System.

and number of active professionals. The South region, with 31.1
million inhabitants and a GDP of 1.56 trillion Brazilian reals
(BRL), had the highest rate of exams per 100,000 inhabitants
(167,007) and the highest productivity relative to GDP
(33,312 exams per billion BRL), despite a moderate number
of professionals (n = 30). The Southeast region, with a larger
population (88.6 million), higher GDP (4.71 trillion BRL), and
absolute number of professionals (n = 125), had the second-
highest rate of exams per 100,000 inhabitants (111,988) and
high efficiency relative to GDP (21,056.94 exams/billion BRL).
In contrast, the North region, with only 6 professionals and the
lowest GDP, performed the lowest absolute and proportional
number of exams (22,275/100,000 inhabitants; 7,889.17
exams/billion BRL), demonstrating significant underutilization
of diagnostic resources. The Northeast and Central-West regions
had intermediate results, with increasing rates of exams per
inhabitant and per billion BRL of GDP, consistent with their
respective professional density. These findings should certainly
be analyzed with caution, but they demonstrate the influence
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of economic infrastructure on regional access to cardiovascular
imaging methods in Brazil. Regional economic capacity and
population size appear to influence the availability and use of
exams; these data may indirectly reflect the population’s access
to PHI, not just the availability of professionals in a given region.

Discussion

The growth of non-invasive diagnostic methods in cardiology
assessment has become a global reality.” This increase has
resulted from the growing body of scientific evidence published
in the literature, reinforcing the importance of these methods
in cardiovascular disease diagnosis.” The main national and
international guidelines on the subject highlight the role of CCTA,
calcium score, and CMR in the diagnosis of cardiovascular disease
and cardiovascular involvement in systemic diseases.**'°

The incorporation of CCTA as the initial approach for
investigating patients with coronary artery disease in the United
Kingdom has yielded noticeable results more than half a decade
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North 10.4 0.7 2.8 3.7 24 25 2.8
Northeast 30.9 191 16.1 14.2 8.5 7.9 16.1
Central-West 8.0 5.7 10.1 8.1 111 7.5 10.1
Southeast 36.0 62.8 57.3 59.7 50.7 50.7 57.3
South 14.7 11.8 13.8 14.3 27.3 31.4 13.8

Figure 2 - Percentage distribution of the number of exams, population served by the Unified Health System and private health insurance,
and proportion of cardiovascular imaging professionals in Brazil. % CMR PHI: percentage of cardiac magnetic resonance imaging
scans performed through private health insurance; % CMR SUS: percentage of cardiac magnetic resonance imaging scans performed
within the Unified Health System; % CT PHI: percentage of cardiac computed tomography scans performed through private health
insurance; % CVI prof: percentage of cardiovascular imaging professionals in the region; % pop PHI: percentage of the population
served by private health insurance; % pop SUS: percentage of the population served by the Unified Health System.

Table 4 - Relationship between number of exams performed according to local population, gross domestic product, and
number of professionals per Brazilian region

North 19,977,877 0.564064 6 4,450 22.275 7,889.17
Northeast 57,112,096 1.243104 35 17,607 30.829 14,163.74
Central-West 16,289,538 0.932166 22 18,907 60.769 20,282.86
Southeast 88,617,693 4.712982 125 99,241 111.988 21,056.94
South 31,113,021 1.559828 30 51,961 167.007 33,312.00

bi: billion Brazilian reals; GDP: gross domestic product.

after implementation. The National Institute for Health and Care
Excellence (NICE), the body responsible for quality, evidence-
based decision-making in the National Health Service (NHS),
recommended the use of CCTA as the preferred diagnostic test for
evaluating chest pain."" The study revealed that, in regions that fully
adopted the recommendation, there was a significant reduction
in the number of myocardial scintigraphy tests. The change in

investigation strategy was also associated with a slight reduction in
invasive coronary angiography and a reduction in cardiovascular
mortality. Moreover, a decreasing trend in all-cause mortality was
identified, reinforcing the effectiveness of the proposed model.
These data confirm the central role of CCTA, not only in improving
clinical outcomes, but also its potential to optimize resources
within the United Kingdom'’s public health system."
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In Brazil, circumstances are different, as this test is not widely
available with the Brazilian SUS. Even when available, we are
not able to quantify its use due to the lack of coding. In the
context of PHI, prior evaluation is frequently requested due to
positive ischemia tests, in addition to criteria that often limit
its use, which should be reviewed. The data presented reveal
important inequality in the provision and use of advanced
cardiovascular imaging tests in Brazil, both between the
different regions of the country and between the SUS and PHI.
The concentration of tests in the Southeast and South regions,
especially in the private sector, contrasts with the low provision
observed in the North, Northeast, and Central-West regions,
highlighting structural and healthcare limitations in these areas.

These regional inequalities in access to cardiovascular
imaging exams indicate structural limitations and historical
asymmetries in the distribution of resources within the Brazilian
healthcare system. Although most exams are concentrated in
the most economically developed regions, the high relative
productivity observed in the South suggests a possible
optimization of the existing infrastructure, or even a more
consolidated private market, with greater access to PHI. On
the other hand, the limited performance observed in the
North region, even when adjusted for GDP and number
of inhabitants, highlights additional barriers, such as a lack
of equipment, low PHI coverage, and shortage of trained
professionals. The discrepancy between regions reinforces the
need for specific public policies that promote development of
professional training in interior regions, investment in diagnostic
infrastructure in the SUS, and more equitable regulation of
access to imaging methods, in order to ensure minimum fair
coverage in all Brazilian regions.

The findings of this analysis dialogue with those presented
by Monti et al.,"? in a survey conducted by the CMR working
group of the Italian Society of Cardiology. The study identified
structural and operational barriers similar to those observed in
Brazil, including limited access to CMR, regional disparities, and
underutilization of the technique, even in centers with installed
capacity. Furthermore, the study highlighted the shortage of
professionals with specific training as one of the main obstacles
to expanding the clinical use of CMR. These challenges, shared
across different health systems, reinforce the importance of
coordinated strategies to expand specialist training, optimize
the use of available resources, and integrate CMR into care
guidelines more broadly and equitably.

Data from Germany’s national certification program and the
European Society of Cardiovascular Radiology (ESCR) registry
revealed pronounced heterogeneity in the provision and use
of cardiovascular imaging, among both institutions and medical
specialties. The study underscored the need for standardization
in training, certification, and quality control processes, indicating
that, even in a country with broad technological availability,
the lack of uniformity in professional qualifications and the
incorporation of imaging into clinical workflows limits systematic
use." Similarly, a recent analysis on the use of CCTA in different
regions of the United States and the United Kingdom revealed
significant inequalities in access and adoption of the exam,
associated with the availability of equipment, the presence of
trained specialists, and variations in regional clinical guidelines."*
These findings reinforce that, even in advanced healthcare
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systems, the consolidation of cardiovascular imaging as a
routine diagnostic tool requires structured policies for training,
professional accreditation, and technical governance. These
challenges are particularly critical in Brazil, where they are
characterized by even more pronounced regional inequalities.

Based on the findings presented, it is possible to propose
strategies to mitigate regional inequalities in access to
cardiovascular imaging in Brazil. The creation of regional
training and qualification centers dedicated to CCTA and CMR,
especially in the North, Northeast, and Central-West regions,
can promote the development of expertise in interior regions
and contribute to the retention of professionals. Accordingly,
retention scholarships linked to medical residency, master’s,
or doctoral programs, funded by Brazilian agencies such as
the Coordination for the Improvement of Higher Education
Personnel (CAPES) and the National Council for Scientific and
Technological Development (CNPq), should be offered based
on epidemiological and structural data obtained by means
of national censuses in the field. Additionally, public-private
partnerships for the acquisition and maintenance of advanced
imaging equipment can be strategic for regions with low
technological coverage, provided that they are accompanied
by clear regulatory protocols that guarantee priority use by
the SUS. These integrated measures can contribute to greater
equity in the provision of exams, expanding the clinical and
social impact of cardiovascular imaging in Brazil.

Our data have important limitations. We believe that
the number of imaging professionals in this survey is an
underestimate, especially regarding the participation of
radiologists. International data have shown that radiologist
participation is higher.® These limitations were due to the
voluntary participation of the professionals involved, as well as
the fact that the majority of radiologists represented are affiliated
with the SPR, which operates in Sao Paulo. Lack of coding in
the SUS prevented us from accessing the number of CCTA
scans and calcium scores. The lack of data on out-of-network
exams performed in Brazil was a limitation, whose impact was
likely not significant on this survey, given their low proportion
in the Brazilian context.

In conclusion, our results demonstrated pronounced
inequality in the provision and use of cardiovascular imagingin
Brazil, with a greater concentration of resources and procedures
in the Southeast and South regions, and marked shortages in
other regions. This asymmetry is not limited to technological and
economic infrastructure; it also reflects a shortage of qualified
professionals in the field, especially in more vulnerable regions.
Given this scenario, there is an evident need for strategies
focused on training, ongoing development, and retention of
cardiovascular imaging specialists, as an essential component to
expanding access and ensuring more equitable care. Investment
in human capital development is an indispensable step toward
consolidating cardiovascular imaging as a routine diagnostic tool
and improving the quality of care nationwide.
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Safety of dobutamine stress echocardiography using a modified
protocol in a large unselected population

José Sebastido de Abreu,"™ Tereza Cristina Pinheiro Diégenes,"™ Marilia Esther Benevides Abreu,’
Machado Chagas,”™ Sarah Gomes Didgenes,’™ Ana Cardenia Liberato Ponte Farias,’
Universidade Estadual do Ceard," Fortaleza, CE — Brazil

Isadora Sucupira
Marcia Maria Carneiro’

Abstract

Background: Dobutamine stress echocardiography (DSE) using the conventional protocol (CP-DSE) may lead to
important adverse effects.

Objective: This study was aimed at assessing the safety of DSE using a modified protocol (MP-DSE).

Methods: Data were collected from our institutional database to compare MP-DSE with the CP-DSE. In the CP-DSE,
atropine could be administered during the fourth stage or its extension. In the MP-DSE, atropine was initiated at the
beginning of the third stage, and there was no stage extension. Upon completion of DSE or for arrhythmia control,
metoprolol was administered in the CP-DSE and esmolol in the MP-DSE. In cases of typical angina, nitroglycerin was
administered at the examiner’s discretion in the CP-DSE, whereas its use was predetermined in the MP-DSE. A p-value
< 0.05 was considered statistically significant.

Results: Of 17,811 tests performed, 9,121 were conducted using the MP-DSE. During DSE, myocardial oxygen
consumption, represented by the rate-pressure product, was significantly higher in the MP-DSE group (22,530 + 4,575
vs 23,037 = 4,072 bpm.mmHg; p < 0.001). Hypertensive peak (1% vs 0.4%; p = 0.0001) and nonsustained ventricular
tachycardia (0.6% vs 0.1%; p = 0.0001) were more frequent in the CP-DSE, while supraventricular tachyarrhythmia
(2.1% vs 3.78%; p = 0.0001) and atrial fibrillation (0.8% vs 1.3%; p = 0.003) were more common in the MP-DSE. These
arrhythmias resolved spontaneously or with medication. In the CP-DSE, two patients had ventricular fibrillation and one,
acute coronary syndrome.

Conclusion: In our study, the modified protocol for DSE proved to be a safe option, with no severe adverse effects
observed, despite the presence of an elevated rate-pressure product.

Keywords: Stress Echocardiography; Safety; Drug-Related Side Effects and Adverse Reactions.

Introduction

Dobutamine stress echocardiography (DSE) protocols have
traditionally involved exposure to large doses of dobutamine
and a significant incidence of adverse effects. However, the
development of newer protocols for this diagnostic method
has progressively reduced these risks.'*

heart rate (HR), arrhythmias and myocardial ischemia, and
may even enhance the accuracy of the test.>*® However, the
literature does not indicate a preference between esmolol
and metoprolol. Ischemia occurring during DSE might require
the use of coronary vasodilator, administered either orally or
intravenously, although current guidelines do not specify the

o . . drug formulation or route of administration.>®
The addition of atropine to DSE protocols at an earlier stage has 8

enhanced the test’s sensitivity without compromising its specificity
and safety. As a result, current guidelines limit the maximum dose

Reports of adverse effects associated with DSE have
been essential to establish contraindications to the test,

of dobutamine and atropine is initiated before or even during the
last stage of dobutamine infusion.®”

The intravenous administration of an ultra-short-acting
beta-blocker at the end of the DSE is essential for controlling
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emphasizing its higher risk compared to echocardiography
with other stressors, such as exercise, dipyridamole,
or adenosine.”'" Thus, ongoing monitoring and the
development of new protocols are necessary to minimize
complications, particularly considering that dobutamine is
the most widely available pharmacologic agent for stress
echocardiography. Therefore, this study aimed at assessing
the safety of DSE by applying a modified protocol to a large,
unselected population.

Methods

This retrospective study compared the conventional
protocol for DSE (CP-DSE) with a modified protocol (MP-DSE),
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using data collected from our institutional database about
patients referred for DSE to assess myocardial ischemia with
an adequate echocardiographic window. Patients submitted
to the CP-DSE, constituting the CP-DSE group, were enrolled
between 1997 and 2007, and those who underwent MP-DSE,
constituting the MP-DSE group, were enrolled between 2008
and 2021.

Patient demographic data, coronary artery disease risk
factors and history of myocardial revascularization were
assessed through medical history, clinical evaluation and
laboratory tests. All patients were informed about the
objectives and potential risks of DSE and provided consent
to undergo the procedure. Patients referred for myocardial
viability assessment were excluded from the analysis.

This study’s protocol complies with the ethical principles
outlined in the 1975 Declaration of Helsinki ethical principles
and was submitted to and approved by our institutional
Human Research Ethics Committee.

In both groups, dobutamine was continuously infused in
up to four stages at incremental doses of 10, 20, 30 and
40 ucg.kg'.min"'. When indicated, atropine was administered
in boluses of 0.25- to 0.50-mg, up to the maximum cumulative
dose of 2 mg.>*'? In cases of paradoxical sinus deceleration,
defined as a 5- to 10- beat reduction in HR, atropine could
be administered during the initial stages, at the examiner’s
discretion. Upon test conclusion, an intravenous beta-blocker
or coronary vasodilator was used according to each group’s

protocol. However, when coronary spasm was suspected,
priority was given to vasodilator administration.

Absolute contraindications to dobutamine use were
unstable angina, recent myocardial infarction, severe
and symptomatic aortic stenosis, acute aortic dissection,
decompensated heart failure, ventricular pseudoaneurysm
and obstructive hypertrophic cardiomyopathy. Atropine was
contraindicated in cases of myasthenia gravis, pyloric stenosis,
prostate disease determining urinary retention and narrow-
angle glaucoma.”"

To increase the number of tests completed, beta-blocker
withdrawal was recommended two to three days before
the test for CP-DSE patients and 5 days before for MP-DSE
patients. A quad-screen display was used for comparative
analysis, with CX 200 (Apogee) and Vingmed System Five
(General Electric) equipment utilized in the CP-DSE group,
and Vivid 7 and Vivid E9 (General Electric) equipment in the
MP-DSE group.

Regarding important adverse effects, hypertensive peak
was defined as blood pressure higher than 230/120 mm Hg,
while hypotension was defined as systolic blood pressure (SBP)
lower than 100 mm Hg. We retrieved the following arrhythmias
from the database: supraventricular tachyarrhythmia (junctional
or atrial), atrial fibrillation, sustained ventricular tachycardia
(duration > 30 seconds), nonsustained ventricular tachycardia
and ventricular fibrillation. Additional events recorded included
paradoxical sinus deceleration, acute coronary syndrome, acute

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(3):e20250054
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myocardial infarction, ventricular rupture, asystole and death.
DSE should be discontinued in cases of potential life-threatening
conditions or intolerance to the test medications.

Blood pressure was measured at the beginning of each
stage and during the recovery phase. Electrocardiographic
monitoring was continuous, and 12-lead electrocardiography
was performed before and throughout the procedure. DSE was
considered complete when at least 85% of the age-predicted
maximal HR (220 minus age in years) was achieved and/or
myocardial ischemia was detected. Ischemia was defined as
either the appearance of wall motion abnormalities in at least
two contiguous myocardial segments that were previously
normal, or the worsening of a preexisting abnormality —
excluding cases where an akinetic segment became dyskinetic.

In the early version of the CP-DSE, dobutamine was infused
in three-minute stages and atropine was initiated at the end
of the fourth stage (40-ucg.kg'.min™" of dobutamine), which
was then extended to allow for atropine bolus administration.
However, the CP-DSE protocol evolved over time, and in its
later version, atropine began to be administered starting from
the fourth stage."

An intravenous bolus of metoprolol (5 to 10 mg) was
administered upon DSE completion, regardless of whether
the result was positive or negative for myocardial ischemia,
or in the presence of tachyarrhythmias. Additional boluses
could be given if arrhythmias or angina persisted. If angina
continued, nitroglycerin could be administered as a sublingual
spray or tablet, or as an intravenous infusion, at the examiner’s
discretion.

In the MP-DSE protocol, all stages had a maximum duration
of three minutes, and atropine infusion began during the third
stage alongside dobutamine administration — except in cases
where the examiner identified an exaggerated chronotropic
response to dobutamine.'

Upon DSE completion, esmolol was intravenously
administered in 30-mg bolus, independently of a positive
or negative result for myocardial ischemia. If arrhythmia or
typical angina occurred, additional bolus could be repeated
at 3-minute intervals. When typical angina did not subside
within six minutes, nitroglycerin solution (100 ucg/mL) would
be intravenously administered in 3-mL bolus, followed by
intravenous infusion (1 mL/minute) that would be maintained
while angina persisted, as long as SBP > 110 mm Hg."'?

For the statistical analysis, categorical variables were
presented in tables as point estimates of prevalence, and
quantitative variables were expressed as mean + standard
deviation, and minimum and maximum values. The variables
“adverse effects”, “risk factors” and “type of therapy” were
organized in contingency tables according to protocol groups,
test results (negative or positive for myocardial ischemia)
and age ranges. Associations between protocol groups and
these variables were analyzed using Pearson’s chi-square test
or Fisher’s exact test, as appropriate. For the quantitative
variables, normal distribution was analyzed using Shapiro-
Wilk test, and then, bivariate analysis was performed using
Mann-Whitney test. A 5% significance level was adopted
for all statistical tests, and analyses were performed using
SPSS version 20.

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(3):e20250054

Results

This study assessed 17,811 completed DSE out of 18,531
tests performed. The sample was distributed as follows: 8,690
tests in the CP-DSE group and 9,121 in the MP-DSE group.
Female sex and young patients predominated in both groups.
In the MP-DSE group, older men (=65 years), use of anti-
hypertensive, lipid-lowering and hypoglycemic medications,
as well as known coronary artery disease, were more common
than in the CP-DSE group. Discontinuation of oral beta-blocker
prior to testing was more frequent in the MP-DSE group, while
CP-DSE patients more often underwent DSE while still on
beta-blocker therapy (Table 1). In the CP-DSE group, 14.4% of
the tests (n = 1,251) were concluded before the fourth stage,
compared to 66% (n = 5,994) in the MP-DSE group. There
were 434 (4.99%) inconclusive tests in the CP-DSE group and
286 (3.1%) in the MP-DSE group. None of the inconclusive
tests reached the target HR or met the criteria for myocardial
ischemia (Figure 1).

In the entire sample and considering both positive and
negative DSE results for myocardial ischemia, HR was higher
in the CP-DSE group at baseline, but, during stress, HR did
not differ between the groups. At baseline, SBP and rate-
pressure product (HR x SBP) of negative and positive DSE
results for myocardial ischemia were higher in the CP-DSE
group. However, during stress, both SBP and rate-pressure
product were higher in the MP-DSE group in both negative
and positive tests for myocardial ischemia (Table 2).

In the CP-DSE group, as compared to the MP-DSE group, peak
hypertensive effect, typical angina and nonsustained ventricular
tachycardia were more frequently found in both positive and
negative tests for myocardial ischemia. Isolated ventricular
ectopics, supraventricular tachyarrhythmias and atrial fibrillation
were more frequently found in the positive tests of the CP-DSE
group and in the negative tests of the MP-DSE group (Table 3).

The most severe adverse effects occurred in the CP-DSE
patients with positive test results for ischemia and included
ventricular fibrillation (2 patients) and acute coronary
syndrome (1 patient). These patients were admitted for
hemodynamic evaluation and subsequently underwent
surgical myocardial revascularization, with no complications
reported (Table 3). In the MP-DSE group, nitroglycerin solution
was administered to 76 patients presenting with typical angina.

Atropine was administered to 83% of CP-DSE patients and
92.6% of MP-DSE patients. The mean dose of atropine was
higher in the MP-DSE group, including among patients with
negative ischemia results, regardless of age, and among non-
elderly patients with positive ischemia results. However, the
mean dose of atropine did not differ between groups among
elderly patients with positive ischemia results. Lower doses of
atropine were administered to elderly patients, regardless of
ischemia status (Table 4). Early administration of atropine to
reverse paradoxical sinus deceleration occurred in 16 CP-DSE
patients and 64 MP-DSE patients.

Discussion

In this study with two large unselected populations, we
assessed the safety of two protocols for DSE. In the modified
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Table 1 - Baseline characteristics: demographic data, risk factors, and type of therapy

Number of tests
Mean age (years)
Number of tests in patients aged <65 years
Number of tests in patients aged >65 years
Men
Women
Hypertension
Dyslipidemia
Diabetes
Known coronary artery disease
Previous myocardial revascularization
stent
mammary or saphenous bypass graft
mammary bypass graft
Oral beta-blocker
on

suspended

8,690 (100%)

9,121 (100%)

61+ 11.73 62.71+2.05 < 0.001

5,487 (66.1%) 5,182 (56.8%)
< 0.001

3,203 (33.9%) 3,939 (43.2%)

3,723 (42.8%) 4,150 (45.5%)
<0.001

4,967 (57.2%) 4,971 (54.5%)
4,608 (53%) 6,243 (68.4%) < 0.001
3,755 (43.2%) 5,228 (57.3%) <0.001
1,415 (16.3% 2,476 (27.1%) < 0.001
1,635 (18.8%) 1,838 (20.2%) < 0.001
438 (5.0%) 1,167 (12.8%) <0.001
1,108 (12.8%) 538 (5.9%) <0.001
830 (9.6%) 426 (4.7%) <0.001
408 (4.7%) 197 (2.2%) < 0.001
1,420 (16.3%) 2,770 (30.4%) < 0.001

Data expressed as mean + standard deviation, absolute numbers, and percentages; PC-DSE: conventional protocol for dobutamine stress
echocardiography; MP-DSE: modified protocol for dobutamine stress echocardiography.

protocol, a lower amount of dobutamine was administered and
esmolol was established as the ultra-short-acting beta-blocker
to control arrhythmia or ischemia. In patients with persistent
angina, the control was achieved with predetermined doses
of nitroglycerin, as shown in the Central Illustration.

Over the past four decades, dobutamine infusion
duration and dosage have varied. The frequent use of high
doses has led to high dobutamine exposure and important
adverse effects. Subsequent protocols have maintained
3-minute intervals per stage, and atropine administration
could be initiated along with the 20-, 30-, or 40-ucg.kg™.
min~' dobutamine infusion.'?#67121¢ |n the CP-DSE group,
there was greater exposure to dobutamine, and the test was
concluded from the fourth stage on in 85.6% of the patients,
while, in the MP-DSE group, only 44% needed to reach the
fourth stage for conclusion.

According to Anthenoffer et al.,’> paradoxical sinus
deceleration during DSE may represent the Bezold-Jarisch
reflex, triggered by parasympathetic stimulation in the
posterior wall of the left ventricle or by baroreceptor
activation. This deceleration can be either gradual or
sudden and abrupt. Based on data retrieved from the
database, this reflex was observed in the CP-DSE group
and was followed by atropine administration at the

examiner’s discretion to reverse the deceleration. However,
only 16 such cases were recorded, suggesting possible
underreporting or a less stringent diagnostic criterion. In
the MP-DSE group, early and immediate administration of
atropine was strictly implemented in 64 patients to prevent
atrioventricular block or asystole.

Intravenous administration of an ultra-short-acting
beta-blocker at the end of DSE is essential for controlling
or preventing arrhythmias and ischemic manifestations, as
well as for facilitating a rapid return to baseline heart rate.
Either esmolol or metoprolol may be used, although current
guidelines do not specify a preferred agent.*®

In the CP-DSE group, metoprolol was used, and
its effectiveness in controlling arrhythmias, ischemic
manifestations and reducing HR was confirmed."7"7
However, we observed that in the MP-DSE group,
esmolol not only contributed to the control of ischemic
manifestations and arrhythmias but also appeared to
reduce HR more rapidly. Notably, in the management of
supraventricular arrhythmias, esmolol has been shown to
act faster and more effectively than amiodarone in cases
of acute atrial fibrillation.>%1?

Metoprolol administered at the end of the test enhances
the sensitivity of DSE for diagnosing myocardial ischemia

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(3):e20250054
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18,531 tests

Conventiona protocol

Modified protocol

9,124

Inconclusive tests: 424

Adverse effects: 135
* Hypertensive peak: 56
¢ Hypotension: 6

¢ Short supraventricular
tachyarrythmia: 8

* Nonsustained ventricular
tachycardia: 10

¢ Test intolerance: 55

Completed tests:
8,690

9,407

Inconclusive tests: 286

Adverse effects: 48
¢ Hypertensive peak:9
¢ Hypotension: 2

¢ Short supraventricular
tachyarrythmia: 7

* Nonsustained ventricular
tachycardia: 1

¢ Test intolerance: 29

Completed tests:
9,121

Figure 1 - Flowchart of the patients; none of the inconclusive tests reached the target heart rate nor met the criteria for

myocardial ischemia.

without compromising specificity.®* In our study, esmolol
revealed wall motion abnormalities consistent with ischemia
during the recovery phase (Video 1), which may suggest a
class effect of ultra-short-acting beta-blockers.

When myocardial ischemia presents with ST-segment
elevation or is not promptly controlled with a beta-
blocker, the use of nitrates becomes essential.2! In the
CP-DSE group, sublingual nitrate was administered;
however, its effect was not always sufficiently rapid due
to impaired absorption caused by mouth dryness — a
common side effect of atropine, particularly in elderly
patients. Therefore, we opted to use lingual spray nitrate
or intravenous isosorbide mononitrate. When these
options were unavailable, intravenous nitroglycerin was
administered at the examiner’s discretion. In the MP-DSE
group, nitroglycerin infusion was routinely implemented
with predetermined timing and dosage, which may have
contributed to the prevention of potential ischemic
complications.’ %22

In our study, during stress, the rate-pressure product was
higher in the MP-DSE group for both positive and negative
ischemia results. This may have been influenced by a greater
number of hypertensive patients, a lower proportion of
patients on oral beta-blockers and earlier administration
of atropine in this group. The rate-pressure product is
known to correlate with myocardial oxygen consumption;
therefore, when this parameter is elevated, the likelihood

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(3):e20250054

of ischemia increases. In the MP-DSE group, the higher
rate-pressure product indicated increased oxygen demand.
Evidence suggests that the rate-pressure product is a more
reliable indicator of the adequacy of dobutamine stress
than the achievement of target HR.23

It is worth noting that, despite higher systolic blood
pressure (SBP) during stress in the MP-DSE group,
hypertensive peaks were more frequent in the CP-DSE
group. This may be related to alpha-adrenergic stimulation
secondary to greater exposure to dobutamine. Similar
findings were reported by Lee et al.?*in their study involving
3,129 patients, in which atropine was administered at a
later stage.

Typical angina is a late and less frequent manifestation
than wall motion abnormalities in the ischemic cascade.?
Although the MP-DSE group had a higher percentage of
patients with risk factors for probable or known coronary
artery disease, typical angina was more frequent in the
CP-DSE group, which may be consistent with the higher
incidence of positive DSE results for ischemia observed in
that group.

Isolated ectopic beats are common during DSE
and become clinically relevant when they occur in
bursts, as tachyarrhythmias, or as fibrillation. However,
the vast majority can be suppressed following test
completion and administration of a beta-blocker bolus.
Supraventricular ectopic beats in recurrent bursts,
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Table 2 - Values of the hemodynamic variables in the stress echocardiography protocols used and number of tests performed (N)
according to negative or positive results for myocardial ischemia

. CP-DSE 7313 76.55 + 15.614
ST MP-DSE 8,375 75.35 + 15.614 LYY

- CP-DSE 1380 73.66 * 15.614
Positive MP-DSE 753 73.75 % 15.614 0.820
Negative and positive I\(/:IFI;-DDSSIIEE g?g? ;gg? z mggg <0.001

. CP-DSE 7,313 149.94 + 15,635
Negative MP-DSE 8,375 149,62 + 14.153 <0.001

» CP-DSE 1,380 144,69 + 21.402
Pl MP-DSE 753 144.39 + 18.726 LR

. " CP-DSE 8,690 149.11 + 16.793
Negative and positive MP-DSE 9,121 149.18 + 14.654 0155

CP-DSE 7,313 134.93 + 20.085

Negative MP-DSE 8,374 129.18 + 15.614 <0.001
» CP-DSE 7,313 136.43 + 22.889

ozl MP-DSE 8,375 132.72+ 16.204 <Ly
. N CP-DSE 8,690 13517 + 20.562

Negative and positive MP-DSE 9,121 129.48 + 15.693 <0.001

. CP-DSE 7313 150.20 + 25.758
Negative MP-DSE 8,375 153.67 + 22.665 <0.001
N CP-DSE 1380 152,24 + 29.472
LS MP-DSE 753 159.63 + 22.980 <
. 3 CP-DSE 8,690 150,53 + 26.391
Negative and positive MP-DSE 9,121 154.16 + 22.749 < 0.001

. CP-DSE 7313 10,394 2,599
Negative MP-DSE 8,376 9.766 + 2,259 <0.001

- CP-DSE 1380 10,142 + 2,615
Pl MP-DSE 753 9,801 £ 2,109 e

. 3 CP-DSE 8,690 10,354 + 2,603
Negative and positive MP-DSE 9.121 9,769 + 2,247 <0.001

. CP-DSE 7,313 22596 + 4 445
Negative MP-DSE 8,376 23,034 + 4,031 <0.001
» CP-DSE 1,380 22177 + 5,194
ozl MP-DSE 753 23,077 + 4,504 Ly
. 5 CP-DSE 8,690 22,530 + 4,575
Negative and positive MP-DSE 9.121 23,037 4072 < 0.001

Data expressed as mean + SD and absolute numbers. SD: standard deviation; PC-DSE: conventional protocol for dobutamine
stress echocardiography; MP-DSE: modified protocol for dobutamine stress echocardiography; bpm: beats per minute.
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Table 3 - Adverse effects of dobutamine stress
echocardiography according to the protocols used and the
results (negative or positive) for myocardial ischemia

Total sample 8,690 (100%) 9,121 (100%)

Negative 62 (0.71%) 32 (0.35%) <0.001
Positive 29 (0.33%)  2(0.02%) <0.001
Al 91 (1.04%) 34 (0.37%) < 0.001

Negative 301 (3.46%) 128 (1.4%) < 0.001
Positive 532 (6.12%) 336 (3.7%) < 0.001
Al 833 (9.58%) 464 (5.1%) < 0.001

Negative 2,243 (25.8%) 2,721 (29.8%) < 0.001
Positive 472 (5.43%) 289 (3.17%) < 0.001
Al 2,715 (31%) 3,010 (33%) < 0.001

Negative 124 (1.43%) 239 (2.62%) < 0.001
Positive 38 (0.43%) 34 (0.37%) < 0.001
Al 162 (2.11%) 273 (3.78%) < 0.001

Negative 54 (0.62%) 107 (1.17%) <0.001
Positive 17 (0.2%)  9(0.1%)  0.001
Al 71(0.82%) 116 (1.27%) < 0.001

Negative 20(0.23%)  8(0.1%) <0.001
Positive 28(0.32%)  3(0.03%) <0.001
Al 48 (0.55%)  11(0.13%) < 0.001

Positive 1 (0.01%) -

Positive 2 (0.02%) -

Data expressed as absolute numbers and percentages;
PC-DSE: conventional protocol for dobutamine stress
echocardiography; MP-DSE: modified protocol for dobutamine
stress echocardiography.
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nonsustained tachyarrhythmias and atrial fibrillation
were more frequently observed in the MP-DSE group,
particularly in tests with negative results for ischemia.

The incidence of atrial fibrillation during DSE has varied,
on average, from 1% to 4%, with rates reported as 0.86%
among 4,818 patients in the meta-analysis by Mansencal
et al.* and 2% among 3,800 patients in the study by
Carasso et al.?® Some publications have not associated
atropine use with a higher incidence of arrhythmia."
Tsutsui et al.” found no significant difference in atrial
fibrillation incidence during DSE with or without early
atropine administration (0.8% vs. 1.2%; p = NS). These
percentages are very similar to those observed in our
study (0.82% vs. 1.27%; p < 0.001), although we found
a statistically significant difference in the MP-DSE group,
which involved lower doses of dobutamine and more
frequent use of atropine. This finding does not rule out
a potential association between atropine use and atrial
fibrillation, which warrants further investigation.

Considering the higher mean dose of atropine and the
greater number of patients who had discontinued oral
beta-blockers prior to testing, as previously recommended,
the higher percentage of completed tests in the MP-DSE
group was expected. Consistent with a previous study
involving octogenarians, our findings showed that elderly
patients required lower doses of atropine.’® Furthermore,
supporting published data, reduced atropine use in elderly
patients was observed in both positive and negative
ischemia results.

Nonsustained ventricular tachycardia was more
frequently observed in the CP-DSE group, regardless
of whether the test result was positive or negative for
ischemia, suggesting an effect related to the higher doses
of dobutamine. At the examiner’s discretion, the test was
interrupted and a beta-blocker bolus was administered,
effectively preventing the progression to sustained
ventricular tachycardia.

The most severe complications occurred exclusively in
the CP-DSE group. One patient developed acute coronary
syndrome during DSE, requiring prolonged intravenous
nitroglycerin infusion. This patient subsequently underwent
coronary angiography, which revealed severe coronary
artery disease. Ventricular fibrillation was observed in two
other patients — one during the fourth stage and the other
during the recovery phase — both of whom tested positive for
myocardial ischemia and had severe coronary artery disease.
Defibrillation was successfully performed in both cases
without sequelae, and surgical myocardial revascularization
was carried out thereafter. No cases of cardioversion or
electrical defibrillation were reported in the MP-DSE group.

In this study, none of the following complications
was observed: Takotsubo syndrome, acute myocardial
infarction, atrioventricular dissociation, asystole, cardiac
rupture, death or sustained ventricular tachycardia.
Geleijnse et al.’ reported that, in the absence of sustained
ventricular tachycardia, the risk of severe complications
during stress testing — whether with a vasodilator,
dobutamine or exercise — is comparable.
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Table 4 - Dose of atropine administered according to protocol, age group, and results for myocardial ischemia (negative

or positive)

CP-DSE 0.540
Mean dose (mg)

MP-DSE 0.602

CP-DSE 0.642
Age < 65 years

MP-DSE 0.740

CP-DSE 0.360
Age > 65 years

MP-DSE 0.417

CP-DSE 0.547
Negative for ischemia

MP-DSE 0.607

CP-DSE 0.495
Positive for ischemia

MP-DSE 0.552

CP-DSE 0.655
Negative < 65 years

MP-DSE 0.745

CP-DSE 0.360
Negative > 65 years

MP-DSE 0.420

CP-DSE 0.580
Positive < 65 years

MP-DSE 0.682

CP-DSE 0.367
Positive > 65 years

MP-DSE 0.405

0.433 0 2mg
< 0.001

0.488 0 2mg

0.441 0 2mg
< 0.001

0.513 0 2mg

0.356 0 2mg
<0.001

0.380 0 2mg

0.437 0 2 mg
<0.001

0.488 0 2mg

0.411 0 2mg
0.070

0.476 0 2mg

0.442 0 2mg
< 0.001

0.513 0 2 mg

0.357 0 2mg
<0.001

0.381 0 2mg

0.427 0 2 mg
0.014

0.515 0 2 mg

0.349 0 2mg
0.216

0.377 0 2mg

SD: standard deviation; CP-DSE: conventional protocol for dobutamine stress echocardiography; MP-DSE: modified protocol for

dobutamine stress echocardiography.

The study by Rozanski et al.,?” using nuclear medicine
imaging, demonstrated that over two decades, the
percentage of tests yielding positive results for ischemia
declined to 5%. Other studies have shown that, over
four decades, the rate of inducible myocardial ischemia
during stress echocardiography dropped from 60% to
less than 10%, likely due to changes in patient profiles
and improvements in anti-ischemic therapy.?®?° This may
explain the lower percentage of positive ischemia tests in
the MP-DSE group in our study. Additionally, it is worth
noting the higher rate-pressure product observed in that
group during stress. The decline in positive test rates has
prompted the incorporation of new tools to enhance the
diagnostic accuracy of stress echocardiography.

The potential occurrence of significant adverse effects
should never be underestimated. Based on the findings
of our study, we believe that the implementation of a
well-defined protocol and prompt action to manage
adverse events are essential for ensuring the safety of
DSE. Key safety measures include strict attention to DSE
contraindications, minimizing dobutamine exposure,
immediate reversal of paradoxical sinus deceleration,

use of esmolol as an ultra-short-acting beta-blocker, and
intravenous nitroglycerin administration when necessary.

Our study has several limitations. It is a retrospective
analysis, and neither the pretest probability of coronary
artery disease nor its influence on test outcomes was
calculated.?”** Regarding the use of beta-blockers and
coronary vasodilators, ischemia severity was not quantified
when comparing the groups. There was no standardization
of coronary vasodilator use, although this limitation was
mitigated in the MP-DSE group. Hemodynamic assessment
to evaluate DSE accuracy was not performed, and patients
were not followed longitudinally to compare the prognostic
value of CP-DSE versus MP-DSE; however, these were
beyond the scope of this study. Although, in practice, heart
rate reduction occurred more rapidly with esmolol than
with metoprolol, a comparative study is needed to confirm
this observation. Myocardial contrast echocardiography
could potentially increase the number of diagnostic tests,
but due to its cost, it remains uncommon in our setting.

In conclusion, the modified DSE protocol, featuring
early administration of atropine and intravenous use of
esmolol and nitroglycerin, proved to be a safe approach,
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Video 1 - In the two-chamber apical view, during the peak of dobutamine stress echocardiography (168 bpm), a subtle contractility
abnormality can be observed. Following the intravenous infusion of an esmolol bolus, during the recovery phase (116 bpm), the area
of wall motion abnormality extends to the anterior and inferior walls, indicating intense and unequivocal myocardial ischemia. Watch
in: http.://abcimaging.org/supplementary-material/2025/3803/ABCImag-2025-0054_A0_video_1.mp4

with no severe adverse effects reported. It resulted in
reduced exposure to dobutamine and a higher rate-
pressure product, contributing to both safety and diagnostic
efficacy.
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Schematic illustration of the anatomical manifestations of mitral stenosis according to etiology. On the left, a normal mitral valve.
In the upper right quadrant, the rheumatic pattern shows diffuse leaflet thickening with fusion and asymmetric calcification of one
commissure. In the lower right quadrant, the degenerative calcific pattern shows extensive calcium deposition in the posterior annulus
and the leaflet bases.
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Introduction

Mitral stenosis remains a clinically relevant condition
worldwide. It is associated with significant morbidity, and
it impacts patient quality of life and survival. Moreover, in
older populations in developed countries, degenerative
etiologies have become progressively more frequent, reflecting
population aging and increased life expectancy.” International
guidelines emphasize that mitral stenosis, regardless of
etiology, is associated with severe complications, such as
pulmonary hypertension, atrial fibrillation, and heart failure,
requiring accurate diagnostic and therapeutic strategies to
provide details on disease progression and improve prognosis.'

Two-dimensional (2D) echocardiography is still the primary
method for quantifying valve area in mitral stenosis. However,
2D planimetry is highly dependent on an exact orthogonal
slice over the leaflet tips, and slight deviations in the plane or
the presence of acoustic shadowing due to calcification can
lead to overestimation of the area and even make it impossible
to measure.?

Recognizing these limitations, European guidelines
recommend the complementary use of three-dimensional
(3D) planimetry, which improves the definition of the
smallest functional orifice when 2D imaging is suboptimal.’
Additionally, area calculation by pressure half-time (PHT)
is directly influenced by atrial and ventricular compliance,
transient hemodynamic conditions (e.g., aortic regurgitation,
diastolic dysfunction), and associated lesions, such as mitral
regurgitation, which shorten or lengthen PHT and lead to
errors in valve area estimation. These factors explain why,
in complex clinical scenarios, the integration of additional
parameters such as 3D planimetry may be relevant for accurate
classification of mitral stenosis severity.*?

My Approach in Practice

Given these limitations and the need for more accurate
measurements, 3D echocardiography has become increasingly
integral to mitral stenosis assessment, not only as a supplement
but also as a central tool in complex scenarios, especially
due to the fact that it allows for orthogonal alignment of the
pyramidal beam in relation to the valve plane and due to its

high spatial resolution. Below, we describe our approach to
this assessment in daily practice.

The first step is always to optimize 2D acquisition. An
inadequate 2D image directly compromises the quality of
3D reconstruction. Adjustments such as gain, compression,
and alignment should be made before activating 3D mode.
A quality 3D assessment cannot be achieved without a stable
and well-oriented 2D basis.

Following image optimization, we use 2D multiplane
mode to align the orthogonal axes and correctly identify
the plane of the leaflet tips. Subsequently, we activate 3D
zoom mode to obtain an en face view of the valve orifice,
positioning the cutting plane at the smallest diameter during
diastole. When necessary, we apply color Doppler, integrated
with the reconstruction to assess residual flow or associated
regurgitation. Leaflet mobility, symmetry of commissural fusion,
and the presence of calcification or subvalvular alterations are
assessed by means of multiplanar reconstructions and en face
views obtained in 3D mode, allowing detailed analysis of the
mitral apparatus in different orthogonal planes.*

The Role of 3D Transthoracic Echocardiography

Three-dimensional transthoracic echocardiography
(TTE) represents a strategic initial phase in mitral stenosis
assessment, especially due to the fact that it provides real-
time images with good spatial resolution in patients with a
favorable acoustic window.* Its main contribution is quick,
noninvasive acquisition of the mitral valve. Furthermore,
3D TTE facilitates the morphological characterization of
the valve regarding symmetry of commissural fusion, leaflet
thickening, and extent of calcifications; this information is
relevant to etiological diagnosis and selection of candidates
for percutaneous valvotomy. Although it has limitations in
complex anatomies or in patients with inadequate windows,
this step can anticipate relevant data and more efficiently
guide the planning of transesophageal assessment.* Figure
1 displays an example of 3D TTE in severe rheumatic mitral
stenosis with tunneling, demonstrating the morphological
alterations that are typical of this etiology in atrial and
ventricular views.

Figure 1 - Three-dimensional transthoracic echocardiography of the mitral valve in severe rheumatic mitral stenosis with tunneling.
On the left, atrial view with the tunneled valve orifice, typical of severe rheumatic anatomies. On the right, ventricular view showing
the elongated, narrow trajectory of the functional orifice, with commissural fusion and associated subvalvular restriction.
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In a prospective study involving 105 patients with severe
mitral stenosis, despite the lower image resolution of 3D
TTE compared to 3D transesophageal echocardiography,
both techniques showed excellent agreement (significant
correlation; mean bias < 0.01 cm?), confirming the reliability
of 3D TTE for quantifying valve area.’

Although the role of 3D TTE is relevant and can provide
reliable data, especially in favorable acoustic windows,
transesophageal echocardiography is still an indispensable
step for detailed assessment. It is during this phase that
we systematically apply the following acquisition and
optimization parameters.

Image Assessment and Optimization Parameters

3D Planimetry

Three-dimensional planimetry is currently considered the
most accurate method for determining mitral valve area in
mitral stenosis, as it reduces errors related to oblique views and
dependence on acoustic windows that limit 2D planimetry.
Using multiplanar reconstructions and en face visualization in
3D transesophageal mode, it is possible to accurately identify
the smallest orifice in diastole, even in complex anatomies with
calcification or asymmetric commissural fusion.*?

In addition to greater accuracy in measuring valve area,
3D planimetry has demonstrated relevance in prognostic
stratification. In a comparative study, the method consistently

yielded smaller valve areas than PHT and 2D planimetry,
reclassifying mitral stenosis severity in nearly 20% of cases.®
More importantly, only classifications of severe stenosis
obtained by 3D planimetry were significantly associated
with clinical outcomes, such as the need for valvotomy, valve
surgery, or hospitalization for heart failure; it also showed
better correlation with hemodynamic markers, such as right
ventricular systolic pressure and left atrial volume.”® These
findings reinforce the value of 3D planimetry not only in
anatomical assessment but also in identifying patients at higher
risk of clinical events.®

Figure 2 illustrates an example of 3D planimetry obtained
by 3D transesophageal echocardiography, highlighting
multiplanar reconstruction and en face visualization for precise
plane positioning in the smallest functional orifice during
diastole. FlexiSlice® (GE Healthcare) was used for precise
plane alignment and visual optimization.

Comparison with PHT and 2D Planimetry

When compared to traditional methods, 3D planimetry
shows lower interobserver variability and avoids biases
associated with the method of PHT and 2D planimetry.*
Whereas PHT is directly influenced by atrial and ventricular
compliance, the presence of associated regurgitation,
and transient hemodynamic conditions, compromising
the accuracy of valve area estimation, 2D planimetry can
overestimate or underestimate stenosis severity when there
are non-orthogonal slices or acoustic shadowing.>* Therefore,

Figure 2 - Multiplanar reconstruction by three-dimensional transesophageal echocardiography in mitral stenosis, allowing precise
positioning of the plane in the narrowest portion of the valve orifice during diastole, facilitating reliable anatomical measurement of

the functional area.
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the integration of 3D planimetry into the diagnostic workflow
has a significant clinical impact, allowing more accurate
stratification of disease severity and assisting in decision-
making and planning of interventions, such as percutaneous
valvotomy or surgery.**

Multiplanar Alignment in Volume Acquisition

Before capturing 3D volume, whether in zoom or full-
volume mode, it is essential to use 2D multiplanar mode
in order to correctly align the orthogonal axes to the mitral
valve plane. This alignment during the acquisition phase
is especially important in cases of mitral stenosis, where
anatomy is often asymmetrical, and the minimum functional
area may not coincide with a standard anatomical plane.
Adjusting the lateral-medial and anteroposterior planes over
the leaflet ends ensures that the plane of maximum diastolic
opening is recorded, thus reducing errors and facilitating
post-processing.

For rheumatic valves, it is recommended to align the
coronal plane between the commissures (anterolateral and
posteromedial), respecting any eventual asymmetries. The
axial (transverse) plane should be verified to ensure that the
functional orifice is centered and avoid tangential cuts. When
there is asymmetric calcification or anatomical distortion, small
adjustments to probe tilt can reposition the beam in a more
favorable manner. The presence of an irregular rhythm, such
as in atrial fibrillation, justifies the preference for 3D zoom
mode with single-beat acquisition, avoiding stitch artifacts,
which are common in full-volume images.

During 3D zoom acquisition, it is important to maintain
a reasonable frame rate, ideally above 20 volumes per
second (VPS), in order to preserve temporal clarity. Single-
beat acquisition modes can reach up to 25 VPS, improving
definition in patients with irregular rhythms, whereas
multiple beats can increase the frame rate to even higher
values (such as 80 VPS), but they require regular rhythm and
pose the risk of artifacts. Very low rates can make it difficult
to identify the smallest functional diameter, especially in
complex anatomies.

The systematic adoption of these strategies during
acquisition provides volumes that are more representative of
functional anatomy, reduces the need for extensive corrections
in post-processing, and increases the accuracy of valve area
measurement by 3D planimetry.

Post-processing and Optimization of 3D Images

High-quality 3D images for mitral stenosis assessment
directly depend on appropriate gain, brightness, and
compression settings during acquisition and post-processing.
Gain should be adjusted to enhance the echogenicity of the
leaflets and commissures without saturating the image or
introducing artifacts. Excessive gain amplifies low-intensity
echoes, which can generate artificial shadows, whereas
insufficient gain compromises visualization of the valve edges
and valve orifice. A proper balance ensures that anatomical
boundaries are clear, facilitating multiplanar reconstruction
and 3D planimetry.*

Brightness and compression (contrast adjustment) also play
a fundamental role. In the analysis of mitral stenosis, low- to
medium-intensity compression is recommended, preserving
the contrast necessary to clearly differentiate the edges of
the functional orifice and commissures, without saturating
echogenic areas. Excessive compression reduces the grayscale
range, which can mask fine calcifications or partial fusions;
very low compression excessively increases the dynamic
range, resulting in reduced margin definition. Adjustment
should be performed progressively during post-processing,
verifying sharpness and anatomical continuity in multiplanar
reconstructions before planimetry, in order to highlight the
valve apparatus without distorting morphology.*

Smoothing is another available feature, which acts to
reduce the graininess of a reconstructed surface. Although
it is useful for creating a more homogeneous appearance
of the valve and facilitating visual analysis, excessive use
of this tool can distort irregular surfaces and attenuate the
perception of critical structures, such as punctual calcifications
or areas of fusion. In mitral stenosis, smoothing should be
applied cautiously, only to improve image uniformity without
compromising anatomical accuracy. Similarly, a well-optimized
2D image prior to volume capture is indispensable, given that
any artifacts that arise during acquisition propagate to the 3D
dataset, compromising multiplanar analysis and subsequent
measurement of the valve area.”®

Gamma adjustment can also be used to balance the
distribution of grayscale in 3D imaging. Lower values
increase contrast in darker areas, enhancing edges and
fine calcifications, whereas higher values facilitate the
visualization of less echogenic structures. Adjustments should
be moderate in order to avoid loss of detail or distortion of
anatomical perception.

In 3D analysis of mitral stenosis, features such as Clarity
can be used to enhance edges and reduce noise, improving
valve contour definition and facilitating planimetry, especially
in complex anatomies or those with calcification. Adjustments
should be moderate in order to avoid artifacts or artificial
highlights. As a complementary and optional feature, HD Live
can be used for volumetric rendering with lighting simulation,
altering depth perception and 3D realism. Although this
feature does not directly influence measurement accuracy, it
can assist in spatial understanding and visual communication
of anatomical findings.

Artifact and Noise Correction

High-quality 3D images for mitral stenosis assessment
do not depend only on appropriate gain, brightness, and
compression adjustments, as mentioned above, but also on
strategies to reduce artifacts and noise that can compromise
valve area measurement. A frequent challenge is acoustic
shadowing caused by extensive calcification, which leads to
loss of definition in the leaflets and subvalvular region. In order
to mitigate this, the following are recommended:

* Slightly reduce the gain and adjust the compression to
enhance valve edges without saturating calcified areas.

* Experiment with small changes in the probe angle,
seeking windows with lower acoustic interference.
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* In persistent cases, apply 3D zoom mode with a
restricted focus on the valve, minimizing the need
for extensive reconstructions and areas affected by
shadowing.

Speckle noise is another issue that can make accurate
identification of the valve contour difficult. Smoothing or
noise suppression filters may be applied, provided that they
are used moderately, given that excessive use tends to distort
the actual geometry, especially in areas with calcification or
commissural fusion.

In full-volume acquisitions, motion artifacts, for example,
stitch artifacts, are common in patients with atrial fibrillation
or tachycardia. In these cases, the use of smaller volumes or
single-beat acquisition is preferable to avoid loss of anatomical
continuity, even with lower spatial resolution.

Careful application of these techniques, combined with
proper alignment of orthogonal planes and rational use of
rotation and cropping tools, is essential to ensure that the
final dataset faithfully represents anatomy, enabling reliable
and reproducible planimetry.

Finally, it is important to bear in mind that all 3D analyses
depend on the quality of the original 2D image. Artifacts
acquired in the 2D base propagate to the reconstructed
volume, impacting the accuracy of planimetry. A stable, well-
centered, and distortion-free acquisition is the first step to
effective post-processing.

Rotation and Cropping Functions in Post-processing

During 3D analysis of mitral stenosis, volume manipulation
with the rotation and cropping functions is applied to optimize
visualization of the valve orifice and mitral apparatus. Rotation
of the volumetric block along orthogonal axes allows for
precise alignment of the plane of view with the leaflet tips,
facilitating an en face view of valve opening during diastole.
This step is particularly important in complex anatomies,
where asymmetric commissural fusions or calcifications can
distort the standard orientation, making it difficult to measure
the functional area.®®

The cropping feature makes it possible to remove portions
of the 3D volume that do not contribute to analysis, for
example, adjacent cavities or redundant portions of the left
atrium, allowing for exclusive focus on the mitral valve and
its orifice. This cleaning process improves image clarity and
structural definition, in addition to facilitating multiplanar
reconstruction and planimetry.* Careful use of the cropping
function also reduces artifacts and avoids overlapping
structures, especially in cases with significant atrial dilation or
multiple flow planes that could interfere with interpretation.®

The combination of these techniques, in conjunction
with previously applied gain, brightness, compression, and
smoothing adjustments, results in a more stable reconstruction
that is faithful to the actual anatomy. Accordingly, systematic
use of rotation and cropping tools not only improves
visual quality but also increases the accuracy of valve area
measurement and anatomical characterization, contributing
to more reliable diagnostic analysis in mitral valve stenosis.
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Systematic application of appropriate acquisition strategies,
in association with image optimization techniques in post-
processing and careful volume manipulation with tools
such as rotation and cropping, improves the quality of 3D
reconstruction and diagnostic reliability in mitral stenosis. Table
1 summarizes the main recommendations for reducing artifacts
and obtaining accurate measurements. When the technical
stage is optimized, it is possible to advance to individualized
assessment of mitral stenosis according to etiology.

Individual Assessment According to Etiology

Mitral Stenosis of Rheumatic Etiology

Mitral stenosis of rheumatic etiology is characterized by
commissural fusion, leaflet thickening that begins at the ends
and extends toward the base, and fusion of the subvalvular
apparatus, resulting in an orifice with a “fish mouth”
appearance and diastolic doming motion of the anterior
leaflet>® (Figure 3). Echocardiographic assessment should
document not only the extent of commissural fusion but also
the presence and distribution of calcium in the commissures,
which are fundamental parameters for determining the
feasibility and safety of percutaneous balloon valvotomy.®?
Asymmetric commissural involvement or the presence of
extensive calcification in the commissures are associated
with lower hemodynamic success of percutaneous balloon
valvotomy and greater risk of significant post-procedural mitral
regurgitation®® (Figure 4).

Recent studies show that 3D scores, such as the Anwar
score, better capture the severity of commissural calcification
and subvalvular involvement. These elements are directly
related to the occurrence of suboptimal outcomes, such as
final valve area < 1.5 cm? or significant post-procedural mitral
regurgitation.’ In a study by Farrag et al., the 3D-Anwar score
was superior to the traditional Wilkins 2D score in predicting
adverse outcomes, with a more robust negative correlation
between the score and the valve area obtained.’ Therefore,

Table 1 - Practical strategies to minimize artifacts in
acquisition and post-processing of 3D volumes in mitral
stenosis assessment

Reduce gain and adjust contrast in regions with calcification
to avoid saturation and acoustic shadowing.

If there is loss of definition due to acoustic shadowing,
adjust the probe angle slightly.

Give preference to 3D zoom mode when full-volume mode
generates artifacts, especially in irregular rhythms.

Use smoothing moderately, only to homogenize the image,
without losing anatomical definition.

In patients with atrial fibrillation, avoid multi-beat acquisition;
single-beat mode is preferable for reduced volumes.

Ensure a good 2D image before capturing volume, as initial
artifacts compromise the entire reconstruction.

2D: two-dimensional; 3D: three-dimensional.
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Figure 3 - Three-dimensional images obtained by transesophageal echocardiography demonstrating commissural fusion, a characteristic

of rheumatic mitral stenosis. (A) Atrial view. (B) Ventricular view.

Figure 4 — Images obtained by three-dimensional transesophageal echocardiography demonstrating partial commissural fusions and
asymmetric calcification in rheumatic mitral stenosis. (A) Transillumination image, highlighting extensive calcification and asymmetric
fusion of the posteromedial commissure. (B) Three-dimensional en face view of the mitral valve, highlighting the fusion and asymmetric
distribution of calcium between the commissures. (C) Three-dimensional transesophageal planimetry showing severe stenosis.

3D assessment of commissures not only enhances the accuracy
of planimetry and anatomical characterization but also also
provides fundamental prognostic parameters for candidate
selection and planning of percutaneous interventions,
reducing the risk of complications such as residual mitral
regurgitation (Figure 5).

Mitral stenosis of degenerative etiology

Mitral stenosis of degenerative etiology predominantly
occurs in elderly patients, and it results from progressive
calcification of the mitral annulus, with frequent extension
to the base of the leaflets. This configuration leads to the
formation of a tubular or tunnel-shaped orifice, generally
without significant commissural fusion, and it usually generates
lower transmitral gradients for the same valve area when
compared to the rheumatic form.""'> These anatomical

peculiarities make conventional 2D echocardiography
assessment challenging, given that the presence of extensive
calcium often produces acoustic shadowing, making accurate
2D planimetry difficult or impossible.™

In this scenario, 3D echocardiography also plays an
important role in calcific degenerative etiology, as it allows
multiplanar reconstructions and en face visualization of the
valve orifice, overcoming limitations imposed by acoustic
shadowing and providing more reproducible and accurate
measurements of mitral valve area."?

In addition to accurately measuring the valve area, 3D
echocardiography allows for characterization of the distribution
and extent of calcification, detailing annular involvement and
calcium penetration in the leaflet bases.”'? This analysis is
particularly relevant because the tubular geometry that is typical
in this etiology tends to generate smaller gradients for the same
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Figure 5 - Images obtained by three-dimensional transesophageal echocardiography, representing a mitral valve with rheumatic
anatomy that is favorable for percutaneous balloon valvotomy. (A) Three-dimensional atrial en face view demonstrating symmetrical
commissural fusion with reduced valve area. (B) Three-dimensional ventricular en face view, with typical restricted posterior
mobility and absence of significant subvalvular calcification. (C) Multiplanar (Multi-D) reconstruction integrating orthogonal slices for

complementary mitral valve assessment.

valve area, which can mask the severity of the obstruction
when only hemodynamic parameters are considered." The
use of 3D assessment helps differentiate between low gradients
due to reduced flow and those related to valve anatomy,
avoiding underdiagnosis of significant stenosis.’ In cases with
extensive calcification or complex anatomical deformity, the
integration of 3D assessment with computed tomography has
been recommended to complement anatomical definition and
guide therapeutic planning.'

The Central Illustration displays a comparative summary
of the main anatomical characteristics with therapeutic
implications for rheumatic and degenerative forms of
mitral stenosis.

Conclusion

Three-dimensional planimetry is currently the most reliable
method for estimating mitral valve area, especially in scenarios
with complex anatomy, asymmetric commissural fusion, or
extensive calcification. Even though 2D echocardiography
continues to play a central role in the initial assessment,
the systematic use of 3D echocardiography should be
recommended in both the pre-procedure phase and
the follow-up of patients with significant mitral stenosis,
contributing to greater diagnostic accuracy and improved
therapeutic guidance.
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Resonance of microbubbles in response to the energy transmitted by the echocardiography equipment transducer. MI: mechanical index.

Abstract

Contrast echocardiography, based on ultrasound contrast
agents composed of microbubbles, has been increasingly
incorporated into echocardiography labs. It involves the
infusion of compounds that enhance the visualization
of various cardiac and vascular structures. The multiple
adjustments required are usually included in pre-configured
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SUMARIO

packages (presets) installed by manufacturers on the
equipment. However, it is possible —and sometimes necessary
— to make modifications to optimize image generation and,
guided by the objective of the echocardiographic study, to
achieve the full potential this technique can offer.

Introduction

Contrast echocardiography (CE) is based on the use of
ultrasound contrast agents (UCAs), or echocardiographic
contrast, for the purpose of opacifying cardiac structures.
It is a safe, cost-effective technique that significantly aids
the diagnostic process and, consequently, guides treatment,
improving patient outcomes across various clinical scenarios.'*

In this advanced echocardiographic technique,
microbubble-based compounds are used — microspheres
composed of high molecular weight gas (perfluorocarbon
or sulfur hexafluoride) encapsulated by an albumin or lipid
shell. In addition to being smaller than red blood cells, this
composition gives microbubbles some unique properties. For
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example, they have lower solubility and diffusibility in blood,
meaning greater compound stability, which allows them to
cross the pulmonary capillary barrier.” Another very important
aspect is the rheology of the microbubble when interacting
with ultrasound (US) waves. Depending on the amount of
transmitted energy, there may be linear or nonlinear radial
oscillation, or even microbubble destruction. Therefore,
energy adjustment is crucial in CE (Central Figure).

The opacification of structures occurs through the
interaction between US waves and microbubbles, generating
a powerful reflected signal —approximately 135 times stronger
— that is captured by the echocardiography equipment. At
this stage, to maximize the effectiveness of the technique, it
is essential to optimize the settings of the device being used.
The multiple adjustments required are typically included in
preconfigured packages provided by manufacturers (presets),
and the main variable is the transmitted energy, measured
by the so-called Mechanical Index (MI). This adjustment
should be guided primarily by the specific objective of the
echocardiographic examination being performed.

Ultrasound Contrast Agents and Contrast
Echocardiography

The main and most frequent indications for the use of
UCAs are:

— Poor acoustic image quality: the use of UCAs can
“rescue” exams that would otherwise require additional,
more complex and costly imaging methods (Figure 1);%

— Volume quantification and assessment of left ventricular
(LV) systolic function: This estimation shows excellent
correlation with cardiac magnetic resonance imaging,
improving interobserver reproducibility (Figure 2);%°

— Optimization of Doppler signal for evaluating valvular
gradients and estimating pulmonary artery systolic
pressure;

— Stress echocardiography: enhances the analysis of
segmental wall motion and allows for myocardial
perfusion assessment (Figure 3);

— Investigation of thrombi and evaluation of cardiac
masses;

— Detection of LV rupture;

— Area delimitation during septal alcoholization for
hypertrophic cardiomyopathy.

There are numerous benefits to using UCAs in
echocardiographic examinations. Some of the main
advantages include:

— They are safe and cost-effective;

— Administration is relatively simple and quick;
— They are non-nephrotoxic;

— They do not accumulate in various tissues;

— They are associated with improved diagnostic accuracy
in multiple clinical scenarios and better outcomes in
critically ill patients.

Although relatively straightforward, certain steps are
essential for the proper administration of UCAs. The key steps
are outlined below:

1. A peripheral venous access should be obtained,
preferably in the antecubital fossa, with a gauge of at
least 20G, along with the installation of a three-way
stopcock. This access must be tested for patency to
ensure proper infusion.

2. The UCA should be prepared according to the
manufacturer’s specifications. Sonovue, an agent
approved by ANVISA and authorized for routine
use in Brazil, consists of a kit containing a vial with
lyophilized microbubbles of sulfur hexafluoride at a

Stress echo - baseline

Stress echo - contrast

Figure 1 - Patient with chronic obstructive pulmonary disease and obesity referred for a pharmacological stress echocardiogram
using dobutamine. Baseline imaging showed reduced quality. Improvement was observed with the use of an ultrasound contrast

agent, allowing the exam to be successfully performed.
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concentration of 8 uL/mL and a syringe with a 0.9%
sodium chloride diluent solution. After dilution,
the compound should be manually and gently
homogenized.

3. Sonovue can be administered in small boluses or,

much less frequently, via continuous infusion. Bolus
doses typically range from 0.5 to 1.0 mL, followed
by a 5 mL flush of 0.9% saline infused over 5 to 10
seconds, or by elevating the limb. It is recommended
to use the smallest bolus that ensures adequate
opacification, thereby conserving contrast for the
entire echocardiographic study. Optimal contrast

of the left ventricle is achieved when the cavity is
well opacified and the endocardial-cavity interface
(endocardial border) is clearly defined. Administering
an excessive dose of the contrast agent may result in
a “blooming” artifact — an intense apical brightness
that distorts adjacent structures — and acoustic
shadowing with image attenuation in the basal
segments. Conversely, using a lower dose may lead
to suboptimal contrast in the apical region, producing
a “swirling” appearance, as well as myocardial
attenuation that may be generalized or segmental,
mimicking perfusion defects.

Figure 2 - Clearer visualization of the borders allows a more accurate measurement of left ventricular volumes and calculation of
ejection fraction, reducing interobserver variability. LV: left ventricle; RV: right ventricle.

Figure 3 - A 60-year-old woman underwent contrast echocardiography under pharmacological stress with dobutamine. She experienced
chest discomfort and ST-segment depression in the precordial leads on the electrocardiogram. An area of myocardial perfusion deficit
was observed at the apex of the left ventricle, associated with localized hypokinesia (arrows). The test was positive for the presence
of myocardial ischemia. LV: left ventricle; RV: right ventricle.
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The rheology of microbubbles and the high reflectivity of
US waves are the core of the image opacification technique
in CE. The structural composition of the microsphere leads to
different bubble behaviors when interacting with US beams
at varying levels of transmitted energy.

The Ml is a measure that expresses the energy transmitted
to tissues, i.e., the acoustic power. Conceptually, it corresponds
to the peak negative pressure of the US wave divided by the
square root of the central frequency (P- /Vf), and it is typically
greater than 0.8 in most non-contrast images. This is the primary
parameter to be adjusted in CE. A very low MI (< 0.2) causes

asymmetric and nonlinear radial oscillation of the microbubbles,
characterized by greater expansion during the rarefaction phase
of the US wave compared to compression at the peak acoustic
pressure. This phenomenon is highly relevant in CE, as it not only
reflects the fundamental frequency of the US beam transmitted by
the transducer but also generates multiple harmonic frequencies
— especially the second harmonic.” The resulting signal is intense
and forms the basis of image opacification in CE. Simultaneously,
CE equipment is equipped with specific image cancellation
algorithms thatfilter the received signals. Two of the most common
technologies for this purpose are pulse amplitude modulation and
pulse inversion, the latter illustrated in Figure 4.

Tissue: linear reflection

Emitted pulse 1

Emitted pulse 2
(inverted)

Microbubbles: non-linear reflection

Emitted pulse 1

Emitted pulse 2
(inverted)

Reflected pulse 1

Reflected pulse 2
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Figure 4 - Pulse inversion algorithm for image cancellation. Two ultrasound pulses are emitted at the fundamental frequency, one normal
and one inverted. Top panel: In tissue, these pulses are reflected similarly (linear reflection). Subtracting the received pulses results in
a null signal (no output), leading to image cancellation and reduced brightness in that sector. Bottom panel: The pulses are reflected by
microbubbles at both the fundamental and harmonic frequencies. Subtracting these reflected pulses removes the fundamental frequency,
resulting in a “pure” harmonic signal, which appears as a bright intensity in the image.
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Another important point is that with the low amount
of transmitted energy, there is minimal destruction of
microbubbles within the myocardial microvasculature. This
allows not only enhanced visualization of the LV cavity but also
for the assessment of myocardial perfusion (MP). Following
the recommendation to use imaging in fundamental mode
(although harmonic mode may also be used), with a very low
Mechanical Index (Ml < 0.2), an excellent contrast-to-noise
ratio is achieved, along with clear delineation of the interface
between the myocardium and the LV cavity (endocardial
borders), as well as the ability to evaluate MP. Therefore, setting
a very low MI (< 0.20) combined with image cancellation
algorithm technology represents the optimal parameters for
assessing volumes, ejection fraction, segmental contraction,
and MP —even in real time, both at rest and under stress.*'"-3

Specifically for the assessment of MP, the use of high-energy
pulse “flashes” (MI: 0.8-1.2; 5-15 frames) is recommended to
destroy microbubbles within the myocardium while preserving
opacification within the cardiac chamber. The replenishment
time should be less than five seconds at rest and less than two
seconds under stress. Typically, this function is already included
in the equipment’s preset and can be easily activated.

Intermediate MI levels (0.2-0.5) may be used, offering
improved image resolution, though at the cost of increased
microbubble destruction. Ml values above 0.5 should not
be used in CE. Situations where this energy level may be
appropriate include the investigation of thrombi and masses,
as well as the diagnosis of non-compacted cardiomyopathy.

Regarding image generation technology, although harmonic
imaging is currently available in CE transducers, the use of
nonlinear fundamental frequency is recommended. This
approach ensures a better contrast-to-noise ratio, with the
frame rate adjusted to approximately 25-35 Hz and the
transducer transmission frequency kept below 2.0 MHz.

In patients with a larger body surface area, it may be
necessary to adjust to an even lower transmission frequency

to allow greater penetration of the ultrasound beam into
the tissues. It is possible to use either grayscale imaging or
apply color mapping (“chroma”), such as red ruby, to the
generated images.

Image depth should be adjusted according to the objective
of the examination. If the focus is on LV opacification for
volume quantification, systolic function assessment, and
delineation of endocardial borders for segmental contraction
analysis, the image depth should be set to visualize the mitral
valve and approximately 1 to 2 cm of the left atrium.

Image attenuation in the basal segments of the LV may
occur, especially when an excessive amount of UCA is used.
This can lead to a misdiagnosis of perfusion deficits in these
regions. Some strategies can be adopted to improve image
definition, such as centering the basal segments in the image
— since axial resolution is superior to lateral resolution in the
ultrasound field — positioning the focus at the level of the mitral
valve, and increasing the gain in this area using the time gain
compensation adjustment. An example of these adjustments
is illustrated in Figure 5.

If the goal is to investigate a possible apical thrombus, non-
compacted cardiomyopathy, or evaluate an apical aneurysm
(Figure 6), itis necessary to reduce the image depth and adjust
the focus to that specific region. Setting the Mechanical Index
(MI) to an intermediate level (2.0-3.0) may help improve
spatial resolution, although this comes at the cost of increased
microbubble destruction.

Attenuation may also occur in the myocardium of the
apical region of the left ventricle, due to higher acoustic
power in that area and, occasionally, a higher frame
rate, which leads to greater microbubble destruction.
Recommended adjustments to optimize the image in these
cases include reducing the frame rate and adjusting the
gain locally.*

Finally, UCAs can also be used to assist in estimating
valvular gradients and systolic pressure in the pulmonary

MI135F

Figure 5 - Contrast echocardiography. Recommended adjustments to optimize this image include: positioning the focus (yellow arrow)
at the level of the mitral valve to improve acoustic resolution of the basal segments and reducing the gain to enhance delineation of

the endocardial borders. LV: left ventricle; RV: right ventricle.
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Figure 6 — Apical aneurysm image better visualized with the use of an ultrasound contrast agent, allowing clear definition of the
endocardial borders and more accurate measurement. LV: left ventricle; RV: right ventricle.

artery. In such cases, the signal (and noise) generated may
be intense. The recommendation is to reduce the gain
until clear spectral curves with well-defined envelopes
are obtained.*

Conclusion

CE, based on the opacification of cardiac structures
using UCAs composed of microbubbles, has been
increasingly adopted across various echocardiography
labs. This procedure offers numerous benefits, but to fully
achieve its potential, certain equipment adjustments are
necessary. Typically, adjustment packages (presets) come
pre-configured and installed by manufacturers, and their
use is recommended. The primary adjustment involves the
level of energy transmitted by the transducer, represented
by the MI, which is crucial for minimizing microbubble
destruction. This ensures proper opacification of the
left ventricle and enables the assessment of MP. Other
recommended adjustments include place the image focus
at the level of the mitral valve, modifying overall and/or
sectoral gain to enhance visualization of apical and basal
segments, reducing the frame rate, adjusting the US beam
depth, and selecting either fundamental or harmonic
imaging modes for image generation.
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Assessment of Acute Chest Pain in the Emergency Department: How
Point-of-Care Ultrasound Can Assist the Cardiologist

Alexandre de Matos Soeiro, %>
Carvalho Andreucci Torres Leal

Universidade de Sao Paulo, Instituto do Coracao,’ Sdo Paulo, SP — Brazil
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Abstract

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

Introduction

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

a) ACS

The diagnosis of ACS is primarily based on clinical history,
electrocardiography (ECC), and troponin levels. Although
these tools are simple and widely used, the increasing adoption
of POCUS raises questions about its potential to improve
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diagnostic accuracy, shorten time to diagnosis, assist in risk
stratification, and detect complications associated with ACS."?

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

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

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

* Indeterminate diagnosis.

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

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

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

A recent study evaluated whether the presence of
RWMA on POCUS could predict obstructive coronary
artery disease (CAD) in patients presenting to the ED with
chest pain. Among the 657 participants with suspected
ACS, approximately 11% showed RWMA. These findings
were significantly more frequent in those who required
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Ultrasound Can Assist the Cardiologist

Central lllustration: Assessment of Acute Chest Pain in the Emergency Department: How Point-of-Care
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Use of POCUS in the differential diagnosis of acute chest pain. IVC: inferior vena cava; LVEF: left ventricular ejection fraction; LV: left
ventricle; RA: right atrium; RV: right ventricle; RWMA: regional wall motion abnormality; Se: sensitivity; Sp: specificity; TAPSE: tricuspid

annular plane systolic excursion.

revascularization (26.2% vs. 7.6%), with odds ratios ranging
from 3.16 to 3.68 depending on the statistical adjustment.
The analysis included all three risk groups of the ESC 0/1-hour
algorithm (rule-in, observe, and rule-out), demonstrating
that the presence or absence of RWMA influenced CAD risk
across all categories. These findings reinforce that POCUS
can help identify higher-risk patients, even without offering a
definitive diagnosis. However, the accuracy of the method in
detecting acute myocardial infarction (AMI) varies depending
on the population studied.*

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

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

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

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

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(3):e20250045
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experience who underwent a specific 3-hour training on
RWMA detection conducted by a cardiologist.®

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

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

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

b) Pericardial assessment

In the systematic evaluation of the heart using POCUS,
visualization of the pericardium plays a key role in
hemodynamic characterization and the differential diagnosis
of chest pain.®®

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

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

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

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

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

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

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

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

The echocardiographic findings most commonly identified
on POCUS in patients with cardiac tamponade include:*'°

b.1) Late diastolic collapse of the right atrium (RA)

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

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

Diastolic collapse of the RV is typically observed
during early diastole, when the chamber volume is still

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

<5mm 50-100 mL (minimal)
5-10 mm 100-250 mL (small)
10-20 mm 250-500 mL (moderate)
> 20 mm > 500 mL (large)
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reduced. Although its sensitivity is slightly lower than
that of RA collapse (approximately 93%), this finding is
highly specific for tamponade. It is important to note that
in certain clinical scenarios—such as RV hypertrophy or
elevated diastolic pressure in the RV (e.g., acute or chronic
cor pulmonale)—this collapse may be absent even in the
presence of tamponade.®'?

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

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

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

b.4) Swinging heart

This finding is characteristic of large pericardial effusions
and refers to the pendular movement of the heart within the
pericardial sac.

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

¢) PTE

PTE is one of the leading causes of chest pain in ED s,
accounting for 5% to 10% of cases. Without treatment, its
mortality rate is approximately 30%, but this can be reduced
to 3%-8% with early therapy.""" Early diagnosis is essential
but challenging. POCUS has proven to be a valuable bedside
tool, allowing for rapid and integrated evaluation of cardiac,
pulmonary, and vascular findings, with reported specificity as
high as 96.7%."

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

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

c.1) Cardiac assessment

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

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

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

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

* 60/60 sign: pulmonary artery acceleration time (PAT) <
60 ms combined with tricuspid regurgitation gradient
(TRG) < 60 mmHg. This pattern is suggestive of acute
PTE, with sensitivity up to 98% when associated with
RV overload (Figure 1).'2"3

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

* Dilated IVC with inspiratory collapse < 50%."

* Tricuspid annular plane systolic excursion (TAPSE)

< 17 mm, indicating RV systolic dysfunction.
Sensitivity: 88%; specificity: 77%.""3

c.2) Pulmonary assessment

Pulmonary POCUS can be performed using either a convex
or linear transducer, scanning the intercostal spaces in the
anterior, lateral, and posterior regions of the chest. The main
findings suggestive of pulmonary infarction secondary to PTE
include (Figure 2):

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

* Presence of A-lines associated with pleural sliding.

* Pleural effusion, usually unilateral and associated with
the area of consolidation.’

When combined with cardiac findings and evidence
of deep vein thrombosis (DVT), these ultrasound patterns
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Figure 1 - Doppler showing pulmonary midsystolic notch and 60/60 sign (reduced PAT and TRG). TRG: tricuspid regurgitation gradient;

PAT: pulmonary artery acceleration time.
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Figure 2 - Pulmonary consolidations: A - triangular; B - rounded; C - polygonal with adjacent pleural effusion.

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

c.3) Deep vein assessment

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

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

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

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

d) Aortic assessment

AAS should always be considered key differential diagnoses
in the evaluation of chest pain in emergency settings. As with
other conditions discussed, visualization of the ascending aorta
should be part of the initial POCUS assessment, forming an
integral part of the diagnostic algorithm for patients presenting
with chest pain.'"

The ADVISED study (Diagnostic Accuracy of the Aortic
Dissection Detection Risk Score Plus D-Dimer for Acute
Aortic Syndromes), which evaluated patients with chest pain
in the ED, applied a protocol combining the Aortic Dissection
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Detection Risk Score (ADD-RS) with D-dimer testing. The
results demonstrated a negative predictive value (NPV) of
99.7% for ruling out AAS, although the specificity of the model
alone was limited (57.3%) for positive diagnosis.'®

A subanalysis of that study incorporated POCUS into the
algorithm and showed that the presence of direct signs of AAS
raised the diagnostic specificity to 97.4%. Even indirect signs
performed well, with specificity of 74.5%. The inclusion of
POCUS increased the NPV to 100% and improved overall
diagnostic accuracy, with the area under the curve (AUC)
rising from 0.77 to 0.88."7

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

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

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

» Suprasternal view (at the suprasternal notch): provides
visualization of the aortic arch and descending thoracic
aorta.""

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

Direct signs:

* Presence of an intimal flap (dissection of the tunica
intima);

¢ Aortic wall hematoma;

* Penetrating aortic ulcer.
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Applications of Convolutional Neural Networks in different types of diagnostic imaging methods in cardiology. AF: Atrial Fibrilation; CAD: Coronary
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Abstract

Neural networks are computer models that mimic the
workings of the human brain, learning from large volumes
of data to perform increasingly complex tasks. This is done
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SUMARIO

by means of interconnected artificial neurons that propagate
information from raw layers to refined layers, sometimes of a
weighted nature, weaving in the classification or identification
of non-linear patterns. The Convolutional Neural Network
(CNN) is a specialized deep learning architecture designed to
extract and analyze spatial patterns within images, enabling
applications in diagnostic decision-making and longitudinal
clinical monitoring. Its use in Computed Tomography
and Magnetic Resonance Imaging through cardiac image
segmentation makes it possible to quickly and efficiently
define cardiac structures, playing an important role in the
reconstruction of three-dimensional images and in supporting
preoperative procedures. In addition, compared to other forms
of conventional analysis, it guarantees objective interpretations
and superior image quality, based on the removal of artifacts
from the studied segment. Echocardiograms have shown
good results in identifying pathologies such as pulmonary
hypertension, amyloidosis, hypertrophic cardiomyopathy
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and congenital diseases, and studies on the automation
of these exams have shown an opening for what could be
a dissemination framework in more remote areas where
manual operators are not available. Consequently, CNN-based
approaches have the potential to streamline cardiovascular
imaging workflows, minimize inter-observer variability, and
expand diagnostic capabilities to underserved and remote
regions with limited access to specialized care.

Introduction

The human nervous system is one of the most efficient
ways of capturing and interpreting data, reflecting the stimuli
and experiences to which the body is subjected throughout
life." According to the phenomenon of neuroplasticity, all
these interactions dictate brain modifications, being adapted
for decision-making and allowing pre-existing knowledge
to be learned and act as a basis for the creation of new
information circuits.?

Neural networks have emerged as artificial models that
try to recover this processing quickly and effectively in order
to solve the problems raised, becoming important tools in
the dynamic field of artificial intelligence (Al).3 In order to
overcome this challenge, networks are trained to identify
recognition patterns from thousands or millions of examples,
making it possible to build the system’s own learning.* This
happens through what is called “input”, i.e. any new concept
that is inserted into the ordering. The set of inputs generates a
response, the “output”, which can be influenced in a weighted
way, always taking a reference standard as its essence.’

This can be exemplified simply: in the assessment of
a patient with suspected atrial fibrillation (AF), when an
electrocardiogram is requested for investigation, each voltage
in the tracing can take on the role of an input neuron, which
can continue to influence the cascade and serve as a new
input for the next neuron, solidifying the final response.® Thus,
if the diagnosis is AF when there is no corresponding tracing,
the weights that led to that result are reduced. On the other
hand, if there is a match, they are strengthened and reused
in subsequent analyses.” In addition, extra notions can be
added, such as the patient’s age, gender and comorbidities.

The application of Al in the medical field has been widely
explored and, in recent years, has become a disruptive
technology for interpreting images.® Within this context,
the Convolutional Neural Network (CNN) has emerged
as a version of this processing aimed at recognizing and
classifying images, reducing the computational effort and
improving its robustness.® The hierarchical arrangement of
multiple convolutional layers allows CNNs to progressively
transform low-level features — such as pixel intensity
gradientes — into increasingly abstract and clinically relevant
representations.? During the training period, the CNN
exercises and individualizes its filters according to the task to
be performed. In a way, image classification starts by detecting
the edges of coarser pixels in the initial layer, using this to
detect simple shapes in the second layer and so on, allowing
more complex features to be distinguished. Finally, the last
layer is responsible for advanced image reading, based on
the filters built."

The advantages of CNN over other neural networks is
that it establishes the vital resources for successful prediction,
reducing the dimensionality of the resources in the previous
layer.”

Accurate segmentation of cardiac images is essential for
clinical decision making, and Deep Learning techniques and
the use of CNN have shown remarkable results in this area,
although their quantification and analysis remains an ongoing
challenge due to the complexity of cardiac substructures
and existing anatomical variability. The individualization of
this analysis is essential to solidify objective evidence of the
most varied pathologies investigated, facilitating diagnosis,
monitoring and clinical follow-up of the patient.'

In this approach, through the image segmentation method,
the convolutional neural network enables fast and efficient
responses. This is because in certain situations, the presence
of certain features is more important than others. Sometimes
recognizing the location of an alteration in the heart chamber
is the only essential objective, and it is not necessary to see
these structures with high pixel definition."

The application scenario covers a wide range of imaging
exams, from use in echocardiography to calculate end-
systolic and end-diastolic volume, through to the ability to
assess the ventricular or atrial space in multiple slices, as
well as the observation of coronary calcification plaques
through CT-guided coronary angiography (CCTA). The range
of applications of CNNs in cardiac imaging is highlighted in
the Central lllustration. For the most part, these aspects are
supported by figures and engravings from atlases or other
documents that are included in the model’s database. Another
interesting point is that there are already studies using the
system itself to weave in and ensure the quality of ultrasounds
and other tests made available.

Applications of CNN in CT

The use of convolutional neural networks has excelled in
automating the segmentation of cardiac and vascular structures
in computed tomography (CT) images, a process by which
cardiac structures or pathological lesions are delimited.>'*"?
The segmentation of cardiac images by CT has clinical
relevance in the identification of valvular heart disease,
evaluation of coronary artery disease, diagnosis of congenital
heart disease, preoperative planning and in extracardiac
indications. The application of CNNs has brought speed
and efficiency to the cardiac segmentation process, since
it was previously carried out manually and subjectively by
radiologists. In a study of the segmentation of cardiac chambers
and great vessels, Sharkey et al. presented results indicating
that the variability of analysis between observers is similar to
the variability between the observer and the CNN." These
findings support the premise that CNN-based segmentation
can deliver reproducible, objective, and diagnostically
accurate results, comparable to expert manual assessment.

With regard to the identification of anatomical structures,
Chen, et al. showed that the convolutional neural network
proved to be an accurate and efficient tool for assessing the
volume and three-dimensional reconstruction of the left
atrium."” The calculation of volume by CNN proved to be
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capable of predicting the risk of recurrence of atrial fibrillation
in patients after catheter ablation. Astudillo, et al. used a CNN
technique to identify the coronary cusps and the right and left
coronary ostia on multi-detector row computed tomography.'®
These structures are important reference points for defining the
perimeter and area of the aortic annulus and, consequently,
the aortic valve prostheses to be implanted by transcatheter
means. The method proved to be reproducible and reliable,
and could be applied in routine preoperative planning in order
to reduce time spent and accuracy in defining reference points.

CNNs have also proved to be excellent tools for identifying
pathological images in coronary angiography. Coronary
computed tomography angiography is an important method
for assessing the severity of arterial stenosis, as well as being
highly accurate in quantifying atherosclerosis when compared
to intravascular ultrasound. In a multicenter study, a neural
network was trained to segment coronary plaques.’” The study
showed excellent agreement between the Deep Learning tool
and the measurements of experienced readers regarding the
volume of the atheroma plaque and the degree of arterial
stenosis. There was also agreement with vascular ultrasound
measurements, as well as prognostic value in terms of the risk
of future acute myocardial infarction.

Quantification of epicardial adipose tissue can also be
optimized through the use of CNNs. Epicardial adipose tissue
is a metabolically active depot of visceral fat and may be
related to visceral obesity and metabolic syndrome.'® Coronary
angiography is the gold standard for identifying epicardial
adipose tissue, but its manual quantification is laborious and
challenging. In this scenario, West et al. developed a CNN to
automatically quantify epicardial adipose tissue and identify
its clinical association with cardiac and non-cardiac diseases."
The method proved to be accurate, fast and reproducible for
quantifying epicardial adiposity using coronary angiography.
The tool was also able to show good prognostic value for
mortality in general and for cardiovascular events.

Applications of CNN in MRI

In recent years, magnetic resonance imaging has become
an excellent tool for investigating cardiovascular diseases, with
a high capacity to provide complex diagnoses.?*?' It is a non-
invasive, versatile method free of ionizing radiation, capable
of identifying structure, function, flow and characterization
of cardiac tissue. Late gadolinium enhancement and T1/
T2 mapping have added important information about
cardiac viability and pathologies such as tissue infarction and
diffuse myocardial fibrosis. The development of flow MRI
has also brought major advances by providing blood flow
information in several planes, which allows the identification
of intracardiac shunts.?® However, the lengthy scanning process
and slow image production are disadvantages of MRI. MRI
images must take cardiac and respiratory movement into
account to avoid artifacts, which must be suppressed by
reconstruction algorithms. In this scenario, Deep learning—
based reconstruction methods have demonstrated superior
performance compared with conventional algorithms, yielding
higher-fidelity images, enhanced artifact suppression, and
substantially reduced processing times.

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(3):e20250058

Hauptmann, et al. trained a three-dimensional residual
CNN in U-Net to remove spatio-temporal artifacts in
subsampling real-time MRI data from images of patients
with congenital heart disease.?? Artifact removal by the CNN
was compared with the conventional compression sensing
technique, a tool that requires intense and time-consuming
computational reconstruction. The CNN-based method
achieved artifact suppression over five times faster than the
compressed sensing approach, while delivering superior
image quality and more accurate ventricular volumetric
measurements. El-Rewaidy et al. also presented important
results on the reconstruction of MRI images with delayed
gadolinium enhancement using a convolutional neural
network.?> Compared to the compression sensing technique,
image reconstruction using CNN was 300 times faster.

CNNs have influenced multiple stages of the MRI
workflow, from image acquisition planning and real-
time reconstruction to post-processing tasks such as
quantitative analysis and prognostic modeling. Like CT,
MRI also plays an important role in the segmentation
and consequent identification of cardiac structures.? In
this process using MRI, the use of CNNs has also been
related to greater efficiency.?® Sander et al. used a CNN
to perform the segmentation of cardiac structures and
another auxiliary CNN to automatically identify areas of
segmentation failure.?® The study showed that cardiac
image segmentation using CNNs associated with the
manual correction of detected segmentation failures
resulted in increased performance.

In terms of disease identification, many studies have used
conventional image indices as input data for neural networks to
diagnose heart disease. For example, cardiac scarring identified
on magnetic resonance imaging is associated with unfavorable
cardiovascular outcomes. Bekheet, et al., developed a CNN
called FibrosisNet to diagnose cardiac fibrosis on MRI, showing
high diagnostic accuracy and precision.?” Sharifrazi et al.,
obtained important results by combining a deep convolutional
neural network with the K-means clustering technique, forming
CNN-KCL, to diagnose and classify myocarditis based on
MRI image data.?® The technique using CNN outperformed
other traditional Machine Learning algorithms in classifying
myocarditis in terms of accuracy and precision.

Applications of CNN in echocardiography

Echocardiography is the most easily accessible and
widely used imaging method for assessing cardiac structure
and function. Its advantages include rapid image acquisition
and the absence of ionizing radiation, which make it an
efficient and democratic method. Echocardiography can
be used both to screen asymptomatic patients and to
diagnose and follow up cardiac conditions.?>*° As it is an
operator-dependent test, it requires a certain degree of
experience on the part of the professional, and there can
be variations in interpretation.?:*'

When it comes to applying automated image
interpretation to echocardiography, there are some intrinsic
challenges to this method. The echocardiogram consists
of generating both static images, as well as videos and
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Doppler recordings collected from different points of view
to obtain the desired parameters. In addition, the values
obtained in the measurements can vary greatly due to the
intrinsic variability of heartbeats. There is also the variation
that already exists when extrapolating measurements from
two-dimensional images to measurements of the three-
dimensional object.??33

Despite these impasses and given the complexity of
the diagnostic method in question, an automated learning
approach would bring many benefits and assist human
interpretation, as it would allow automatic identification
and classification of views. In fact, the use of Deep Learning
(DL), and more specifically Convolutional Neural Networks
(CNNs), to train artificial intelligence in the interpretation
of echocardiograms would make it possible to reduce costs
and, consequently, democratize this test. This technological
integration could enable echocardiographic acquisition by
operators with limited specialized training, thereby facilitating
access to cardiac imaging in geographically remote or
resource-limited settings.*?

Several studies have shown the effectiveness of using CNNs
in echocardiography. Among the applications observed, the
majority are for quantifying the structure and function of the
heart and for cardiac segmentation.’®*3%3% |t has also been
used in the detection of left ventricular hypertrophy,**#' aortic
stenosis,**** identification of cardiac phases,* early detection
of acute myocardial infarction** and classification of cardiac
visualizations.***” The model used by Ghorbani et al, in
addition to accurately identifying elements of cardiac structure
and function, trained a CNN to predict systemic phenotypes
that modify cardiovascular risk, such as age, gender, height
and weight, from echocardiogram images.**

Zhang et al went further and trained a convolutional
neural network for fully automated interpretation of
echocardiograms, including visualization identification,
image segmentation, quantification of heart structure and
function, and disease detection. This study demonstrated
success in the automated analysis of view type and image
segmentation. With regard to the structure and function of
the heart, there was some discrepancy between manual and
automated measurements, especially of the structure, with a
tendency to overestimate the values. Finally, the model was
successful in identifying pulmonary arterial hypertension
(PAH), amyloidosis and hypertrophic cardiomyopathy,
based on analysis of the masses, structure and function of
the heart chambers.??

Recent studies have also evaluated the capacity for
automatic diagnosis of pulmonary arterial hypertension
and,*® according to the results obtained by DuBrock et al,*’
the algorithm used is capable of speeding up the diagnosis
of PAH by 6 to 18 months, an extremely relevant aspect in a
disease where early diagnosis is crucial for effective control
of the condition.*#°

Another described pathology that can be identified by
echocardiography using CNNs is occult atrial fibrillation (AF).
Yuan et al developed a model that was able to distinguish
between sinus rhythm and AF, as well as predicting the
concomitant presence of paroxysmal AF in those with sinus

rhythm. The model performed better than using clinical risk
factors, transthoracic echocardiogram measurements, left atrial
size or CHA,DS,VASc score.*® Research using DL has also
been carried out and obtained favorable results in the area of
fetal and neonatal echocardiography, such as for the prenatal
diagnosis of atrial septal defect” and for the identification of
patent ductus arteriosus in neonates.*?

Application of CNN in other methods

Single Photon Emission Computed Tomography (SPECT)
of myocardial perfusion is a test that can identify the
presence of myocardial ischemia and therefore coronary
artery disease. Betancur et al analyzed the application of
deep learning to this diagnostic method, aiming to verify
the ability to automatically predict coronary disease through
CNN:s trained with myocardial perfusion images, compared
to the usual method currently used. The result was greater
efficacy and better detection sensitivity with the deep
learning method.** Other studies have also evaluated the
ability to automatically classify myocardial perfusion images.
Papadrianos et al trained CNNs to identify three possible
outputs - infarction, ischemia and normal perfusion - and all
models evaluated presented positive and reliable results.>
Su et al demonstrated the feasibility and accuracy of CNN-
based diagnosis for CAD, with a system that is already used
in practice and is capable of considerably reducing the time
needed to interpret images.*

X-ray fluoroscopy allows real-time visualization of the
cardiac structure, which makes it an indispensable method
for performing image-guided procedures, such as cardiac
resynchronization therapy, angiography and endovascular
aortic repair. Deep learning has also been successfully tested
to aid these procedures, either by reducing video noise or
by fusing preoperative data with intraoperative x-ray images
in order to guide the intervention and reduce contrast
exposure.”®% Studies have also shown better sensitivity and
specificity in characterizing coronary lesions using optical
coherence tomography when deep learning is applied.®*¢2

Conclusion

The application of CNN in cardiac image analysis has
emerged as a versatile tool, contributing to accurate and
rapid diagnoses. Its incorporation into cardiovascular imaging
makes it possible to remove the bias of inter-observer
variability, reduce image artifacts, improve the automation
of measurements and, finally, overcome geographical
barriers by allowing the evaluation of images acquired
remotely and thus democratizing care. Future perspectives
should focus on large-scale validation studies to confirm
the generalizability and clinical robustness of CNN-based
approaches across diverse patient populations and imaging
protocols. Furthermore, integrating these algorithms into
routine workflows will require addressing regulatory and
interoperability challenges to ensure safe and effective
adoption in real-world cardiovascular practice.
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Abstract

Tricuspid regurgitation has been recognized as a relevant
clinical entity, with a direct impact on morbidity and mortality.
Recent advances in multimodal cardiovascular imaging
have promoted more detailed anatomical and functional
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SUMARIO

assessment of the tricuspid apparatus, guiding the indication
and planning of transcatheter interventions. To provide a
review of the anatomical basis of the tricuspid valve and
discuss echocardiographic and clinical criteria for selecting
candidates for transcatheter therapies. This narrative review
of the anatomical variability of the tricuspid valve and its
subvalvular apparatus incorporates recent recommendations
from echocardiography societies and clinical evidence.
Special emphasis has been given to three-dimensional
echocardiography, transesophageal echocardiography, and
computed tomography for morphological and functional
characterization of tricuspid regurgitation. Contemporary
evidence has demonstrated that up to 45% of patients
present with non-classical morphologies (quadricuspid or
pentacuspid valves), which impact the viability and outcomes
of edge-to-edge repair. The integration of three-dimensional
echocardiography enhances accuracy in grading regurgitation
severity, enables precise measurement of the vena contracta
area, and assists in device selection. Clinical factors including
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right ventricular function, pulmonary artery systolic pressure,
and the presence of intracardiac devices also influence patient
selection. Appropriate selection of candidates for transcatheter
tricuspid valve therapies requires a systematic approach
with integrated application of imaging methods and clinical
parameters. Detailed echocardiographic characterization of
leaflet morphology, coaptation gap, and annulus geometry is
crucial for planning the procedure, selecting the device, and
predicting outcomes.

Introduction

The tricuspid valve is an anatomical and functional
complex that plays a fundamental role in adequate cardiac
mechanics, influencing hemodynamics of both ventricles.
The term “tricuspid” derives from the traditional anatomical
description, composed of the anterior, septal, and posterior
cusps, although we know that, in up to 45% of cases, the
valve may be bicuspid or even have more than three cusps,
with considerable anatomical variability." Normal tricuspid
valve area ranges from 7 to 9 cm?; anatomically speaking,
it is the most inferior valve in the heart. The more apical
position in relation to the mitral valve, associated with the
saddle-shaped, elliptical geometry of the valve annulus and
the proximity of structures such as the coronary sinus and
bundle of His, pose particular challenges to transcatheter
structural procedures, making imaging-based definition
extremely important. In addition to the tricuspid valve, the
tricuspid complex is composed of the fibromuscular annulus
and subvalvular apparatus (chordae tendineae and papillary
muscles), whose dynamic interaction ensures correct valve
coaptation during the cardiac cycle. Three-dimensional
(3D) reconstruction studies, by means of 3D transthoracic
or transesophageal echocardiography or even computed
tomography, allow for more detailed visualization of the
cusps (en face view on 3D echocardiography) and precise
measurement of valve dimensions, reducing the subjectivity
inherent to two-dimensional approaches.'?

As a complement to anatomical visualization, functional
assessment of the tricuspid valve is essential for determining the
mechanism of dysfunction and planning the best therapeutic
option. For this purpose, 3D echocardiography has emerged as
a useful tool that allows for real-time volumetric imaging, using
specific techniques to quantify valve annulus measurements and
function. Furthermore, it enables rendered and realistic analysis
of cardiac structures, allowing free navigation throughout the
dataset, obtaining anatomical slices that show the relationship
between the valve, the subvalvular apparatus, and other adjacent
structures.> Direct measurement of the vena contracta area
using 3D echocardiography increases the accuracy of tricuspid
regurgitation (TR) quantification, overcoming technical limitations
and measurement errors of two-dimensional methods, as it is able
to capture the irregular geometry of the valve regurgitant orifice
and reduce the need for geometric assumptions.® The integration
of 3D Doppler also allows for more accurate estimation of
regurgitant volume using techniques such as 3D proximal
isovelocity surface area (PISA) radius and assessment of dynamic
flow changes throughout the cardiac cycle, providing greater
consistency in reflux grading and, consequently, supporting more
accurate therapeutic decisions.*

Cardiovascular imaging specialists must have an integrated
understanding of the following three fundamental pillars
when selecting candidates for percutaneous tricuspid valve
interventions:

1. Valve morphology: Anatomical variations that deviate
from the classic “tricuspid” pattern can directly influence
the choice of edge-to-edge devices, annuloplasty
techniques, or prostheses.

2. Accurate quantification of regurgitation severity currently
benefits from 3D methods to measure vena contracta
area and regurgitant volume and to assess jet dynamics
and multiple jets, thus avoiding underestimations that
could delay treatment.

3. A patient’s clinical and functional profile includes
assessment of the right ventricle (RV), pulmonary artery
systolic pressure, presence of intracardiac devices, and
comorbidities that may alter the risk-benefit ratio.

In conjunction, these elements, obtained through
conventional or 3D echocardiography, tomography, magnetic
resonance imaging, and hemodynamic correlations, guide
the definition of the optimal moment, the most appropriate
strategy, and prognosis for each patient, supporting safe
interventional practices focused on individualization.

Severity classification and correlation with candidate selection

It can be difficult to quantify TR for several reasons,
including multiple regurgitant jets, respiratory-related changes,
or blood volume. Characterization of TR severity depends on
an integrative assessment of multiple parameters.

Current recommendations from the European Association
for Cardiovascular Imaging (EACVI) and the American Society
of Echocardiography (ASE) suggest using qualitative, semi-
quantitative, and quantitative parameters to classify TR severity
into three grades.

Important TR is defined as follows:

* Qualitative parameters: Leaflets with a large coaptation
gap; on continuous Doppler, dense signal, often
triangular with an early peak

* Semiquantitative parameters: Systolic flow reversal
pattern in the hepatic vein; dominant E wave (= 1 m/s);
PISA radius > 9 mm; vena contracta width > 7 mm

* Quantitative parameters: Effective regurgitant orifice
area (EROA) = 40 mm?; regurgitant volume = 45 ml
or regurgitant fraction = 50%.

More recently, a five-grade classification system was
proposed by Hahn et al., including massive and torrential TR
patterns, defined as follows: massive TR (vena contracta width:
14 to 20 mm, EROA: 60 to 79 mmz2, 3D vena contracta area
95 to 114 mm2) and torrential TR (vena contracta width: = 21
mm, EROA = 80 mm?, 3D vena contracta area = 115 mm?2).
This classification has demonstrated better risk stratification
of patients with TR before and after percutaneous tricuspid
valve intervention®® (Table 1).

Transesophageal echocardiography (TEE) has also
become an integral part of the assessment of candidates for
transcatheter tricuspid valve therapy, complementing the
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Table 1 - Echocardiography criteria for grading tricuspid insufficiency

Vena contracta width, mm <3 3t06.9

PISA radius, mm <54

Hepatic vein flow Systolic dominant

Tricuspid inflow A-wave dominant Variable

55108.9

Systolic blunting

7t0 13.9 14 t0 20.9 >21
>9 >9 >9
Systolic flow Systolic flow Systolic flow
reversal reversal reversal
E-wave dominant  E-wave dominant  E-wave dominant
(velocity (velocity (velocity
> 1 m/s) > 1 m/s) > 1 m/s)

EROA, mm? <20 20to 39
Regurgitant volume, mL <30 30 to 44
Regurgitant fraction <15% 16% to 49%

Quantitative Doppler
EROA, mm?

40 to 59 60to 79 >80
45 to 59 60to 74 >75
> 50% > 50% > 50%
7510 94.9 95 to 114.9 > 115

Vena contracta area, mm? - -

7510 94.9 95to 114.9 > 115

Adapted from Badano et al.> EROA: effective regurgitant orifice area; PISA: proximal isovelocity surface area; 2D: two-dimensional;

3D: three-dimensional.

information provided by transthoracic echocardiography (TTE).
Whereas TTE allows for initial quantification of the degree of
regurgitation and measurement of functional parameters,
TEE, especially the 3D version, offers much higher spatial
resolution, which allows for precise characterization of both
the etiology (primary, functional, or device-related) and the
morphology of leaflets and commissures. This more detailed
anatomical definition facilitates confirmation of the severity
of regurgitation, especially in situations involving multiple jets
or hemodynamic variability related to volume and respiration.
By means of TEE, it is also possible to accurately measure
valve failure and assess the tricuspid valve’s relationship with
adjacent structures, especially cardiac implantable electronic
device (CIED) leads. This information is crucial for selecting
the transcatheter device (edge-to-edge clip versus orthotopic
prosthesis) and defining appropriate positioning and diameter.
Furthermore, by providing real-time images during procedure
planning and execution, TEE guides the precise alignment of
the clip arms or prosthesis seating, contributing to reduced
mechanical complications and improved intervention efficacy.
Thus, incorporating TEE into a heart team'’s assessment
protocol significantly improves the safety, accuracy, and clinical
success of transcatheter tricuspid valve therapies.

Three-dimensional TEE enhances anatomical and
functional assessment of the tricuspid valve, enabling
volumetric reconstructions of the valve apparatus and real-
time visualization of its dynamics throughout the cardiac
cycle. This 3D precision guides the choice of the optimal
point of capture during the edge-to-edge procedure and
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helps determine the appropriate orthotopic prosthesis size,
reducing the risk of oversizing. Additionally, 3D TEE facilitates
intraprocedural monitoring of device positioning, allowing
immediate adjustments to angulation and implantation depth,
which result in greater efficacy and reduced periprocedural
complications.

Anatomy and relationships of the tricuspid valve complex

Recent 3D TEE studies have proposed a morphological
classification system that is capable of reflecting the true
variability of the tricuspid leaflets and guiding interventional
planning. Hahn et al. identified six distinct valve configurations
(Figure 1), ranging from the classic three-leaflet pattern
(type 1) to quadricuspid variants with additional anterior
(INA), posterior (I11B), or septal (IlIC) leaflets, also including
bicuspid (type Il) and even pentacuspid (type 1V) forms.
They demonstrated that under 55% of patients exhibited the
usual tricuspid form, and type I1IB (two posterior leaflets) was
the most prevalent quadricuspid subtype. This standardized
nomenclature not only facilitates communication between
imaging teams and interventionalists but also highlights the
need for dedicated 3D protocols for en face mapping and
accurate assessment of valve morphology before attempting
any transcatheter intervention.®

In this context, the description of the morphological
subtype ceases to be a taxonomic exercise and begins to
have a direct operational impact on the strategy of tricuspid
transcatheter edge-to-edge repair (T-TEER). The greater
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Study with 579 patients

Incidence of tricuspid valve
morphologies
(Hahn, RT et al. JACC 2021)

‘ A= ANTERIOR
A P = POSTERIOR
A S = SEPTAL
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I 1ype B [ Type llic [ Type IV

Figure 1 - Standardized echocardiographic nomenclature of tricuspid valve leaflets. Adapted from Hahn RT et al.®

the anatomical complexity, especially in quadricuspid and
pentacuspid valves, where incisions longer than 10 mm define
true commissures, and duplicate leaflets may be present in
critical positions, the more difficult it becomes to align the
clip arms, ensure adequate coaptation, and avoid significant
residual regurgitation. Multicenter studies indicate that valves
with four or more leaflets exhibit greater residual TR after
the procedure, because the choice of safe clipping points,
the number of clips required, and the risk of uneven leaflet
tensioning vary according to the morphological pattern. Thus,
the recently proposed morphological classification guides
tactical decisions, from candidate selection to planning the
catheter path and the number of clips to be used, increasing
the likelihood of technically successful T-TEER.®®

Retrospective multicenter data reinforce this relationship
between anatomy and T-TEER efficacy. In a cohort of 145
patients undergoing T-TEER, Sugiura et al. identified a four-
leaflet configuration in 29% of cases and demonstrated that
this morphology increased the likelihood of = moderate
residual TR (= 3+) by 2.6, even after adjusting for baseline
severity, coaptation gap width, and jet location. Furthermore,
the presence of TR = 3+ at 30 days doubled the combined
risk of mortality or heart failure hospitalization at 1 year (56.1%
versus 27.7%), demonstrating that reducing regurgitation
below moderate is crucial to prognosis. The study also
proposed a sequential evaluation combining morphology,
coaptation gap > 7 mm, and noncentral jets, identifying
subgroups with up to 45% of residual TR = moderate at 30
days, a marker of adverse clinical outcome. These findings
complement the classification proposed by Hahn by providing
clear prognostic data, supporting careful patient selection and,
when necessary, consideration of alternative approaches such
as annuloplasty or valve replacement, in cases with more
complex morphologies.®®

Imaging techniques for selecting candidates and planning
percutaneous tricuspid valve interventions

Echocardiographic assessment should include the
transgastric short-axis view, acquired in the deep transgastric
plane with a rotation of approximately 30° to 50°. In this
view, the tricuspid valve is visualized en face, and the aorta is
located at 5 o’clock, providing interventionalists with a direct
anatomical reference to inspect the coaptation line, estimate
tethering, classify morphology, and identify commissures.®

For 3D volumetric study, two 3D reconstructions are
particularly useful. The surgeon’s view (aorta at 11 o’clock)
is derived from a midesophageal acquisition, and it uses
the interatrial septum and aorta as anatomical landmarks.
The interventionalist’s view, generated from the same 3D
acquisition, with the aorta rotated to 5 o’clock, reproduces the
orientation of the transgastric window and, therefore, matches
the fluoroscopic perspective in the catheterization laboratory.
The equivalence between the transgastric and interventionalist
views standardizes the clockwise and counterclockwise
orientation of the leaflets, reducing intraprocedural orientation
errors and errors in the anatomical assessment of candidates
for dedicated devices (Figure 2).

Three-dimensional reconstruction of the tricuspid annulus,
complemented by cardiac tomography, makes it possible to
confirm annulus diameters, area, and perimeter; assess the
relationship with the right coronary artery; and define optimal
fluoroscopic projections, completing the multimodal imaging-
guided selection and planning cycle.

Complementing the transgastric views and the surgeon
and interventionalist 3D reconstructions described above,
the RV inflow-outflow echocardiographic window, acquired
in the mid-esophagus at approximately 60°, with progressive
anteriorization of the probe until simultaneously encompassing
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Surgeon’s view

Aorta (11 o’clock)

Midesophageal

Interventionalist’s view

Aorta (5 o’clock)

Transgastric

Figure 2 - Three-dimensional reconstructions of the tricuspid valve applying transillumination in three-dimensional transesophageal
echocardiography, highlighting two complementary orientations. On the left, the surgeon’s view shows the valve en face with the aorta
positioned at 11 o’clock, replicating the operative perspective. On the right, the interventionalist's view results from the rotation of
the three-dimensional volume to position the aorta at 5 o’clock, corresponding to fluoroscopic view in the catheterization laboratory.
The anterior, posterior, and septal cusps are delimited in both projections. A: anterior; P: posterior; S: septal.

the inflow tract (septal and anterior leaflets) and the outflow
tract (RV outflow tract and pulmonary valve), provides
a relevant longitudinal view for selecting candidates for
transcatheter tricuspid valve intervention. In this projection,
it is possible to measure the angle between the tricuspid
annulus and the catheter path, estimating the coaxiality
of T-TEER systems; to assess the degree of tethering of the
anterior leaflet, which is a decisive parameter for eligibility
without overlapping the posterior leaflet; and to delineate
the course of the right coronary artery, as well as the
position of intracavitary electrodes in relation to the annulus,
reducing the risk of conflict with implanted devices. During
the procedure, the same view acts as a dynamic guide for
interventionalists, allowing fine adjustments to the rotation of
the clip or orthotopic replacement system, monitoring leaflet
coaptation in real time and confirming that the device does
not invade the RV outflow tract or distort the pulmonary
valve. Thus, the inflow-outflow projection connects pre-
procedure anatomical characterization with intra-procedure
feedback, increasing precision in navigation, anchoring, and
immediate verification of hemodynamic results.

For illustrative purposes contributing to a better
understanding of the inflow-outflow echocardiographic
window in the mid-esophagus at 60° and its related slice
planes, the anterior cusp is represented in purple, the septal
cusp in green, and the posterior cusp in yellow. In this window,
the anterior cusp is presented in the position closest to the
aortic valve, with the posterior cusp in the opposite position.
By adding biplane technology such as X-plane (Philips) or
Multi-D (CE), it is possible to acquire an orthogonal slice
with the analysis plane directed toward both the anterior and
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posterior cusps. Figure 3 displays the biplane slice from the
anterior cusp, with the formation of a simultaneous image
corresponding to the inverted apical four-chamber window
with the RV on the left, and the left ventricle on the right. If
the coronary sinus ostium or the interventricular septum are
visualized, the adjacent leaflet is most likely the septal leaflet.
On the biplane image, the anterior leaflet will appear in a
more distal position in relation to the transducer.

Figure 4 displays the biplane view, but from the posterior
leaflet. In this case, the septal leaflet will be closer to the
coronary sinus, and the posterior leaflet will be more distal
to the transducer.

In Figure 5, adding a 3D analysis plane with the tricuspid
valve in open and closed positions, with the biplane view
orthogonal to the anterior leaflet clearly and precisely shows
the correlation between the echocardiographic planes, thus
providing correct spatial understanding of the analyzed
leaflets without the need to memorize or infer the position
of each tricuspid valve component, which is not always
successful.

The transgastric window provides a short-axis view that
integrates the tricuspid valve plane with its septal, anterior,
and posterior leaflets and the RV cavity, making it possible to
measure the gap between leaflets, characterize morphology,
and quantify tethering without geometric assumptions. This
perspective also facilitates the identification of residual clefts,
providing essential information for planning a transcatheter
strategy, as demonstrated in Figure 6.

With this anatomical basis, in candidates for T-TEER, the
transgastric window displays all leaflets en face, guiding the
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RV inﬂow(-é)[;lot)ﬂow view Biplane image

. Anterior leaflet
Septal leaflet
. Posterior leaflet

RV inflow-outflow at 60°
(anterior and posterior leaflets)

Biplane image
(septal and posterior leaflets)

Biplane image
(septal and anterior leaflets)

Figure 3 - Echocardiographic representation of the tricuspid valve in the transesophageal right ventricular inflow-outflow window,
complemented by biplane mode. On the left, the image obtained at 60° shows the anterior and posterior leaflets, useful in selecting
candidates for transcatheter therapies. In the center, biplane mode allows simultaneous assessment of the orthogonal plane, identifying
the septal leaflet in combination with the anterior leaflet. On the right, a schematic diagram relating the echocardiographic slice planes
to the corresponding leaflets, indicating different pairs of leaflets visualized according to the angle and orientation of the transducer.
A: anterior; P: posterior; RA: right atrium; RV: right ventricle; S: septal.

RV inflow-outflow view

(60%) Biplane image

Anterior leaflet - .
Septal leaflet > -

B Posterior leaflet - \“"\-.:;_. *J’J

RV inflow-outflow at 60°
(anterior and posterior leaflets)
Biplane image ‘
| (septaland posterior leaflets)
Biplane image
(septal and anterior leaflets)

Figure 4 - Image of the right ventricular inflow-outflow tract in the 60° plane, with the orthogonal section from the posterior leaflet,
concomitant image of the anterior and posterior leaflets, and in parallel the septal and posterior leaflets, allowing for better anatomical
detailing of the tricuspid valve. A: anterior; Ao: aorta; P: posterior; RA: right atrium; RV: right ventricle; S: septal.
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Image A

(Tricuspid valve in systole)

Image B
(Tricuspid valve in diastole)

Figure 5 - Three-dimensional transesophageal echocardiogram. Assessment of the tricuspid valve with biplane reconstruction in
the systole (Image A) and diastole (Image B) phases, oriented according to the interventionalist’s view, with the aorta positioned
at 5 o’clock. The central images present volumetric reconstruction, displaying the valve en face. The dashed lines indicate the
orthogonal planes used for multiplanar analysis. On the left of each block, the two-dimensional sections correspond to the inflow-
outflow plane (top), highlighting the anterior and posterior leaflets, and the orthogonal plane (bottom), showing the anterior leaflet
in relation to the septal leaflet. Comparison between the phases of the cardiac cycle allows for the assessment of the dynamics
of leaflet opening and coaptation. A: anterior; P: posterior; S: septal.

point of optimal grasping and ensuring clip coaxiality in
relation to the interventricular septum. This perpendicular
orientation in relation to the coaptation plane maximizes
the coaptation area and reduces leaflet tension; the clip
is only released after confirmation of adequate edge
capture, which contributes to technical reproducibility
and procedural success.

For orthotopic prosthesis implantation, the transgastric
window allows direct measurement of tricuspid annulus
diameter, guiding selection of appropriate prosthesis
size and alignment along the aorta-tricuspid axis. During
the procedure, real-time monitoring enables precise
adjustments of device angulation and depth, reducing
the risk of unwanted contact with adjacent structures and
ensuring stable prosthesis positioning.

Eligibility criteria for transcatheter intervention

The most recent publication of the Tricuspid Valve
Academic Research Consortium (TVARC) defines the
criteria required for transcatheter device implantation to be
considered successful.’

* Absence of significant tricuspid stenosis (tricuspid valve

area = 1.5 cm? or tricuspid valve area index = 0.9 cm2/m?
[= 0.75 if body mass index > 30 kg/ m?])

* Doppler velocity index < 2.2

* Mean gradient < 5 mmHg

* Reduction of total TR to levels considered optimal

(mild residual TR < 1+) or acceptable (mild residual
TR < 2+)
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Multiple studies have demonstrated worse outcomes in
patients with more severe residual TR. According to the current
consensus, eligibility for transcatheter repair is classified into
the following three anatomical groups: favorable, viable, and
unfavorable. This categorization derives from assessments of
echocardiographic data that demonstrate greater or lesser
likelihood of therapeutic success of the procedure, as displayed
in Table 2. With the development of new devices and
improvements in their structure, feasibility parameters tend to
expand over time.

Tricuspid transcatheter edge-to-edge repair

T-TEER is a catheter-based tricuspid valve repair technique
that reduces TR by restoring coaptation by means of leaflet
approximation, which indirectly reduces or stabilizes the
valve annulus. T-TEER is currently the most commonly applied
transcatheter tricuspid valve repair technique. It can be performed
with TriClip (Abbott) or Pascal (Edwards Lifesciences), two guided
systems that utilize a transvenous transfemoral approach to restore
tricuspid valve coaptation with a valve clipping device.

In the majority of studies on T-TEER, procedural success is
defined as a reduction in TR to < moderate or 2+. In this context,
multiple small studies have identified predictors of success,
including the following:

¢ Jet location

¢ Coaptation gap size

* Valve morphology (number of leaflets)
* Valve thickness or calcification

* Valve mobility
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TRANSGASTRIC WINDOW

Posterior

Anterior leaflet

Septal leaflet
. Posterior leaflet

Figure 6 — Two-dimensional transgastric view of transesophageal echocardiography in short-axis view (30° insonation angle),
demonstrating the tricuspid valve in an anterior position to the aortic plane. Note the morphology of the tricuspid leaflets, with complete
coaptation in diastole, and the contour of the aortic root just above the valve plane. A: anterior; Ao: aorta; P: posterior; S: septal.

Table 2 - Echocardiographic eligibility criteria for percutaneous edge-to-edge tricuspid valve repair (TriClip)

Transcatheter device repair (TriClip)

Favorable Feasible/viable Unfavorable
Non-tricuspid morphology with
Valve morphology 3 leaflets Non-tricuspid morphology thickened valve and subvalvular
complex
Coaptation gap, mm <7 71085 >85

Primary TR with flail gap
(= 10 mm); short (< 7 mm), thickened,
or perforated leaflets; secondary TR
with tethering height > 9 mm or tenting

Primary TR with flail gap
(< 10 mm), secondary
TR with tethering

Normal leaflet length
Leaflets (= 7 mm), normal mobility,
no flail or tethering

height < 9 mm area > 2.1 cm?
. Central and within the Central but not within the Massive, torrential, very eccentric, or
Jet location . . . ;
anteroseptal commissure anteroseptal commissure multiple commissures
PM leads No leads Leads that d"(_)] ?;t participate Leads that cause impingement
Adequate windows
Windows ExcellenF transe§ophageal with trgnsesophageal Inadequate windows
echocardiographic windows or intracardiac
echocardiography
RV remodelin Normal, mildly dilated, or Moderate dilation or Severe dilation or dysfunction
g mildly dysfunctional dysfunction (LVEF < 45% on 3DE or NMR)
PASP < 60 to 65 mmHg,
Pulmonary Normal PASP, normal TPG, PVR < 4 WU, F,:/’l\g:;fgot‘r’nfl_lmn}':% EVE ?n‘:'nvl_\l’u’
hemodynamics TAPSE/PASP > 0.41 MPAP < 30 mmHg, 9, 9

TPG < 17 mmHg TAPSE/PASP < 0.41

Adapted from Hungerford SL et al."" LVEF: left ventricular ejection fraction; MPAP: mean pulmonary artery pressure;
NMR: nuclear magnetic resonance; PASP: pulmonary artery systolic pressure; PM: pacemaker; PVR: pulmonary vascular
resistance; TAPSE: tricuspid annular plane systolic excursion; TPG: transpulmonary gradient; TR: tricuspid regurgitation;
WU: Wood units; 3DE: three-dimensional echocardiography.
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* Complexity of the subvalvular apparatus
e TR severity

* Valve-to-annulus ratio

* Location and extent of CIED-related TR
* Tenting height

* Left atrial appendage volume.

Very large coaptation gaps, torrential TR, markedly thickened
or immobile valves, and CIED-related TR in which the device
adheres to the leaflets or subvalvular apparatus may be relative
contraindications for the use of this technique. Furthermore,
correct and adequate visualization of the leaflets during the
procedure, through the use of TEE (with or without adjunctive
intracardiac echocardiographic imaging), is also an important
technical prerequisite for planning the intervention.

Transcatheter tricuspid valve replacement

Transcatheter tricuspid valve replacement (TTVR) involves the
insertion of a bioprosthesis through a transvenous transcatheter
approach. TTVR can be orthotopic or heterotopic; the latter is
often used as a palliative procedure to relieve systemic venous
congestion in patients who cannot undergo T-TEER or orthotopic
TTVR. The anatomical requirements for TTVR are primarily related
to the ability to position the device within the annular plane and
the anchoring mechanism. Therefore, different devices will have
different anatomical constraints. Initial TTVR implantations were
performed through the implantation of a balloon-expandable
prosthesis within a surgical valve prosthesis or in a prosthetic
annulus. Due to the growing demand for implants in native valve
disease, there has been progressive improvement in devices, in
addition to optimization of access, which is currently transfemoral
or transjugular. Unlike T-TEER devices, large coaptation gaps,
torrential TR, complex morphologies, markedly thickened or
immobile leaflets, and CIED-related TR are not typically exclusion
criteria. For these devices, the main determinants of feasibility
are current device sizes, as well as the ability to guide the device
to achieve a coaxial implantation trajectory, largely determined
by the size of the implant device itself and the available right
atrial space. Although also described for T-TEER, acute changes
in RV preload and afterload and the occurrence of ventricular
decoupling can lead to left ventricular failure after reduction of
massive and torrential TR and should be a concern in TTVR, given
that < mild TR can be achieved in > 90% of patients.

Table 3 displays the main anatomical and echocardiographic
considerations that must be assessed in order to determine
whether or not each of these types of implant is appropriate,
bearing in mind that these criteria are constantly changing due
to the technological evolution of prostheses.

Innovations and future perspectives

The expanding trend in percutaneous tricuspid valve
interventions reflects both technological advances and the growing
demand for less invasive alternatives in patients with significant
regurgitation. This growth is expected to be driven by a reduction
in complications associated with conventional surgery, increased
familiarity of multidisciplinary teams with valve anatomy, and
improved imaging techniques used in pre-procedure assessment.

In this context, appropriate candidate selection requires an
integrated analysis of clinical and anatomical profile, considering
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factors such as age, comorbidities, degree of RV dysfunction,
and tolerance to anticoagulation or contrast media, in addition
to the structural characteristics of the valve, including annulus
dimensions, degree of tethering, extent of coaptation, and leaflet
number and integrity. It is also necessary to take into account the
particular characteristics of each device, including compatibility
with the tricuspid annulus, the viability of vascular access, and the
technical complexity involved in implantation. This systematic
approach contributes to defining the most appropriate therapeutic
strategy for each clinical and anatomical profile.

During subsequent phases, new transcatheter replacement
devices are expected to be introduced and expanded in Brazil,
for example, EVOQUE (Edwards Lifesciences), which has already
been approved in Europe (CE Mark in October 2023) and recently
authorized by the United States Food and Drug Administration
in February 2024. With its self-expandable design, multiple sizes,
and transfemoral delivery, EVOQUIE represents a viable alternative
for cases with anatomy that is unfavorable to T-TEER.

Even though the initial results from the pivotal TRISCEND I
study indicated a reduction in the degree of TR and functional
improvement with implantation of the EVOQUE prosthesis, it will
be necessary to monitor the device’s performance regarding safety,
durability, and clinical outcomes in local populations. The eventual
incorporation of this technology into the Brazilian scenario should
be accompanied by training programs and structured assessment
protocols in order to ensure appropriate application to clinical
and institutional realities."?

Conclusion

Appropriate selection of candidates for percutaneous tricuspid
valve intervention requires a systematic echocardiographic
approach, focused on the functional and morphological
analysis of the valve complex and its adjacent structures.
Characterizing leaflet anatomy, identifying points of effective
coaptation, quantifying the degree of tethering, and assessing
annulus dimensions are important steps in determining technical
viability and expected clinical benefit. The integrated use of
multiplanar windows and 3D reconstructions, when available,
enhances diagnostic accuracy and contributes to individualized
therapeutic planning. Accordingly, echocardiographic
assessment has become not only a diagnostic tool but also a
relevant step in the decision-making process for transcatheter
tricuspid valve therapies.
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Table 3 - Anatomical, technical, and clinical considerations for selecting between percutaneous edge-to-edge repair and
orthotopic valve replacement strategies in the management of tricuspid regurgitation

Flail or prolapse
CIED-related TR

No alternative pacing option possible
(in cases of pacemaker dysfunction or
impossibility of implantation)

Coaptation gap > 10 mm
Tethering > 10 mm

> 3 leaflets

Thick, short, or immobile leaflets

Torrential TR

Device appropriate

Device not appropriate or use with caution

Use with caution

Device not appropriate or use with caution
Device not appropriate or use with caution
Use with caution
Device not appropriate

Use with caution

Device appropriate

Device appropriate

Device not appropriate or use with caution

Device appropriate
Device appropriate
Device appropriate
Device appropriate

Device appropriate

Large valve annulus
Small RV dimensions
RV systolic dysfunction

Suboptimal access or trajectory

Device appropriate
Device appropriate
Use with caution

Device not appropriate or use with caution

Use with caution
Use with caution
Device not appropriate or use with caution

Device not appropriate or use with caution

Contraindication to anticoagulation or
high bleeding risk

Inadequate transesophageal
echocardiography images

Device appropriate

Device not appropriate or use with caution

Device not appropriate or use with caution

Use with caution

Adapted from Madhavan et al.”? CIED: cardiac implantable electronic device: RV: right ventricular; TR: tricuspid regurgitation.
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This study is not associated with any thesis or dissertation
work.
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Abstract

Ventricular septal defect (VSD) is the most common
congenital heart defect, and its management has evolved
with percutaneous closure, a minimally invasive alternative
to surgery. In this context, echocardiography has established
itself as the primary imaging tool, crucial in all phases of the
procedure. Transthoracic echocardiography (TTE) is essential
for diagnosis, anatomical classification (perimembranous,
muscular, inlet and outlet), initial hemodynamic assessment,
and long-term follow-up. Indication for closure is based on
such criteria as the left ventricular (LV) volume overload, with
Qp:Qs = 1.5:1. For detailed planning and intraprocedural
guidance, transesophageal echocardiography (TEE),
especially with three-dimensional (3D) reconstruction, is
the gold standard. 3D TEE offers an accurate measurement
of defect diameters, a border analysis for safe device
anchorage, and an assessment of the relationship with
adjacent structures, such as the aortic and tricuspid valves.
The success of the intervention, both in congenital VSDs
and in the rare and complex post-infarction VSDs, depends
directly on the quality of the echocardiographic evaluation.
The multimodal approach, which integrates TTE and TEE,
ensures appropriate patient selection and safe procedure
management, optimizing outcomes and expanding the
realms of percutaneous VSD treatment.

Introduction

Ventricular septal defect (VSD) is the most prevalent
congenital heart defect, accounting for approximately
40% of all cardiac malformations. The global prevalence is
approximately 9/1,000 live births, but the exact incidence may
be underestimated due to the high frequency of spontaneous
closure. The diagnosis and characterization of VSD depend
on its location and hemodynamic consequences, with
echocardiography being the primary tool for this assessment."
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SUMARIO

VSD classification is based on its anatomy, following the
consensus of the International Society for the Nomenclature
of Pediatric and Congenital Heart Diseases (Sociedade
Internacional para a Nomenclatura de Doencas Cardiacas
Pediatricas e Congénitas — ISNPCHD). VSDs are categorized
into four main types, depending on their location and borders
from the right ventricle (RV) perspective.*

* Perimembranous VSD:
<& The most common type (80% of all VSDs).

< Located in the membranous septum (adjacent to the
aortic and tricuspid valves).

< Perimembranous VSD may extend to the inlet, outlet,
or trabecular portions of the muscular septum.

<& May be associated with aortic valve leaflet prolapse
(aortic regurgitation).

<& Often referred to as infracristal (located below the
supraventricular ridge).

< The proximity of the atrioventricular (AV) conduction
system to the posteroinferior border of the
perimembranous VSD makes it vulnerable to
injury, with the risk of heart block, during surgery or
percutaneous intervention.

e Muscular (or trabecular) VSD:
< This type constitutes 5-20% of all VSDs.
<& Completely surrounded by muscle tissue.

<& They may be single or multiple (“Swiss cheese”)
defects.

< This type of VSD has a high rate of spontaneous
closure (up to 2/3 of muscle defects can close without
intervention).

¢ OQutflow tract (or subarterial) VSD:

< Located in the RV outflow tract, adjacent to the
pulmonary and aortic valves.

< Least common type in the West (approximately 6%).

<& May represent up to 33% of cases in the Asian
population.

< Is frequently associated with aortic cusp prolapse and
aortic regurgitation.

< Also referred to as supracristal, as it is located above
the supraventricular ridge.
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Central lllustration: Role of Transthoracic Echocardiography in Percutaneous Closure of Ventricular
Septal Defect

1 - Diagnosis and Anatomic classification of the VSDs (2D and 3D TTE)
Congenital Acquired

Perimembranous inlet outlet Muscular Post-infarction

2 - Evaluation of the Hemodynamic Repercussion (2D and 3D TTE)

QP:QS - pulmonary
hyperflow

PH signs Eisenmenger LA and LV overload volume

3 - Criteria for percutaneous closure (2D and 3D TEE/TTE)

Perimenbranous Outlet Inlet Pos-AMI
. Musgulgr - — selected cases (not (not Evaluate time of
Highly indicated (VSD border - recommended) recommended) AM|, location, and

AO valve > 2-3 mm) tissue friability

4 - Intraoperative (2D and 3D TEE/TTE)

Implant

Choice of Prosthesis Pre-release

Evaluate:

Passage of the catheters
Opening of the discs
Positioning of the septum

5 — Post-release (2D and 3D TTE)

Congenital VSD — Overestimate 1-2 mm of
the maximum measured diameter;

Post-IM VSD - the degree of overestimation
depends on tissue friability.

Check stability

Maintenance of positioning | Residual shunt | Reverse remodeling
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How to perform echocardiographic evaluation in a percutaneous closure of ventricular septal defect.

* Inlet VSD (or atrioventricular canal-type): asymptomatic for decades. However, an unknown percentage
of patients may develop long-term complications. VSDs with
large shunts can cause LV volume overload and PH, leading
to ventricular dysfunction, arrhythmias, aortic regurgitation,

and heart failure.>®

<& Located in the inlet of the RV (near the atrioventricular
valves).

<& May be part of an atrioventricular septal defect
(AVSD).

) A restrictive VSD that does not close spontaneously
<& Less common type (approximately 8% of all VSDs).

may be predisposed to late sequelae, such as LV dilation,
arrhythmias, aortic regurgitation, PH, and endocarditis. By
contrast, large and non-restrictive VSDs can lead to PH, with

The natural history of untreated VSDs varies considerably.
Small VSDs (diameter of less than 1/3 of the aortic root

diameter) and restrictive VSDs (peak pressure gradient
greater than 64 mmHg), which do not cause left ventricular
volume overload or pulmonary hypertension (PH), can remain

increased pulmonary vascular resistance (PVR), culminating
in flow reversal (right-to-left shunt) and the development of
Eisenmenger syndrome.®
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Post-infarction ventricular septal defect (PIVSD) is a rare
mechanical complication of acute myocardial infarction
(AMI), with an incidence of approximately 0.17% to
0.34% in the reperfusion era. However, this represents a
devastating condition, with mortality that can exceed 90%
in the absence of intervention. The pathophysiology of the
rupture results from transmural myocardial necrosis, typically
occurring 3 to 5 days after the ischemic event. During this
phase, inflammation and enzymatic degradation of the
collagen matrix by metalloproteinases result in necrotic
septal tissue, which is extremely friable and mechanically
incompetent to withstand the interventricular pressure
gradient. The echocardiographic report, in this context,
should be more than descriptive and must be interpretive,
offering the multidisciplinary team an opinion on the
feasibility of anchoring the device, which directly impacts
the choice between an immediate percutaneous approach
or stabilization for delayed surgery.®?

The immediate consequence is the formation of an acute
left-to-right shunt, leading to biventricular volume overload,
hemodynamic collapse, and often rapid progression to
cardiogenic shock and multiple organ failure. The anatomical
complexity of VSD is a critical factor, ranging from simple,
apical defects associated with anterior infarctions to complex
ruptures with serpiginous and irregular courses, located at
the septal base in inferior infarctions. Therefore, detailed
assessment of the defect morphology, the quality of the
adjacent necrotic tissue, and its relationship to adjacent
valvular structures is essential for prognosis and planning of
the therapeutic approach.?

Transthoracic echocardiography (TTE) is the primary
imaging method used for the diagnosis and characterization
of VSDs, providing essential anatomical and hemodynamic
assessments to guide clinical management. Three-dimensional
(3D) echocardiography, in particular, enhances this assessment
by allowing en face visualization of the interventricular
septum, which is useful for accurate analysis of the size,
shape, and relationship of the defect to adjacent structures.
This technique allows for a more accurate assessment of
maximum and minimum diameters, delineation of borders,
and visualization of the defect’s course through the septum,
overcoming the limitations of two-dimensional imaging,
especially in funnel-shaped VSDs. TTE can be complemented
by other imaging techniques, such as transesophageal
echocardiography (TEE), cardiovascular magnetic resonance
(CMR), and cardiovascular computed tomography (CCT),
especially in cases of complex anatomy, inadequate acoustic
windows, or for a more detailed assessment of extracardiac
and ventricular structures.>?

Although TTE is an indispensable first-line tool for the initial
diagnosis and follow-up of patients with VSD, its limitations
must be recognized, especially in the adult population and
in cases of complex anatomy. Suboptimal acoustic windows
can compromise complete visualization of the interventricular
septum, and accurate assessment of the defect’s edges —
particularly the aortic rim, crucial for planning percutaneous
closure — can be challenging. In these scenarios, TEE becomes
essential, offering superior image resolution for detailed
anatomical delineation, and is considered the gold standard
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for intraprocedural guidance. 3D echocardiography, both
transthoracic and transesophageal, further enhances this
assessment by allowing en face visualization of the defect,
precise measurements of its maximum and minimum
diameters, and a clear understanding of its spatial relationship
with the aortic and tricuspid valves. Thus, a multimodal
approach is consolidated, in which TTE serves as the main
diagnostic and monitoring tool, while TEE, often with 3D
reconstruction, is essential for the definitive planning and safe
conduct of percutaneous intervention.?

General criteria for indicating closure of
ventricular septal defect

The decision to intervene in a VSD in adult patients is
multifactorial, based on a careful assessment of the defect’s
anatomy, its hemodynamic repercussions, and the patient’s
clinical status. The main indication for VSD closure is
the presence of left ventricular volume overload with a
hemodynamically significant left-to-right shunt, defined by a
pulmonary to systemic flow ratio (Qp:Qs) =1.5:1. Intervention
is recommended regardless of symptoms, as long as pulmonary
vascular resistance remains low (less than one-third of systemic
vascular resistance [SVR] or <3 Wood Units) and pulmonary
artery systolic pressure (PASP) is less than 50% of systemic
systolic pressure.®'

There are also specific indications that justify intervention
even in the absence of significant volume overload:

* Aortic valve dysfunction: Surgical closure is reasonable
in adults with perimembranous or supracristal VSDs that
have prolapse of an aortic leaflet resulting in progressive
aortic regurgitation.

* Infective endocarditis (IE): Closure may be considered
in patients with a history of repeated episodes of
infective endocarditis attributed to VSD, even if the
shunt is not hemodynamically significant.™

The presence of pulmonary hypertension makes the
decision more complex. Closure may be considered in patients
with moderate PH (PVR 3-5 Wood Units or PASP = 50%
of systemic) if a significant left-to-right shunt (Qp:Qs > 1.5)
persists. However, intervention is contraindicated in severe
PH and advanced pulmonary vascular disease (Eisenmenger
physiology), defined by a PVR > two-thirds of SVR (or =
5 Wood Units), predominant right-to-left shunt, or oxygen
desaturation during exercise." '

Treatment Modalities: Surgery vs. Percutaneous
Intervention

Surgical closure continues to be the treatment of
choice for most VSDs that require intervention, with low
operative mortality and good long-term outcomes. However,
percutaneous intervention has emerged as a viable and
effective alternative for selected cases, avoiding the need for
sternotomy and cardiopulmonary bypass.®

The choice of modality depends primarily on the anatomy
of the defect:
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* Surgery: This is the standard for most perimembranous,
inlet, and outlet/supracristal VSDs, and for patients
requiring concomitant cardiac procedures.

* Percutaneous treatment: This is preferred for specific
defects, such as muscular VSDs, postoperative residual
VSDs, and defects in difficult-to-access surgical
locations.

Percutaneous Treatment: Indications and
Contraindications®%*

Despite advances, percutaneous treatment of VSD has
well-defined indications and limitations.

Indications:

Percutaneous closure is considered reasonable and
effective in the following scenarios:

1. Muscular VSDs: This is the main indication, especially
for defects located in the mid- or apical trabecular
septum, provided there are adequate edges for device
anchorage. The Amplatzer Muscular VSD Occluder is
the only FDA-approved device for this purpose in the
Us.

2. Postoperative residual VSDs: This is an excellent
option for treating residual shunts that persist after
surgical closure.

bl

Selected perimembranous VSDs: Although technically
feasible, the percutaneous approach is controversial due
to its risks. It is an option in selected cases, especially in
the presence of a membranous septal aneurysm, which
can facilitate device implantation and protect adjacent
structures.

Contraindications and Limitations:

The main limitations of the percutaneous approach are
anatomical and related to the risk of complications:

» Defect location: Inlet and outlet/supracristal VSDs are
generally not considered suitable for device closure due
to their proximity to the atrioventricular and semilunar
valves.

* Proximity to valve structures: An inadequate distance
between the defect edges and the aortic or tricuspid
valves is a significant contraindication due to the risk
of interfering with valve function, which may cause or
worsen regurgitation.

* Risk of complete atrioventricular block (AVB): This
is the main concern and the greatest limitation for
percutaneous closure of perimembranous VSDs due
to their proximity to the cardiac conduction system.
The rates of complete AVB requiring a permanent
pacemaker after the procedure range from 2% to 22%,
a considerably higher risk than with surgery.

* Hemodynamic contraindications: The same
ones that apply to surgery, such as the presence of
severe PH with elevated PVR and right-to-left shunt
(Eisenmenger syndrome), are absolute contraindications
for percutaneous closure.

Selecting the appropriate device is critical to the success
of the procedure and depends on the specific anatomy of the
defect. Table 1 summarizes the main available devices and
their indications.

Detailed Echocardiographic Analysis for Percutaneous
Closure of VSDs3#1011

Echocardiography is the core and crucial imaging modality
that governs all phases of percutaneous closure of VSDs, from
strategic planning to confirmation of therapeutic success and
long-term follow-up. The technical rigor of the evaluation
and the choice of echocardiographic modality (transthoracic
vs. transesophageal; 2D vs. 3D) are tailored to the etiology of
the defect — congenital or post-myocardial infarction — and
the phase of patient management.?

Pre-procedure Assessment: Anatomical and
Hemodynamic Mapping for Therapeutic Decision-making

The pre-procedure phase is crucial in determining the
feasibility of the percutaneous approach, selecting the ideal
device, and anticipating technical challenges.

Congenital VSD (elective planning):

2D transthoracic echocardiography (TTE) with Doppler is
the first-line tool for diagnosis and initial evaluation. Technical
analysis should include:

* Anatomical mapping: Using multiple views (parasternal,
apical, subcostal), the TTE classifies the type of VSD
(perimembranous, muscular, outlet, inlet), defines the
number of defects, and measures their diameter in at
least two orthogonal planes.

* Hemodynamic assessment: The indication for closure
is confirmed by shunt quantification. The pulmonary to
systemic flow ratio (Qp/Qs) is calculated, and a value
= 1.5 is considered hemodynamically significant. Right
ventricular systolic pressure (RVSP) is estimated by the
VSD jet velocity or tricuspid regurgitation velocity,
using the simplified Bernoulli equation (AP=4v2). Left
ventricular volume overload is quantified by measuring
its diameters and volumes.

2D, and especially 3D, transesophageal echocardiography
(TEE) is essential for detailed planning of percutaneous
interventions, especially in adults or when the TTE window is
suboptimal. 3D TEE offers technical superiority for:

* Accurate sizing: 3D TEE allows for the projection of an en
face view of the defect, enabling an accurate measurement
of maximum and minimum diameters, regardless of its
spatial orientation. This is crucial for complex or oval-
shaped defects, where 2D imaging may underestimate
the maximum diameter, leading to the selection of an
undersized device and the risk of embolization.

* Edge analysis: 3D TEE allows for simultaneous
visualization of all defect edges, providing a clear spatial
assessment of the “anchoring zone.” Measurement of
the aortic edge is mandatory; a deficient edge (<2-3
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Table 1 - Main devices used for percutaneous closure of ventricular septal defect

Amplatzer™ Muscular VSD

Occluder

Amplatzer™ P.l. Muscular

VSD Occluder

Amplatzer™ Membranous

VSD Occluder

Cera™ / CeraFlex™ VSD
Occluders

Pt
iy,

Perimembranous

Muscle post-AMI

Congenital Muscular VSD:

Muscular portion of the
septum (apical, mid-septal,
anterior). May be used to
treat multiple defects (“Swiss
cheese”).

Muscular VSD Post-Acute
Myocardial Infarction
(Post-AMI):

Defects that arise as a
complication of an infarction.

Perimembranous VSD:

The most common type of
VSD, located in the thin,
membranous portion of
the septum, near the heart
valves.

Muscular and
Perimembranous VSD:

Specific models are available
for both types.

For perimembranous defects,
symmetrical, asymmetrical,
and eccentric designs are
available to adapt to complex
anatomy.
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Patients with complex and
significantly sized muscular
VSD, who are considered high
risk for conventional surgery.

Closure of post-AMI muscular
VSDs in patients who are

not satisfactory surgical
candidates.

This is contraindicated for
congenital or perimembranous
defects.

Closure of perimembranous
VSDs with significant
hemodynamic repercussions.

The asymmetric design seeks
to avoid compression of the
aortic and tricuspid valves.

Recommended for
percutaneous closure
of muscular and
perimembranous VSDs.

The variety of geometries for
membranous defects allows
for more precise selection

to protect adjacent cardiac
structures.

Belt Diameter:
4-18 mm

Disc Diameter:
9-26 mm

Disc Separation Height:
7 mm

Belt Diameter:
16-24 mm

Disc Diameter:
26-34 mm

Disc Separation Height:
10 mm

Belt Diameter:

4-12 mm

Disc Diameters (Right):
8-16 mm

Disc Diameters (Left):
10-18 mm

Disc Separation Height:
3mm

Belt Diameter:

4-24 mm

Disc Diameters:

Vary by model,

from 8 mm to 31.6 mm

Disc Separation Height:
3 mm
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KONAR-MF™ VSD Occluder

Cocoon® VSD Occluder

Muscular

o -}

L

Perimembranous

Perimembranous and
Muscular VSD:

Designed to be versatile,
treating both types of defects,
with a special focus on
perimembranous defects.

Muscular and
Perimembranous VSD:

The availability of multiple
waist lengths (4 mm,

7 mm, and 10 mm) makes
the device adaptable to
septal defects of varying
thicknesses.

Muscular and
Perimembranous VSD:

Offers different models for
each type of defect.

Recommended for complex
cases in which flexibility
and low radial force are key
to minimizing the risk of
atrioventricular block (AVB).
It is also a viable option for
young children (<10 kg).

Occlusion of
hemodynamically significant
VSDs. The variety of waist
sizes allows the physician to
choose the prosthesis that
best fits the thickness of the
septum, whether muscular
(thicker) or membranous
(thinner).8

The recommendations
are similar to those of the
Amplatzer line.

The muscular model is for
high-risk surgical patients, and
the membranous model is for
minimally invasive closure of
perimembranous VSDs.

Belt Diameter (Right/Left):
3-12 mm / 5-14 mm

Disc Diameter:
10-18 mm

Belt Diameter:
3,25-12 mm

Disc Diameter:
10-18 mm

Belt Diameter:
4-20 mm

Disc Diameter E :
8-26 mm
Disc Diameter 4:
8-24 mm

Disc Separation Height:
2,6 -7 mm
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mm) requires the use of an asymmetrically designed
device to avoid interference with the aortic valve. The
rule of thumb for device sizing is that its waist should
be 1-2 mm larger than the maximum defect diameter.

Post-myocardial infarction VSD:

In this scenario, echocardiography is an emergency tool
for diagnosis and risk stratification in a critically ill patient.

* 2D transthoracic echocardiography (TTE): This is
the modality of choice for rapid bedside diagnosis.
Its technical objectives are to confirm septal rupture
with color Doppler, assess biventricular function, and,
primarily, rule out other mechanical complications, such
as papillary muscle or free wall rupture.

* 2D and 3D transesophageal echocardiography (TEE):
This is essential for detailed anatomical characterization.
Post-AMI VSD typically has an irregular and serpiginous
course. 3D TEE is superior in assessing the quality of the
surrounding tissue, identifying the extent of necrotic
and friable myocardium, which is the main determinant
of the viability of percutaneous device anchorage.
Assessment of right ventricular function is of paramount
prognostic importance, given the sudden volume and
pressure overload.

In the evaluation of post-infarction VSD,
echocardiography transcends simple defectidentification,
assuming a key prognostic and strategic planning role.
The echocardiographer’s main priority is to assess the
quality of the adjacent tissue, as the pathophysiology
of the rupture involves transmural necrosis, resulting
in an extremely friable and mechanically incompetent
myocardium. TEE, especially with 3D imaging, is
superior to TTE for this analysis, enabling a detailed
characterization of the extent of necrosis and the
integrity of the defect’s edges. A wide, fragile edge
is a strong predictor of percutaneous closure failure,
increasing the risk of complications, including device
embolization. Therefore, detailed echocardiographic
assessment of the rupture morphology and the viability
of the surrounding septal tissue is the determining factor
in deciding whether a patient is a viable candidate for
a percutaneous approach or whether hemodynamic
stabilization for delayed surgery, allowing fibrotic
maturation of the defect, would be the best strategy.'

Intraprocedural Assessment: Guiding the Intervention and
Prosthesis Sizing*50.1*

Intraprocedural echocardiography is the cornerstone of
implant safety and accuracy. Transesophageal echocardiography
is traditionally considered the gold standard and the most
widely used modality to guide the procedure, often described
as “the interventionist’s eye.” Its superiority lies in its high
image resolution, especially for posterior structures, and its
ability to accurately assess defect edges and valve function,
making it crucial in patients with limited transthoracic acoustic
windows. In Brazil, most studies and position papers from
societies such as the Brazilian Society of Cardiology (SBC)
and the Brazilian Society of Cardiology (SBHCI) describe the
procedure as being performed under TEE monitoring.

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(3):e20250065

Regardless of the chosen modality, the role of intraprocedural
echocardiography is multifaceted and governs the critical
stages of the intervention:

* Final prosthesis sizing: Echocardiography (primarily
TEE) performs the final and definitive measurement
of the defect under the hemodynamic conditions of
the procedure. The rule of thumb is to select a device
whose waist is 1 to 2 mm larger than the maximum
measured diameter to ensure secure anchorage. In
post-AMI VSD, due to tissue friability, “significant
oversizing” is often recommended. It is crucial to note
that, unlike congenital VSDs, this “significant oversizing”
is a qualitative, not quantitative, concept; the final
decision depends on the intraprocedural assessment
of defect morphology and tissue integrity, guided by
the operator’s experience rather than a fixed formula.
It is important to note that the balloon sizing technique,
common in ASD closure, is not used for VSDs due to the
inelastic nature of the septum and the risk of widening
the rupture in post-AMI cases.

* Guidance and positioning: Echocardiographic imaging
actively guides every step, from the safe passage of
guidewires and sheaths through the defect, avoiding
injury to adjacent structures, such as the tricuspid
valve chordae tendineae, to monitoring the sequential
opening of the prosthesis discs and their correct
positioning in the interventricular septum.

* Pre-release critical evaluation: Before definitive
detachment of the prosthesis, echocardiography performs
a crucial safety check, a true “point of no return.” At this
stage, the stability of the device, the presence of significant
residual shunt, and, primarily, the absence of new aortic
and tricuspid valve dysfunction are assessed.

Although TEE is the standard, TTE has emerged as a viable
and effective alternative for guiding the entire procedure in
selected cases. Studies have shown that, in patients with a
good acoustic window (often children and young adults),
TTE-only guidance can achieve success rates and residual
shunt that are similar to TEE. The advantages of using TTE
include the elimination of general anesthesia and intubation,
as well as reduced procedure and fluoroscopy time. However,
this approach is selective and requires considerable operator
expertise, as it is best suited for patients weighing more than
10 kg and with defects smaller than 8 mm.

More recently, intracardiac echocardiography (ICE) has
emerged as a promising emerging technology for procedural
guidance. ICE also eliminates the need for general anesthesia
and, in some cases, can offer superior visualization of certain
defect edges when compared to TEE. Its adoption represents
asignificant advance in making percutaneous closure an even
less invasive procedure.

Post-procedure Evaluation: Monitoring the Therapeutic
Outcome

Post-procedure follow-up assesses the success of the
intervention and monitors long-term progress.



Masson-Silva et al.
Echocardiogram in Percutaneous Closure of VSD

Review Article

* 2D transthoracic echocardiography and Doppler: This
is the primary modality for follow-up.

* Immediate (pre-discharge) assessment: A TTE is
performed to confirm stable prosthesis position, quantify
any immediate residual shunt, and rule out acute
complications, such as pericardial effusion.

* Short-term and long-term follow-up: Serial
echocardiographic follow-up (e.g., at 1, 6, and
12 months, and then every 2-5 years if stable) is
recommended to monitor complete shunt occlusion
(as device endothelialization occurs), ventricular
function and remodeling (normalization of chamber
dimensions), and valve function, as well as to detect late
complications. Patients with significant residual findings
require more frequent follow-up.

To emphasize the multifaceted role of echocardiography
throughout the process, the Central Illustration presents a
flowchart summarizing the main steps of the assessment.

Conclusion

Percutaneous closure of VSDs has established itself as
an effective alternative to surgery in selected cases, and
echocardiography is the core and crucial imaging modality in
all phases of this procedure. Transthoracic echocardiography
has established itself as the primary tool for diagnosis,
classification, initial hemodynamic assessment, and long-term
follow-up. However, for detailed intervention planning and,
especially, intraprocedural guidance, TEE, especially with
3D technology, is the gold standard, ensuring the precision
and safety necessary for therapeutic success. Careful
patient selection, detailed anatomical characterization, and
rigorous monitoring of adjacent structures, all guided by
echocardiography, are the pillars that allow us to expand
the realms of minimally invasive VSD treatment, in turn
optimizing patient outcomes.

Challenges and future perspectives6

Despite remarkable advances, the field of percutaneous
VSD closure still faces significant challenges that direct future
innovations.

1. Reducing the risk of atrioventricular block:
The main obstacle to the widespread adoption of
percutaneous closure in perimembranous VSDs
continues to be the risk of complete AV block. Future
research should be focused on developing prostheses
with more flexible designs and lower radial force,
such as the Nit-Occlud Lé VSD Coil and the KONAR-
MF™ VSD Occluder, which aim to minimize trauma
to the conduction system.

N

Improving imaging and guidance: Although TEE is the
standard, ICE is emerging as a promising alternative that
eliminates the need for general anesthesia, potentially
reducing procedure time and risk. The integration of
fusion imaging, combining fluoroscopy and real-time
echocardiography, as well as the development of

artificial intelligence software to aid in implant sizing
and simulation, are the next steps to further increase
accuracy and safety.

3. Development of bioresorbable devices: The most
transformative long-term prospect is the creation of
fully bioresorbable occluders. Currently, research in this
area is most advanced for the closure of low-pressure
defects, such as atrial septal defects (ASD), with
devices like the Carag Bioresorbable Septal Occluder
already being used in clinical trials. Expanding this
technology to VSDs is the next major challenge. This
will require the development of polymers with greater
mechanical strength, capable of withstanding the high
interventricular pressure gradient and high shear stress,
ensuring structural stability during the absorption and
endothelialization process. Successful development
of such devices would eliminate the risks associated
with permanent implants, such as erosion and late
thrombosis, representing the next frontier in the
treatment of congenital heart disease.
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3D Printing of a Heart With Amyloidosis
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Abstract

Cardiac Amyloidosis is a restrictive cardiomyopathy caused by
the accumulation of amyloid protein in the heart. The advances
in non-invasive diagnosis have been increasing its identification
among patients with Heart Failure (HF), being previously
considered to be a rare condition. Currently, it represents around
13% of the cases of Heart Failure with preserved Ejection Fraction
(HFpEF). We report the case of a 72-year-old male patient who
presented to the clinic reporting dyspnea and fatigue in low-
effort activities. Laboratory exams were conducted, revealing
increased cardiac markers, along with evidence of ventricular
hypertrophy in electrocardiographic analysis. Cardiac imaging,
serum free light chain (AL) assay, and endomyocardial biopsy
indicated the diagnosis of AL amyloidosis. A three-dimensional
model was constructed using magnetic resonance imaging (MRI)
data. This model is intended to increase the awareness around
amyloidosis as a possible differential diagnosis of HF, while also
promoting patients’ and families” education, demonstrating the
typical structural abnormalities of the disease.

Introduction

Cardiac amyloidosis results from disorders in the folding of
amyloidogenic proteins, leading to the formation of insoluble
amyloid fibrils that accumulate in the extracellular matrix of the
heart." The most common variants are primary or light chain (AL)
and transthyretin-related (ATTR) amyloidosis. AL amyloidosis
is caused by the deposition of ALs of immunoglobulin,
produced in excess by normal or malignant plasma cells.?
Cardiac manifestations of amyloidosis include Heart Failure
with preserved Ejection Fraction (HFpEF), arrhythmias, angina
with non-obstructive coronary lesions, and thromboembolic
events. Some cases of cardiac amyloidosis are associated with
aortic stenosis, particularly in cases with low flow and low
gradient.’ The three-dimensional printing has been widely
explored in the healthcare field for various applications, ranging
from the production of surgical parts to educational models.
This tool has stood out for allowing the creation of patient-
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specific materials, which aid in the study and understanding
of complex pathological anatomies. We report a case of AL
cardiac amyloidosis in which 3D printing was used to model
the affected organ. This modeling was intended to increase the
awareness of amyloidosis as a possible differential diagnosis of
heart failure (HF) with preserved ejection fraction, while also
promoting patients’” and families” education.

Description

A 72-year-old male patient with a previous history of
myocardial infarction presented to the cardiology department
with progressive dyspnea and fatigue on exertion for the past
year. He reported worsening over the last two months, affecting
his usual activities, along with orthopnea, blurred vision, dizziness,
and a sensation of imminent fainting upon standing. Physical
examination revealed postural hypotension, lower limb edema
(++/4), as well as distal hypoesthesia and hypopallesthesia.
Cardiac auscultation revealed a holosystolic murmur at the
tricuspid focus, with P2 hyperphonesis. Laboratory tests showed
proteinuria (++ +/4) in routine urine analysis, along with elevated
cardiac markers NT-ProBNP and Troponin |, with no further
abnormalities. An electrocardiogram indicated left ventricular
hypertrophy and left anterior fascicular block. The evaluation was
followed by an echocardiogram, which showed thickening of the
right ventricle, interventricular septum, and valves. The Clobal
Longitudinal Strain (GLS) displayed an apical sparing pattern. The
ratio between the left ventricular ejection fraction (LVEF) and the
GLS was elevated, suggesting cardiac amyloidosis. New suggestive
findings were observed in Magnetic Resonance Imaging (MRI),
which showed diffuse subendocardial late enhancement and
confirmed the thickening of the chambers (Figure 1).

With the suspicion established, the investigation proceeded
with the assays of free ALs of immunoglobulins. The results were
as follows: free light kappa chain 18.1 mg/dL (6.7-22.4), lambda
chain 168.4 mg/dL (8.3-27), with a ratio of Kappa to Lambda
chains (K/L) of 0,11 (0.31-1.56). The finding of K/L ratio below the
reference value is highly suggestive of AL Amyloidosis, due to the
deposition of lambda ALs. Bone marrow and skin/subcutaneous
biopsies did not show any infiltrations. An endomyocardial
biopsy was performed (Figure 2), stained with Congo Red, which
exhibited characteristic birefringence of amyloid infiltration
under polarized light (Figure 3). Mass spectrometry confirmed
the AL typing. The patient had clinical improvement after AL
Amyloidosis-specific treatment.

Discussion

AL Amyloidosis

AL Amyloidosis, also known as primary amyloidosis, is the
most common form of the disease among systemic variants. It
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Figure 1 - MRI showing thickening of the ventricular walls (panels A, B, and C) and diffuse late enhancement patterns in gadolinium
contrast (shown in panels D, E, and F). This pattern arises from a difference in contrast uptake throughout cardiac tissue and may
be found in various myocardial injuries.
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Figure 2 — Endomyocardial biopsy of the left ventricle, stained with Congo Red, showing subtle red coloring of the amyloid protein
deposits. Evaluation under polarized light can be utilized to increase sensitivity.

arises from the tissue deposition of AL immunoglobulins in cardiac
tissue, produced excessively by normal or malignant plasma
cells. It is a rare condition, with 5.1 to 12.8 cases per million
person-years worldwide. The vast majority of affected patients

are over 40 years old, with a median age at diagnosis of 64 years.
The progression of the disease is rapid and poses significant risks
when not identified early.? The deposition of amyloid protein is
characterized by significant thickening of the ventricular walls,

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(3):e20250003
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Figure 3 - Endomyocardial biopsy of the left ventricle, stained with Congo Red, exhibiting a birefringence pattern under polarized light.
The apple green birefringence is characteristically found in amyloid protein deposits, as the staining reacts with the misfolded proteins
to form complexes that present optical reactivity. The polarized light evaluation enhances the sensitivity of the staining technique.

septa, and valves, resulting in HF of a restrictive nature.
Currently, cardiac amyloidosis accounts for about 13% of
cases of HFpEFE* Diagnosis begins with the investigation of
clinical findings consistent with HFpEF Symptoms may be more
associated with left-sided HF (pulmonary congestion, dyspnea)
or right-sided HF (edema, ascites). Other important alterations
arise from amyloid infiltration in the atria, causing atrial
fibrillation and other arrhythmias, and the cardiac conduction
system, producing atrioventricular blocks.® Elevated serum
levels of cardiovascular markers (especially troponin T and NT-
ProBNP) should be present. The electrocardiogram of these
patients typically shows low QRS voltage, inconsistent with the
thickness of the ventricular wall, especially in AL Amyloidosis.

The investigation should continue with echocardiography
and MRI, revealing more specific findings of the disease. The
reduction in longitudinal strain with an “apical sparing” pattern
is an important modification seen on echocardiography, along
with thickening of the ventricles and valves. MRI may reveal
a pattern of diffuse delayed enhancement using gadolinium-
based contrast, with subendocardial or transmural distribution,
consistent with the presence of amyloid deposits. Finally, the
investigation of immunoglobulin ALs, combined with peripheral
biopsy (or, if necessary, cardiac biopsy), will be conclusive for
diagnosis. The assessment of ALs is best performed with the
combination of three tests: immunofixation in blood and
urine, which aids in their detection, and the measurement of
the ratio between kappa and lambda chains, which yields a
positive result when abnormal.®

The most important factor in determining prognosis is the
extent of damage to the cardiac tissue. Understanding the

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(3):e20250003

physiopathology of amyloidosis and discussing its clinical and
morphological manifestations are crucial for the early diagnosis
of this increasingly understood yet still underrecognized
condition in medical practice.

The 3D model

The three-dimensional model (Figure 4) was produced
from the patient’s imaging examinations (MRI). The
processing of the files includes the steps of segmentation—
isolating the desired anatomical structures—and slicing,
which involves dividing the structure into printable layers.
From these interventions, the final file (in STL format,
Standard Tessellation Language) can be read by the
machine as a sequence of two-dimensional planes, which
are then built on top of each other by the printer (additive
manufacturing). The material used in this process was plastic
filament, a solid component that is melted by the machine
and reshaped into the contours of the desired piece. This
type of printer operates using the FDM (Fused Deposition
Modeling) technique, which is the most accessible among the
options for three-dimensional modeling. Filament modeling
was chosen for this project to demonstrate the applicability of
the technique even with the simplest forms of this technology.

The model displays the characteristic morphological
changes of amyloidosis in cardiac tissue, reinforcing its
similarity to the physiology of HFE. Notably, there is left
ventricular thickening, with a significant reduction in the
ventricular lumen, as well as considerable thickening of
the interventricular septum. To a lesser extent, the same
modification is observed in the right ventricular wall. This type
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Figure 4 - Three-dimensional heart model with AL amyloidosis,
produced using imaging data from MRI.

of material, which has significant anatomical and pathological
correspondence with the actual organ, can be applied in
various contexts in medical practice. Its use for educational
purposes, patient and family instruction, and especially
guiding surgical approaches benefits from a more complete
and consistent understanding of the studied organ structures.
Furthermore, the dissemination and popularization of 3D
printers have facilitated the development of more realistic
and reproducible models without imposing significant
financial costs.® Three-dimensional models can improve
professional and patient education through the visual and
tactile experience they allow.” In this regard, we emphasize
the great potential for exploring this tool in the healthcare
field, complementing imaging studies and possibly revealing
new important information that enhances our understanding
of diseases.
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Late Discovery of Left Ventricular Pseudoaneurysm: A Rare Clinical Case
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Abstract

Left ventricular (LV) pseudoaneurysm is a rare complication
of acute myocardial infarction (AMI). We report the case of a
67-year-old male patient seen in 2024. Following an AMI in
2019, the patient was diagnosed with a LV pseudoaneurysm
after complaining of dyspnea and undergoing imaging
tests including echocardiogram and magnetic resonance
imaging. The patient underwent aneurysmectomy and
revascularization surgery, progressing satisfactorily during
the postoperative period.

Introduction

Left ventricular (LV) pseudoaneurysm is a clinicopathological
entity that constitutes a rare mechanical complication of acute
myocardial infarction (AMI)." It is formed when the cardiac
rupture is contained by pericardium or scar tissue, without
the presence of the myocardium as a tissue component.’
It generally occurs in the inferior and posterior ventricular
walls, given that ruptures of the anterior wall tend to lead to
cardiac tamponade and sudden death, whereas the inferior-
posterior face of the heart rests on the diaphragm, facilitating
containment of the ventricular cavity by the pericardium.?
Given its composition, there is a high risk of rupture, making
surgical correction necessary.’

Case report

We report the case of a 67-year-old male patient, resident
of the state of Bahia, Brazil, with hypertension for 10 years
and diabetes for 5 years. He had been an ex-smoker for 32
years, with an estimated smoking history of 51 pack-years.

In 2019, he presented with AMI with ST-segment elevation
in the anterior wall. However, he arrived at a unit with a
hemodynamic service 8 days after diagnosis, without having
received fibrinolytic therapy. Upon admission, he underwent
coronary angiography, which showed 90% stenosis in diagonal
branch and only parietal irregularities in the other coronary
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arteries. He underwent transluminal angioplasty and was
discharged from the hospital. The patient was advised to
undergo outpatient follow-up at the cardiology service, which
he did not follow.

Five years later, the patient returned for a consultation
requesting clearance for inguinal herniorrhaphy. He
complained of dyspnea upon moderate exertion, such
as walking uphill, but he stated that this symptom had
been present since 2019, without progression. He denied
association with chest pain or other anginal equivalents. The
general surgeon reported that there was a mass in the LV on
the chest tomography.

Upon physical examination, the patient had an active
precordium, with an apparent, visible, and palpable apex
beat in the fourth left intercostal space, between the left
midclavicular line and the anterior axillary line, which was
propulsive and measured 3 fingertips. The patient was using
acetylsalicylic acid 100 mg/day, metoprolol succinate 50 mg
every 12 hours, spironolactone 25 mg/day, atorvastatin 80 mg/
day, enalapril 20 mg every 12 hours, and metformin XR 500
mg every 12 hours. The patient was admitted for diagnostic
confirmation.

Radiography showed a mass adjacent to the LV (Figure 1),
and electrocardiography indicated residual ST-segment
elevation in the precordial leads (Figure 2).

Transthoracic echocardiography described akinesia
of the middle and apical segments of the anteroseptal,
anteroapical, apical LV walls and inferobasal and
inferoseptal walls of the LV, in addition to the formation of
a pseudoaneurysm in the inferolateral wall with important
global systolic dysfunction and ejection fraction (EF) of
21%, by the Simpson method. We observed diastolic
filling and tissue Doppler imaging compatible with type 3
diastolic dysfunction (restrictive pattern). The examination
performed in 2019 revealed EF of 27% and segmental
LV involvement with severe systolic dysfunction, with no
mention of pseudoaneurysm formation.

Cardiac resonance imaging was performed, thus establishing
diagnosis of LV pseudoaneurysm measuring 48 x 36 X 30 mm
from the apical anterior segment, with neck size of 30 mm.
Transmural late enhancement was greater than 50% throughout
the apical and anteroseptal region (Figure 3).

The patient underwent a new coronary cineangiography
according to the surgical intervention schedule, showing 75%
stenosis in the bifurcation of the first marginal branch, 90% ostial
stenosis of the second marginal branch, 75% to 90% stenosis
middle third of the posterolateral branch, and 75% stenosis in
the middle third of the right coronary artery (Figure 4).

The patient was referred for aneurysmectomy and
revascularization of the marginal branch and the right
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coronary artery with saphenous vein graft. During surgery,
the diagnosis of pseudoaneurysm was confirmed (Figure 5).
During the postoperative period, he developed a stroke after
an episode of atrial fibrillation with high ventricular response.
Nonetheless, he was discharged approximately 7 days after
the procedure without sequelae.

Discussion

AMI is the most common cause of LV pseudoaneurysm
(55%). Less frequently, pseudoaneurysms occur as a
complication of cardiac surgery, chest trauma, as a consequence
of endocarditis, and, rarely, after suppurative pericarditis or
tumor infiltration."**

Mechanical complications in the context of AMI are
currently uncommon due to the effective implementation
of early revascularization strategies. Although rare, cardiac
rupture is one of the most feared events.® In the case of
pseudoaneurysm, approximately 30% to 45% have a chance of
rupture; in this context, surgical intervention can substantially
reduce this risk."**

Some patients may present symptoms of heart failure
due to LV dysfunction. However, approximately 10% are
asymptomatic.*

Pseudoaneurysms can be detected on chest radiography as
an area adjacent to the heart. On electrocardiography, there
may be nonspecific repolarization changes.®

Echocardiography identifies changes in 90% of cases,
but approximately 67% to 75% of cases are confused with
aneurysm.*>7 Left ventriculography, on the other hand, has
been considered an important imaging modality, with a
diagnostic accuracy of around 85%, given that it is possible to
determine the neck of the pseudoaneurysm and the absence
of surrounding coronary arteries.*”

In 2005, Konen et al. assessed 22 cardiac resonance images
of patients with pseudoaneurysm or LV aneurysm. Delayed
enhancement of pericardium was more common in patients
with pseudoaneurysm, leading to a sensitivity of 100% and
specificity of 83.3%. For these patients, the end-diastolic volume
was greater than in those with true aneurysm. Therefore, this
test plays an important role in differentiating both pathologies.?

Treatment for acute and symptomatic cases is limited to
surgical correction, taking patients’ risks into consideration.’

In 1998, Yeo etal. followed 52 patients with pseudoaneurysm
for approximately 4 years. The majority were diagnosed
incidentally; 42 patients underwent surgical correction,
and mortality reached 7%. Ten patients were treated
conservatively; they did not undergo the procedure due to
high risk. After 2.3 years of study, 19 patients died, 6 of them
in the conservative group. There were no reports of rupture.”'°

Following this same model, in 2003, Moreno et al.
followed 10 patients, all diagnosed with pseudoaneurysm
and in conservative treatment, for 3.8 years, and none of

Figure 1 - Chest radiography. Altered cardiac silhouette.
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Figure 2 - Electrocardiogram. ST-segment elevation in leads V1 to V5.

Figure 3 - Cine cardiac magnetic resonance imaging. In image A, in the middle region of the heart, an area of anterior infarction can
be observed due to the presence of late enhancement (blue arrow). In image B, in apical view, an intracavitary thrombus was found
(orange arrow). In image D, the neck of the pseudoaneurysm is evident (purple arrow).
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Figure 5 - Cardiac surgery. Aneurysmectomy.

them developed fatal rupture during this period. However, the
incidence of stroke reached 33%, which suggests the possibility
of chronic anticoagulation adjacent to treatment.'

According to Faustino et al., there is still no consensus on
treatment for chronic cases, but surgical indication has become
routine due to the risk of rupture and thrombotic embolization.
In patients with pseudoaneurysms larger than 3 cm, procedure is
indisputably necessary. In the case of patients with high surgical risk,
the possibility of percutaneous procedure can be assessed. Since
the condition may also be present in previously operated patients,
the presence of adhesions makes intraoperative management
difficult and increases mortality. Defects can be occluded with
septal occluders, such as those used in congenital heart disease.'* "

Conclusion

This case illustrates the importance of diagnosing the LV
pseudoaneurysm, which led to impaired EF. It is a rare condition
that can remain asymptomatic for years, but it presents a
significant risk of complications. Regular surveillance and follow-
up are essential, especially in patients with a history of AMI.
Diagnosis and surgical intervention are essential due to the
high risk of rupture, even in the absence of symptoms. Imaging

modalities, such as magnetic resonance imaging, are crucial for
assessment and treatment planning.
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Turmoil of Symptoms: The Devastating Impact of Cardiac
Lymphoma - Multiple Clinical Manifestations and the Lethal

Causes of Cardiac Involvement
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Abstract

Primary cardiac lymphoma (PCL) is a rare and highly
lethal neoplasm, whose nonspecific clinical presentation
makes early diagnosis difficult. This article reports the case
of an elderly patient, previously healthy, who experienced
dizziness and syncope for four months before the discovery
of a large tumor mass in the heart. Imaging exams, such
as echocardiography and magnetic resonance imaging,
were crucial for tumor identification, and the biopsy
confirmed it to be a B-cell lymphoma with high replication.
However, given the severity of the condition and the
family’s refusal to proceed with treatment, the patient
progressed to sudden death two weeks after diagnosis.
Primary cardiac tumors (PCTs) are underdiagnosed, with
varied symptoms that may include vascular obstructions,
arrhythmias, and heart failure. PCLs account for only 1%
to 2% of primary cardiac masses and are more common
in elderly men. The diagnosis is challenging due to the
absence of specific signs, making imaging exams and
biopsies essential for disease confirmation. This case
illustrates the complexity of managing PCLs, whose rapid
progression limits therapeutic options. The lack of specific
symptoms and silent progression highlight the importance
of early diagnosis. The high mortality rate reinforces the
need for greater medical attention to this condition, which
frequently leads to fatal outcomes before an effective
intervention can be implemented.

Introduction

Primary cardiac tumors (PCTs) are rare entities in clinical
practice and can be classified as benign lesions (myxomas)
or malignant tumors (sarcomas and lymphomas)."? With
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the increasing life expectancy of the population, a higher
incidence of these tumors is expected, highlighting the need
for greater attention to their possible symptoms, especially
considering their varied clinical manifestations.>?

Considering this, it is important to emphasize that PCTs
are often underdiagnosed, which may lead to fatal outcomes
before an effective therapeutic approach can be implemented.?
This article presents a case of primary myocardial lymphoma
in an elderly patient, previously healthy, who experienced
sudden death two weeks after diagnosis.

Thus, the objective of this study is to discuss the clinical
and diagnostic characteristics of PCTs.

Case report

A 78-year-old man, previously healthy, presented with
dizziness and syncope worsening over four months. The
patient had been seen at other emergency care units, but his
symptoms progressively worsened.

On physical examination, no significant findings were
noted. The electrocardiogram showed sinus rhythm with
diffuse ventricular repolarization abnormalities. A chest X-ray
revealed a cardiac silhouette at the upper limit of normal
and bilateral costophrenic angle blunting. A transthoracic
echocardiogram detected a large tumor mass infiltrating
the interventricular septum and the inferolateral wall of the
right ventricle, extending into the right atrial and ventricular
cavities, as well as the left ventricular cavity adjacent to the
septum (Figure 1).

Given this, the patient was referred for a magnetic
resonance imaging scan for a more detailed assessment
of the neoplasm, which confirmed the echocardiographic
findings (Figure 2). An endomyocardial biopsy was performed,
guided by transthoracic echocardiography and fluoroscopy,
conducted simultaneously in the hemodynamics room. The
histopathological study and immunohistochemical analysis
concluded that it was an invasive B-cell lymphoma with
intense cellular replication (Figure 3).

After a detailed explanation of this complex and severe
clinical case to the patient and his family, they refused the
implementation of any form of treatment and requested
discharge to his home, where he remained asymptomatic
for approximately two more weeks, before experiencing
sudden death.
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Figure 1 - Transthoracic echocardiogram showing a tumor mass infiltrating the atrioventricular valves, the ventricular myocardium
at the septal level, and the anterior and inferior walls of both ventricles. The tumor occupies the atrial and right ventricular cavities

(arrows); pericardial effusion.

Discussion

Although reported since the 16th century, PCTs are rare
in clinical practice, with an incidence ranging from 0.0017%
to 0.03% in autopsy studies.' PCTs can primarily manifest as
benign lesions, with an incidence rate of 75%, or as malignant
tumors, accounting for 25% of cases.>*

On the other hand, primary cardiac lymphomas (PCLs) are
classified as malignant neoplasms, representing 1% to 2% of
all primary cardiac masses.**

Although PCTs generally affect more women, PCLs are
more common in men over 60 years old, which is well
represented by the patient described in this case report.**

PCLs often present nonspecific and multifaceted clinical
manifestations.’ Initially, the patients may be asymptomatic
or oligosymptomatic, but as the disease progresses, they
develop various signs and symptoms due to direct and/or
indirect involvement of multiple organs and systems through
heterogeneous, simultaneous, and diverse mechanisms. These
include recurrent vascular obstructive phenomena caused by

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(3):e20250033
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Figure 2 — Magnetic resonance imaging showing the extent of cardiac involvement by lymphoma (*) demonstrated in the sagittal (A)
and transverse (B) planes, along with pericardial and bilateral pleural effusion.
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Figure 3 - Histopathological and immunohistochemical findings demonstrating B-cell lymphoma with intense cellular proliferation in

Ki-67 (A), and B lymphocytes marked in CD20 (B).

thrombi and/or tumor fragments, leading to stroke, peripheral and
visceral arterial embolism, and pulmonary thromboembolism.*”

The tumor itself may cause fixed or transient intracardiac
blood flow obstruction, depending on its size and morphology
(intramural or pedunculated intracavitary), potentially
compromising cardiac output.>* When the myocardial
electrical conduction system is affected, arrhythmia may
occur, sometimes unexpectedly fatal, as possibly seen in the
case presented here.>”’

Thus, in cases of cardiac tumors, it is undeniable that, due
to their nonspecific symptoms, establishing a timely diagnosis to

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(3):e20250033

apply effective therapy is a challenge for the healthcare team, as
demonstrated in this report.®” Furthermore, it is essential to highlight
the importance of imaging exams, such as echocardiography and
cardiac magnetic resonance imaging, in the detection of these
tumor masses and in performing endomyocardial biopsies to
establish a histopathological diagnosis.®'>

Conclusion

PCL represents a rare but extremely severe condition,
whose nonspecific clinical presentation and silent progression
make its diagnosis a major challenge.
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As discussed in this report, its multiple manifestations can mask
the true extent of the disease, resulting in a discouraging prognosis.
Cardiac involvement by lymphoma not only compromises organ
function but also exposes the patient to a high risk of lethal events,
such as fatal arrhythmias and critical vascular obstructions.

Given this scenario, the importance of early and thorough
investigation using imaging exams, histopathological aspects,
and immunohistochemical analysis for diagnostic definition is
fundamental. However, as evidenced in the case described, even
with the diagnosis established, therapeutic options may be limited
due to the rapid progression of the disease and the patient’s own
decisions.

Thus, the devastating impact of cardiac lymphoma extends
beyond its physiological repercussions, encompassing therapeutic
limitations and abrupt outcomes, emphasizing the need for
greater medical-scientific attention and understanding for future
approaches to this unusual and fatal entity.
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Introduction

Lutembacher syndrome (LS) is defined by the simultaneous
presence of an atrial septal defect (ASD) and mitral stenosis
(MS). Although it is a rare condition, its clinical significance
lies in the considerable hemodynamic impact and the
potential for early progression to irreversible pulmonary
hypertension (PH).

The exact prevalence of LS remains unknown. However,
for estimation purposes, MS is considered the most frequent
manifestation of rheumatic fever (RF) in young women," and
the prevalence of RF in developing countries ranges from 5
to 10 cases per 1,000 children. Furthermore, the incidence of
congenital ASD in patients with MS is estimated at 0.6% to 0.7%.>

The hemodynamic effects of LS vary according to the
size of the ASD, the severity of the MS, the compliance
of the right ventricle (RV), and the degree of pulmonary
vascular resistance (PVR). When MS is severe and the ASD
has significant hemodynamic impact, there is a left-to-right
shunt of blood flow from the left atrium (LA) to the right
atrium (RA), which prevents a proportional increase in LA
pressure relative to the severity of MS. In such cases, the
development of pulmonary venous hypertension tends to
occur more slowly. However, progressive dilation of the right
heart chambers and pulmonary hyperflow are observed, as
in the case described here. If left untreated, PVR tends to
rise progressively, eventually leading to RV failure. Pulmonary
arterial hypertension (PAH) in these patients is usually
hyperkinetic, resulting from volume overload in the right
chambers and pulmonary overcirculation, in contrast to the
PAH seen in isolated severe MS, where the predominant
mechanism is retrograde pressure overload. In cases where
the ASD has no significant hemodynamic consequences,
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the shunt is minimal, and the clinical course resembles that
of isolated MS.>#

This case report was submitted to and approved by the
Research Ethics Committee at Universidade de Brasilia under
protocol number 86333025.3.0000.5558.

Case report

A 54-year-old woman sought medical attention with
complaints of dyspnea on minimal exertion, palpitations, dry
cough, and lower limb edema. She reported a history of heart
disease since 2017, with multiple hospital admissions over
the years. Physical examination revealed signs of systemic and
pulmonary congestion, a 3+/6+ rumbling diastolic mitral murmur,
and a fixed splitting of the second heart sound.

Electrocardiography (ECG) showed atrial flutter and signs of right
heart chamber overload (Figure 1). Chest radiography revealed
enlargement of the right chambers and pulmonary congestion
(Figure 2). Transthoracic echocardiography demonstrated an ostium
secundum-type ASD measuring 25 mm, with a pulmonary-to-
systemic flow ratio (Qp/Qs) of 2.5 and evidence of a bidirectional
shunt. Right heart chamber enlargement was observed, with a
right atrial (RA) volume of 92 mL/m?, a right ventricular (RV) basal
diameter of 63 mm, and a mid-ventricular diameter of 44 mm.
There was also moderate RV dysfunction with diffuse hypokinesia
(TAPSE: 15 mm; FAC: 25%). Severe MS was also identified, with a
mitral valve area of 1.2 cm? by planimetry and a mean gradient of 9
mmHg. The Block Wilkins score was 11 (thickness: 2; calcification:
2; mobility: 3; subvalvular: 2). The estimated systolic pulmonary
artery pressure (SPAP) was 60 mmHg. The diagnosis of LS was
then established (Figure 3 and Video 1).

In addition, as part of the ongoing investigation of PH, a
pulmonary artery computed tomography angiography was
performed to rule out chronic pulmonary thromboembolism as
a potential associated mechanism. The examination revealed
enlargement of the pulmonary artery trunk, dilation of the right
heart chambers, and no evidence of obstruction in the pulmonary
artery or its branches (Figure 4).

After clinical optimization with diuretics, a beta-blocker, and
sildenafil, the patient underwent right heart catheterization, which
confirmed PH of mixed etiology. Hemodynamic findings included
a mean pulmonary artery pressure of 49 mmHg, a pulmonary
artery wedge pressure of 20 mmHg, a PVR of 4.18 Wood units,
and a pulmonary diastolic pressure gradient of 10 mmHg. During
the procedure, a favorable vasodilator response to nitric oxide was
observed, indicating that the PH was not fixed. Surgical correction
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Figure 1 — 12-lead resting ECG showing atypical atrial flutter, right axis deviation, and right heart chamber overload. Source: Internal

records of the Hospital Universitario de Brasilia.
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Figure 2 - Chest radiography. A) Posteroanterior view and B) lateral view showing cardiomegaly and enlargement of the right heart
chambers. Source: Internal records of the Department of Radiology, Hospital Universitério de Brasilia.

of the MS and ASD was therefore indicated. She is currently
awaiting the procedure.

Discussion

The initial course of LS is often oligosymptomatic, as the
presence of the ASD relieves LA overload caused by MS,
delaying the onset of symptoms and the development of PH.
However, chronic shunting leads to pulmonary overcirculation

and progressive overload of the right heart chambers, as
observed in the present case.*® A favorable vasodilator
response during right heart catheterization suggests the
potential reversibility of PH and serves as a key criterion for
indicating surgical treatment.®”

Isolated MS is characterized by thickening of the valve
leaflets and restricted mitral valve opening, resulting in
increased LA pressure, postcapillary PH, and overload of the right

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(3):e20250043
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Figure 3 - Transthoracic echocardiography. A) Parasternal short-axis view showing commissural fusion of the mitral valve and reduced
valve area. B) Apical four-chamber view focused on the RV, showing a 25 mm ASD, biatrial enlargement, and RV enlargement. ASD:
atrial septal defect; LA: left atrium; LV: left ventricle; RA: right atrium; RV: right ventricle; V: valve. Source: Internal records of the
Department of Echocardiography, Hospital Universitario de Brasilia.
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Video 1 — ASD: atrial septal defect; LA: left atrium; LV: left ventricle; PLAX: parasternal long-axis view; PSAX: parasternal
short-axis view; RA: right atrium; RV: right ventricle; V: valve. Source: Internal records of the Department of Echocardiography,
Hospital Universitario de Brasilia.

Link: http://abcimaging.org/supplementary-material/2025/3803/2025-0043_video_01.mp4
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Pulmonary trunk = 33 mm

Figure 4 - Pulmonary artery computed tomography angiography showing dilation of the pulmonary artery trunk and enlargement
of the right heart chambers. LA: left atrium; LV: left ventricle; RA: right atrium; RV: right ventricle. Source: Internal records of

the Department of Radiology, Hospital Universitario de Brasilia.

heart chambers. Intervention is indicated when MS is severe and
symptomatic, or in asymptomatic patients with complicating factors.®
Anatomical severity is defined by a mitral valve area less than 1.5
cm?, a mean left atrioventricular diastolic gradient greater than 10
mmHg, and SPAP exceeding 50 mmHg. The main complicating
factors include the development of PH and new-onset atrial
fibrillation.® In LS, the ASD decompresses the LA, which may lead
to underestimation of the transmitral gradient. In such cases, mitral
valve area assessment by planimetry is considered more reliable.

ASD accounts for 5% to 10% of congenital heart diseases and is
more prevalent in females. The ostium secundum type represents
50% to 70% of cases, with the defect located in the central portion
of the atrial septum. This communication between atria creates a
left-to-right shunt, which results in pulmonary overcirculation.® Both
components of LS — MS and ASD — can individually lead to the
development of PH; however, when combined, their hemodynamic
effects are amplified.”? Early diagnosis and timely intervention in LS
are essential to prevent the progression of PH to irreversible forms.®

Surgical intervention for ASD is indicated in the presence of a
left-to-right shunt, dilation of the right heart chambers, and a Qp/
Qs ratio greater than 1.5. In addition, SPAP must be less than 50%
of the systemic systolic pressure, PVR must be less than one-third
of systemic vascular resistance, and there must be no cyanosis at
rest or during exertion."® Closure of the ASD is contraindicated in
the presence of Eisenmenger syndrome, which is characterized by
irreversible PH with reversal of the shunt to right-to-left.'

Clinical management of LS includes the use of diuretics to relieve
congestive symptoms, as well as beta-blockers and calcium channel
blockers for heart rate control, particularly in cases with associated
atrial arrhythmias. Prophylaxis for infective endocarditis should also
be considered.*”

Regarding interventional correction, the classical
approach has been open-heart surgery. However, with
advances in percutaneous techniques, transcatheter therapy
— through valvotomy for MS and ASD closure using septal
occluder devices — has emerged as a viable alternative.” In
the present case, despite the lower morbidity and mortality
associated with percutaneous treatment, open surgical
correction was chosen due to a contraindication for balloon
valvuloplasty.

Conclusion

LSis arare, frequently underdiagnosed condition. LS should
be considered in the evaluation of patients presenting with
signs of MS, PH, and disproportionate right heart chamber
overload relative to the severity of the valvular lesion. Early
diagnosis, combined with thorough hemodynamic assessment,
is essential to determine the optimal timing for intervention
and to help prevent the progression of PH to irreversible forms.
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Challenges and Implications of Uncorrected Atrioventricular Septal
Defect in Adults: A Complex Case Report
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The prevalence of congenital heart disease in the adult
population has shown continuous growth over recent
decades. This is primarily due to significant advances in the
diagnosis and treatment of congenital heart defects during
childhood, which have been promoted by pediatric cardiology
and congenital cardiac surgery. As a result, most children
with congenital heart disease, including the most complex
forms, now survive into adulthood. Currently, it is estimated
that approximately 90% of children diagnosed with severe
congenital heart disease reach 18 years of age. The growing
clinical relevance of the adult congenital heart disease (ACHD)
population stands out in this context. This is a heterogeneous
group, both anatomically and pathophysiologically, as well as
in terms of the different types of corrective or palliative surgical
interventions to which they have been subjected. Although
the overall number of individuals with ACHD continues to
rise, the number of patients with certain specific anomalies
or who have undergone specific types of repairs may still be
relatively small.!

Atrioventricular (AV) septal defect is morphologically
characterized by a common AV junction, with absence of
the membranous and muscular AV septa. As a result, on
echocardiographic examination, the AV valves are seen
situated within the defect.2 Atrioventricular septal defects
(AVSDs) can be classified as partial or complete. Partial AVSD
occurs when there is an opening divided by the superior and
inferior bridging leaflets, which are connected by a tissue
structure known as the “connecting tongue,” separating the
valve into two distinct orifices — one on the left and one on the
right. On the other hand, complete AVSD is characterized by
asingle, undivided orifice encompassing the valvular structures
on both the left and right sides.2

Case report

Male patient, 18 years old, admitted to a tertiary care
hospital presenting with fever, cough, and dyspnea for the
past seven days. According to the patient’s mother, he sought
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medical attention on the second day of symptoms at an
urgent care clinic, where he was prescribed ibuprofen and
azithromycin to take at home. Due to lack of improvement,
he sought hospital care.

Medical history includes congenital heart disease, specifically
a surgically uncorrected AVSD, as he had lost follow-up at the
reference hospital since childhood. On physical exam, he
appeared in fair condition, with a productive cough, rapid
breathing, and cyanosis around the lips and extremities.
Hemodynamically stable, with blood pressure of 125 X 86
mmHg, heart rate of 105 bpm in atrial fibrillation rhythm, and
oxygen saturation of 69% on room air.

Laboratory tests revealed: hemoglobin 16.2 g/dL, leukocytes
8,960/uL, CRP values over different days: 69.82 — 65.88 —
152.55 mg/dL (reference < 5 mg/dL), urea 20 mg/dL, creatinine
0.62 mg/dL, sodium 137 mEg/L, troponins 12 and 11.9 ng/L
(reference < 14), NT-proBNP 4,377 pg/mL, and D-dimer
11,656 ng/mL. Blood cultures, urine culture, and rapid
COVID-19 test were negative. The sputum smear showed
some gram-negative diplococci, but the sputum culture was
negative. The Mycobacterium tuberculosis DNA test also came
back negative. Electrocardiogram showed atrial fibrillation, and
a chest X-ray was ordered for further evaluation (Figure 1 and 2).

The patient was admitted to the Intensive Care Unit (ICU),
where antibiotic therapy was broadened with the addition of
amoxicillin/clavulanate, in combination with azithromycin. Blood
and sputum cultures were collected, and an arterial blood gas
test was performed. A chest CT angiography was also requested,
which ruled out pulmonary embolism but contributed to the
elucidation of congenital heart disease (Figure 3).

After 48 hours in the ICU, the patient was transferred to the
general ward and remained under the care of the cardiology
team. A transthoracic echocardiogram was performed,
confirming the diagnosis of partial AVSD, as described below:
Situs: Left isomerism. Cardiac position: Levocardia. AV
connection type: Via two valves located in the same plane.
Ventriculo-arterial connection type: Concordant. Mode of
ventriculo-arterial connection: With normally related great
arteries. It showed Large single atrium due to absence of
the interatrial septum. Moderate-to-severe left AV valve
regurgitation (EROA: 0.22 cm?, regurgitant volume 16 mL,
vena contracta 0.45 cm). Moderate right AV valve regurgitation
(EROA: 0.23 cm?, regurgitant volume 21 mL, estimated peak
jet velocity of 3.95 m/s, and pulmonary artery systolic pressure
of 72 mmHg). Pulmonary hypertension (PH). Pulmonary artery
significantly dilated, measuring approximately 5.0 cm. Left
ventricle with concentric remodeling and preserved systolic
function (61%). Right ventricle enlarged with reduced systolic
function (FAC: 27.5%, S’ wave 9.3 cm/s) (Figures 4 e 5, Video 1).
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Figure 1 — Resting Electrocardiogram: Atrial fibrillation rhythm, QRS axis +30°, secondary ventricular repolarization

abnormalities.

In this case report, a tissue tongue is observed connecting
the two bridging leaflets, resulting in the separation of the
AV valve into two distinct orifices — one right and one left.
Additionally, the bridging leaflets are fused to the crest of
the interventricular septum (Video 1).

Due to the clinical presentation, the working diagnosis
upon admission was community-acquired pneumonia.
Following antibiotic therapy, his fever and general condition
improved, though he continued to experience exertional
shortness of breath and maintained a resting oxygen
saturation of 87%. He was discharged on rivaroxaban,
sildenafil, carvedilol, enalapril, spironolactone, digoxin, and
furosemide, and scheduled to start bosentan to improve
functional class and quality of life.

While a recent right heart catheterization was not
performed, echocardiographic findings strongly suggest
Eisenmenger syndrome, indicating elevated pulmonary
vascular resistance. As such, surgical correction of the AV septal
defect is contraindicated. A combined heart-lung transplant
may be considered for patients with complex cases, poor
prognosis, and unresponsiveness to medical therapy.

Discussion

From a management standpoint, most adults with AVSD
will have undergone surgical repair during childhood. In
cases of complete AVSD — involving both a large Atrial Septal
Defect (ASD) e Ventricular Septal Defect (VSD) —, failure
to perform early surgical correction — typically before six

months of age — can lead to irreversible pulmonary vascular
disease and, eventually, Eisenmenger physiology, which rules
out the possibility of complete repair.®

A 2014 study found that the overall prevalence of PH
in adults with congenital heart disease was 3.2%, being
more prevalent among older patients. Among patients
who previously underwent correction for simple congenital
defects, such as atrial or ventricular septal defects, or patent
ductus arteriosus, the prevalence of PH was found to be
3%. The risk increased significantly with older age at the
time of surgical intervention.®

PH in ACHD presents a wide range of clinical
manifestations. In this population, management
encompasses both non-pharmacological strategies (such
as patient education, dental care, vaccination, and
psychosocial support) and pharmacological therapies.
In recent years, treatment options have expanded with
the advent of pulmonary vasodilators targeting various
pathways, leading to significant improvements in quality
of life.® Outcomes for those with PH have also improved,
thanks to broader access to targeted PH therapies, advances
in perioperative care, and the adoption of multidisciplinary
management approaches.”

For patients who have undergone surgical repair,
long-term follow-up is essential to monitor for potential
complications such as left AV valve regurgitation or
stenosis, left ventricular outflow tract (LVOT) obstruction
due to anatomical distortion, and tachyarrhythmias or
bradyarrhythmias. Left AV valve regurgitation is the most

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(3):e20250014
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Figure 2 - Posteroanterior Chest X-ray: Hospital admission. Significant global cardiomegaly.

Figure 3 - Chest CT with multiplanar reconstruction: A) Transverse view showing significant cardiomegaly and presence of AV defect.
The red arrow identifies a single atrium with marked enlargement. The yellow arrow shows the AVSD. The asterisk identifies an intact
interventricular septum. B) Sagittal view showing dilation of the pulmonary artery. C) Coronal view.

common cause of late surgical reintervention. There
are few long-term follow-up studies of patients after
childhood AVSD repair; therefore, the most effective and
efficient timing and method of monitoring are still under
investigation.?

In this case, most AVSD features were successfully
identified via 2D echocardiography. However, when
surgical repair is a viable option, 3D echocardiography
can provide a more detailed view of the AV valve

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(3):e20250014

anatomy, enhancing preoperative planning for valve
reconstruction.®?

Adults with uncorrected congenital heart disease
represent a growing population, characterized by complex
clinical scenarios that demand highly individualized
therapeutic approaches. In this context, two-dimensional
echocardiography becomes an essential tool, not only for
accurate diagnosis but also for supporting the development
of patient-specific therapeutic strategies.



Cunha et al.
Atrioventricular septal defect in adults

Case Report

Atrial Length
Atrial Area
Atrial Volume

LAESV Index (A4C) 324.3 mi/m?

TIS0.4 MI1.3

Figure 4 - Apical 4-chamber (A4C) transthoracic echocardiogram: A) Left and right AV valves are open and aligned in the same plane.
B) Left and right AV valves are closed. C) Image shows the single atrium volume.
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Figure 5 — Transthoracic echocardiogram: A) Left AV valve in parasternal long-axis view with vena contracta measurement. B) Left AV valve
in A4C view with measurements of jet radius, EROA, and regurgitant volume. C) A4C view showing single atrium and regurgitant jets from
both AV valves, with right valve jet measurements including radius, EROA, and regqurgitant volume.
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Introduction

Heart Failure (HF) is estimated to affect approximately 26
million people worldwide."* In Brazil, prevalence is high, with
about 2 million diagnosed patients and an incidence of roughly
240,000 new cases every year. Between 2011 and 2021, more
than 2.5 million HF-related hospitalizations were recorded in
the Brazilian Unified Health System (SUS), underscoring the
relevance of the disease in the national context.? These figures
highlight the need for early diagnostic strategies and etiological
definition for the appropriate management of these patients.
Establishing an etiological diagnosis is often challenging but
essential to provide disease-specific treatments and improve
prognosis. Diagnosis encompasses multimodality cardiac
imaging, with Cardiac Magnetic Resonance imaging (CMR)
being a useful tool for evaluating non-ischemic cardiomyopathy
phenotypes and establishing an etiological diagnosis.*

Clinical Case

A 52-year-old male patient presented in 2017 with
exertional dyspnea and chest pain and was initially investigated
by echocardiography, which revealed new left ventricular
dysfunction. The patient had no known previous comorbidities
or family history of cardiomyopathy. Additional investigations
included CMR, which showed left ventricular enlargement
and systolic dysfunction with a Left Ventricular Ejection
Fraction (LVEF) of 38%, along with multiple non-ischemic
Late Gadolinium Enhancement (LGE) foci without myocardial
edema, initially interpreted as previous inflammatory
cardiomyopathy (Figure 1). The patient was then diagnosed
with Heart Failure with Reduced Ejection Fraction (HFrEF),
and treatment with beta-blockers and angiotensin-converting
enzyme inhibitors was initiated.
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In 2024, the patient was referred to our service due to
persistent HFrEF, now associated with frequent palpitations.
Repeat CMR was performed. The exam revealed biventricular
systolic dysfunction (LVEF 42% and RVEF 40%), diffuse
hypokinesia, absence of myocardial edema, elevated native
T1 mapping (1120 ms) and extracellular volume fraction
(42%), as well as extensive areas of non-ischemic LGE (> 35%
of LV mass) with a ring-like pattern (Figure 2), suggesting a
genetic cardiomyopathy, with possible FLNC or desmoplakin
mutation. Marked progression of LGE compared with the
previous exam was observed.

Due to palpitations associated with the high burden of LCE,
a 24-hour Holter monitor was performed:

e Total events: 102,754
* Heart rate: 57-74-141 bpm
* Ventricular ectopy 10,130 events (10%)

0 9,323 isolated; 44 bigeminy; 402 couplets; one
non-sustained ventricular tachycardia (NSVT) with
three beats.

Genetic testing (Table 1) indicated a heterozygous
pathogenic variant in the FLNC gene. Clinical therapy was
optimized, family screening was recommended, and an
implantable cardioverter-defibrillator (ICD) was placed for
sudden cardiac death prevention.

Discussion

Genetic cardiomyopathies associated with mutations in
the filamin C (FLNC) gene are rare and difficult to diagnose.
Filamin C is a cytoskeletal protein that plays an essential
role in maintaining the structural and functional integrity
of cardiomyocytes. Pathogenic mutations in this gene are
associated with a wide range of clinical manifestations.
Truncating filamin C mutations are prevalent in dilated
cardiomyopathy and Arrhythmogenic Right Ventricular
Cardiomyopathy (ARVC). Non-truncating filamin C mutations
are more common in Hypertrophic Cardiomyopathy
(HCM) and Restrictive Cardiomyopathy (RCM). Two main
pathogenic mechanisms in FLNC-related cardiomyopathy
have been described: protein aggregation due to non-
truncating mutations and haploinsufficiency caused by
truncating mutations.®

FLNC-related cardiomyopathy, manifesting as a DCM
phenotype, usually presents with LV dilation, LV systolic
dysfunction, and areas of myocardial fibrosis identified as
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Figure 1 - Cardiac magnetic resonance imaging performed in 2017. A and C: LGE images in short-axis and 4-chamber views.
B: short-axis cine MRI image. D: dark-blood triple inversion recovery sequence image.

Figure 2 - Cardiac magnetic resonance imaging performed in 2024. A: cine MRI image; B: dark-blood triple inversion recovery sequence
image; C: native T1 map; D: extracellular volume map; E and F: LGE images in short-axis and 4-chamber views, respectively, showing

extensive areas of non-ischemic LGE.

LGE on CMR.* Clinical suspicion may arise in patients with
recurrent or familial myocarditis, in patients with arrhythmias,
or when CMR demonstrates progression of fibrosis. FLNC
mutation-related cardiomyopathy is notable for its association
with inflammatory pathways overlapping with classical

myocarditis, representing a rare but increasingly recognized
cause of arrhythmogenic cardiomyopathy.®

The risk of sudden cardiac death in these patients is
high, mainly due to a predisposition to malignant ventricular
arrhythmias such as sustained ventricular tachycardia or
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Table 1 - Genetic testing

FLNC (NM_001458.5) 4 C850+1G>A p.?

0% Heterozygous Likely Pathogenic

ventricular fibrillation. This risk justifies the early consideration
of preventive strategies, such as implantable cardioverter-
defibrillators (ICDs), particularly in individuals with a history
of complex arrhythmias or significant ventricular dysfunction.”
In the present case, ventricular dysfunction (LVEF < 45%),
associated with extensive fibrosis, survival greater than
one year, supported ICD implantation with a class Ila
recommendation.*?

CMR plays a fundamental role in the diagnosis of non-
ischemic cardiomyopathies, including those related to FLNC
mutations. This exam allows both morphofunctional evaluation
and tissue characterization with identification of myocardial
fibrosis. The location and pattern of myocardial fibrosis, such
as ring-like or diffuse, may provide valuable information for
differentiating ischemic and non-ischemic etiologies, as well as
correlate with prognosis and arrhythmic risk. Moreover, CMR
with T1 mapping and extracellular volume quantification may
be useful for the early detection of tissue changes, even in the
absence of overt morphological abnormalities.*®*

The integration of genetic, clinical, and imaging findings is
essential for effective diagnostic and therapeutic approaches in
genetic cardiomyopathies, particularly in patients such as the
one described, in whom disease progression was significant.
Identification of FLNC mutations should raise concern for
the potential risk of refractory HF and SCD, making regular
follow-up crucial for these patients.
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