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How to Perform a Diagnostic and Prognostic Analysis of
Hypertrophic Cardiomyopathy in 2022: Should we Divide

to Improve Treatment?

Cardiomiopatia Hipertréfica: Como Realizar uma Analise Diagndstica e Prognéstica em 2022. Dividir para

Tratar Melhor?

Alexandra Toste'?(®, Nuno Cardim'?

"Luz Hospital — Center for Hereditary Heart Diseases and Hypertrophic Cardiomyopathy, Sao Paulo, SP Brazil. ?Nova Medical School, Lisboa,

Portugal.

Hypertrophic cardiomyopathy (HCM), the most common
genetic heart disease, has an estimated prevalence in the
general population of 1:500-1:200." The diagnosis is based on
the presence of left ventricular hypertrophy (LVH) that is not
fully explained by loading conditions, and HCM occurs in the
absence of other cardiac, systemic, or metabolic disease or in
the context of a multiorgan syndrome associated with LVH.2

Despite being considered a genetic disease, the initial
diagnosis of HCM does not require genetic testing. The
diagnostic power of current genetic panels is modest, just
46%;* therefore, failure to detect a mutation does not exclude
the diagnosis. Current guidelines recommend genetic testing,
especially when the possibility of cascading familial genetic
screening is anticipated or in cases in which the clinical
presentation suggests a specific non-sarcomeric etiology
potentially treatable with specific therapy, such as Anderson-
Fabry disease, Danon disease, or familial amyloidosis.*

The diagnosis of HCM is determined using transthoracic
echocardiography in most cases, the first-choice imaging
modality. Although the current diagnostic criteria are based
exclusively on increased wall thickness, HCM also involves
structural cardiomyocyte derangement, interstitial fibrosis,
microvascular remodeling, and microcirculatory dysfunction,
changes that may precede increased left ventricular (LV) wall
thickness.® Thus, cardiac magnetic resonance (CMR) imaging
can play a much more precise and sensitive role in tissue
characterization along with late gadolinium enhancement,
T1 mapping, fractal analysis, diffusion tensor imaging, transit
time, and segmental perfusion defect assessment. Some of
these techniques have been implemented in clinical practice,
while others are still being investigated.

HCM is a disease with great phenotypic and clinical
heterogeneity ranging from long-term asymptomatic disease
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to being a cause of sudden death in young adults and
athletes.® HCM can progress according to several profiles:
heart failure (HF) with preserved ejection fraction due to
diastolic dysfunction and/or obstruction; HF with reduced
ejection fraction; atrial fibrillation (AF) and stroke; ventricular
arrhythmias; and sudden cardiac death (SCD). The predictors
of each of these profiles remain unclear exception made for the
profile of ventricular arrhythmias and SCD. This area has been
the subject of research in recent years for which quite robust
sudden death risk stratification strategies have been developed.

Indeed, the European model,® incorporated into the 2014
European recommendations, estimates the five-year risk of
sudden death of a specific patient using mathematical models and
considering seven clinical and imaging variables (age, maximum
LV thickness, left atrial diameter, maximum LV outflow gradient,
family history of SCD, unexplained syncope, and non-sustained
ventricular tachycardia [NVT]). On the other hand, the American
strategy,” which was recently optimized, includes new risk factors
in the SCD risk stratification, such as the presence of apical
aneurysms with fibrosis, extensive late enhancement on CMR
(usually =15% of LV mass), and LV systolic dysfunction (defined
as an ejection fraction < 50%). The presence of a new or classic
risk factor (family history of SCD in a first-degree relative, massive
hypertrophy = 30 mm, unexplained syncope events, NVT) may
be an indication for an implantable cardioverter-defibrillator, with
different strengh levels of evidence.

However, the prognostic assessment of patients with
HCM goes beyond SCD risk stratification. Progression to
other profiles represent a large part of the current morbidity
and mortality of this disease. The international Sarcomeric
Human Cardiomyopathy Registry (SHaRe),® which
involved 4,591 HCM patients with a median follow-up
of 5.4 years and >24,000 patient-years, identified two
major predictors of adverse events: sarcomeric mutation
status and age at diagnosis.

Survival analysis showed that groups with pathogenic
mutation, probably pathogenic or variant of uncertain
significance, had events at younger ages and a higher incidence
of compound events — HF and AF — than the group with no
identified mutation (SARC-). On the other hand, the group
with a pathogenic or likely pathogenic mutation (SARC+) had
a higher risk of malignant ventricular arrhythmias compared
to the SARC- group.

At the same time, patients with nonfamilial HCM (SARC-
and no family history of HCM) had a lower risk of mortality

Page 10f 3


https://orcid.org/0000-0002-5649-1561
https://orcid.org/0000-0002-3812-4872

Toste et al.
Hypertrophic Cardiomyopathy

Editorial

and compound events than the other groups, and the age-
adjusted mortality rate of this group was similar to that of the
general population.

Regarding age, the age-adjusted mortality rate was four times
higher in young patients (20-29 years old) and three times
higher in patients 5069 years than in the general population,
with HF and non-cardiac mortality being the main causes of
death. Surprisingly, SCD represented only 16% of these deaths.
Regardless of age, most HCM-related complications occurred
late (at 50-70 years) and involved HF and AF.

Evidence suggests the existence of two major HCM subtypes
based on the identification of sarcomeric mutations.®® SARC+
patients are younger at the time of diagnosis, have a higher
degree of hypertrophy that is typically asymmetric, and have
a more frequent family history of HCM and SCD with a worse
prognosis. On the contrary, SARC- patients more often present
with a sigmoid interventricular septum, less fibrosis, and more
comorbidities such as hypertension and obesity; and seem to
follow a more benign clinical course (Figure 1).

These findings suggest that genetic testing may play
an important role in the diagnosis and prognosis of these
patients, distinguishing two very different HCM subgroups
that probably require different prevention, treatment, and
screening strategies. Considering this new approach to HCM,
genetic studies will play an even more important role in disease
management, increasing our understanding of HCM from
a molecular point of view and enabling the more accurate
treatment of these patients. In short, we should divide cases
to better treat them.
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Figure 1 - Main characteristics by HCM subgroup.
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DIC-SBC Women’s Group

Grupo de Mulheres do DIC-SBC
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The first meeting of the DIC-SBC Women's Group was held at
the 11" Conference of the Department of Cardiovascular Imaging
(DIC) of the Brazilian Society of Cardiology (Sociedade Brasileira
de Cardiologia [SBC], in Sdo Paulo, August 28-31, 2022.

This meeting aimed to organize a work group to encourage
and develop greater participation of female DIC members,
speakers in scientific activities, guideline authors, and
members of the Board of Directors.

In the last century, the number of female physicians has
significantly increased in Brazil: they comprised 22.3% in
1910, only 13% in 1960, and 46.6% in 2020 (Table 1).!

Table 1 - Number of physicians in Brazil by sex.

Year Women Men

1910 2,956 (22.3) 10,314 (77.7)
1960 4,519 (13.0) 30,273 (87.0)
2020 222,942 (46.6) 255,040 (53.4)

Source: Scheffer et al.!

Analysis of the number of new physician registrations in the
Medical Councils by sex revealed 50.4% in 2009 and 57.5%
in 2020 (Figure 1).

However, a funnel is noted in the analysis of the participation
of women in medical societies, as despite the increased number
of new registrations throughout Brazil, the SBC includes a
majority of men and only 31% women (Figure 2).

The difference in male and female members of the DIC
was smaller than that of the SBC, but women still comprised
a minority at 43% (Figure 3).

The participation of women on the DIC Board of Directors
is even lower at 14.8% (Figure 4). Since the inception of the
DIC in 1988, of the 17 presidents, only two were women:
Dr. Marcia Barbosa, from Minas Gerais, in the 2008-2009
biennium; and Dr. Samira Saady Morhy, from S&o Paulo, in
the 2016-2017 biennium.

In this inaugural meeting of the DIC Women’s Group,
approximately 26 DIC members participated, and issues
impacting the participation of women in Societies were discussed,

—
———— g

I Male

Women 50,4%

l‘:

? ==
I Female
Source: Scheffer M et al, Demografia Médica no Brasil 2020."

Women 57,5%

‘

y 4
/‘&f-’
’-~---,

Figure 1 - Evolution of new physicians in Brazil by sex.
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Figure 2 - Proportion of Brazilian Society of Cardiology members by sex.
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Figure 3 - Proportion of Cardiovascular Imaging Department (DIC) of the Brazilian Society of Cardiology (SBC) members by sex.
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Figure 4 - Women'’s participation in the Board of the Department of Cardiovascular Imaging (DIC) of the Brazilian Society of Cardiology (SBC) since its inception.
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such as difficulty dividing their time between family and
profession, different types of harassment, impostor syndrome,
and others. (Figure 5)

Sex-based equity for the next boards, scientific events,
and guidelines was proposed to the current Board
of Directors.

We count on all DIC women to help us with this work group!
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Figure 5 - Participants at the opening meeting of the DIC-SBC Group of Women held on July 30, 2022 at the 11th Conference of the Cardiovascular Imaging Department

of the Brazilian Society of Cardiology.
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Difficulty Introducing Contrast Echocardiography in Daily Clinical
Practice in South America: A Matter of Economy?

Por Que é Tao Dificil Introduzir a Ecocardiografia com Contraste na Pratica Clinica Diaria na América do Sul:

Uma Questao de Economia?

Ricardo Ronderos’??
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Contrast echocardiography has shown invaluable utility in
the clinical setting during the last 20 years. Most studies have
demonstrated its successful application in different clinical
scenarios. Ultrasound contrast agents (UCA) have evolved
incredibly since their first-generation iterations at the end of
the last century. From weak and short-term duration agents
like Levovist™ to the development of fluorocarbons with
simple storage requirements like Definity™ and Sonovue™,
significant improvements have been achieved and the logistics
in echocardiography labs became easier. Nevertheless, their
clinical application did not increase as expected, especially
in South America.

To analyze this fact, we must consider the probability of a
new diagnostic technique becoming a regular and widespread
diagnostic tool. A new diagnostic technique should be superior
to its predecessors and available in different clinical scenarios;
feature simple instrumentation, simple interpretation, well-
defined normal patterns; be attractive and comprehensive
in terms of image quality; and be cost-effective to ensure
acceptance by health system financiers."* (Figure 1)

A disruptive technology is the one that proves necessary
over time, garners increased interest, and fulfills market
expectations. Therefore, it must not only be needed; it must
achieve success and acceptance. Hence, let us analyze UCA
development and applications from this point of view.

First, the available contrast agents improved from requiring
difficult storage with freezing to a simple powder vial that
can be storage in the echocardiography lab. Nevertheless, an
intravenous catheter should be placed during the echo exam
to inject the contrast; this simple change created difficulty,
especially in South America, where physicians work alone
taking images without technicians in daily practice.

Doctors must perform this simple but time-consuming
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procedure during echocardiography exam. Second, to prepare
the UCA for injection, more time is needed, and for many
contrasts, extra devices are needed; for others, an infusion
pump should be added. All these facts significantly increase the
time required for echocardiography. All these issues increase
the cost, which is not reflected in reimbursement.?*

Second, to apply contrast during echocardiography,
the proper machine settings must be selected according
to the involved study and/or contrast application. Imaging
interpretation, despite the simplification of image acquisition
and rendering, requires a learning curve that is longer if contrast
studies are infrequently performed in the echocardiography
lab.* The dearth of studies due to high time requirement,
logistical problems, UCA cost and reimbursement problems
make an explosive combination that works against the learning
curve in busy echocardiography labs.

To obtain a good and diagnostic contrast echocardiogram,
excellent quality pictures must be achieved; therefore, if
training is incomplete, success is impossible. | remember
a personal experience in which one of the most powerful
companies distributed a marketing survey in Argentina.
Almost 65% of responding physicians reported that they were
not interested in using UCA in daily clinical practice. Why?
Because of all these topics listed above!

Third, let us consider the market point of view. The South
American market, except for Brazil, is not large enough to
provide UCA to the region. If the market is limited and the
physicians who must use the product are not excited, the
product cannot be successful. The Brazilian market is large and
probably requires significant effort to cover the entire region,
but the same difficulties occurred in Brazil as in Argentina,
Colombia, and Chile.

At the beginning of the 21 century, | had the opportunity
to lead an amazing group of specialists to develop guidelines
for contrast use in clinical practice. Almost all Latin American
countries participated in this initiative sponsored by the
National University of La Plata and Bristol Myers Squibb.
The results were published almost simultaneously by
Argentinian, Brazilian, Mexican, and other Latin American
Societies of Cardiology Journals.>® Despite these publications,
most markets in Latin America still lack UCA products.

Therefore, market and physician acceptance matter.

A disruptive technology is one expected by the market
that solves problems or simplify solutions compared to former
products. (Figure 1)
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Figure 1 - Impact of disruptive technology in medicine.

Most papers showed no inferiority of contrast
echocardiography myocardial studies versus nuclear
medicine examinations. Single-photon emission computed
tomography studies are used in routine medical practice
despite randomized studies being seldom performed and well
accepted and used widely.”"°

Radioisotopes are marketed by companies that also
produce UCA, most of which (such as BMS and Lanteus)
sold the UCA areas to money funds. Thus, it seems more
sensible to continue studies of myocardial perfusion diagnosis
than to pursue a non-widely accepted field such as contrast
echocardiography. Moreover, the advent of multislice
computed tomography to provide atherosclerotic plaque
images in the context of a well-established diagnostic machine
business seem to complete a not friendly context.

The last few decades involved automatic quantification
and automatic image acquisition algorithms using machine
learning and deep learning. Although UCA supply genuinely
useful data about coronary capillary flow and coronary reserve
using vasodilators, these contrast echocardiography studies are
not included in such technical improvements. Another reason
to keep contrast echocardiography as an artisan practice
instead of a simple current study, the workflow advances to
technician acquisition, automatic quantification, and offline
delayed physician’s interpretation.
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The application of contrast echocardiography was reduced
to endocardial border recognition, left cardiac chambers
opacification, and cardiac masses identification. Thus, the
circle of disruptive technology closed.

In conclusion, in my humble opinion, echocardiographers
have great responsibility in the unexpected small
developments of contrast echocardiography. Financial
issues are another reason to explain the difficulties in its
development. Time revealed that an expected disruptive
technique was not used despite its demonstrated usefulness
in echocardiography labs in Europe and Japan. Here in
Latin America, if UCA were widely available, most labs
would be using it now and in the future despite economic
problems. Reimbursement should be ensured as with other
disruptive technologies.
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Increased Wasted Myocardial Work as an Indicator of Significant
Coronary Lesion

Aumento do Trabalho Miocardico Desperdigcado como Indicador de Lesao Coronariana Significativa

Marcio Mendes Pereira’ (I, Amanda Castro Barroso’ (1, Marco Tulio Hercos Juliano’ (I, Mércio Mesquita
Barbosa' (2, Gustavo Travassos Gama’ (¥, Rodrigo de Jesus Louzeiro Melo’ (1, José Bonifécio Barbosa’ (12,
Carlos Alberto Vieira Gama' (b, José Xavier de Melo Filho™ (1, Auridesio Cutrim de Araujo’

'"UDI Hospital Rede D’Or Sao Luiz, Sao Luis, MA, Brazil.

Abstract

Introduction: The assessment of global myocardial work indices under baseline conditions may be useful for the clinical
stratification of patients with suspected coronary obstruction.

Objective: To correlate the value of global myocardial work indices and the presence of significant obstructive coronary
lesions.

Method: Cross-sectional study, with patients referred for elective coronary angiography. An echocardiogram was performed
to obtain measurements to calculate the value of myocardial work and evaluated the presence or presence of significant
obstructive coronary lesions at coronary angiography.

Results: The sample consisted of 30 patients, with a mean age of 64.2+12.8 years, the majority being male (63.3%), of
which 68.4% had significant obstructive coronary lesions. The global myocardial work indices was 1,876mmHg%=+=253.8
in the group with significant obstructive coronary lesions and 2,054.2mmHg%=417.3 in those without significant lesions
(p=0.089). Clobal constructive myocardial work in patients without significant obstructive coronary lesions was higher
(2,329.3mmHg%=462.9) than in those with significant obstructive coronary lesions (2,109.5mmHg%=332.3; p=0.064).
Global wasted myocardial work was higher in patients with significant obstructive coronary lesions (103.7mmHg%=47.1
versus 68.3mmHg%=33.8; p=0.038). The cutoff point of 115 mmHg% was the one with the best area under the curve
(0.625), with a sensitivity of 83.3%.

Conclusion: The increase in global wasted myocardial work correlated with the presence of significant obstructive coronary
lesions in our sample.

Keywords: Cardiac function; Echocardiography; Heart defects, congenital; Coronary stenosis.

Resumo

Introducao: A avaliacao dos indices de trabalho miocdrdico global em condi¢ées basais pode ser (til para a estratificagao clinica de pacientes
com suspeita de obstru¢do coronariana.

Objetivo: Correlacionar o valor do indice de trabalho miocardico global e a presenca de lesées obstrutivas coronarianas significativas.

Método: Estudo transversal, com pacientes encaminhados para cinecoronarioangiografia eletiva. Foi realizado ecocardiograma com obtencao
das medidas para calculo do valor do trabalho miocardico, sendo avaliada a presenca de lesdes obstrutivas coronarianas significativas a
cinecoronarioangiografia.

Resultados: A amostra foi composta de 30 pacientes, com a idade média de 64,2+12,8 anos, sendo a maioria do sexo masculino (63,3%), dos
quais 68,4% apresentaram lesdes obstrutivas coronarianas significativas. O indice de trabalho miocardico global foi de 1.876mmHg%=253,8
no grupo com lesées obstrutivas coronarianas significativas e de 2.054,2mmHg%=+417,3 naqueles sem lesées significativas (p=0,089). O
trabalho miocdrdio construtivo global nos pacientes sem lesées obstrutivas coronarianas significativas foi maior (2.329,3mmHg%=+462,9) do
que naqueles com leses obstrutivas coronarianas significativas (2.109,5mmHg%=332,3; p=0,064). O trabalho miocdrdio desperdicado global

foi maior nos pacientes com lesées obstrutivas coronarianas significativas (103, 7mmHg%+47,1 versus 68,3mmHg%=+33,8; p=0,038). O ponto
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de corte de 115mmHg% foi aquele com a melhor drea sob a curva (0,625), com sensibilidade de 83,3%.

Conclusdo: O aumento do trabalho miocérdio desperdicado global se correlacionou com a presenca de lesées obstrutivas coronarianas
significativas em nossa amostra.

Palavras-chave: Funcao cardiaca; Ecocardiografia; Cardiopatias congénitas; Estenose corondria.

Introduction

The early detection of coronary artery disease (CAD)
is crucial for its proper treatment. However, it remains
challenging in echocardiography since the left ventricular
ejection fraction (LVEF) is usually normal in the early disease
stages. Stress echocardiography is a widely accepted method
for such investigations, but it features the disadvantages of
subjectivity and the need to achieve the target heart rate.!

Ventricular systolic function evaluation is an essential part
of the echocardiogram, with LVEF being the most often used
parameter.? LV global longitudinal strain (GLS) has gained
attention, as it can detect subclinical abnormalities in patients
with a normal LVEF? However, it is afterload-dependent, which
can reduce the GLS, causing regional and global contractile
function interpretation errors.*

Myocardial work is a proposed new tool used to study
LV performance,® surpassing LVEF and GLS when used
alone.® Myocardial work incorporates LV pressure and adds
information to LVEF and strain,” integrating the afterload to
the LV function parameter.

Myocardial work is obtained by multiplying the GLS by the
wall stress since work is the multiplication of force by distance.®
Noninvasive myocardial work measurements showed a strong
correlation with invasive measurements both experimentally
and clinically.® Russell et al. reported that the LV strain curve
pressure area was significantly reduced in areas supplied by
an occluded coronary artery compared to those with normal
perfusion assessed by angiography.®

This study aimed to assess the correlation between
the noninvasive myocardial work value assessed by
echocardiography and the presence of severe CAD assessed
by cineangiography (CAQ).

Methods

Echocardiographic assessment

This single-center cross-sectional study included
prospectively recruited patients electively referred for CAG
for CAD assessment. The exclusion criteria were chest
pain at the time of the echocardiogram, previous history
of acute myocardial infarction, LVEF < 50%, LV segmental
contraction changes, moderate or more severe valvular
heart disease, aortic stenosis, hypertrophic cardiomyopathy,
biological or metallic aortic prosthesis, a pacemaker rhythm,
or an irregular rhythm (frequent extrasystole or atrial
fibrillation or flutter). As it is a pilot study, we arbitrated the
sample in 30 patients.

The patients signed an Informed Consent Form upon
arriving at the hemodynamics laboratory for elective CAG and
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subsequently underwent transthoracic echocardiography with
electrocardiographic monitoring. The tests were performed
using a Vivid E95 cardiovascular ultrasound device (GE
Medical Systems, Horten, Norway) equipped with 3.5-MHz
MS5 phased-array sector probes.

Echocardiographic measurements and assessments were
obtained according to American Society of Echocardiography
recommendations.’ Two-dimensional standard images were
obtained with three cycles trigged by the QRS complex and
digitally recorded for offline analysis using EchoPAC software
version 202 (GE Vingmed Ultrasound). LVEF was calculated
using the three-dimensional method.

The myocardial global work index (GWI) was quantified by
calculating the rate of regional shortening by the differentiation
of the global longitudinal tracing and multiplying by the
instantaneous LV pressure. This instantaneous measurement
was integrated over time to measure myocardial work as a
function of time during systole (time interval from mitral valve
closure to mitral valve opening). The segments were analyzed
during LV ejection for myocardial global wasted work (GWW)
and/or myocardial global constructive work (GCW), with
global values determined as the means of all segmental
values and displayed on the pressure-LV deformation circuit
diagram. The following parameters were generated by the
software: GWI (mmHg%), area within the LV global pressure
curve; GCW (mmHg%), estimated work performed by the
LV segments consisting of shortening during systole plus
stretching in isovolumetric relaxation; GWW (mmHg%),
estimated negative work done by the LV segments consisting
of myocardial stretching during systole plus any shortening
during isovolumetric relaxation; myocardial global work
efficiency (GWE; %), GCW divided by the sum of GCW
and GWW expressed as a percentage (not affected by peak
LV pressure).” 011

Functional ischemia area (FIA) was defined as established
by Boe et al.,” who considered adjacent segments as ischemic
when the absolute GLS value was < 14% and the GWI was
< 1,700 mmHg%. According to these values, we defined
and correlated the FIA with the significantly obstructed
coronary artery.

Cineangiography assessment

CAG was performed using a Philips FD10 catheterization
device according to Brazilian Society of Hemodynamics and
Interventional Cardiology techniques.'? Significant CAD was
defined as luminal narrowing = 50% in the left main coronary
artery (LMCA) and/or 270% in the anterior descending
(AD), diagonal (DG), circumflex (CX), marginal (MQ), or
right coronary (RC) arteries through visual assessment by the
hemodynamic cardiologist.
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Statistical analysis

The data were tabulated and analyzed using Stata®
Intercooled software version 12.0.

Categorical variables are presented as absolute (n) and
relative (%) frequency. Continuous variables are presented as
mean and SD or as median and interquartile range according
to the skewness and kurtosis normality tests.

The significance of any intergroup differences was assessed
using Student's t-test for normally distributed data. The Mann-
Whitney U or Kruskal-Wallis test was used to examine non-
normally distributed variables.

The chi-square or the Fisher’s exact test was used to
examine categorical variables when appropriate.

Receiver operating characteristic analysis was used to
identify the optimal cutoff point for each parameter.

A logistic regression model was performed to determine
independent variables capable of identifying patients with
significant coronary disease. The FIA determined by strain and
myocardial work was analyzed in separate models.

P values < 0.05 indicated statistical significance.

Results

Clinical characteristics

A total of 30 patients with a mean age of 64.2 + 12.8 years
were included in the study; most were men (63.3%), of whom
68.4% had significant obstructive coronary lesions (SOCL) (Table 1).

Most patients were hypertensive and dyslipidemic (19
[63.3%] in each group), 36.6% were diabetic, 30% were obese,
and none had a previous history of stroke. Significant lesions
were present on CAG in 63.2% of hypertensive, 73.7% of
dyslipidemic, 63.6% of diabetic, and 77.8% of obese patients.

Characteristics of cineangiography

Of the total number of patients in the sample, six (20%) had
no lesions on CAG and 24 (80%) had coronary obstructions

Table 1 - Clinical characteristics.

Variables Total (n=30)
Age (years) 64.2+128
Weight (kg) 69.2 £ 16.9%
SBP (mmHg) 127.4 + 16.6*
DBP (mmHg) 73+9.1%
HR (bpm) 69.4 % 11.8*
Comorbidities
Hypertension 19 (63.3%)
DM 2 11(36.7%)
Previous CAD 15 (50%)
Stroke 0(0%)
Dyslipidemia 19 (63.3%)
Obesity 9 (30%)
Smoking 2 (6.7%)

CAD: coronary artery disease; DBP: diastolic; blood pressure; DM 2: type
2 diabetes mellitus; HR: heart rate; SBP: systolic blood pressure; *mean +
standard deviation;
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greater than 50%. Of the patients with coronary lesions, 19
(63.3%) had SOCL. In this group, 68.4% were men, with a
mean age of 65.4 + 10.6 years.

Regarding coronary lesion location, 18 patients (60%) had
lesions in the AD, one (3.3%) in the LMCA, seven (23.3%) in
the DG, five (16.7%) in the CX, four (13.3%) in the MG, and
six (20%) in the RC artery.

Echocardiographic characteristics

The echocardiographic characteristics of the sample are
described in Table 2. Grade 1 diastolic dysfunction was present
in 50% of the sample. No patients had grade 3 diastolic
dysfunction, while all had preserved systolic function. The
mean LVEF calculated using the three-dimensional method
was 65.2 + 3.3% in patients with SOCL versus 63.6 = 4.6%
in those without SOCL.

According to Table 2, the mean GLS was 18.3 * 2% in
the sample with SOCL and 19.1 = 2.9% without SOCL on
CAG (p = 0.313).

Mean MGWI was 1,876 = 253.8 mmHg% in patients
with SOCL versus 2,054.2 = 417.3 mmHg% in those without
SOCL (p = 0.089)

The GCW was higher in patients without versus with SOCL
on CAG, being 2,329.3 = 462.9 mmHg% and 2,109.5 =
332.3 mmHg%, respectively (p = 0.064).

The mean CWW values were higher in patients with
versus without SOCL (103.7 = 47.1 mmHg% vs. 68.3 = 33.8
mmHg%, p = 0.038).

Figure 1 shows an image from a sample patient with an
AD lesion in which the wasted myocardial work of the basal
segment of the anterior septum is greater than the GWW. There
was no difference in GWE between patients with or without
significant lesions (95.6 = 2.0 vs. 94.7 = 2.2, p = 0.296).

GLS presented no statistically significant difference between
patients with or without SOCL, the same occurring when
analyzed by arterial territory (Table 3).

Table 2 - Echocardiographic characteristics.

SOCL on CAG  No SOCL on P

Variables Total (n=30)

(=11) CAG (=19) value
Diastolic dysfunction 0,167
Absent 7(23.3) 2(28.6) 5(71.4)
Grade 1 15 (50) 4(26.7) 11(73.3)
Inconclusive 7(23.3) 5(71.4) 2 (28.6)
Grade 2 1(3.3) 0(0) 1(100)
3D LVEF (%) 64.6£3.8 63.3+4.6 652+33 0313
GLS,% 183427 18.3+24 19.1+29 0377
GWI (mmHg%) 1989+£371.2 1876 +£253.8 2054.2+417.3 0.089
GWE (%) 95+£22 95.6+2.0 947+22 029
GCW (mmHg%) 2248 £4274 2109.5+332.3 2329.3+462.9 0.064
GWW (mmHg%) 90.7 £427.4 68.3 £33.8 103.7 £47.1  0.039

3D: three-dimensional; CAG: cineangiography; GCW: global constructive
work; GLS: global longitudinal strain; GWE: global work efficiency; GWI:
global work index; GWW: global wasted work; LVEF: left ventricular ejection
fraction; SOCL: significant obstructive coronary lesions.
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LVP: left ventricular pressure; MVR mitral valve opening; MVC mitral valve closure; AVO aortic valve opening; LVP Aortic valve closure stroke
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Figure 1 - Left ventricular pressure-strain curve diagram. (A) The global myocardial work is represented in red and the regional work of the basal segment of the anterior
septum is represented in green. (B) There is decreased constructive work and increased wasted work of the septal-anterior basal segment in relation to the global mean.

Table 3 - Relationship between coronary lesions and global
longitudinal strain for each coronary territory.

SOCL on CAG (=11) No SOCL on CAG (=19) P value
GLS (%) 183424 191 £2.9 0.377
AD strain (%) 195426 194432 0.900
CX strain (%) 17831 194435 0.359
RC strain (%) 18231 215£30 0.103

AD: anterior descending artery; CX: circumflex artery; GLS: global longitudinal
strain; RC: right coronary artery.

The presence of a GWW lower than 115 mmHg%
demonstrated a sensitivity of 83.3% and a specificity of 41.7%
for identifying patients with SOCL, with an area under the
curve (AUC) of 0.625 (Table 4).

The separations of patients by arterial territory showed that
the GWW presented a better AUC for identifying significant
lesions in the AD (0.643) than in the RC (0.432) and CX (0.405)
arteries (Figure 2).

The GLS was <16.5% in eight patients, of whom five
had SOCL on catheterization with a sensitivity of 62.5% for
obstructive CAD on CAG (Table 4).

Discussion

This study showed that GWW was higher in patients with
SOCL on CAG than in those without SOCL.

Noninvasive myocardial work is a new tool for
assessing LV systolic function as demonstrated in several
studies, being superior to isolated LVEF and LV GLS.%"
Myocardial work parameters can assess LV performance
and segmental function.

Wasted work is energy expenditure measured as work
consumed during segmental lengthening (negative work) as
a percentage of work during segmental shortening (positive
work)'. Therefore, wasted work measurement can quantify
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the work done by the ventricle that does not contribute to
ejecting blood from the LV."®

In the present study, a GWW > 115 mmHg% showed
a sensitivity of 83.3% for identifying significant coronary
obstructions, suggesting that it can be used to identify
anatomically important lesions. Edwards et al. stated that a
cutoff point of 80 mmHg% for GWW was associated with a
sensitivity of 89.3% for SOCL detection similar to our study
but with a lower cutoff point.’

A structurally normal heart presents few differences
between the contraction times of the different LV segments.®
All segments contract almost simultaneously against similar LV
pressure, with only small physiological differences in segmental
contraction timing.">"* When segmental contraction changes,
some segments initiate relaxation at the end of systole under
high ventricular pressure. This shows that some of the work
done by the contracting segments is wasted during stretching
of the relaxing segments."®

This study showed that the GWW in patients with
significant AD artery lesions was greater than that in those
without significant lesions in this artery compared to the global
value when separated by arterial territory affected. Conversely,
GCW was higher in patients without versus with significant
lesions on CAG.

GWI can be defined as the total work accounted for by
the LV strain curve pressure area from mitral valve closing
to opening."” GWI can aid misinterpretations of reduced LV
systolic function based only on decreased LV strain in patients
with high afterload but no coronary obstruction.” In this study,
the GWI was constant with the GLS. We also observed that
GWI was lower in patients with SOCL on CAG, although the
difference was not statistically significant.

A decreased LV CLS has been demonstrated as a predictor
of CAD even in cases without significant obstruction®
in addition to being superior to LVEF and LV segmental
dysfunction as a predictor of cardiovascular events." In our
study, the assessment of LV GLS demonstrated a sensitivity of
62.5% for SOCL.

If confirmed by other studies, due to the good sensitivity
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Table 4 - Echocardiographic parameters and detection of significant coronary artery obstruction.

GLS GWI GWE GCW GWw
AUC 0,494 0,444 0,625 0,444 0,625
AUC CI95% 0,312-0,687 0,254-0,625 0,438-0,801 0,255-0,626 0,438-0,801
Cutoff value <16,5% <1700mmHg% <95% <2000mmHg% >115mmHg%
Sensitivity (%) 62,5 55,6 75 55,5 83,3
Specificity (%) 36,4 33,3 50 33,3 417

AUC: area under the curve; Cl: confidence interval; GLS: global longitudinal strain; GCW: global constructive work; GWE: global work efficiency; GWI: global work index;

GWW: global wasted work.
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Figure 2 - Area under the curve of the global wasted work and each arterial territory. (A) Global wasted work. (B) Work wasted in the territory of the anterior descending
artery. (C) Wasted work in the circumflex artery territory. (D) Work wasted in the territory of the right coronary artery.

of GWW, this method may be a screening tool for CAD with
significant lesion (stenosis > 70%), selecting patients for further
investigation.

Study limitations

The small sample of patients in this study may have
contributed to its lack of statistical significance. In addition,
an invasive stratification was performed in patients with a
high probability of CAD, as coronary lesions were previously
diagnosed by coronary computed tomography angiography
or an ischemic functional test, thus restricting the number of
patients who were young or lacking risk factors in our sample.

Conclusion

GWW correlated with the identification of significant
coronary obstructions with a sensitivity of 83.3%.

Page 5 of 6
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This myocardial work information can be used to detect
significant obstructive lesions. Further studies are necessary
to confirm the value of these promising data.
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Abstract

Background: Chemotherapy-induced cardiotoxicity (ChC) is an important complication among patients receiving
anthracyclines. Biomarkers and imaging parameters have been studied for their ability to identify patients at risk of developing
ChC. Left ventricular global longitudinal strain (LV-GLS) is a sensitive parameter for detecting systolic dysfunction despite the
presence of preserved left ventricular ejection fraction (LVEF).

Objective: To evaluate the role of the LV-GLS as a predictor of ChC.

Methods: This was a post-hoc analysis of the Carvedilol for Prevention of Chemotherapy-Related Cardiotoxicity trial, which
evaluated the primary prevention of cardiotoxicity with carvedilol during doxorubicin chemotherapy in a population of patients
with breast cancer. Cardiotoxicity was defined as a reduction =10% in LVEF. LV-GLS was determined before chemotherapy in
patients with no prior cardiovascular disease or echocardiogram abnormalities.

Results: Thirty-one patients for whom a complete echocardiography study including measurement of LV-GLS was performed
before chemotherapy were included in this analysis. An absolute LV-CGLS<16.9% before chemotherapy showed 100%
sensitivity and 73% specificity for predicting cardiotoxicity (area under the curve [AUC], 0.85; 95% confidence interval [Cl],
0.680-0.959; p<0.001). In this population, LVEF values before chemotherapy did not predict ChC (95% Cl, 0.478 to -0.842;
p=0.17). The association of low LV-GLS (<17%) and brain-type natriuretic peptide serum levels (>17 pg/mL) at 2 months
after chemotherapy increased the accuracy for detecting early-onset ChC (100% sensitivity, 88% specificity; AUC, 0.94; 95%
Cl, 0.781-0.995; p<0.0001).

Conclusions: Our data suggest that LV-GLS is a potential predictor of ChC. Larger studies are needed to confirm its clinical
relevance in this clinical setting.

Keywords: Cardiotoxicity; Chemotherapy; Prevention; B-blockers; Echocardiogram; Strain.

Resumo

Fundamento: A cardiotoxicidade induzida por quimioterapia (CiC) é uma complicagdo importante entre os pacientes que recebem
antraciclinas. Biomarcadores e pardmetros de imagem tém sido estudados por sua capacidade de identificar pacientes com risco de desenvolver
essa complicagao. O strain longitudinal global do ventriculo esquerdo (SLG-VE) tem sido descrito como um pardmetro sensivel para detectar
disfuncao sistélica, mesmo na presenca de fracao de ejecdo do ventriculo esquerdo (FEVE) preservada.

Objetivo: avaliar o papel do SLG-VE como preditor de CiC.

Meétodos: O presente estudo consiste em uma anélise post-hoc do estudo CECCY (Carvedilol for Prevention of Chemotherapy-Related Cardiotoxicity
[Carvedilol para Prevencdo da Cardiotoxicidade Relacionada a Quimioterapial), que avaliou a prevencao primdria de cardiotoxicidade com
carvedilol durante quimioterapia com doxorrubicina em uma populagdo com cancer de mama. Definiu-se cardiotoxicidade como uma reducao
>10% na FEVE. O SLG-VE foi obtido antes da quimioterapia em pacientes sem doenca cardiovascular prévia ou anormalidades no ecocardiograma.
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Resultados: Trinta e um pacientes submetidos a estudo ecocardiogrdfico completo incluindo avaliacao de SLG-VE antes da quimioterapia foram
incluidos nesta andlise. Um SLG-VE absoluto <16,9% antes da quimioterapia mostrou 100% de sensibilidade e 73% de especificidade para

Qr

predizer cardiotoxicidade (AUC=0,85; IC 95% 0,680-0,959, p<0,001). Nesta populagdo, os valores de FEVE antes da quimioterapia nao foram

o/

preditores de CiC (IC 95% 0,478 a -0,842, p=0,17). A associacao de baixos niveis séricos de SLG-VE (<17%) e BNP (>17 pg/mL) dois meses

apds a quimioterapia aumentou a precisao para detectar CiC de inicio precoce (100% de sensibilidade, 88% de especificidade, AUC=0,94; IC

95% 0,781-0,995, p<0,0001).

Conclusées: Nossos dados sugerem que o SLC-VE é um possivel preditor de cardiotoxicidade induzida por quimioterapia. Sdo necessarios
estudos maiores para confirmar a relevancia clinica desse pardmetro ecocardiografico nesse cendrio clinico.

Palavras-chave: Cardiotoxicidade; Quimioterapia; Prevencdo; Betabloqueadores; Ecocardiograma; Strain.

Introduction

The cardiovascular effects of chemotherapeutic agents
are responsible for a significant proportion of severe
complications, particularly among female patients with
breast cancer.” There is evidence of increasing cardiovascular
disease among hospitalized patients with cancer.? One
of the most widely used agents,>* anthracyclines (ANT),
is responsible for early and late dose-related cardiotoxicity,
particularly heart failure (HF).>”

The detection of cardiotoxicity is routinely performed by
left ventricular ejection fraction (LVEF). Although LVEF predicts
the occurrence of HF it has limited sensitivity.® Failure to
detect subtle changes in LV systolic function occurs for many
reasons: the need for geometrical assumptions for calculations,
possible inadequate visualization of the LV apex, impossibility
of identifying marginal regional wall motion abnormalities,
and intrinsic measurement variability.” A decreased LVEF after
chemotherapy is often a sign of already extensive myocardial
damage and HE®

Due to increased morbidity and mortality among patients
with chemotherapy-related HF, higher-sensitivity markers
of subclinical cardiac dysfunction and myocardial injury
have been investigated to detect chemotherapy-induced
cardiotoxicity (ChC). For this purpose, the evaluation of
two-dimensional speckle-tracking imaging has emerged.
This technique allows for the study of global and regional
myocardial deformation. Several studies have already
emphasized the role of LV global longitudinal strain (LV-GLS)
to detect subtle alterations in systolic function particularly
related to ANT chemotherapy."” The evaluation of GLS
for the detection of subclinical LV dysfunction induced by
chemotherapy is recommended by expert consensus.'

Considering this new field assessing ANT-induced
cardiotoxicity using LV-GLS, we conducted a post-hoc analysis
of the randomized double-blind placebo-controlled Carvedilol
Effect in Preventing Chemotherapy Induced CardiotoxicitY
(CECCQY) trial, which aimed to evaluate the LV-GLS before
ANT chemotherapy as a predictor of cardiotoxicity.

Methods

Study design

This post-hoc analysis of the CECCY trial evaluated the
primary prevention of cardiotoxicity with carvedilol during
doxorubicin chemotherapy in women with breast cancer.

Arq Bras Cardiol: Imagem cardiovasc. 2022;35(4):eabc340
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Cardiotoxicity was defined as a =10% reduction in LVEF.
Patients were recruited and followed up at two different
institutions, the Heart Institute and the Cancer Institute from
the University of Sao Paulo, Sao Paulo, Brazil. The Ethics
Committee of the Heart Institute and Cancer Institute from
the University of Sao Paulo, Sao Paulo, Brazil, review board
of both institutions approved the trial protocol. All methods
were performed in accordance with the relevant guidelines
and regulations. All participants were informed of the research
objectives, research protocol, and treatment alternatives,
and all participants provided written informed consent to
participate. The trial was registered at ClinicalTrials.gov
(NCT01724450) before study initiation.

Study patients

The CECCY trial included patients with HER2-negative
breast cancer tumor status and therapy that included ANT,
cyclophosphamide, and taxane from April 2013 to January
2017. The standard chemotherapy protocol comprised four
cycles of cyclophosphamide 600 mg/m? and doxorubicin 60 mg/
m? every 21 days (with a total cumulative dose of 240 mg/m?),
followed by paclitaxel 80 mg/m? weekly for 8 weeks. The trial
design and results were described elsewhere.'

Study procedures

The present post-hoc analysis included only patients who
underwent echocardiography studies and accomplished
follow-up at the Heart Institute from the University of Sao
Paulo, where the institutional protocol included speckle
tracking echocardiography. Eligible patients underwent
comprehensive transthoracic echocardiography before starting
chemotherapy including proper imaging acquired to perform
the strain analysis. Patients with an unsatisfactory acoustic
window for the speckle tracking analysis due to artifacts
caused by breast reconstruction techniques were excluded
from the study. Echocardiographic studies were performed
using a commercially available system (Vivid E9; General
Electric, GE Vingmad Ultrasound AS, Norway) equipped with
a 2-5-MHz transducer. All measurements were performed and
reported according to American Society of Echocardiography
recommendations (Lang 2015, Recommendations for cardiac
chamber quantification by echocardiography in adults: an
update from the American Society of Echocardiography and
the European Association of Cardiovascular Imaging). LVEF
was measured by Simpson'’s rule.

For the speckle tracking analysis, images were acquired
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with an adjusted device to record three cardiac cycles within
a period of 100 msec before and after the cycle. The second
harmonic image, in grayscale, with a frame rate of 40-80
frames/s was used. To measure LV-CLS, cardiac images were
obtained through the apical windows (APLAX, A4C and
A2C). After the acquisition, the studies were stored for offline
analysis with the EchoPAC software (v30 12; GE Vingmad
Ultrasound AS). The analysis was performed of the sixteen
LV segments, and the quantitative peak systolic longitudinal
strain was quantified for each segment as well as the whole
LV during a cycle cardiac. All scans were read by experienced
board certified echocardiographers who were blinded to the
patients’ clinical information.

Statistical analysis

The data are expressed as median and 95% confidence
interval. We tested the normality of a variable distribution
using the D’Agostino-Pearson test. For comparisons between
two independent samples, an unpaired t-test was used for
variables with Gaussian distribution, while the Mann-Whitney
rank sum test was applied for variables with non-Gaussian
distributions. For comparison between paired samples with
Gaussian distribution, the paired t-test was used, while the
Wilcoxon matched pairs ranked test was used for pairs with
a non-Gaussian distribution. We used receiver operating
characteristic (ROC) curve analysis to determine the accuracy
and optimal cutoff. The best cutoff for each variable was chosen
through the shortest distance from the upper left angle to the
curve obtained in the graph of the ROC curve by the method
of DeLong et al.™ P values <0.05 were considered significant.

Results

In this post-hoc analysis of the randomized double-blind
placebo-controlled CECCY trial, we evaluated 53 patients
who underwent echocardiography with the speckle tracking

Table 1 - Baseline characteristics of the study population.

technique at the Heart Institute. Of these, six (11%) had an
unsatisfactory acoustic window and were excluded from the
analysis. Another 16 patients were excluded for attending
subsequent echocardiographic follow-up at another institution.
The population included in the analysis was at low risk of
cardiovascular. The baseline characteristics of the remaining
31 patients are described in Table 1. Our population had low
prevalence of cardiovascular comorbidities and risk factors for
cardiotoxicity. In this group, 3 (9.7%) developed cardiotoxicity
(LVEF decrease =10% from baseline). Considering the
alternative and most accepted definition of cardiotoxicity as
a decrease of 10 percentage points to a value below the low
normal value of 50%,'® only 1 patient fulfilled the criteria for
cardiotoxicity and had a decrease of LVEF to 35% and a GLS
of 13%. The 3 patients with cardiotoxicity were aged 51-63
years, only one had a diagnosis of arterial hypertension,
and none had other risk factors for cardiovascular disease
such as diabetes mellitus, hypercholesterolemia under statin
treatment, or current/past smoking status.

LV-CLS predicted the development of cardiotoxicity (cutoff
value, =16.9%), with 100% sensitivity and 73.1% specificity
(area under the curve [AUC], 0.859; p<0.001). A serum brain-
type natriuretic peptide (BNP) level >16 pg/mL measured 2
weeks after starting chemotherapy was also associated with
cardiotoxicity with 100% sensitivity and 69.2% specificity
(AUC, 0.878; p<0.001) (Figure 1, Central lllustration). On the
other hand, baseline LVEF (AUC, 0.680; p=0.17) and serum
troponin (AUC, 0.577; p=0.69) were not associated with the
incidence of cardiotoxicity.

Table 2 shows the median and 95% Cl values for serum
LVEF, BNP, and troponin before and 2, 4, and 24 weeks after
starting chemotherapy stratified according to baseline LV-
GLS. Baseline LVEF was not significantly different in patients
with an LV-GLS <16.9% versus >16.9%. Similarly, there
was no intergroup difference in baseline BNP or troponin

Characteristic Population (N=31) LV-GLS =16,9% (N=10) LV-GLS >16,9% (N=21) P value
Age, years 51+9.69 54.9+6.7 49+10.4 NS
Menopause, no. of patients (%)
Pre-menopause 14 (45) 4 (40) 10 (47) NS
Post-menopause 17 (55) 6 (60) 11(53)
Therapy, no. of patients (%)
Neoadjuvant 17 (55) 6 (60) 11 (47) NS
Adjuvant 14 (45) 4 (40) 10 (53)
Drug carvedilol, no. of patients (%) 18 (48) 6 (60) 12 (57)
Body mass index (kg/m2) 27.1+7.45 30.3+6.9 25.6+7.3 0.09
Cardiovascular risk factors, no of patients (%)
Hypertension 1(3.2) 1(10%) 0 NS
Diabetes mellitus 1(3.2) 0 1(4) NS
Hypercholesterolemia 1(3.2) 1(10%) 0 NS
Current/past smoker 11(35.4) 4 (40) 7(33) NS
Systolic blood pressure (mmHg) 121+12.46 121410.9 121+13.8 NS
Diastolic blood pressure (mmHg) 7948.1 81+7.2 7748.5 NS
Heart rate, beats/min 79+11.5 85+12.2 77+10.2 0.06

Data are expressed as mean + SD or number. LV-GLS: left ventricular global longitudinal strain; NS: not significant.
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values. However, LVEF evaluated by echocardiography was
significantly lower after 4 weeks of chemotherapy in the group
with a baseline LV-CLS <16.9% (p=0.003). Furthermore,
serum BNP measured after 4 weeks of chemotherapy
treatment was higher in the group with an LV-GLS <16.9%
(p=0.004). There was no significant intergroup difference for
troponin values at any time point.

Figure 2 shows median and 95% ClI values for LVEF and
LV-GLS before and after 12 months after chemotherapy. We
observed that LV-GLS decreased significantly from baseline
values (p=0.005), whereas LVEF did not. In the follow-up
period after chemotherapy, LV-GLS decreased more than
5%, 10%, and 15% from baseline in 77%, 66%, and 42% of
patients, respectively, whereas LVEF decreased more than 10%
in only 9.7% of patients.

Discussion

In this post-hoc analysis of the randomized double-blind
placebo-controlled CECCY trial that evaluated the role of
the speckle tracking echocardiography in ANT-induced
cardiotoxicity, LV-GLS was a potential predictor of ChC in
patients with a low prevalence of cardiovascular comorbidities
and risk factors for cardiovascular disease. In this scenario,
LV-GLS was a better predictor of cardiotoxicity than LVEF
In addition, the combination of LV-GLS and BNP during
follow-up could be a predictor of cardiotoxicity.

There has been great interest in the early detection
of cardiotoxicity to reverse and prevent associated
cardiomyopathy.’® LVEF is a strong predictor of cardiac
events, but it lacks sensitivity for the detection of subclinical
changes in cardiac function."” Strain is defined as change in the
length of the myocardium divided by the original length of the
myocardium and peak systolic deformation between systole
and diastole."® LV-GLS has emerged as the main measurement
of subclinical myocardial dysfunction and demonstrated
utility in predicting subsequent reductions in LVEF in patients
after cancer treatment.®'*2° Ali et al.® demonstrated that an
absolute LV-GLS value of less than -17.5% was associated
with an increase in HF among patients with hematologic
cancer undergoing ANT chemotherapy. Charbonnel et al."

showed that an LV-GLS value of greater than -17.45% obtained
after ANT 150 mg/m? is an independent predictor of future
cardiotoxicity.

Our study findings are in concordance with other studies
that showed that the strain measure before chemotherapy
predicts the development of cardiotoxicity."

The SOCCOUR trial recently compared cardioprotection
guided by changes in LV-GLS versus LVEF among patients
undergoing ANT chemotherapy. In the trial, 331 patients
were randomized to receive angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers and beta-
blockers guided by a =12% relative reduction in LV-GLS
(GLS-guided arm) or 10% absolute reduction in LVEF
(EF-guided arm). Patients were followed for LVEF and cancer

Table 2 - Evolution of LVEF, serum troponin, and BNP after 2, 4,
and 24 weeks of chemotherapy divided by LV-GLS value before
chemotherapy.

LV-GLS =16,9%

LV-GLS >16,9%

(N=10) (N=21) P value
LVEF before ChT, % 615(509-640)  635(609-644) NS
LVEF 2 weeks, % 610(582-660)  650(628-67.0) NS
LVEF 4 weeks, % 580(56.1-629)  612(62.5-655)  0.003
LVEF 24 weeks, % 630(53.0-689)  630(610-649) NS
BNP before ChT, p/mL 180 (742-469)  120(92-19.2) NS
BNP 2 weeks, pglmL 190(1.24-469)  90(62-165) NS
BNP 4 weeks, pglmL 16.0(-11.2-883)  130(88-218) NS
BNP 24 weeks, pgiml 185 (-30.9-1677)  80(57-107)  0.004
;rg/"’;’["“ before ChT. 0,005 (0.003-0.011) (o_ogﬁ%?ooe) NS
Troponin 2 weeks, mg/mL  0.008 (0.005-0.016) 0005 NS
(0.006-0.011)
Troponin 4 weeks, mg/mL  0.029 (0.014-0.077) 0028 NS
(0.025-0.054)
ToROInZAWESS, 0024 (0015-0048) o (Y NS

BNP: brain-type natriuretic peptide; ChT: chemotherapy; LVEF: left ventricular ejection

fraction; LV-GLS: left ventricular global longitudinal strain; NS: not significant.
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Figure 1 - Receiver operating characteristic curve analyses of LV-GLS measured before the onset of chemotherapy (A) and BNP after 2 weeks of chemotherapy (B) and
their association with cardiotoxicity. AUC: area under the curve; BNP: brain-type natriuretic peptide; LV-GLS: left ventricular global longitudinal strain (Central lllustration).
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Figura 2 - Mediana e IC de 95% para SLG-VE e FEVE antes e apés 12 meses de quimioterapia. SLG-VE: strain longitudinal global do ventriculo esquerdo; FEVE:

fragdo de ejecao do ventriculo esquerdo.

therapy-related cardiac dysfunction (symptomatic drop
of >5% or asymptomatic drop of >10% to <55%). At 1
year of follow-up, the LVEF did not change significantly in
either group. However, in the GLS-guided arm, there was a
greater use of cardioprotection and fewer patients met the
cardiotoxicity criteria (5.8% vs. 13.7%; p=0.02). Patients who
received cardioprotection in the EF-guided arm exhibited a
greater reduction in LVEF at follow-up than those in the GLS-
guided arm (9.1=10.9% vs. 2.9£7.4%; p=0.03) supporting
the use of GLS for detecting cardiotoxicity.'

Oikonomou et al.?? published a meta-analysis that
evaluated the prognostic value of GLS for predicting
cardiotoxicity and included 21 studies comprising 1782
patients with cancer treated with ANT with or without
trastuzumab. The authors found an incidence of cardiotoxicity
of 9.3-43.8%. Four studies evaluated the association of GLS
before treatment initiation with subsequent cardiotoxicity: 2
found no association,?*?* 1 reported a significant association
(odds ratio per 1% decrease, 1.48; 95% Cl, 1.15-1.89) and
1 reported an AUC of 0.76 (95% Cl, 0.58-0.88), with an
optimal cutoff value of -19.95% (sensitivity, 83%; specificity,
72%) for cardiotoxicity."

Other biomarkers have been studied as a strategy for the
early detection and monitoring of cardiotoxicity. The most
studied biomarkers in cardiotoxicity include troponin and
BNP. Regarding troponin, strong evidence favors its ability to
predict cardiotoxicity and cardiac events.'>* However, the
utility of BNP for chemotherapy-related cardiotoxicity remains
controversial, with many studies reporting no prognostic value
in this scenario.?® Our study showed that the combination of
the LV-GLS pre-chemotherapy with BNP during follow-up
(until 24 weeks) could be a greater predictor of a >10%
decrease in LVEF. However, the combination of LV-GLS with
troponin showed no prognostic value regarding cardiotoxicity.
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Abstract

Hypertrophic cardiomyopathy, the most common genetic
cardiopathy in the general population, is characterized
by asymmetric left ventricular hypertrophy. However, the
phenotypic changes in this cardiomyopathy extend beyond
ventricular hypertrophy and include changes in the mitral
valve apparatus, papillary muscles, and right ventricle. Due
to the difficult differential diagnosis among multiple causes
of hypertrophy, cardiac magnetic resonance has played a
fundamental role in its diagnostic and prognostic evaluation;
magnetic cine-resonance in defining the location and extent
of hypertrophy; late enhancement, in the detection of areas of
myocardial fibrosis; more recent techniques such as T1 mapping
that assesses interstitial fibrosis and extracellular volume; and
finally tissue tracking in the analysis of myocardial deformation.

Introduction

Hypertrophic cardiomyopathy (HCM) was first described by
the English pathologist Robert Donald Teare, who reported the
presence of asymmetric myocardial hypertrophy postmortem
in a series of eight patients, of whom seven had died of sudden
cardiac death (SCD)."

The prevalence of HCM is 1:500 in the general population,
making it the most common genetic cardiac pathology. It
affects the sexes at similar frequencies, although women are
more often underdiagnosed, tending to be older with more
advanced cardiomyopathy at the initial evaluation.>*

HCM is defined as an unexplained increase in the thickness
of the left ventricular (LV) wall with hypertrophy =15 mm in
end diastole and in any ventricular segment, with involvement
restricted to the heart and in the absence of other pathologies
that may cause similar hypertrophy.>* However, morphological
changes in the mitral valve apparatus or papillary muscles and
the presence of myocardial fibrosis and microvascular disease
are also part of the spectrum of this disease.’
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The LV hypertrophy (LVH) found in HCM has heterogeneous
phenotypic patterns that can vary with LVH type (asymmetric,
symmetric, focal, or diffuse) and ventricular wall location
(ranging from the apex to the base). Other extremely important
signs in the evaluation of HCM include LV outflow tract (LVOT)
obstruction and LV ejection fraction (LVEF) changes.®'°

The myocardial hypertrophy in these patients is explained
by characteristic histopathological findings, disorganized
and hypertrophic myocardial fibers, and microvascular
dysfunction with consequent silent ischemia and subsequent
interstitial fibrosis."

The life expectancy for most patients with HCM is similar to
that of individuals without cardiomyopathy;'"* however, a small
proportion is at higher risk of cardiovascular events such as SCD,
heart failure (HF), and stroke.""> Around 30-40% of patients with
HCM are estimated to develop adverse events related to heart
disease. Nonetheless, the current therapeutic arsenal, especially
related to risk stratification and the use of implantable cardioverter-
defibrillators (ICD), has reduced the mortality rate of these patients,
even in the most severe cases, to less than 1% annually.*

Genetics

HCM is an autosomal dominant genetic disease caused
by mutations of different genes that encode cardiac
sarcomere proteins.>'®

More than 1,500 mutations have been identified in more
than 13 different genes that interfere with the coding of
sarcomere contractile proteins. Numerous mutations are
known, with the most prevalent being located in the beta-
myosin heavy chain (MYH7) and myosin-binding protein C
(MYBPC3) genes.**> Almost every patient with an HCM-related
mutation will demonstrate phenotypic evidence until early
adulthood, especially with increased myocardial thickness."”-°

Genetic testing can identify the mutation in up to
30-60% of patients with the HCM phenotype. However,
a significant proportion of patients with phenotypic change
resents no recognized genetic basis.**'*2*> Notably, genetic
changes are not correlated with the subject’s phenotype,
and similar genetic mutations may present as different
cardiomyopathy phenotypes.?*

The advantage of genetic confirmation is the opportunity
to test first-degree relatives and, consequently, perform a
cascade screening to enable early evaluation and follow-
up, if indicated, for these patients.®'222> Relatives
in whom the gene mutation is identified have a high
probability of developing phenotypic changes at some
point in life; therefore, follow-up with imaging tests is
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indicated. On the other hand, relatives not carrying the
genetic mutation have no risk of developing the disease
and require no clinical follow-up.?*%3

Phenotypic presentations of LVH

Different patterns of hypertrophy comprise this phenotype
within the spectrum of HCM. The most common segment of
LVH, involved in up to 70% of cases, is the confluence of the
basal anterior septum with the contiguous anterior free wall,
often the thickest segment.?* The second most common
region of LVH is the posterior mid-apical LV septum.?°

However, most phenotypes present hypertrophy in more
than 50% of the total myocardium. On the other hand, some
cases may present as focal hypertrophy, mainly in the basal
anterior septum region or the basal anterior segment. These cases
of focal hypertrophy may have a normal myocardial mass (up to
20%) despite a clinical diagnosis of HCM, constituting a greater
diagnostic challenge, especially on echocardiography.”26:2630

Another extremely important but less frequent phenotype
is midventricular hypertrophy, which, by causing dynamic
LV obstruction, favors the onset of ventricular arrhythmias,
myocardial necrosis, and apical aneurysms, causing thrombus
and systemic embolic events.?”

Apical ventricular hypertrophy, found in 5-25% of cases,
is a heterogeneous HCM phenotype predominant in the
apical segments that is often related to T-wave inversion on
electrocardiography.*

Figure 1 shows the main hypertrophy patterns found in
HCM cases.

Other phenotypic changes in HCM

HCM, in addition to typical LVH, has other cardiac
presentations that, with the increased use of cardiac magnetic
resonance (CMR), have become more evident and require
consideration to reduce diagnostic failure.

Right ventricle

The use of CMR as a diagnostic method in cases of HCM
demonstrated that up to one third of patients have right
ventricular (RV) hypertrophy (considered if the thickness is
=8 mm) associated with already known LVH. These patients
may also progress with increased total RV mass.**

The main region of RV hypertrophy is at the insertion of the
RV free wall in the anterior or posterior interventricular septum.
In addition to ventricular hypertrophy, other phenotypic
changes can be found in the RV, such as the presence of
the supraventricular crest (muscle structure adjacent to the
interventricular septum). This finding is important due to its
location, as it may be erroneously included in the calculation
of LV mass, leading to an overestimated total value.*

LV apical aneurysms

LV apical aneurysms are another phenotypic HCM change
that has increasing diagnostic importance with the greater
use of CMR. The use of gadolinium-based contrast and late
enhancement (LE) showed that these aneurysms are composed
of fibrotic tissue and these changes are associated with
increased risks of arrhythmias and SCD, with an important
impact on treatment and ICD implantation evaluation.
Therefore, it is necessary to investigate these aneurysms to
ensure better patient follow-up and diagnostic guidance.>*3

Mitral valve apparatus

Changes in the mitral valve apparatus are considered
primary phenotypic presentations of HCM regardless
of hypertrophy degree and other phenotypic findings,
which suggests a more complex pathophysiology of this
cardiomyopathy that extends beyond sarcomere-bound
protein changes in the myocyte.3%37:38

Up to one third of patients with HCM may have elongated
mitral leaflets, with an anterior mitral valve leaflet = 30 mm
and a posterior mitral valve leaflet =17 mm.3337:38

Figure 1 - Cardiac magnetic resonance imaging scan showing a longitudinal section (4C, 3C, 2C) with major hypertrophic cardiomyopathy (HCM) patterns. (A) HCM
with septal predominance; (B) HCM with apical predominance; and (C) HCM with midventricular predominance.
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This leaflet change plays an important role in the
mechanisms responsible for LVOT obstruction, and,
consequently, for the generated subaortic gradient, thereby
also interfering with treatment options and strategies.*

Trabeculations

Hypertrabeculation can be defined as a network of
prominent trabeculations, particularly those involving the mid-
apical region of the inferior and lateral LV wall. Its assessment
is visual on short-axis images of the distal two-thirds of the
LV and when trabeculations occupy >50% of the myocardial
cavity or >50% of the endocardial perimeter.*”

LV noncompaction, characterized by increased LV
trabeculations, shares a genetic basis with some HCM genetic
mutations; thus, the two pathologies can coexist and are described
as being associations of different sarcomere gene mutations.
Therefore, this may be a finding in patients diagnosed with HCM.*

Papillary muscle

HCM can also present varied phenotypic disorders involving
the papillary muscles. Up to 50% of cases present with a greater
number of papillary muscles (three to four). Papillary muscle
hypertrophy is also a disorder of HCM, including the presence
of LE after the injection of gadolinium-based contrast.**“'

Another characteristic, especially on CMR, is anteriorization
of the anterolateral papillary muscle. This change is identified
on CMR in mid-basal sections of the LV short axis, where more
than half of the anterolateral papillary muscle remains above an
imaginary line dividing the left ventricular cavity into two equal
parts starting from the RV junction in the posterior septum.3’

Some HCM cases present with direct insertion of the
papillary muscle into the mitral valve leaflets with complete
or partial absence of the chordae tendineae.*”

Apical-basal accessory muscle
The apical-basal accessory muscle configures another

secondary HCM change and corresponds to a muscle band
connected to the ventricular apex that runs longitudinally in the
ventricular cavity and close to the anterior septum, reaching the
basal septum of the anterior wall. Its presence is first analyzed
in section 3C and then reviewed in LV short-axis images.*”

Myocardial crypts

Congenital abnormalities are related to myocardial
fibers and have been described in both healthy and HCM
patients (<5%).23%42 The crypts are perpendicular to the
LV long axis and must penetrate more than 50% of the
compacted myocardium in end diastole and collapse in
end systole. Multiple crypts are commonly located mainly
in the basal and inferior inferoseptal wall of the LV at the
junction with the RV.#3#4

The differential diagnosis between LV crypts and
trabeculations becomes important, with the latter, unlike
crypts, being parallel to the endocardial border and not
penetrating the compacted myocardium.*

Left atrium

The left atrium (LA) is commonly enlarged in cases of
HCM,; its size is related to increased morbidity and mortality
rates since it is a risk marker for cardiovascular events. The
cause of atrial enlargement is multifactorial and not yet fully
established; however, it may be related to increased ventricular
filling pressures and mitral regurgitation as well as mitral valve
systolic anterior motion (SAM).*

Figure 2 shows some phenotypical findings that can be
seen in HCM cases.

Functional changes

Together with the reported heterogeneous phenotypic
changes, HCM also involves extremely important functional
changes that require evaluation in this population.

Figure 2 - Secondary phenotypic findings in hypertrophic cardiomyopathy. (A) Anterior anterolateral papillary muscle; (B) Apical-basal muscle accessory band; (C) Direct
insertion of the papillary muscle into the anterior leaflet of the mitral valve; (D) Supraventricular right ventricular crest; (E) Crypts in the left ventricular lower basal wall;

and (F) Left ventricular hypertrabeculation.
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Systolic function

Ventricular volumes are often reduced in HCM; therefore,
LVEF is often overestimated (hyperkinetic LV). Thus, LVEF is
often inadequate for evaluating the disease course and guiding
therapy.>** However, advanced HCM (5-10% of cases) is
characterized by ventricular remodeling and consequent
ventricular wall thinning and cavity dilation. At this point, the
LVEF decreases.* About 75-100% of end-stage HF patients have
extensive LE (=25% of ventricular mass). These patients are at
high risk of HF-related complications of about 10% per year.2647

LVOT obstruction

LVOT obstruction occurs due to a complex anatomical
relationship of the cardiac structures involving the basal
septum, LVOT, mitral valve apparatus, and papillary
muscles.?%#8 This obstruction is present in 70% of the classic
phenotypic presentations of HCM and associated with
increased cardiovascular risk and worse prognosis.*2¢

Cine magnetic resonance imaging (cine-MRI) can
effectively identify the presence of mitral valve SAM in the
long- and short-axis view and signs of increased blood flow
velocity in the LVOT.* In these cases, an MRI flow velocity
mapping sequence (phase-contrast) can be used to estimate
the peak velocity and, therefore, the systolic gradient.
However, this method has few studies and limited evaluations
compared to Doppler echocardiography.*=° In addition, it is
performed at rest, and up to one-third of patients with HCM
show signs of LVOT obstruction only on exertion.®

Video 1 below shows a CMRI with SAM.

Diastolic dysfunction

Unlike systolic function, diastolic function is among the first
markers of HCM and related to myocardial fiber disarray and
fibrosis, even in the absence of hypertrophy, being useful for
evaluating cardiomyopathy.?*!

This evaluation is well studied and consolidated in
echocardiography using several parameters, including mitral
transvalvular Doppler.>?

Role of resonance in HCM

CMR is an important diagnostic method in cardiology
practice, with a fundamental role in HCM. CMR provides
a detailed characterization of different HCM phenotypes,
being used as a diagnostic and prognostic tool.?° This
method allows the formation of tomographic images with
high temporal and spatial resolution without the need for
iodinated contrast.”> Cine-MRI sequences (steady-state
free precession imaging) enable a detailed analysis of the
endocardial and myocardial contour with an accurate
analysis of myocardial thickness and function.?® Moreover,
CMR has none of the image acquisition limitations found
in echocardiography, such as limited echocardiographic
windows and oblique ventricular measurements.>?

Added to this, CMR allows the identification and quantification
of myocardial fibrosis through LE with gadolinium-based
contrast, thus identifying patients at high risk of experiencing
cardiac events.? It also features promising techniques such as
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T1 mapping, a very useful tool in the differential diagnosis of
ventricular hypertrophies and the identification of interstitial
myocardial fibrosis and extracellular volume.

Consequently, CMR has garnered an important role
in HCM, especially when echocardiographic images are
inadequate or suboptimal, and has proven more sensitive than
echocardiography for detecting some hypertrophy phenotypes
such as apical predominance and secondary phenotypic changes.
Therefore, CMR should be routinely used in such patients.>***

Table 1 shows the main hypertrophy patterns found in
HCM cases.

Late enhancement

Through a noninvasive evaluation, LE CMR has a unique
ability to identify and quantify areas of fibrosis in the
myocardium, thereby providing important diagnostic and
prognostic information.*

The histopathology of HCM-related fibrosis is diffusely
present in the myocardium and constitutes a substrate for
tachyarrhythmias and SCD.#75

LE pattern and distribution in HCM

The presence of LE in HCM has various distributions and
location patterns. However, it is not commonly related to a
specific coronary territory.* It frequently presents a multifocal,
heterogeneous, and mesocardial enhancement pattern in
about 30% of patients, but transmural LE can also be found.>>
The most common LE sites are the interventricular septum
and the LV free wall, occurring in more than 30% of patients.
However, focal enhancement can also be found in the free
wall, RV insertion, interventricular septum, and apex.

Other structures outside the LV may also present LE
areas, including the RV and papillary muscles.®® There is a
correlation between myocardial thickness and the presence
of LE, according to which the greater the LV hypertrophy, the
greater the chance of LE.5%0

The literature also shows a consistent relationship between LVEF
and the presence of LE. An extensive LE area is observed in patients
with an LVEF < 50%; on the other hand, patients with hyperdynamic
systolic function have comparatively smaller LE areas.*®*

Patients with LVEF at the lower limit of normal present
with LE and ventricular volumes closer to those of end-stage
patients, suggesting the need for closer clinical follow-up and
serial imaging.>

LE quantification

Different methods and protocols quantify the LE area
in HCM. The most widely used technique is based on
semiautomatic algorithms that identify areas with increased
signal intensity corresponding to regions with LE. A region of
interest is selected in the annular myocardium and a gray scale
is applied, with a standard deviation (SD) above the signal
intensity of the signaled region of interest and selecting the
areas corresponding to the enhancement. In some studies,
the correlation between LE quantification and 6SD showed
a greater correlation with the visual analysis of the area of
fibrosis presented, proven as more reproducible in practice.3>%!
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An important study published in 2014 by Chan et al.
demonstrated that fibrosis = 15% in relation to total LV mass
is useful for identifying patients with a preserved LVEF at risk
of progression to HF and SCD. %23

Risk stratification for SCD by LE

Risk stratification for SCD in HCM patients has been studied
for a long time and is extremely important. Today, several risk
scores and guidelines aid the appropriate selection of patients
who are indicated for ICD as primary prevention, a therapy that
is the main determinant that reduces HCM-related mortality.
Major factors in this stratification include a family history of SCD,
unexplained syncope, non-sustained ventricular tachycardia,
end-stage HCM (with systolic dysfunction), apical aneurysm
on echocardiography or CMR, and the presence of LE in more
than 15% of the ventricular mass. Therefore, as LE is considered
a major risk factor for SCD, it must be detected and quantified
in these patients (Figure 3).2963-65

T4 mapping

Histologically, HCM fibrosis is diffuse and global and not
fully recognized on LE. In this case, T1 mapping is a new and

promising tool that can analyze the entire extracellular content
and thus provide a better evaluation of this fibrosis pattern.®¢”

The T1 mapping sequence, which measures T1 longitudinal
relaxation time, is used to identify the extent of increased
extracellular content in patients with HCM and may be
superior to the consolidated LE technique due to its ability to
achieve the early detection of fibrosis.®%

The native T1 mapping and extracellular volume fraction,
which are high at times in patients with HCM, can be used in
the early stages of HCM for the early detection of interstitial
fibrosis and aid in the differential diagnosis of hypertrophies.

Tissue tracking analysis (strain)

New CMR techniques have emerged for the evaluation
of myocardial deformation, including tissue tracking (TT),
a noninvasive post-processing technique used to evaluate
myocardial strain.”®”!

In HCM, fibrosis and hypertrophy contribute to mechanical
abnormalities of the myocardium. Wall stress associated with
relative endocardial ischemia and fibrosis help decrease
strain values. Therefore, strain — mainly global longitudinal
strain — may be useful in differentiating between hypertrophy

Table 1 - CMR indications in HCM defined by the American Heart Association/ American College of Cardiology, 2020.

Recommendation  Evidence level Recommendation
| B-NR In patients with suspected HCM and inconclusive echocardiography findings, CMR is indicated for diagnostic clarification
| B-NR In patients with LVH, when alternative diagnoses such as infiltrative storage diseases and athlete’s heart are considered, CMR
is helpful
In patients with HCM who are not identified as at high risk of cardiovascular events or when the decision for ICD remains
uncertain after clinical evaluation (including personal assessment/family history/echocardiogram/electrocardiogram), CMR is
| B-NR . : : ; ) . X .
beneficial to assess maximum ventricular thickness, LVEF, apical aneurysms, and extension of the area of myocardial fibrosis
by LE
1 B-NR In patients with obstructive HCM, when the anatomic mechanism of obstruction is inconclusive on echocardiography, CMR is
indicated to assess septal reduction indication and planning
% C-EO In patients with HCM, repeat CMR with periodic contrast (after 3-5 years) to re-stratify cardiovascular risk may be considered to

evaluate LE and other morphologic changes, including LVEF, apical aneurysms, and LVH

Source: Ommen et al.* NR: nonrandomized; CMR: cardiac magnetic resonance; EO: expert opinion; HCM: hypertrophic cardiomyopathy; ICD: implantable cardioverter
defibrillator; LE: late enhancement; LVEF: left ventricular ejection fraction; LVH: left ventricular hypertrophy.

Figure 3 — Late enhancement quantification in a patient with hypertrophic cardiomyopathy using a semiautomatic algorithm and showing extensive myocardial fibrosis

(+30% of the myocardial mass).
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types (pathological or physiological). Global longitudinal strain
was also indirectly proportional to the fibrosis values, being
a possible predictor of arrhythmic events. The endocardial
dysfunction noted in HCM leads to a reduced radial strain.
The literature showed a TT analysis with reduced longitudinal,
radial, and circumferential strain values in patients with HCM
versus the control group (Figure 4).707!

Videos 2 and 3 show a tissue-tracking analysis using CMRI
and 3D reconstruction.

Differential diagnosis

LVH is a heterogeneous myocardial involvement with
multifactorial causes related to several heart diseases that
can be physiological as in athletes. Therefore, it is necessary
to emphasize the importance of the differential diagnosis and
diagnostic complexity of hypertrophy.

Infiltrative diseases

Although HCM is the main cause of unexplained LVH in
adults, other infiltrative diseases such as amyloidosis, Fabry
disease, and Danon disease have increased myocardial thickness
as a phenotypic presentation®” and enter the differential
diagnosis of hypertrophic phenotypes. Although morphological
findings on CMR may suggest the etiology of ventricular
hypertrophy and allow the differential diagnosis between
infiltrative diseases and HCM, the hypertrophy pattern is not
pathognomonic.?> On the other hand, although not definitive, LE
may provide stronger differentiation data. Amyloidosis presents
a characteristic LE pattern represented by subendocardial and
subsequent transmural enhancement with difficult annulling due
to extracellular glycoprotein deposits.>* T1 mapping, as already
mentioned, can be an extremely useful tool in this differentiation
since it allows the quantification of native myocardial T1. Native
T1 values are higher in amyloidosis than in HCM but reduced in
Fabry disease.>> Analysis of the data obtained by CMR associating
morphological and functional criteria, RT, and T1 mapping are
fundamental to a more accurate differentiation.

Noncompaction myocardium
The higher spatial resolution of CMR tests showed that

cases with a previous diagnosis of apical HCM presented
significantly increased ventricular trabeculations rather
than hypertrophy and were reclassified to noncompaction
myocardium. These pathologies have a common genetic basis
and may be associated.””3

Hypertensive heart disease

Patients exposed to arterial hypertension for the long term
that is not adequately treated are reasonably likely to develop
symmetrical LVH between the septum and the LV free wall
(concentric hypertrophy). However, hypertensive heart disease
is rarely associated with LVOT obstruction® or the phenotypic
findings described herein.

Thus, CMR may be important for detecting myocardial
thickness changes after antihypertensive drug treatment, when
hypertrophy regression favors the diagnosis of hypertensive
heart disease.

Athlete’s heart

In clinical practice, the distinction between athlete’s
physiological hypertrophy and pathological hypertrophy is a
diagnostic challenge of important clinical relevance, with HCM
causing one-third of SCD events in young competitive athletes.”

In this case, CMR can be useful for hypertrophy follow-up
after physical deconditioning (16—18 months).”* In the athlete’s
physiological hypertrophy, a regression of at least 2 mm in
myocardial thickness is expected, while in HCM, the thickness
is expected to remain the same. Another aspect is that LE is
not expected to occur in patients with athlete’s heart. LE is a
factor that corroborates the diagnosis of HCM.”®

The athlete’s physiological hypertrophy does not
usually progress with very increased thicknesses despite
having similar ventricular mass values to those of other
pathological hypertrophies (e.g., HCM, hypertensive heart
disease) in addition to increased ventricular volumes and
a decreased LVEF.

Asymmetry is also a debatable differential diagnosis factor
that affects up to 6% of patients with HCM and concentric
hypertrophy.”* Maron et al. showed that 43% of athletes
with SCD due to HCM had a normal septum/free wall ratio
on autopsy.”®

Figure 4 — (A) Bull's eye analysis of global longitudinal strain by tissue tracking in a patient with hypertrophic cardiomyopathy; (B) Native T1 mapping analysis showing

increased values in relation to normal; and (C) T1 parametric mapping.
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Outlook

CMR techniques have showed remarkable advancement
and evolution in recent years in addition to a growing role in
the diagnostic and prognostic evaluation of the most diverse
cardiomyopathies.

However, techniques such as TT for analyzing the
myocardial infarction strain have not yet been fully applied
in clinical practice and are currently used mainly for scientific
research. Another technique with promising prospects is
the 4D-flow analysis. This innovative technique provides
a visual analysis of the blood flow, velocity, and pattern,
allowing the choice of the correct plane to analyze the
appropriate measurements with advantages in relation to the
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Introduction

Atrial fibrillation (AF) is a prevalent arrhythmia that can
occur alone or in combination with other clinical conditions.
Its onset interferes both in common diagnostic algorithms and
in their respective protocol procedures. In diastolic function
assessments by echocardiography, it drastically changes the
analysis sequence.” This relationship becomes even more
complex because diastolic dysfunction is onc cause of non-
valvular AF.?

A group of conditions called “special populations” or
“situations” in diastology also modify study algorithms,
especially but not exclusively sinus tachycardia, hypertrophic
cardiomyopathy, restrictive cardiomyopathy, non-cardiac
pulmonary hypertension, mitral stenosis, mitral regurgitation,
greater than mild mitral annulus calcification, heart
transplantation, and constrictive pericarditis.>~'?

Special populations are so important in diastology that
the presence of these conditions must be ruled out before
any analysis may be performed and the common algorithm
can be applied. Therefore, despite being groups of different
clinical conditions that can be wrongly relegated to a category
of secondary importance and seemingly underrepresented in
guidelines and reviews, knowing them is essential to a reliable
and comprehensive diastolic function assessment.

Determination and graduation of diastolic
dysfunction with af

Chronic atrial fibrillation (CAF) is the most prominent of
these special situations due to both its high prevalence and the
correlation of AF with the same etiologies classically associated
with diastolic dysfunction.’ For this reason, the presence of
CAF is indicative of diastolic dysfunction in the same way as
when determining myocardial disease (e.g., left ventricular
ejection fraction < 50%, left ventricular hypertrophy, changes
in myocardial segmental contractility, and signs of longitudinal

Keywords
Echocardiography; Diastole; Atrial fibrillation.

Mailing Address: Antonio Amador Calvilho Janior *

Av. Dr. Dante Pazzanese, 500 - Vila Mariana Sao Paulo - SP - CEP: 04012-909
E-mail: dr.calvilho@gmail.com

Manuscript received 6/24/2022; revised 7/11/2022; accepted 8/9/2022

Editor responsible for the review: Daniela do Carmo Rassi Frota

DOI: 10.47593/2675-312X/20223504eabc344i

O

<< SUMARIO

systolic dysfunction).” Despite not being explicitly stated in
current guidelines, reviews on the subject, or original articles, FAC
represents a diseased heart for which this rationale makes sense.

In the presence of sinus rhythm without other special
situations, diastolic dysfunction is classified into three
categories: grade |, normal filling pressure; grade ll, increased
filling pressure; and grade Ill, increased filling pressure and
filling restriction signs. This restrictive pattern (grade IlI) is
defined as left ventricular (LV) filling restrictions during atrial
contraction, translated by a relatively small A wave measured
by transmitral Doppler, which obviously ceases to occur as a
result of AF. For this reason, diastolic dysfunction grading in the
presence of AF is limited to the first two categories (Figure 1).

Assessment sequence

Several echocardiographic variables indicate increased
filling pressures in the presence of AFE. However, the cutoff
values used in these determinants do not always correspond
to the same values used in sinus rhythm.

The first rule for determining filling pressures in the
presence of CAF is not to use atrial dimensions, i.e., regardless
of measurement type, volume, or anteroposterior dimension,
indexed or not, its increase does not correlate with increased
filling pressures. This is due to the well-known mechanical
remodeling induced by AF, which increases atrial dimensions
regardless of the filling pressure.'

The second rule is to start by measuring the maximum
tricuspid regurgitation jet velocity, a good determinant of the
filling pressure increase when =2.8 m/s (the same cutoff line
recommended for the study in sinus rhythm). However, this
measure cannot be used in two situations: the absence of a
measurable jet; and the presence of concomitant diseases
affecting the pulmonary vascular resistance, such as primary
arterial hypertension, chronic obstructive pulmonary disease,
and pulmonary thromboembolism.

Even respecting these two rules, the data will be
insufficient, as it is recommended to use more than one
determinant. Therefore, other Doppler variables well studied
in this scenario and with good accuracy are used, each with
its own limitation (Table 1).

The first choice is to measure the mitral inflow E-wave
deceleration time (DT) by pulsed Doppler for being an easy
and highly accurate measurement. However, this is only valid
for subjects with reduced left ventricular ejection fraction
(LVEF) (<50%), as E-wave DT is not a good determinant of
filling pressure increase in subjects with preserved LVEF''>
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Grade | -> no increased filling pressures
Grade Il -> high filling pressures

Figure 1 - Graduation of diastolic dysfunction in atrial fibrillation.

Tabela 1 - Variaveis complementares para diastologia em casos de fibrilagao atrial.

Variavel Correlagao Sensibilidade (%) Especificidade(%) Autores

E/e’ septal 0,79 75 93 Sohn DW et al (1999) '

TD onda E mitral -0,95 100 96 Temporelli PL et al (1999) *
TD onda D pulmonar -0,91 100 100 Chirillo F et al (1997) 7
Pico de aceleragao da onda E mitral 0,84 77 94 Nagueh SF et al (1996)
TRIV -0,76 72 88 Nagueh SF et al (1996) '
EVPF 0,88 72 100 Nagueh SF et al (1996) '
TD onda E mitral (FEVE <45%) 0,78 76 100 Nagueh SF et al (1996) '

E = pico de velocidade da onda E do fluxo transmitral, e’ = pico de velocidade da onda e’ do anel mitral, FEVE = Fragdo de eje¢do do ventriculo esquerdo, TRIV = tempo
de relaxamento isovolumétrico, TD = tempo de desaceleracdo, VPF = velocidade de propagagéo de fluxo

Therefore, in cases with reduced LVEF, an E-wave DT < 160
ms indicates high filling pressure.!

A set of variables can be used in cases with preserved LVEF:

¢ Peak E-wave acceleration rate (PEAR) - cutoff value =
1,900 cm/s2

¢ |sovolumetric relaxation time (IVRT) - cutoff value < 65 ms

<

* Pulmonary venous diastolic velocity DT - cutoff value
220 ms

* Peak E-wave velocity/LV flow propagation velocity ratio (E/
FPV) - cutoff value = 1.4

* Septal E/e’ ratio - cutoff = 11

All measurements have good accuracy; thus, choosing
which one to use depends on other characteristics, such as tool
availability in the software (PEAR), which may not be available
on the equipment used. In addition, reproducibility issues
should also be considered, such as variables using pulmonary
venous flow pulsed Doppler and flow propagation velocity,
which are particularly limited in this regard. Therefore, IVRT
and septal E/e’ ratio continue to be strongly recommended,
the first for being simple and practical and the second for
being commonly used in basic protocols.

Regardless of the method chosen, the standard
recommendation is to measure 10 consecutive cardiac
cycles, but this extends the testing time. Alternatively, three
non-consecutive cycles can be evaluated, provided that their
rate is 10-20% of the mean heart rate." "

Alast and simple resource to complement the assessment of
filling pressures in patients with CAF is the variable maximum
mitral inflow velocity between beats (E-wave), a consequence

Arq Bras Cardiol: Imagem cardiovasc. 2022;35(4):eabc344
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of typical rhythm irregularity in AF. This variability is reduced
in patients with increased filling pressures, making it a possible
determinant, although it is qualitative (Figure 2)."> However, as
it has no cutoff value or any form of quantification, this type of
evaluation is subjective, which justifies its use as a last option.

Finally, the resources presented here can be listed as
a logical four-step sequence (Figure 3). This proposition
corroborates the 2016 guidelines of the American Society of
Echocardiography and the European Society of Cardiovascular
Imaging for the assessment of diastolic function, and it respects
the balance between assessment accuracy, practicality, and
availability. It is important to note that, regardless of the
variable chosen and/or available at each stage, the use of more
than one determinant is recommended.’

Final considerations

Although the concepts chosen to justify our assessment of
diastolic function are quite clear, some points are debatable, as
is the case of attributing the presence of diastolic dysfunction to
the mere occurrence of AF, a flawed concept not explicitly clear
in the literature. However, considering these logical aspects, it
makes no sense to grade diastolic dysfunction in the absence of
a diagnosis. Therefore, while there is no more specific proposal
in this regard, this is the recommended rationale.

The assessment described here is aimed at non-valvular CAF,

i.e., in case of significant mitral valve diseases or other conditions,
the physician should use specific algorithms and common sense.

New technologies were not mentioned, as they are not the
purpose of this article, which focused on what we actually use in
current practice. Some technologies can help and considerably
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Habitual variability of mitral inflow E-waves

Less variation in mitral inflow
velocities between beats

Comparatively reduced mitral inflow E-wave
variability

Increased filling
pressure

Figure 2 — Qualitative assessment of E-wave variability in atrial fibrillation.

1. RT velocity

Determinants of increased filling pressures in
cases of atrial fibrillation

2. E-wave DT (decreased left ventricular ejection fraction)
3. Other Doppler variables (isovolumetric relaxation time)
4. Decreased E-wave variation (qualitative)

Use more than one determinant

Figure 3 - Sequence for assessing diastolic dysfunction in atrial fibrillation.

simplify the assessment of diastolic function in patients with AF,
such as special transducers capable of simultaneously recording
mitral annulus and transmitral flow tissue Doppler.'®2° However,
such tools are not used in current practice.
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What is the importance of cardiovascular
assessments in pediatric patients with
cancer?

Pediatric oncology has greatly progressed in recent decades
due to the development of more effective treatment protocols;
in fact, 5-year disease-free survival rates now exceed 80%.
However, despite improved survival rates, the cardiovascular
risks arising from these therapies are 5- to 6-fold greater
in long-term surviving oncology patients than the general
pediatric population.? Thus, cardiovascular events, such as
myocardial infarction, heart failure, and stroke, are the major
cause of non-cancer death in these patients.’

Cardiotoxicity is defined as any structural or functional damage
incurred by the heart and circulation during or after cancer
treatment. These changes may be caused by chemotherapeutic
agents, radiotherapy, or even the disease itself (Table 1).
Cardiotoxicity may present as symptomatic or asymptomatic
heart failure, pericardial changes, arrhythmias, thromboembolic
events, arterial hypertension, or valve and coronary diseases®*
and can be classified by time of onset as follows:*

* Acute cardiotoxicity: occurs soon after treatment initiation
but is rare; may be reversible; most commonly presents as
arrhythmias and ventricular dysfunction (Figure 1).

* Early-onset cardiotoxicity: occurs in the first year after
the end of cancer treatment; usually progressive, featuring
ventricular dilation and dysfunction.

* Late-onset cardiotoxicity: diagnosed after the first year of
the end of treatment and is more common; characterized by
dilated or restrictive cardiomyopathy (Figure 2).

What are the main risk factors for
cardiotoxicity?

* Age, especially in children younger than 5 years of age, and a
high risk of cardiotoxicity in children younger than 1 year of age;
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¢ Female sex;

* Accumulated anthracycline doses greater than 240 mg/m?,
but it depends on individual susceptibility, with reports of
cardiotoxicity at doses lower than 100 mg/m?, and THERE IS
NO SAFE DOSE;

* Thoracic radiotherapy at doses above 30 Gy greatly
increases the risk of cardiotoxicity, as does associated use of
anthracyclines;

» Combined therapies, such as cyclophosphamide, vincristine,
mitoxantrone, among others, can potentiate toxic effects on
the cardiovascular system. Special attention should be directed
to new-generation drugs (tyrosinase inhibitors, chimeric
antigen receptor T-cell therapy, immune checkpoint inhibitors,
etc.) and its impact on the myocardial units;

* Pre-existing risk factors include arterial hypertension,
valvular heart disease, cardiomyopathy, congenital heart
disease, and previous high-risk treatment for cardiotoxicity;

* Alcohol, tobacco, and illicit drug use;

» Comorbidities including diabetes, obesity, kidney disease,
endocrinopathy, infection, and previous thrombosis; and

* Others include trisomy 21, African descent, and genetic
predisposition.®

How to proceed with echocardiographic
follow-up?

These patients should be followed up using multimodal
imaging methods, electrocardiography, metabolic screening,
and specific biomarkers whenever available. The patient
should always be assessed before (initial tests), during,
and after treatment (long-term follow-up). The objective
is the early detection of cardiovascular changes. Thus,
echocardiography is a useful tool due to its high accessibility,
noninvasive nature, and low cost in addition to diagnosis of
any subclinical dysfunction.

Cardiotoxicity is traditionally diagnosed by echocardiography
as a 10-point drop in left ventricular (LV) ejection fraction
(LVEF) compared to the initial assessment test (<55% is
reference for pediatric patients).'® However, this diagnosis by
LVEF or shortening fraction alone is suboptimal, as it does not
include preclinical myocardial injury changes but is affected by
common conditions such as sepsis, pulmonary hypertension,
and hyperhydration. Thus, volumetric LVEF (two- or three-
dimensional), myocardial deformation, and diastolic analyses
are fundamental to better follow-up.
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Figure 1 - Acute cardiotoxicity. Images of a 10-year-old female patient diagnosed with acute lymphocytic leukemia. Left ventricular global longitudinal strain (GLS) was
obtained from four- (A), two- (B), and three-chamber (C) images. Bullseye plot (D) showing discreet ventricular dysfunction. Left ventricular ejection fraction (LVEF) =
50%. Reduced GLS = -17.7% with changed segmental contractility.
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Figure 2 - Late-onset cardiotoxicity. Images of a 22-year-old woman with a history of acute lymphoblastic leukemia taken 18 years after the end of cancer
treatment. Left ventricular global longitudinal strain (GLS) obtained from four- (A), two- (B), and three-chamber (C) images. Bullseye plot (D) showing ventricular
dysfunction. Left ventricular ejection fraction = 31%. Very reduced GLS = -7.6% with changed segmental contractility and areas of dyskinesia (blue). (E) Left
heart chamber dilation.

In younger patients, this could be shortened in the two-
chamber apical view and the area-length or bullseye method
using the formula V = 5/6 of the short-axis basal area x LV
length (Figure 3C) as an alternative.

Three-dimensional LVEF analysis (Figure 3D) is a promising
method. The software currently performs semi-automated
calculations to estimate the three-dimensional volume with
improved image acquisition and data processing. However,
this remains challenging to perform in the pediatric population.

Echocardiographic assessment:

LV systolic function

Volumetric LVEF analysis

The biplane Simpson’s method (Figures 3A, 3B) for
estimating myocardial function from LV volumes overcomes
the limitations of shortening methods and the Teichholz
formula derived from linear M-mode or two-dimensional

measurements. It should be the test of choice for myocardial
function analyses in patients with cancer. Most popular
volumetric techniques to obtain LVEF are Simpson’s method.

Arq Bras Cardiol: Imagem cardiovasc. 2022;35(4):ecom33
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LV global longitudinal strain

Myocardial strain analysis derived from two-dimensional
speckle tracking is growing in popularity that is less dependent
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Table 1 - Cardiovascular system damage caused by main oncological

treatments used in pediatric oncology patients.”®

Agent Examples Cardiovascular damage
Doxorubicin Arrhylthmla .
. L Ventricular dysfunction
Anthracyclines Daunorubicin e
“Mitoxantrone Myocardial fibrosis
Endothelial dysfunction
Arrhythmia
' Cyclophosphamide Endothelial dysfunction
Alkylating agents Busulfan Pericardial effusion
Thrombosis
Cytarabine (Ara-C)
! ' Cisplatin Arrhythmia
Antimetabolites Methotrexate Myocardial ischemia

Tyrosine kinase
inhibitors

Vinca alkaloids

Radiotherapy

Immunotherapy

5-Fluorouracil

Imatinib
Dasatinib
Pazopanib

Vincristine

Immune checkpoint
inhibitors
CAR T-cell therapy

Arterial hypertension
Endothelial dysfunction
Prolonged QTc
Thrombosis
Ventricular dysfunction
Pericardial effusion

Myocardial ischemia

Pericarditis

Valve disease

Coronary artery disease
Systemic arterial
hypertension
Ventricular dysfunction

Arterial hypertension
Endothelial dysfunction
Prolonged QTc
Thrombosis
Ventricular dysfunction
Pericardial effusion

*Mitoxantrone is usually allocated to the anthracycline class, but studies show a
different cardiotoxicity mechanism. It is 10x more cardiotoxic than doxorubicin.®

on angle and easier to calculate than that from tissue Doppler.
It also has low intra- and interobserver variability." A global
longitudinal strain (GLS) reduction of 15% compared to the
initial baseline test appears to be a good cutoff value for the
early detection of anthracycline-induced cardiotoxicity.' In
the absence of an initial assessment for comparison, GLS
values lower than -17% increase the sensitivity for diagnosing
cardiotoxicity when associated with biomarkers, mainly high-
sensitivity troponin.'?

Strain to detect subclinical ventricular dysfunction in
patients with preserved global myocardial function (EF%)
can be an excellent method for the early diagnosis of cardiac
compromise by oncological treatment.

LV diastolic function

Diastolic function changes in the adult population with
cancer may precede systolic dysfunction; therefore, it
represents an early sign of LV functional changes. However,
further studies of this topic are needed in the pediatric
population in clinical practice using Doppler indices such as
mitral valve E/A ratio, deceleration time, E/e’ ratio (Figures 4A,
4C, 4D), and indexed left atrial volume (Figure 4B).

The left atrium (LA) plays an important role in LV filling
pressures and LV diastolic function. Although the focus of
myocardial function is the LV, currently studies suggest that
the LA assessment may be related to the early detection of
LV dysfunction. Furthermore, LA function is associated with
prognosis in heart failure. Adults treated with anthracycline
showed a significant change in LA strain (LAS). A small study
of children showed that changes in LA function demonstrated
by LVEF, strain, and strain rate were mild in children and young

Figure 3 - (A, B) Biplane Simpson’s method. Apical four- (A) and two-chamber (B) left ventricular volumetric analysis. (C) Area-length or bullseye method used to determine
left ventricular ejection fraction (LVEF). (D) LVEF analysis performed using the three-dimensional method.

Page 3 of 6

<< SUMARIO

Arq Bras Cardiol: Imagem cardiovasc. 2022;35(4):ecom33



Gallafrio et al.
Echocardiographic Assessment of a Pediatric

Review Article

+MV Peak E Vel
Vel  99.9 cmis
G 4 mmHg
\ MV Decel Time
Vmax 101 cm/s
Max PG 4 mmHg
Time  201ms
=MV Peak A Vel
59.7 cmis

+Med E Vel 124 cm/s
::Med A" Vel 812cmls |
E/Med E”

...... 25t 0318

ECO PEDIATRICO
5-1

81
= EJA Medial 153} -

Hade in6pss

TIS0.6 MI14

B

LAA4Cs

Atrial Length 3.54 cm

Atrial Area 8.11cm?

Atrial Volume 134mi
#LAAZCS

Atrial Length 3.14cm

Atrial Area 7.1 cm?
|__Atrial Volume 13.0ml

LAESV Index (A4C) 15.2 mi/m?

LAESV Index (A2C) 14.8 ml/m?,

LAESV (BP) 13

LAESVindex (BP) 158

+LatE Vel 18.4cm/s
szLat A" Vel 8.79 cm/s
_ ElLatE
~ E’/A Lateral

Figure 4 - ALeft ventricular (LV) diastolic assessment. (A) Pulsed Doppler of mitral valve flow showing peak velocities during early ventricular diastole (E), atrial contraction
(A), and deceleration time. (B) Left atrial volume assessment performed at the end of systole in the apical four- and two-chamber planes. (C) Tissue Doppler with septal
mitral annulus velocities. (D) Tissue Doppler with mitral annulus velocities on the lateral wall of the LV.

adults exposed to anthracyclines. In pre-adolescence, the effects
of anthracyclines were more significant in this population.’>*
Another study compared survivors of childhood cancer exposed
to anthracyclines who were =1 year out from completing
chemotherapy with controls. Those exposed to higher
anthracycline doses had worse peak LAS (reservoir phase).
The authors suggested that further studies of LAS as a potential
marker of cancer therapy-related cardiac dysfunction are
indicated and may provide insight into the prompt detection,
treatment, and recovery of myocardial function.™

This new echocardiographic option such LAS is encouraging
but still under investigation; for the time being, there is no
evidence in the pediatric population of its predictive value of
clinical outcomes.

Right ventricular function

The American Society of Echocardiography recommends the
use of fraction area change (FAC), tricuspid annular plane systolic
excursion (TAPSE), and Doppler analysis for the assessment of
right ventricular (RV) systolic function in children.'®

FAC assesses the RV area in end-diastole and systole on
apical four-chamber view of the modified RV (Figure 5A). Values
< 35% indicate RV systolic dysfunction.'” TAPSE measures RV
longitudinal shortening on an apical four-chamber view by
M-mode in the tricuspid valve annulus (Figure 5B)."”

On tissue Doppler imaging, the RV lateral wall S” wave
velocity is easy to measure, reliable, and reproducible;
moreover, itis highly correlated with other RV systolic function
measurements (Figure 5C). Velocities < 10 cm/s indicate right
systolic dysfunction.'”

Arq Bras Cardiol: Imagem cardiovasc. 2022;35(4):ecom33
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New techniques such as three-dimensional
echocardiography (Figure 5D) have been useful for obtaining
more accurate volume and LVEF measurements that have
excellent correlation with magnetic resonance imaging (MRI),
the gold standard for evaluating RV EF and volume.™ RV strain
was also validated to assess RV function (Figure 5E)."

Further studies in the pediatric population with cancer
are needed to define the usefulness of RV strain for the early
diagnosis of cardiotoxicity.

Guidelines are lacking regarding how often imaging
screening should be performed at each stage of pediatric
cancer treatment; thus, further studies are needed to enable
standardization. The Children’s Oncology Group® published
long-term follow-up guidelines for standardization. However,
individualizing follow-up based on treatment history is the best
strategy in cases of early diagnosis.

Role of multimodality

Cardiac MRI, an important diagnostic tool in the follow-up
of pediatric cancer patients, features excellent reproducibility
and is unaffected by a limited acoustic window or complex
ventricular geometry.

Cardiac MRI, which plays an important role in preclinical
lesion detection, allows the diagnosis of early interstitial
edema on a T2-weighted view and of the subsequent
myocardial fibrosis by T1 mapping and late gadolinium
enhancement.

The disadvantages of routine use of this method are its low
availability in national medical services, high cost, and need
for sedation in young children.?
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Figure 5 - Right ventricular (RV) systolic function assessment. (A) RV fraction area change. (B) Tricuspid annular plane systolic excursion. (C) Tissue Doppler showing
tricuspid annulus velocities on the lateral wall of the left ventricle. (D) Three-dimensional analysis of RV volumes and ejection fraction. (E) Apical four-chamber plane

focusing on the RV for calculation of the RV global longitudinal strain.

Conclusion

Despite the growing number of cardio-oncology studies,
imaging guidelines and robust longitudinal scientific studies of
pediatric populations are lacking. Echocardiography has become
an important imaging method for diagnosing cardiotoxicity.

We strongly recommend volumetric EF% as the primary tool for
following these patients. Independent of which method is being
used to obtain EF%, a quality control program should be instituted
to avoid a variability higher than 10% in each echocardiology
laboratory. We also strongly support LV GLS measurements as an
early sign of subclinical manifestation of cardiotoxicity.

We encourage left atrial strain analysis, but it should be
recognized that it remains an early phase of research requiring
more data.

Cardiac MRI is a solid technique that is underused
mostly due to economic reasons and scarce availability to
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Introduction

Contrast echocardiography (CE) uses ultrasound enhancing
agents (UEA) that, when introduced into the bloodstream
and subjected to ultrasound (US), contrast the blood due to
the great reflective capacity of microbubbles. It completely
opacifies the left ventricle (LV), with better definition of
endocardial borders, Doppler signal enhancement, and
myocardial perfusion (MP).

Commercially available second-generation UEA are
composed of high molecular weight gases surrounded by an
outer shell of albumin, phospholipid, or polymer. These inert
structures aggregate and remain within the intravascular space,
presenting kinetics similar to those of red blood cells but at less
than half their size (1.0-4.5 um), which allows them to pass
the pulmonary capillary barrier and reach the left chambers.
They are predominantly excreted through the lungs, have
a high metabolism (half-life, 10-12 min), do not deposit in
the tissues, and, unlike iodinated contrast agents, present no
known risk factors of nephrotoxicity.'2

Adverse events and safety of UEA

Adverse events related to UEA use are rare, being mostly
transient and self-limiting. In a meta-analysis of 110,500
patients, the incidence of severe allergic and anaphylactoid
reactions immediately after UEA administration was estimated
in 0.009% and 0.004%, respectively.® Aggeli et al. evaluated
5,250 patients and found supraventricular arrhythmias
(0.1-0.5%), ventricular arrhythmias (0.02-0.20%), headache
(5.3%), back pain (0.5%), dizziness (7.4%), and hypersensitivity
reactions (0.44%) as the most frequent adverse events related
to contrast echocardiography. That study reported no cases of
death or acute myocardial infarction (AMI) related to UEA use.*

According to the latest American Society of Echocardiography
guideline, UEA use is safe in adolescents and children over
5 years of age for Doppler signal enhancement and regional
parietal motility (RPM) assessments as well as in children and
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adults with patent foramen ovale and a small right-to-left
shunt. Furthermore, its use is safe in patients with pulmonary
hypertension. UEA is contraindicated in patients with a known
allergy to its components; moreover, data are lacking on its safety
in pregnant women and children under five years of age. As with
other advanced echocardiographic modalities, the unit must be
properly equipped to manage possible serious complications.’®

Cost-effectiveness of UEA

A prospective cohort of 632 consecutive studies of patients
with technically limited windows showed a significantly increased
number of LV segments visualized after UEA administration
versus no UEA in different settings and scenarios (inpatient,
intensive care unit, operating room, and elective patients).

The analysis of RPM abnormality detection also showed
an increased number of segments visualized with versus UEA
in the same scenarios.

The same study evaluated the impact of the association
of UEA with echocardiography on the clinical management
of these patients. An influence of the contrast-enhanced
technique was demonstrated in 35% of cases considering
the drug treatment change and the reduced performance
of invasive tests such as transesophageal echocardiography
or those involving radiation exposure. These results were
associated with a cost reduction of USD 122 per patient.®

Image generation techniques

The interaction between US and microbubbles is crucial
for blood contrast. The use of low-energy US pulses, i.e.,
with a mechanical index (MI) < 0.2, makes the microbubbles
resonate, producing harmonic frequencies that enable the
assessment of LV opacification and the study of MP. The use
of an ultrasonic pulse with a high Ml (>0.8) makes the gas
microbubbles expand, retract, and eventually break, thus
losing their reflective capacity.

LV opacification images must be acquired with respect to
some technical aspects. In addition to the low MI, the focus
should be positioned at the level of the mitral valve to reduce
microbubble destruction. The ventricular cavity should be
homogeneously filled by UEA, with an acoustic shadow on
the left atrium and no swirls in the apical region.

Most current devices have presets for UEA use.

UEA administration techniques

UEA infusion amount and rate affect imaging quality.
High doses attenuate (cause a shadow) the image, while low
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doses shorten the enhancement duration. A rapid infusion
rate can lead to high UEA concentrations at the ventricular
apex, causing attenuation artifacts in the LV basal region by
generating a shadow on the ventricular cavity, while a slow
infusion rate can lead to swirl formation and incomplete
opacification (Figure 1 e Video 1).

Initially, peripheral venous access should be punctured in
one of the upper limbs (preferably antecubital) with a larger
caliber catheter (18-22) to preserve microbubble integrity.
Connectors and intermediate tubes should be avoided, as
should the use of a 3-way tap with the syringe containing
the UEA in the straight position and the saline solution in the
transverse line (T) since the microbubbles can be destroyed
in the tap “curve.” After UEA infusion, the subsequent saline
solution flush should be delivered smoothly and slowly.

In Brazil, the available UEA is the SonoVue® (Bracco,
Italy), which is used in a bolus infusion of 1.0 mL of pure
agent followed by a bolus of 10 mL of 0.9% saline solution
for each group of images to be acquired. It is also possible
to optimize this bolus by lifting the injected arm 90 degrees
(usually the right upper arm). The volume should be adjusted
in subsequent injections according to obtained image quality.

Clinical applications

The only formal recommendation approved for UEA
use in the assessment of cardiovascular disease is aimed at
LV opacification when at least two contiguous myocardial
segments are not well visualized during the conventional
echocardiographic study. However, current guidelines supported
by recent scientific evidence consider other applications such as
MP and intracardiac mass assessment, spectral Doppler signal
enhancement, and stress echocardiography.®

Quantification of volumes, EF, and regional LV parietal
motility

Echocardiographic windows with suboptimal images and
the presence of myocardial trabeculations hinder the correct

identification of the blood interface with the compacted
myocardium. After UEA injection, the contrasted blood fills
the intra-trabecular spaces up to the compacted myocardium,
allowing a more accurate assessment and making ventricular
volume measurements more reproducible. These images
should be acquired when the LV is completely opacified
and the volumes quantified by the two-dimensional biplanar
method performed by tracing the interface of the compacted
myocardium and the ventricular cavity, excluding the trabeculae
(Figure 2).” Ventricular volumes obtained by CE are greater
than those found in non-contrast two- and three-dimensional
echocardiograms with good correlation with the ventricular
volumes found in cardiac magnetic resonance imaging.?

RPM analysis is a subjective assessment that depends on
image quality. Thus, UEA should be used to assess ventricular
volumes, quantify ejection fraction, and in situations in which
volume analysis and RPM require diagnostic accuracy, such as
in coronary heart disease, cardiomyopathies, and the follow-
up of patients using cardiotoxic drugs.’

Echocardiography with myocardial perfusion

Since it presents behavior similar to that of red blood
cells, UEA works as a marker of myocardial blood flow. Thus,
myocardial perfusion echocardiography (MPE) can be used
to assess risk area during AMI, viability after AMI (no-reflow
identification), reperfusion therapy efficacy, and in the context
of chronic coronary artery disease (Videos 2A, 2B, 2C).

MPE is performed after the infusion of small UEA bolus
in low Ml images, followed by the application of a high Ml
ultrasonic pulse — called a flash — to destroy the microbubbles
and allow the subsequent analysis of their refilling in the
myocardium (Figure 3).°

MP can be quantitatively evaluated through software post-
processing (not yet commercially available for clinical use) or
qualitatively evaluated through visual analysis. Qualitative
analysis uses a semi-quantitative score with the following
graduations: 1 = normal MP (with intense enhancement
within 4 s after the flash); 2 = hypoperfusion (normal or

Ideal opacification

Attenuation
- Dark shadow

mid-distal field of
cardiac structures

Swirl
- Inappropriate

obstructing the entire

opacification pattern

Ideal administration enables homogeneous
left ventricular filling

Correction

Cause

- Wait for dissipation
- Slower infusion
rate

- Decrease infusion

- Very fast
administration rate

dose
Cause Correction
- Very slow - Increased
administration rate administration dose
- Mechanical index
C L and rate
too high or apically - Reduced

focused
- Reduced left
ventricular function

mechanical index
- Repositioned focus

LV: left ventricle; MI: mechanical index.

Figure 1 - Technical aspects of ventricular opacification. (a) Apical four-chamber plane focused on the right ventricle. Ideal opacification. (B) Apical four-chamber plane.

Attenuation. (a) Apical four-chamber plane. Swirling. Video 1.
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Figure 3 —Apical four-chamber plane on sample myocardial perfusion echocardiography demonstrating myocardial refilling with an ultrasound enhancing agent after a flash
(A) illustrated as a bright frame. After the high mechanical index pulse, microbubbles are destroyed (B), followed by myocardial refilling in subsequent images (C, D, E).

rarefied enhancement 4-10 s after the flash); and 3 = no MP
(little or no enhancement more than 10 s after the flash). Thus,
normal myocardial refilling should occur in up to 4 s at rest
and in up to 2 s during stress. The presence of normal MP in
a given segment is considered a sign of myocardial viability.

Intracardiac abnormalities

Masses can correspond to innocent structures such as
a false tendon, accessory papillary muscle, and prominent
trabeculation; or pathological structures such as a thrombus
or tumor. Thus, UEA can be used to confirm or exclude a
suspected finding in this context.

Intracardiac thrombi

Despite advances in other imaging modalities,
echocardiography is the most commonly. used initial
diagnosis and risk stratification tool for patients predisposed
to developing intracardiac thrombi.

LV thrombi are commonly located in the apical region.
Their identification by conventional echocardiography can be
challenging; however, using CE, the thrombus is visualized as
a “filling defect” since the UEA does not penetrate its interior
since it is an avascular structure (Figure 4A)."

Intracardiac masses

MPE characterizes the vascularization of cardiac masses,
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helping differentiate between malignant and benign tumors.
This evaluation is qualitative and based on the visual analysis
of the UEA refill time after a flash.

Benign tumors such as myxomas are poorly vascularized and
have a perfusion similar to that of the myocardium (Figure 4B).

Malignant tumors are hypervascularized. Thus, increased
tumor mass perfusion suggests malignancy (Figure 4C)."

Hypertrophic cardiomyopathy

CE can be performed in suspected cases of hypertrophic
cardiomyopathy (HCM), especially the apical variant in which
cardiac apex visualization is challenging.

Complete opacification of the LV by the UEA allows the
identification of apical segment hypertrophy and the typical
spade-like shape of the ventricular cavity in diastole (Figure 5A).
Complications associated with HCM such as apical aneurysm
and thrombus can also be identified."

Noncompaction myocardium

Complete opacification of the LV cavity facilitates the
recognition of deep trabecular recesses characteristic of
noncompaction myocardium, increasing differentiation between
compacted and non-compacted portions of the myocardium.'*

Complications after myocardial infarction

In limited echocardiographic windows, CE may be essential
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for visualizing LV aneurysm and associated complications such
as thrombus (Figure 5C). Pseudoaneurysms, free wall rupture,
and interventricular septum communications can also be
identified using UEA."

Stress echocardiogram

CE can increase the sensitivity, specificity, and diagnostic
accuracy of tests under physical or pharmacological stress
due to the adequate visualization of endocardial borders and
RPM (Figure 6).'

The UEA should be administered with the patient at rest and
later at peak stress 5-10 s before the end of the exercise or during
the infusion of the pharmacological agent using the same route
to compare the two moments. Additionally, an MP analysis helps
assess subtle contractility abnormalities due to subendocardial
ischemia since perfusion abnormalities occur before parietal
motility abnormalities in the progression of the ischemic cascade."”

Therefore, the use of UEA during stress echocardiography
is recommended whenever at least one myocardial segment
is not well visualized."

Figure 4 - (A) Apical four-chamber plane on sample myocardial perfusion echocardiography focused on the right ventricle showing an unenhanced mass consistent
with a thrombus. Video 3A. (B) Apical four-chamber plane of a left atrial myxoma mass with almost no enhancement.Video 3B. (C) Apical four-chamber plane of a right
ventricle metastasis. The hypervascular mass demonstrates increased perfusion and areas of necrosis. Video 3C.

Figure 5 - (A) Apical four-chamber plane on cardiac echocardiography demonstrating apical myocardial hypertrophy. Video 4A. (B) Apical two-chamber plane on cardiac
echocardiography focused on the left ventricle showing an apical aneurysm with a thrombus. Video 4B.

Figure 6 — Sample contrast echocardiography under pharmacological stress with dobutamine and atropine. (A) Apical four-chamber plane at rest showing normal regional
parietal motility and myocardial perfusion (red arrow). Video 5A. (B) Apical four-chamber plane at peak stress showing akinesia and a myocardial perfusion defect in the

apical region (red arrow). Video 5B.
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Conclusion

CE is considered an essential component of a modern
echocardiography laboratory due to its ability to provide unique
information that improves the diagnosis of cardiovascular
disease. Implementing UEA requires knowledge on agent-
specific imaging protocols, a process that identifies patients
likely to benefit from its use, and sound laboratory policies
that ensure quality, efficiency, and safety.
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The Role of Cardiac Magnetic Resonance in patients with

Amyloidosis and Aortic Stenosis

0 Papel da Ressonancia Magnética Cardiaca em Pacientes com Amiloidose e Estenose Adrtica
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Abstract

Cardiac magnetic resonance imaging (CMR) plays an
important role in the diagnosis and prognosis of various heart
diseases. The incidence of cardiac amyloidosis and aortic
stenosis has been increasing in recent years, especially with the
aging population, and their possible coexistence has created
frequent diagnostic challenges in clinical practice. CMR assumes
an important value in this context due to its unique capacity for
multiparametric assessment evaluations that include anatomical,
functional, and histopathological aspects. The present review
aimed to increase our knowledge of the diagnosis and prognosis
of amyloidosis in the presence of aortic stenosis and highlighted
the importance of CMR in this scenario.

Introduction

The coexistence of cardiac amyloidosis (CA) and aortic
stenosis (AS) has increasing relevance in clinical practice due
to its high prevalence, diagnostic difficulty, and therapeutic
management challenges. Primary CA forms feature amyloid
light chain amyloidosis (AL) and transthyretin amyloidosis
(ATTR) as the main presentations affecting up to 25% of
octogenarians, especially the latter. On the other hand, AS has
a prevalence of up to 4% among individuals over 70 years,?
with calcific degeneration as its main etiological landmark.
CA’ affects an estimated 5-16% of patients with major AS,
reaching 30% in cases of low-flow low-gradient AS.?

The correlation between the two diseases can be explained
by several factors, with the common prevalent age group
being the most important. The second factor is related to the
histological analysis of valves removed in valve replacement
surgeries, demonstrating amyloid deposits in 74% of stenotic
aortic valves, inferring the possibility of AS and CA having a similar
pathophysiological pathway.* Another possible factor is mediated
by increased AS afterload, which would potentially trigger
amyloid protein accumulation in the ventricular myocardium.*
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The prognosis of patients with CA and AS tends to be worse
than that of patients with isolated AS, which directly interferes
with its therapeutic management. CA alone has a variable
prognosis. The reported median survival of patients with ATTR
is 24.1-69.2 months, while that of patients with AL is 3.5-26.4
months® (Figure 1). In a retrospective study, patients with ATTR
+ major AS had significantly better 1-year overall mortality than
those with major AS alone (56% vs. 20%, p < 0.0001).° A study
of patients with ATTR + AS versus AS alone showed that the
former had an overall mortality that was almost twice as high
(mean follow-up, 1.7 years) regardless of transcatheter aortic
valve replacement (TAVR) or exclusive clinical maintenance
(24.5% vs. 13.9%; p < 0.05). There is also evidence of no
difference in 2-year mortality rates between patients with
isolated ATTR and those with major ATTR + AS (33% vs. 37%,
respectively; hazard ratio, 1.22; 95% confidence interval,
0.62-2.42; p = 0.566), even among the latter undergoing
valve replacement, which suggests that ATTR would have
a greater impact on mortality.® On the other hand, there is
evidence of improved prognosis among patients with ATTR +
AS undergoing valve replacement versus those remaining on
clinical treatment,*” while small studies reported the superiority
of TAVR to surgical aortic valve replacement (SAVR) in patients
with ATTR + AS.2 Due to the higher prevalence of ATTR versus
AL, it is important to emphasize that most patients with CA +
AS included in the studies have the ATTR form.

Due to the high prevalence and impact of the association
between CA and AS, it is essential to investigate CA in patients
with AS who are eligible for valve replacement. Diagnostic
flow involves three main steps: 1) identifying suspected signs;
2) performing scintigraphy/monoclonal protein peak surveys;
and 3) defining the diagnosis (with vs. without biopsy or
genotyping). Cardiac magnetic resonance imaging (CMRI) is a
fundamental diagnostic method for CA in the presence of AS
(Figure 2) due to its ability to detect relevant morphological
functional changes. CMRI can also individualize the prognosis
of CA and AS by aiding the identification of patients who will
benefit most from valve replacement.

CMRI diagnosis

Cardiac adaptations to increased afterload by AS are
similar to those that occur in CA (e.g., concentric left ventricle
remodeling). In addition, the presence of other diseases, such
as coronary insufficiency and systemic arterial hypertension,
interferes with the accuracy of several methods in the diagnosis
of AS-associated CA. In this context, CMRI performs well
(sensitivity, 85%; specificity, 92%) for diagnosing CA.> Due
to its multiparameter analysis, it is also fundamental in the
diagnosis of AS-associated CA (Figure 2) or AS alone.
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Figure 1 - Median survival of patients with AL vs. ATTR amyloidosis.
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Figura 2 - Proposed diagnostic algorithm for CA in the presence of AS. Positron emission tomography diagnostic criteria: target-to-blood pool ratio > 1.5 or retention

index > 0.030 min-1.

Anatomical functional parameters

Left ventricular (LV) myocardial mass thickening and
increases, atrial dilatation, and LV diastolic and systolic
dysfunction are common in ATTR and AS but more severe
when coexistent.

Patients with ATTR + AS versus AS alone have a higher LV

Arq Bras Cardiol: Imagem cardiovasc. 2022;35(3):eabc320

<< SUMARIO

mass index (105 = 21 vs. 73 = 21 g/m?) as well as a lower LV
ejection fraction and stroke volume (43 + 17 vs. 52 = 18% and
33 £10vs. 44 + 13 mL/m?, respectively)." Myocardial thickening
tends to be septally asymmetrical in the presence of ATTR, with
a prevalence of 79%, versus concentrically thickened in AL.

Characteristics that are common in CA but uncommon in
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AS are pericardial effusion, interatrial septal thickening, biatrial
dilatation (Figure 3), atrioventricular valve thickening, and RV
thickening (with or without isolated systolic RV dysfunction). Atrial
wall thickening occurs in up to 70% of patients with ATTR + AS.®

Histological parameters

Noninvasive myocardial histological analysis by CMRI
is based on the proton relaxation properties of each
tissue used to identify the presence of localized or diffuse
fibrosis. Different techniques (late enhancement, native
myocardial T1 mapping, myocardial extracellular space
volume calculations, myocardial-blood inversion time
rate analysis, and myocardial edema investigation) can be
used for cardiac tissue characterizations with quantitative
measurements that assess the extent of damaged induced
by amyloid substance deposits.

Native myocardial T mapping

Native myocardial T1 mapping, which analyzes the
magnetic characteristic of tissue proton relaxation, is performed
without a gadolinium injection. Its primary advantage involves
the early identification of myocardial fibrosis, especially that
with diffuse distribution, which may not be identified by
late enhancement, making the diagnostic evaluation more
sensitive. Normal myocardial T1 values may vary according
to the machine used and are usually between 950 and 1,050
ms. Patients with isolated CA, CA + AS, or isolated AS may
present with a prolonged T1, being significantly higher in
patients with CA. Patients with ATTR + AS have higher native
T1 values than those with isolated AS (native T1: 1,125 + 49
vs. 1,035 = 60 ms; p = 0.002).

Myocardial edema research

Myocardial edema may be present in CA but is uncommon
in isolated AS. It is diagnosed through T2 time mapping
or specific T2-weighted sequences without the need for a

gadolinium injection. The presence of myocardial edema
with AS should prompt the investigation of other concomitant
heart diseases.

Late myocardial enhancement

Late enhancement, which is based on preferential
gadolinium uptake in tissues rich in extracellular matrix,
aids in the contrast of healthy and pathological myocardium
minutes after its administration. The enhancement pattern
changes according to etiology. In ATTR, there a basal-apical
enhancement distribution occurs that can spare the apical
segments (Figure 4). AL has its own characteristics with
circumferential subendocardial involvement. The presence of
late enhancement in the atrial myocardium (Figure 5) or the
RV is frequent in CA, with a prevalence of atrial enhancement
of up to 90% and of RV enhancement of 37-97% of ATTR
+ AS cases.® Late enhancement occurs in up to 40% of
isolated AS cases, being mainly present in the LV with a focal
mesocardial pattern.

Extracellular volume (ECV) analysis is estimated based on
native myocardial T1 time, post-contrast T1 time, and patient
hematocrit at the time of the examination (normal ECV values
are <25 to 27%).° Both CA and AS can increase myocardial
ECV, but greater increases are seen in the presence of CA,
particularly the ATTR type. Patients with ATTR + AS have
higher ECV values than those with isolated AS (41.2 £ 16.7
vs. 27.9 = 4.1%; p < 0.001).° ECV values > 40% are rare in
diseases other than CA. In advanced CA stages, ECV can be
more important for the diagnosis than T1 mapping.

Prognosis by CMRI

Patients with CA + AS lack formal therapeutic
recommendations regarding the approach to AS, which
makes its treatment challenging. A prognostic evaluation
before valve replacement is essential, and CMRI can aid the
decision, especially through late enhancement analysis and

Source: collection Dr. Pedro Macedo. ATTR, transthyretin amyloidosis; LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle. .

Figure 3 - Cine-resonance image taken of a patient with ATTR amyloidosis showing biatrial dilatation, increased myocardial thickness,

and a mild pericardial effusion.
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Source: collection Dr. Tiago Serna.

Figura 4 - Images taken of a patient with AS and ATTR amyloidosis. (A) Computed tomography image demonstrating calcific AS (valve area, 1cm2; valvular calcium score,
1,270). (B) Cardiac magnetic resonance images showing diffuse late myocardial enhancement more evident in the mid-basal segments compatible with the diagnosis of
ATTR CA (orange arrow: late enhancement present; blue arrow: late enhancement absent).

Source: collection Dr. Pedro Macedo. LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.

Figure 5 — Images of atrial fibrosis (white arrows) in a patient with ATTR amyloidosis.

ECV. Late enhancement is a poor independent prognostic
factor for all heart diseases. Moderate to severe AS carries
an eight-fold increased risk of mortality regardless of stenosis
severity. An increased relative risk of major cardiovascular
events after aortic valve replacement in the presence of late
enhancement has also been documented, as has the possibility
of left ventricular dysfunction maintenance post-aortic valve
replacement in the presence of late enhancement.®

ECV has excellent prognostic value in patients with ATTR +
AS since it is correlated with mortality (Figure 6). An ECV < 25%
is protective regardless of exclusive clinical treatment or valve
replacement, with no reports of cardiovascular death within 1 year."
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Increased native myocardial T1 mapping interpreted
in isolation showed only a tendency to be correlated with
prognosis in patients with ATTR + AS, but the difference
was not statistically significant (Figure 6)." Further studies
with a greater number of patients may provide additional
information about the use of native myocardial T1 mapping
in the prognostic definition of this patient group.

Conclusion

CA and AS are increasingly encountered in clinical
practice, mainly due to an increased number of diagnoses
and continued population aging. The diagnosis of CA
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Figure 6 — Mean survival of patients with CA + AS by ECV (A) or T1 time (B).

should be considered in cases of suspicious signs or when
phenotypic cardiac changes are noted beyond those
expected according to AS severity. CMRI, which plays an
important role in the diagnosis and prognosis of patients with
CA + AS, is a fundamental test that enables more assertive
therapeutic decisions.
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Abstract

Background: Myocardial work (MW) is a novel imaging
modality that has emerged as a potential left ventricular
(LV) function assessment in various clinical settings. MW
calculates speckle-tracking echocardiography strain curves
with an estimated LV pressure curve by non-invasively
utilizing standard brachial blood pressure curves. Objective:
This study aimed to provide a summary of current knowledge
of non-invasive MW and its clinical applications, including
in heart failure, coronary artery disease, cardiomyopathy,
and hypertension. In addition, the limitations, and
recommendations of MW in clinical practice are discussed.
Methods: We searched the PubMed database using the
following keywords: (myocardial constructive work) OR
(wasted septal work) OR (global myocardial work) OR
(myocardial work) OR (myocardial constructive work) OR
(novel echocardiography). We further subjected 12 studies
to full-text review and included them in this systematic
review. Results: While MW indices, particularly global
work index and global constructed work, have shown good
correlations with ejection fraction (EF) and strain parameters,
the opportunity of offering incremental information that is
unaffected by loading conditions has made MW application
particularly useful in a variety of clinical settings. Conclusion:
Compared to EF and global longitudinal strain, MW is
a promising test with higher sensitivity and accuracy for
identifying individuals with cardiovascular disease. Clinicians
should also evaluate symptoms and electrocardiographic
findings until extensive multicenter studies validating this
strategy are performed to establish the incremental value of
MW in daily echocardiographic assessments.
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Introduction

The assessment of left ventricular (LV) systolic function is
critical in all echocardiographic studies. The first-line method
for describing LV systolic function is LV ejection fraction (LVEF).
Despite its widespread usage, LVEF depends on geometric
presumptions and is extremely load-dependent, resulting
in substantial loss of reproducibility, and may be driven by
changes in geometry and it is insufficiently sensitive at detecting
decreasing ventricular function. All of these issues encouraged
the exploration of novel myocardial function indicators.?

In the last decade, speckle-tracking echocardiography (STE)
has transformed LV function evaluations. Peak global longitudinal
strain (GLS), obtained from STE, has arisen as a highly sensitive
method of detecting early LV dysfunction and has been utilized
instead of LVEF in several clinical settings.> However, many
studies have shown that GLS, similar to LVEF, has significant
load dependency; hence, itis affected by elevated pre- or after-
load.* In recent years, myocardial work (MW) has emerged as
an alternative myocardial function assessment tool.

Russel et al. further evaluated MW non-invasively by
coupling STE segmental strain curves with an estimated LV
pressure curve in which systolic cuff pressure is employed
as a substitute for LV peak pressure.> The method has been
validated for many diseases, with high concordance to that of
the invasive method.® This application is beneficial because it
combines blood pressure measurements with a non-invasive
approach using a simple brachial cuff, making the technology
feasible in everyday practice in echocardiography facilities.
As a result, MW is an alternate tool for assessing cardiac
mechanics and a less load-dependent but non-invasive LV
performance assessment method.”8

Here we aimed to provide an up-to-date summary of
the current understanding of non-invasive MW, its clinical
application, future direction, limitation, and recommendation
in clinical practice.

MW definition and analysis

The MW echocardiographic assessment procedure uses
the same principle and practical approaches as the two-
dimensional image capture process for GLS analysis by STE.
The following are the MW and its component, namely global
work index (GWI), global work efficiency (GWE), global
constructed work (GCW), and global wasted work (GWW)
presented in Table 1.

Using the same bull’s-eye plot as for the GLS analysis, the
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GWI bull’s-eye canals are visually evaluated using a color scale,
with red indicating high work, green indicating normal work,
and blue indicating negative work. The shift from zero to a
negative number on the color scale of wasted effort is shown
in dark blue. As a result, lighter blue indicates decreased but
still positive work, whereas deeper blue is used to code the
transition to zero. On the other hand, GWE is also shown in a
segmented bull’s-eye format with numerical values and colored
scaling. Green denotes locations with high efficiency (closer to
100%), while red denotes poor efficiency areas (closer to 0%).°

Table 1 - Definition of myocardial work components.®

Variable Meaning

Total work within the area of the left
ventricular (LV) pressure-strain loop, from
mitral valve closure to mitral valve opening

Global work index

Myocardial work performed during LV
shortening in systole and LV lengthening
during the isovolumic relaxation phase

Global constructive work (GCW)

Myocardial work performed during LV
lengthening in systole and LV shortening
during the isovolumic relaxation phase

Global wasted work (GWW)

Global work effiiency Calculated as the ratio of GCW/(GCW +

Method

This systematic review was designed and performed
in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines. We
reviewed English-language studies published during the last
10 years that investigated the clinical application of MW
in cardiovascular diseases, particularly heart failure (HF),
coronary artery disease (CAD), cardiomyopathy (CMP), and
hypertension (HTN).

Two independent authors searched the PubMed database
on March 5, 2022, using the following keywords: (myocardial
constructive work) OR (wasted septal work) OR (global
myocardial work) OR (myocardial work) OR (myocardial
constructive work) OR (novel echocardiography). Only
studies that were previously peer-reviewed were considered
for inclusion in our review. Reviews, case reports, editorials,
comments, and letters were excluded. The study consort
flowchart is shown in Figure 1.

Each abstract was examined separately by the authors. If
at least one of the authors considered the research suitable,
the full text was reviewed. In the event of disagreement, the
authors discussed the reasons for their judgments before
reaching a final resolution. Data were extracted from the
studies, recorded in Microsoft Excel, and checked and
confirmed by two authors (SL and HK). The extracted data of
each study included the following: authors’ names, outcome

GWW) .. .
assessed, participants, and main result.
[ Identification of studies via databases and registers ]
—
c Records removed before screening:
2 . . . Duplicate records removed (n = 0)
3 Recg;r::ggzzgfﬁd_fqoeng). Records marked as ineligible by
£ Registers (n =_0) > automation tools (n = 0)
5 9 Records removed for other
k-] reasons (n = 0)
J
l Records excluded
— Review (n =9)
R 4 d (n =166 5 Case report (n = 4)
ecords screened (n ) Editorial/comment/letter (n = 15)
Non-English (n = 2)
Reports sought for retrieval
oy (n E 136) 9 »| Reports not retrieved (n = 1)
s
o
: }
G
(2]
Reports excluded:
Reports assessed for eligibility o Non-human study (n = 43)
(n=135) - Non-cardiovascular disease (n = 14)
No data of interest (n = 27)
Insufficient detail (n = 39)
)
—
K
° Studies included in review (n = 12)
% Reports of included studies (n = 0)
c
)

Figura 1 - Fluxograma do consorcio de estudos da reviséo sistematica.
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Results

Atotal of 166 were obtained from PubMed and subjected
to title and abstract screening. Thereafter, 136 studies were
subjected to full-text screening. One study was excluded
because no full-text article was identified. After application of
the inclusion and exclusion criteria, 12 studies were included
in this systematic review.

The MW clinical applications in cardiovascular diseases
assessed by the 12 studies differed: four assessed HF, two
assessed CAD, five assessed CMP, and one assessed HTN. The
baseline study information is shown in Table 2, while the baseline
MW information in clinical applications is shown in Table 2.

Discussion
Clinical Application of MW

Heart failure

Predicting therapeutic advantages and outcomes in HF
patients undergoing cardiac resynchronization therapy (CRT)
was the first and most promising use of segmental MW.
CRT is now used to treat symptomatic HF patients with an
LVEF of 35% and a wide QRS complex.' MW appears to
be capable of identifying patients who may benefit from
cardiac resynchronization. According to a recent study, GWW

Table 2 - Baseline information of the myocardial work in clinical application.

No. Study :)sust::srzz Participants Intervention Main result
Clinical and echocardiographic 0 o
42 patients with HF (mean age, ~data were collected before ((;VE)IV(\)I;)Jecreased from 39  21% to 17 £ 7% with CRT
1" ~749 H (A
1 Vecera J, et al. HF 72+£12 years,74lAa males)l and at a median of 8 (IQR, WW in the septum together with WMSI was a strong
planned for CRT implantation 6-13) months after device .
implantation predictor of a CRT response
97 patients with HF (ejection STE was performed before CRT
2 Gall E. etal® HF fraction: 27 £ 6%; QRS duration and at the 6-month follow-up. >15% reduction in LV end-systolic volume at follow-up
’ ' 164 £ 18 ms) underwent PSL analysis: calculation of CW  GCW was significantly increased in CRT responders
planned CRT implantation and WW
Additional value of GMW for EF and GLS were not independent variables when
508 patients (mean age, 62.9+  connection with composite Sﬁg\ga;imc;ugﬁjvbn:@%gn%dgh % had a substantiall
3 Wang CL, et al.”? HF 15.8 years; 29.1% female) with  outcome (all-cause death and higher risk of all i 9 OHF hospitalizati Y
LVEF < 40% HF hospitalization), clinical and 91" fisk of all-cause mortality and HF hospitalization
echocardioara hic,variables (HR, 3.33; 95% Cl, 2.31-4.80) than patients with a
grep GMW > 750 mmHg%
At follow-up, exercise intolerance in the spironolactone
group was followed by a substantial improvement in
At baseline and 6-month follow- GCW exertional rise (P = 0.002) but not GLS
4 Przewlocka- HE 114 patients (57 randomized to  up, resting and immediately ﬁ:kg];;e/;;zIzhzxner:is:::::igr?;I‘Ailsirg];:epﬁ]nge(?\x/yfrom
Kosmala M, et al.* spironolactone, 57 to placebo)  post-exercise echocardiogram . 9 oA D= .
assessing GLS and MW indices baseline to follow-up (b = 0.24; P = 0.009) but not with
9 GLS (P = 0.14) at 6 months.
There was no significant interaction between
spironolactone usage and peak VO, (P = 0.97).
Patients with significant CAD demonstrated a
. significantly reduced global MW (P < 0.001) versus
coonay angiograph aho tose wihout CAD
Edwards NFA had aan)_IVElg >955f; yno Three hours before cardiac MW outperformed GLS (area under the curve = 0.693)
5 ’ CAD . — =997 T catheterization, TTE was as the most effective predictor of severe CAD (area
etal.” resting regional wall motion
' ) performed under the curve = 0.786)
abnormalities, and no chest . -
ain The optimum global MW cut-off value for predicting
P substantial CAD was 1,810 mmHg% (sensitivity, 92%;
specificity, 51%)
The percentages of decreased GWI, GCW, and GWE as
well as the percentage of increased GWW were found in
patients with versus without LV remodeling:
GWI (1,708 + 522 mmHg% vs 1,979 + 450 mmHg%;
600 STEMI patients divided Non-invasive myocardial work P < 0.001)
6 Lustosa RP, et al.®® CAD  according to the presence of LV  indices were measured at 3 GCW (1,941 + 598 mmHg% vs 2,272 + 519 mmHg%;

remodeling

months after STEMI

P <0.001)

GWE (92% [range, 88-96%)] vs 95% [range, 93-96%];
P <0.001)

GWW (116 mmHg% [range, 73-184 mmHg%)] vs 91
mmHg% [range, 61-132 mmHg%]; P < 0.001).
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82 patients with non-obstructive
HCM and 20 age-matched

i 19
7 Gali €, et al. CMP healthy subjects (58 + 7 years;
P =0.99) underwent STE
110 patients with non-
Hiemstra YL, et obstructive HCM and 35 healthy
8 2 CMP
al. age- and sex-matched control
subjects
74 patients who underwent
TTE and strain analysis before
9 Chan J, etal?! CMP  coronary angiography were
divided into control, HTN, and
CMP groups
10 Cui G, etal 2 cMP 30 ywth DCM and 30 healthy
patients as the control group
1 gzwensen TS cMP 100 patients with CA
165 subjects (55 controls, 60
12 Tadic M, et al.® HTN HTN patients without DM, and

50 HTN patients with DM)

All HCM patients underwent
clinical examination,

standard and STE, 48-h
Holter monitoring, and
cardiopulmonary exercise test

Clinical data were collected
from the department of
cardiology information system
and the first echocardiogram
available was used

TTE was performed
immediately prior to coronary
angiography

After 6 months of medical
treatment, conventional
echocardiography and MW
were examined, and the
measurements on the 6-min
walk test were compared before
and after therapy

The patients were followed
prospectively from the time of
echocardiography until death or
censoring on March 31, 2019;
MACE and death during follow-
up were registered

This cross-sectional study
performed a complete two-
dimensional echocardiographic
examination including two-
dimensional STE

GCW (1599 + 423 vs 2248 + 249 mmHg%; P < 0.0001)
was significantly reduced in HCM versus control group
No difference was observed in GWW (141 + 125
mmHg% vs 101 + 88 mmHg%; P = 0.18) and LVEF (63
+13% vs 66 + 4%; P =0.17)

In HCM, GCW was the only predictor of LV fibrosis in
the multivariable analysis (OR, 1.01; 95% Cl, 0.99-1.08;
P =0.04).

A cut-off value of 1,623 mmHg% was able to predict
myocardial fibrosis with good sensitivity and fair
specificity (82% and 67%, respectively)

GCW (1,722 £ 602 vs 2,274 + 574 mmHg%; P < 0.001)
GWE (93% [89-95%)] vs 96% [96-97%]; P < 0.001)
GWI (1,534 + 551 mmHg% vs 1,929 + 473 mmHg%)
were significantly reduced

GWW (104 mmHg% [66-137 mmHg%] vs 71 mmHg%
[49-92 mmHg%]; P < 0.001) was increased in patients
with HCM versus control subjects

Patients with a GCW > 1,730 mmHg% experienced
better event-free survival than those with a GCW <
1,730 mmHg% (P < 0.001)

Increase in GCW and GWW. GLS, GWI, and GWE were
significantly reduced in CMP (P < 0.05)

GCW was elevated in HTN Grade1 but did not reach
significant levels (P = 0.87; 2361 + 377 mmHg%) and
significantly elevated in HTN grade 2/3 (P = 0.0001;
3057 + 403 mmHg%) when compared with controls
(2184 £ 192 mmHg%)

GWW was elevated in both HTN subgroups but not
statistically significant

GMW differences between controls and cases were
significant (P < 0.05)

The GWI and 6-min walking distance increased after
treatment, while the LV ejection fraction and GLS did not
change significantly

GWI might be a marker of therapeutic efficacy

Patients with CA had significantly lower GWI and GWE
than control subjects (P < 0.0001 for all)

Patients with a GWI < 1,043 mmHg% had a higher
MACE risk than patients with an LV myocardial work
index > 1043 mmHg% (HR, 2.3; 95% Cl, 1.2-4.3; P =
0.01)

GWI <1039 mmHg% higher all-cause mortality risk than
patients with LV GWI >1039 mmHg% (HR, 2.6; 95% ClI,
1.2-5.5; P < 0.05).

GWI gradually increased from controls to HTN patients
to subjects with HTN and DM (1,887 + 289 vs 2,073 +
311 vs 2,144 + 345 mmHg%, P = 0.001)

DM demonstrated an additional negative effect on
myocardial work in HTN patients

*CA, cardiac amyloidosis; CAD, coronary artery disease; Cl, confidence interval; CMP, cardiomyopathy; DCM, dilated cardiomyopathy; DM, diabetes mellitus; EF, ejection
fraction; GCW, global constructed work; GLS, global longitudinal strain; GWE, global work efficiency; GWI, global work index; HCM, hypertrophic cardiomyopathy; HF,
heart failure; HR, hazard ratio; HTN, hypertension; LV, left ventricular; LVEF, LV ejection fraction; MACE, major adverse cardiac event; OR, odds ratio; STE, speckle-
tracking echocardiography; STEMI, ST-elevated myocardial infarction; TTE, transthoracic echocardiography; WMSI, wall motion score index.

evaluated at the septum was higher in CRT responders than
non-responders, but these indices significantly dropped after
CRT implantation, returning to normal cardiac values." In a
study of 97 patients, Galli et al. discovered that GCW is the
sole predictor of CRT response at 6-month follow-up and
closely associated with the idea of myocardial remodeling in
ischemic and non-ischemic individuals.®

A recent study reported that MW was linked to HF
hospitalizations and all-cause death. Patients with a GMW
greater than 750 mmHg% had a significantly higher risk of

Arq Bras Cardiol: Imagem cardiovasc. 2022;35(4):eabc299
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all-cause mortality and HF hospitalization than patients with
a GMW greater than 750 mmHg%. These results increase
the use of MW in EF patients by 40% and provide a safe
alternative to EF and GLS for evaluating patient survival and
future hospitalization rates.'

Coronary artery disease

When wall motion abnormalities (WMA) are not seen in
the coronary arteries, assessing individuals with coronary
artery disease is difficult. GLS was previously shown to
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be a good predictor of stable ischemic cardiopathy in
the absence of WMA."> However, agreement is lacking
on the appropriate GLS diagnostic cut-off value, which
differs widely among investigations due to clinical
features, afterload dependency, and inter-evaluator
variance. Furthermore, the contractile characteristics of
the ischemic myocardium are substantially controlled by
loading conditions, with fast transitions from hypokinesis to
dyskinesis after an abrupt increase in afterload, which serves
as the primary constraint."* MW indices demonstrated that
it can overcome this constraint and provide diagnostic
and prognostic information in chronic and acute settings.
Edwards et al. observed that, in patients with suspected
CAD but normal systolic function, GWI, GCW, and GWE
all decreased dramatically in the presence of obstructive
illness, although GWW increased modestly.'

Atthe 3-month follow-up, ST-elevation myocardial infarction
(STEMI) patients who exhibited LV ischemia remodeling
had significantly lower GWI, GCW, and GWE values but
significantly higher GWW values.’® These results imply that
MW deficiency manifests in changed (permanently anaerobic)
energy metabolism in the rebuilt myocardium.’” The regional
MW index is superior to all other echocardiographic markers
(GLS and LVEF) at detecting acute coronary artery blockages in
non-ST-segment acute coronary syndrome.®

Cardiomyopathy

GCW was the single predictor of LV fibrosis when late
gadolinium enhancement was used, and values <1,730
mmHg% were related to a poorer long-term prognosis.'**
Chan et al. described a significant decrease in GWI, GCW,
and GWE and an increase in GWW in a subgroup of patients
with dilated cardiomyopathy (DCM).?' This finding resulted
from a significant deterioration of cardiomyocytes contractile
performance in DCM patients, whether ischemic or non-
ischemic. Moreover, another benefit of MW measurement
may be its use an indication in the assessment of therapy
benefits in DCM patients.?? Another therapeutic use for MW
indicators might be in predicting significant cardiovascular
events among patients with cardiac amyloidosis (CA).? Study
by Clemmensen et al. examined the impact of LV MW in
predicting prognosis in individuals with CA. They discovered
that individuals with a GWI <1,043 mmHg% were at an
increased risk of severe adverse cardiac events, while those
with a GWI of <1,039 mmHg% were at an increased risk of
all-cause death.*

Hypertension

In hypertensive individuals, the LV pumps against higher
arterial pressure, reducing the LV stroke volume and increasing
the energy required for LV pump function, hence elevating the
global MW index.* Chan et al. discovered that patients with a
systolic blood pressure (SBP) > 160 mmHg had substantially
elevated GWI and GCW values. GWW steadily rose in patients
with an SBP of 140-159 mmHg, peaking at 160 mmHg in
those with an SBP > 160 mmHg.*'

Additionally, Tadic et al. discovered that hypertension
patients” MW values worsened compared to normotensive
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controls, but these values were considerably worse in
hypertensive patients with concurrent diabetes mellitus.
Only GCW was significantly greater in individuals with
concurrent hypertension and diabetes mellitus than those
with hypertension alone.?® Moreover, Sahiti et al. investigated
the correlation between MW with CV risk factors and sex and
discovered that the link between hypertension and obesity
and GWI was greater in women.?’

Limitation and recommendation

Although an MW analysis may be conducted on a
large proportion of patients, there are several limitations
to consider. Because MW is based on the estimated
non-invasive LV pressure from SBP measured with a cuff
manometer, its use was not highly recommended for
evaluation in pathologic situations such as aortic stenosis
(AS) in which SBP is not reflective of LV peak systolic
pressure due to the fixed obstruction caused by a stenotic
valve. Jain et al. recently recommended that the total of the
transaortic mean gradient and SBP be used to estimate the
LV peak systolic pressure in a group of severe AS patients
undergoing transcatheter aortic valve replacement (TAVR).
When MW indicators were compared before and after
TAVR, a substantial decrease in GWI and GCW was seen,
contributing to the rapid relief of the increased oxygen
demand associated with increased afterload.?® These findings
suggest that MW correction by the addition of a transaortic
mean gradient to SBP is both possible and dependable.
However, validation in larger AS patients undergoing TAVR
is required before it can be used consistently.

Finally, MW is vendor platform—-dependent and
requires specialized software that is presently solely
supported by General Electric and cannot be tested using
other software. This fact restricts the number of patients
whose data may be analyzed using this strategy and limits
the comparison of the same patient’s findings with items
from multiple vendors.>?

Conclusion

MW is a reasonable, feasible, and dependable method
of non-invasive LV function assessment enabling the
widespread use of MW measurement in the diagnostic
and treatment evaluation of various cardiovascular
diseases. MW improves LVEF and GLS assessments
by minimizing their load dependence. While current
information on MW alone is insufficient to guide
further interventions, the development of an integrated
method offering incremental value to conventional
echocardiographic measures is expected. Clinicians also
must rely on symptoms and electrocardiographic data
until multicentered well-designed research validating this
strategy in large populations is undertaken to establish
its added value and MW indices are included in routine
echocardiographic assessments.
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Introduction

Cardiac angiosarcoma is a rare malignant endothelial tumor
that is aggressive and has an adverse prognosis.'? It features a
high mortality rate because of the tendency for local recurrence
and high incidence of systemic metastases." Therefore, its early
diagnosis is very important, as is the determination of its
local and distant extension, to ensure its proper therapeutic
management. The objective of this case report was to show
the value of positron emission tomography associated with
computed tomography with 18-fluorodeoxyglucose (*F-FDG
PET/CT) in the diagnosis and staging of cardiac angiosarcoma.

Caso Report

A 39-year-old man with dyspnea and palpitations at rest for
approximately 15 days was admitted to the emergency room with
signs of cardiac tamponade and underwent pericardiocentesis.
During the hospitalization, the pericardial effusion recurred,
which required a pericardial window and biopsy. The pericardial
fluid showed a hematic aspect and high cellularity with a
predominance of lymphomonocytic and low glucose, motivating
empirical treatment with rifampicin, isoniazid, pyrazinamide,
and ethambutol for possible tuberculosis.

Transthoracic echocardiography showed a fixed mass
adherentto the lateral wall of the right ventricle (RV), right atrium
(RA), and posterior tricuspid leaflet measuring approximately
30 mm X 34 mm. Transesophageal echocardiography
showed a solid homogeneous mass adherent to the lateral
wall of the RA projecting into the RV inlet and causing a flow
obstruction with dimensions of 58 mm X 47 mm and without
vascularization by microbubbles.

As the patient’s condition failed to improve despite
treatment, it was necessary to continue the investigation to
better diagnose the cardiac mass. Magnetic resonance imaging
(MRI) was not possible because of hemodynamic instability
(lipothymia) at the time of the examination.
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Therefore, the patient was referred for '8F-FDG PET/CT
imaging. This examination revealed a cardiac mass with an
epicenter in the RA (Figures 1 and 2), heterogeneous density,
a more inferior solid component, and a superior area of
necrosis/liquefaction measuring approximately 75 mm x
60 mm x 86 mm with a maximum standardized uptake value
(SUVmax) of "8F-FDG of 19.6. Diffuse nodular thickening of
the entire pericardium, including its recesses (SUVmax of 16.0)
and hypermetabolic thoracic lymph nodes, was also observed
with no evidence of distant metastases.

These findings were suggestive of a high-grade primary
malignant cardiac tumor. An anatomopathological study
revealed that it was a fusocellular neoplasm (Figure 3), and
the immunohistochemical study findings were compatible
with angiosarcoma, with positive Ki-67 staining in 50% of
the neoplastic cells.

Discussion

Primary cardiac angiosarcoma is a clinically rare cardiac
neoplasm, with approximately 200 cases described
to date’ and an incidence of approximately 0.017%.>
It is highly invasive and has a poor prognosis.? This tumor
can occur in any part of the heart, but it most frequently
occurs on the right side, especially in the RA, and rarely in
the epicardium, pericardium, and RV.? It usually causes chest
pain, vomiting, cough, hemoptysis, shortness of breath,
fatigue, and arrhythmia. It has a high mortality rate owing
to the tendency for local recurrence and high incidence of
systemic metastases.’

The late diagnosis and rarity of these tumors makes
it difficult to define the best treatment and prognostic
factors. In addition, they are resistant to radiation and
chemotherapy,? therefore, surgical resection is currently
considered the ideal treatment modality. In the present case,
surgical excision was not possible because of the extent of
cardiac involvement. One week after the biopsy, the patient
experienced new cardiac tamponade, underwent another
pericardial window, and on the 3™ day after the procedure

died suddenly.

With the development of new imaging techniques, an
increasing number of cases are being diagnosed earlier.?
CT, MRI, and "F-FDG PET/CT can help determine the
extent of infiltration and presence of potential metastases.
On contrast-enhanced CT, cardiac angiosarcomas commonly
show inhomogeneous centripetal enhancement. Cardiac
MRI allows for better characterization of the soft tissues and
tumor in addition to being superior to CT in the assessment
of myocardial and pericardial infiltration.?

Page 10f 3


https://orcid.org/0000-0001-5573-7489
https://orcid.org/0000-0002-7330-7674
https://orcid.org/000-0002-7616-7389
https://orcid.org/0000-0002-8932-1032
https://orcid.org/0000-0001-9899-1612

Silva et al.
Primary Cardiac Angiosarcoma

Case Report

Source: authors' personal files.

Figure 1 — Maximum intensity projection image of positron emission tomography associated with computed tomography with 18-fluorodeoxyglucose showing a marked
increase in glycolytic metabolism in the cardiac mass involving the right atrium and ventricle (solid black arrow) with extension to the pericardium (dotted black arrows).
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Source: authors' personal files.

Figure 2 — Positron emission tomography (PET) associated with computed tomography (CT) with 18-fluorodeoxyglucose (18F-FDG) images (A, coronal CT, PET, and
PET/CT sections; B, CT, PET, and PET/CT sagittal sections; C, CT, PET, and PET/CT axial sections) showing marked accumulation of 18F-FDG in the tumor (red cross

marker) and sparse hypermetabolic foci in the pericardium (black arrows).

Moreover, "8F-FDG PET/CT has been used to better
characterize and stage these tumors, as it aids the accurate
determination of the tumor’s extent, metabolic activity, and
potential metastases, as it is a whole-body examination."*
In addition, it makes it possible to characterize a malignant
tumor in a non-invasive way,* which is very important for
sparing the heart muscle.

The tumor metabolic characterization on '®F-FDG PET/CT
is based on the calculation of the SUVmax of FDG on the
tumor mass versus the glucose uptake of the blood pool and
the normal myocardium, permitting differentiation between
hypermetabolic tumors and myocardial physiological
uptake. In such a way that uptake is low in the blood pool
and normal myocardium, it is higher in benign tumors and

Arq Bras Cardiol: Imagem cardiovasc. 2022;35(4):eabc337
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significantly higher in malignant primary tumors. Using
a SUVmax cutoff of 3.5, the sensitivity in determining
malignancy can reach 100%, while at a cutoff of slightly
higher than 4.6, the specificity increased to 100%,
although sensitivity decreased to 94%. Therefore, the use
of an SUVmax cutoff of 3.5-4.6 has good accuracy for the
diagnosis of malignant cardiac tumors.®

In the present case, '8F-FDG PET/CT clearly demonstrated
the extent of the primary tumor and the high uptake of
"F-FDG in the cardiac lesion (SUVmax of 19.6), indicating the
malignant nature of the tumor. This diagnostic approach makes
it possible to characterize a malignant tumor noninvasively.
Here we highlight the potential of '8F-FDG PET/CT for
diagnosing and staging primary cardiac angiosarcoma.
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Figure 3 - Fusocellular neoplasm composed of cells with moderate atypia that outlines the vascular spaces (black arrow).
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Real-time Three-Dimensional Echocardiogram in the Identification of
Late Complications in the Follow-Up After Mitraclip® Implantation

Aplicacao do Ecocardiograma Tridimensional em Tempo Real para Deteccao de Complicacoes Tardias no

Seguimento Pés-Implante de MitraClip®
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Introduction

Conventional surgery is the treatment of choice for severe
mitral valve regurgitation." However, it is not feasible for
patients at high surgical risk, who have high morbidity and
mortality rates despite clinical treatment. Percutaneous valve
treatment (MitraClip) has been evolving as a therapeutic
perspective for this population, with reduced heart failure (HF)
hospitalization and all-cause mortality rates.?>*

Three-dimensional transesophageal echocardiography
(3DTEE) has an additive role during clinical follow-up,
especially in cases of suspected late complications with high
detail of valve anatomy and clip positioning with cardiac
structures. Additionally, due to the greater anatomical accuracy
of this test, complications resulting from the procedure can
be safely detected in real time.

This report describes a case of 3DTEE use in the diagnosis
and evaluation of complications in the traditional follow-up
of MitraClip implantation.

Case report

A 67-year-old man with a history of hypertension with
dilated cardiomyopathy and significant functional mitral
regurgitation who underwent MitraClip implantation in
October 2021 was admitted five months after the procedure
with chest pain and dyspnea on usual exertion. A transthoracic
echocardiogram (TTE) showed two clips in the mitral position
and significant mitral regurgitation in addition to significant bi-
atrial and left ventricular enlargement with diffuse hypokinesia
(25% ejection fraction calculated by the Simpson method).

Real-time 3DTEE to confirm mitral regurgitation and loss
of the late result demonstrated that one of the clips had lost
the capture zone related to the posterior leaflet. (Figure 1 and
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Video 1) Color Doppler showed two eccentric regurgitant jets,
one directed at the interatrial septum and the other, of greater
magnitude, related to the lateral wall of the left atrium (Figure 2
and Video 2), totaling a significant degree of regurgitation (Vena
Contracta 3D: 0.9 cm?). The patient’s HF was compensated
for with clinical measures and diuretic therapy, and the heart
team chose a new outpatient percutaneous approach with a
third clip implant strategy to treat the lateral mitral regurgitation
jet (A1/P1 segments).

In April 2022, the patient was electively admitted
for 3DTEE-guided implantation of the third clip without
complications. This new implanted clip stabilized the one that
had lost capture of the posterior leaflet and treated the lateral
regurgitation jet (A1/P1) with consequent mitral regurgitation
reduction. (Figure 3 and Video 3)

Discussion

Real-time 3DTEE, a fundamental imaging modality for the
careful evaluation of patients eligible for MitraClip implantation,
plays an important role in all stages of the procedure. Its role
was established in the assessment of patient eligibility for
device implantation through a systematic evaluation and
use of recommended objective measurements.*> Moreover,
3DTEE aids the dynamic intraoperative assessment of each
procedural step.>®

The MitraClip system is safe and features low rates of adverse
events. Although the complication rate is low, the ideal format
for clinical and echocardiographic follow-up should be better
understood.® This case report reinforces the additional value
of the three-dimensional resource in pre- and intraoperative
assessments as well as in the late follow-up of patients
undergoing percutaneous mitral valve repair (MitraClip).

In the case described here, conventional echocardiography
showed signs of device failure with recurrent severe mitral
regurgitation. The use of real-time 3DTEE provided detailed
anatomical data of the different segments of the mitral valve
with anatomic correlation and allowed the exact identification
of the mechanism of mitral regurgitation, showing that
MitraClip failure captured the posterior leaflet of the mitral
valve and related clip hypermobility. TTE was limited by
artifacts generated by the attached clip, which impaired
the identification of the cause of the loss of the late result
by the device. Moreover, 3DTEE allowed the topographical
identification of the segment related to loss of capture (A1/P1)
and helped plan treatment with an additional clip to approach
the residual lateral insufficiency jet.
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Figure 1 - Three-dimensional transesophageal echocardiogram (3DTEE) with three-dimensional reconstruction showing MitraClip capture loss.

Figure 2 - (A) TEE with multiplanar slices showing the MitraClip with loss of the posterior leaflet capture zone. (B) The presence of two jets, one eccentric, directed to
the lateral wall and compatible with significant mitral valve regurgitation in the post-MitraClip implantation follow-up.

Figure 3 - (A) TEE showing mild mitral valve regurgitation in intraoperative control after implantation of the third MitraClip. (B) Three-dimensional reconstruction of the
mitral valve with the presence of a double fenestration and a percutaneous device (MitraClip).

Mitral regurgitation severity was assessed using conventional ~ especially those related to the complex geometry of the mitral
parameters and 3D color Doppler echocardiography with  valve and its annulus, can be assessed through the three-
quantification of the Vena Contracta 3D area. Buck et al. ~ dimensional resource. Partial clip displacement was described in

demonstrated that mitral valve geometry and left ventricle ~ 4-10% of cases.”® Decisions about patient management should
size and function may be associated with mitral regurgitation ~ consider new clip implantation and optimal clinical therapy. In
progression in the post-MitraClip® follow-up; such parameters,  exceptional cases, mitral valve surgery may be indicated, but it
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must always be a shared heart team decision since most patients,
especially those with HF, are at high surgical risk.

The amount of leaflet tissue captured at the time of device
implantation and aspects related to mitral valve and left
ventricle geometry influence the late outcomes of patients
undergoing MitraClip device implantation. Follow-up should
include TTE and, in cases of suspected results loss, 3DTEE is
indicated since it can add relevant anatomical information to
aid our understanding of the exact mechanism of result failure
and subsequent planning.
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Percutaneous Closure of Multiple Atrial Septal Defects with
Hemodynamic Repercussions: Report of Two Cases in

First-Degree Related Adult Patients

Fechamento Percutaneo de Comunicacao Interatrial Miltipla com Repercussao Hemodinamica: Relato de
Dois Casos em Pacientes Adultos Parentes de Primeiro Grau
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Introduction

Atrial septal defects (ASD) account for 7-10% of congenital
heart anomalies.”? ASD are classified as three anatomical
types: ostium secundum (OS) (70% of cases), ostium primum
(15-20% of cases), and sinus venosus (5—-10% of cases) defects.
OS involves the fossa ovalis region and results from poor
embryological development of septum secundum or excessive
absorption of septum primum resulting in the lack of a septum
in the fossa ovalis.'

Affected patients are usually asymptomatic. Exercise
intolerance in the form of dyspnea or fatigue is the most
common initial presentation.” Echocardiography is a
fundamental tool in the diagnosis and management of patients
with ASD. Transthoracic echocardiography (TTE) identifies ASD
type and size, shunt direction, and the presence of anomalous
sinus venous drainage. Three-dimensional transesophageal
echocardiography (3DTEE) details the morphology and
anatomical relationships of the atrial septum, providing
fundamental information for choosing treatment.

Based on European guidelines for the diagnosis and
treatment of congenital heart diseases, the indications for ASD
closure are the presence of atrial and/or right ventricular (RV)
dilatation on echocardiography, magnetic resonance imaging
(MRI), or computed tomography with no severe pulmonary
hypertension and presenting one or more of the following:
minimum 10-mm ASD diameter on echocardiography, or Qp/
Qs ratio > 1.5:1 measured by echocardiography or contrast-
enhanced MRI (class | recommendation; level of evidence, B).
Sinus venosus, coronary sinus, or ostium primum ASD must
be surgically repaired.?

ASD with hemodynamic repercussions should be closed
to improve right chamber size, decrease pulmonary arterial
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pressure, and improve symptoms of reduced functional
limitation.3 Several hospital services implemented the
percutaneous closure of OS ASD due to shorter hospitalization
time and fewer complications than surgical treatment. Thus,
this study aimed to report the presence of OS ASD with
hemodynamic repercussions in two first-degree related adults
undergoing percutaneous treatment.

The study was approved by the Research Ethics Committee
of Hospital de Urgéncias de Goiania (CAAE number
85497418.2.0000.0033).

Case 1

RCAS, a 41-year-old man, asymptomatic from the
cardiovascular point of view, underwent TTE on February
20, 2018, which showed a patent foramen ovale (PFO)
with large passage of microbubbles and a large interatrial
septum aneurysm associated with ASD with hemodynamic
repercussions (Qp: QS 2 and moderate right chamber
enlargement).

On April 6, 2018, a 3DTEE was performed for the
morphological and functional assessment of the ASD closure
procedure. A multi-fenestrated ASD was visualized in a
predominantly posteroinferior location of the septum and
PFO (Figures 1A, 1B). The three-dimensional image was
fundamental in choosing the device to be implanted, as it
showed the reconstructed image of the interatrial septum
in which each fenestration and edge was demonstrated in
relation to the adjacent structures.

Thus, the multi-fenestrated ASD was occluded with the
PFO from the successful implantation of two Amplatzer ASD®
cribriform prostheses of 30 and 25 mm without clinical or
angiographic complications or residual shunt (Figures 2A, 2B).

The patient’s condition progressed without clinical or
hemodynamic complications in the immediate postoperative
period, and he was discharged on April 8, 2018. He returned
to the service on September 1, 2021, for a late follow-up
3DTEE, which showed an intact interatrial and interventricular
septum, well-positioned occluding devices in the topography
of the interatrial septum, and no residual shunt after an
agitated saline injection (microbubble test) (Figures 3A, 3B).

Case 2

RPASC was a 39-year-old woman with dyspnea on minimal
exertion and slowly progressing exercise intolerance.
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Figure 1 - Transthoracic echocardiography pre-percutaneous closure procedure performed on April 6, 2018. A. Two-dimensional image of a multi-fenestrated atrial septal
defect (ASD; five fenestrations). B. Three-dimensional image of a multi-fenestrated ASD.

Figure 2 — Percutaneous procedure for closing a multi-fenestrated atrial septal defect (ASD) with patent foramen ovale on April 6, 2018. A. The implantation of two
Amplatzer ASD cribriform prostheses (30 and 25 mm). B. Microbubble test showing no residual shunt.

On November 10, 2021, a TTE showed slight RV
enlargement with preserved systolic function (S, 10 cm/s;
tricuspid annular plane systolic excursion, 19 mm; fractional
area change, 42%; no indirect signs of pulmonary hypertension
pulmonary artery trunk, 21 mm in diameter; inferior vena
cava (IVC), 12 mm in diameter; respiratory variability, greater
than 50%; and estimated pulmonary arterial systolic pressure,
24 mmHg]), and the presence of two OS ASD, one more
anterior measuring 18 X 9 mm and another closer to the IVC
measuring 6 X 5 mm, with hemodynamic repercussions. The
estimated Qp/Qs was 1.7 with septal borders greater than 5
mm. A 3DTEE performed in another service showed two OS
ASD measuring 12 X 14 mm and 4 X 4.3 mm and 12 mm
apart with hemodynamic repercussions.

Therefore, percutaneous treatment was indicated due to
the presence of an ASD with hemodynamic repercussions
(right chamber dilation, Qp/Qs > 1.5).

On November 11, 2021, the patient was taken to the
hemodynamics service for intraoperative 3DTEE, which
revealed two ASD, the larger one 15 mm and the smaller one
4.3 mm, separated by 14 mm of septal tissue, with moderate
hemodynamic repercussion (Qp/Qs, 2) and no other heart
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diseases (Figures 4A-4C). Thus, the intracardiac ASD was
percutaneously closed with two ASD® Amplatzer prostheses
(one 24 mm, the other 6 mm) in the major and minor ASD,
respectively, guided by 3DTEE without residual shunt or
clinical or angiographic complications (Figures 5A, 5B).

The patient’s condition progressed with significant clinical
improvement in the immediate postoperative period and no
hemorrhagic or hemodynamic complications. She returned
for a control TTE on December 11, 2021, which showed two
occluding devices in the interatrial septum and no residual
shunt (Figures 6A, 6B).

Discussion

The decision to repair any type of ASD is based on
clinical and echocardiographic information, including
signs and symptoms of right heart failure, defect size and
location, magnitude and hemodynamic impacts of the left-
to-right shunt, and the presence and degree of pulmonary
hypertension. Elective closure is recommended for all ASD
cases with echocardiographic evidence of RV overload or a
clinically significant Qp/Qs ratio greater than 1.5.
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AE: left atrial; VCS: superior vena cava; AD: right atrium; VCI: inferior vena cava.

Figure 3 - Echocardiogram performed on September 1, 2021, in the late postoperative period of percutaneous closure of the multi-fenestrated atrial septal defect. A.
Two-dimensional image of the occluding device in the topography of the interatrial septum. B. Three-dimensional image of the prosthesis.

Figure 4 - Three-dimensional transesophageal echocardiogram taken on November 11, 2021, showing an ostium secundum atrial septal defect (2 fenestrations) with

hemodynamic repercussions.

V2T TAZR [

Figure 5 — Percutaneous closure of two atrial septal defects (ASD) with Amplatzer ASD prostheses on November 11, 2021. A. Balloon sizing. B. Final result.

Current criteria for the percutaneous treatment of OS
ASD include a defect size < 32 mm and a 5-mm rim of
atrial septal tissue around the defect, flow through the defect
predominantly directed from the left to right atrium, presence
of signs of right chamber volumetric overload (increased
RV diameter, presence of paradoxical movement in the
interventricular septum), no fixed pulmonary hypertension,
and no associated defects requiring surgery.*

Contraindications to percutaneous treatment include
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cases in which the defect is small enough to not generate
hemodynamic repercussions or severe pulmonary arterial
hypertension with indexed pulmonary vascular resistance
above 5.0 w.m? refractory to pulmonary vasodilator testing.®

Interatrial communication has a complex anatomy when
presenting the following characteristics: stretched diameter
greater than 26 mm; deficient borders measuring less than
4 mm in the anterior, posterior, or inferior region of the
septum; two distant fenestrations; multi-fenestrated interatrial
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VE: Left ventricle; AE: left atrial; AD: right atrium; VD: right ventricular.

Figure 6 - Transthoracic echocardiogram taken on November 12, 2021, showing two occluding devices in the interatrial septum (A) and no residual shunt (B).

septum and interatrial septal aneurysm (redundant and mobile
interatrial septum with an excursion greater than 10 mm).”

The presence of two or more defects detectable on 3DTEE
and distant from one another is amenable to a transcatheter
approach since two or more devices can be safely and efficiently
implanted simultaneously. In such situations, it is important
to individually assess each of the defects. Very small defects
(2-3 mm) less than 5 mm away from the largest OS ASD can
be indirectly occluded by being covered by the disk of the
implanted prosthesis. Multiple small OS ASD (multi-fenestrated
septum), provided they are in a region with a diameter of
30-35 mm, can also be percutaneously treated through the
implantation of a prosthesis specifically for this purpose.’

This prosthesis must have a diameter 20-30% greater than
the basal ASD diameter. In cases of multi-fenestrated ASD,
the prosthesis must be specific for this type of defect, with
two retention disks joined by a thin waist. The device must
be implanted through the most central fenestration to allow
its disks cover the surrounding fenestrations.’

In this context, TTE provides evidence of the shunt
through the interatrial septum, cardiac chamber size, RV
function, Qp/Qs calculation, and pulmonary pressure
estimation, as an insufficient left atrial size can prevent
percutaneous ASD closure.®

Interestingly, 3DTEE is performed using a sizing catheter
to determine the specific anatomical properties of the ASD
such as size, location, adequate borders (aortic, mitral,
and superior, inferior, and posterior vena cava) and defect
relation with adjacent heart structures. In addition, during
the procedure, it enables visualizing of the catheters,
guiding them through the defect. Color flow Doppler allows
defect sizing and helps selecting the proper device size for
implantation, confirms the correct device position, evaluates
and grades the presence of residual leaks, when possible,
checks the need for a second device, and identifies the
presence of surgical complications.®

The advantages of 3DTEE in the study of ASD include the
clear demonstration of the characteristics of the interatrial
septum and its defects with special visualization of the extension
of the anterosuperior border that established the defect shape
and fenestration size. This imaging modality allows an en face
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communication analysis that mimics the surgeon’s view with
the advantage of being dynamic during the cardiac cycle.
After the prosthesis implantation, 3D reconstruction can help
identify device position, demonstrate and locate the arms or
disks protruding into the right atrium. This method can also be
used to assess and measure residual defects.”

This procedure presents a low complication rate. Serious
complications such as malposition and subsequent surgery
occur at a frequency of 1-5%, device embolization in 0.4-4%,
stroke in 0.1-0.3%, cardiac tamponade in 0.1%, cardiac
perforation in 0.03%, and endocarditis in 0.03%.*

An interesting fact in our report was the presence of ASD
in non-syndromic siblings. The literature shows reports of
patients with OS ASD with a positive family history of this
defect or other congenital heart malformations and co-existing
heart block. Although an autosomal dominant mode of
inheritance for familial ASD was described in some families,
the incidence of this defect in these families is many times
lower than expected for single-gene defects. Therefore, a
multifactorial mode of inheritance has been postulated due
to the presence of clinical phenotype diversity combined
with generational leaps.® According to Benson et al., the
familial ASD locus is located in the telomeric region of
chromosome 5p. It is a genetically heterogeneous disorder of
incomplete penetrance and variable expressivity that results
in the significant underestimation of the hereditary nature
(multifactorial etiology with complex polygenic interaction
and environmental factors) of this condition. The author also
suggests that the identification of ASD or other congenital
heart defects (such as interatrial septal aneurysm, persistent
left superior vena cava, bicuspid aortic valve, which occur in
0.5-1% of cases) in more than one family member should
lead to the clinical and genetic evaluation of their relatives.
Furthermore, the author emphasized that the identification
of other familial genes of ASD should provide new insights
about important cardiac morphogenesis steps that lead to
atrial septation.?

Conclusion

ASD are frequent congenital heart diseases, and a
positive family history of this defect should prompt the
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investigation of other cardiac anomalies in the index case
in addition to the investigation of first-degree relatives.
OS ASD occlusion by percutaneous implantation is a safe
and effective alternative to traditional surgical closure, but
the procedure is not risk-free and must be performed in
specialized centers by trained operators. In this context,
we highlight the role of echocardiography given the
diversity of important data obtained in the pre-, intra-, and
postoperative periods of ASD correction as well as in the
late follow-up of these patients.
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Abstract

Endomyocardial fibrosis (EMF) is a neglected but
prevalent disease in underdeveloped countries. Despite its
frequency, it is still considered a rare disease. It is marked
by the following findings: architectural distortion, ventricular
filling changes, and segmental mobility changes affecting
not only diastolic and systolic dynamics but also heart valve
function. Apical thrombi can be formed in more advanced
disease. In this case report, we revisit EMF and present the
challenging case of a 52-year-old woman with New York
Heart Association (NYHA) functional classification (FC) IV
heart failure. Resting electrocardiography revealed sinus
rhythm with left ventricular (LV) overload, high voltage vectors,
rectified ST-segment depression, and a negative T-wave in the
anterolateral region compatible with the strain pattern. The
evaluation of echocardiographic images showed marked left
atrial dilation, no ventricular dilatation, and hyper-refringent
apical occupation within the LV suggestive of a large sessile
thrombus superimposed on the endocardial fibrous layer.
Although surgery is the most supported approach in the
literature in such situations, this patient was treated with oral
anticoagulants (OAC) for 1T month and 24 days. The patient
progressed well with an improved NYHA FC. Endocavitary
contrast echocardiography performed 2 months after OAC
initiation showed regression of the apical thrombus image.

Introduction

Endomyocardial fibrosis (EMF) is a neglected but prevalent
disease in underdeveloped countries. Global estimates show
that approximately 10-12 million people have EMF, mainly
in sub-Saharan African and some Latin America regions."
In Brazil, the prevalence of the disease is 2%, with a higher
incidence in women and a female-to-male ratio of 5:1.
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The etiology of EMF remains uncertain, but its main
morphological characteristic is endocardial layer fibrosis,
predominantly in the apical region, that causes architectural
distortion, ventricular filling changes, and segmental mobility
changes affecting not only diastolic and systolic dynamics but
also heart valve functions. In addition, apical occupation by
thrombi is found in more advanced disease stages.?

Thus, the non-consolidation of the pathophysiological
and etiological mechanisms involved in EMF exacerbation
complicates therapeutic conduct decisions. In most cases,
treatment is based on symptomatic control of heart failure
and other cardiomyopathies; in more severe situations,
surgical intervention and even heart transplantation are
recommended.*

Case report

Here we describe the clinical case of a 52-year-old
woman with a history of systemic arterial hypertension,
hypothyroidism, hepatic steatosis, and gouty arthritis. She
presented with short-duration atypical stabbing chest pain
(10-15 minutes) of moderate intensity unrelated to physical
exertion and without triggering or improving factors at 2
months after the initial appointment.

Resting electrocardiography (ECC) revealed sinus rhythm
with left ventricular (LV) overload, high voltage vectors,
rectified ST-segment depression, and a negative T-wave in the
anterolateral region that may be compatible with the strain
pattern (Figure 1).

Transthoracic echocardiography (TTE) at the time of the
initial diagnosis revealed a predominantly apical increased
myocardial thickness suggestive of differential diagnoses
such as apical hypertrophic cardiomyopathy or EMF. Cardiac
magnetic resonance imaging (CMR) suggested endomyocardial
fibrosis as a cause of the apical occupancy (Figure 2).

A few months later, the patient demonstrated clinical
worsening with restrictive syndrome for which she was
hospitalized. A new TTE with sulfur hexafluoride contrast
(SonoVue) revealed marked left atrial (LA) dilation with an
indexed volume of 102 mL of 56 mL/m? (greater than in the
previous test), and a hyper-refringent apical LV occupancy
image suggested a large sessile thrombus superimposed on
the endocardial fibrous tissue measuring 24 x 21 mm that
was not present on a previous test (Figure 3).

The patient’s LV ejection fraction was preserved (58%
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Figure 1 - Twelve-lead electrocardiogram.

LV: Left ventricle

Figure 2 — Cardiac magnetic resonance image on which the yellow arrow shows endocardial fibrosis confirming endomyocardial fibrosis.

using Simpson’s method), although there were signs of severe
diastolic dysfunction (grade Ill) typical of EMF (E/A ratio =
2.9). Tissue Doppler analysis showed a reduced mitral annulus
velocity (septal e* = 3.7 cm/s; lateral e* = 5.8 cm/s; E/e”
ratio = 17.3) (Figure 4).

Oral anticoagulants (OAC) provided symptom relief. A third
TTE 2 months thereafter showed almost complete thrombus
resolution and reduced LA dimensions (Figure 5).

Discussion

This is an infrequent clinical case that lacks conduct
based on robust scientific evidence. Although its etiology
is still poorly understood, other publications such as
that of Tharakan® corroborate our findings, emphasizing
that LV EMF is characterized by several degrees of
endocardial obliteration that is usually limited to the
endocardium and presents only secondary effects in the
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myocardium without significant pericardial involvement.
LV morphology may present a dilation spectrum in the
transverse axis of the basal region assuming a spherical
shape. ECG abnormalities reflect hemodynamic changes
(LA overload) that depend on diastolic dysfunction and
mitral regurgitation degree.

TTE, associated with other imaging methods such as
CMR, is essential for the morphological diagnosis. While
TTE can be used to perform diagnostic and sequential
evaluations at lower cost and with greater availability with
the use of new techniques such as cavity contrast, which can
improve the definition of apical images for both ventricles,
CMR provides better spatial resolution and detects late
gadolinium enhancement in the endocardial layer of the
ventricular apex.®’

As previously emphasized, the therapeutic approaches
to this heart disease are quite challenging. The current
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Figure 3 - (A) Measurement of left atrial volume using Simpson’s method; (B) Intracavitary thrombus measurement; (C) Use of contrast to increase thrombus enhancement
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Figure 4 - (A) Ejection fraction measurement; (B) Doppler transmitral flow; (C) Movement of the septal mitral annular plane by tissue Doppler; (D) Movement of the

lateral mitral annular plane.

treatment is based on the symptomatic control of heart
failure. Surgical intervention for apical evacuation is
beneficial in patients with signs of severe ventricular
restriction and New York Heart Association functional class
Il or IV heart failure.®

In contrast, here we demonstrated a case of good clinical
progression after symptomatic treatment with OAC that
could not only be diagnosed with multimodality support, its
follow-up and apical thrombus resolution was supported by
TTE with cavity contrast.
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