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Association of Noonan Syndrome, Noncompaction of the
Myocardium, Hypertrophic Cardiomyopathy, and Long QT Syndrome:
A Case Series

Anna Luisa de Melo Lula Lins Pimentel," Erika Alves da Silva,’® Marcelo Dantas Tavares de Melo," Vera Maria
Cury Salemi?

Universidade Federal da Paraiba,’ Jodo Pessoa, PB — Brazil

Hospital Sirio Libanés,? Sao Paulo, SP — Brazil

Abstract

Background: The Noonan syndrome (NS) is a rare genetic disorder characterized by manifestations such as short stature,
a webbed neck, micrognathia, and hypertelorism. Although NS predisposes to cardiac disorders such as hypertrophic
cardiomyopathy (HCM), it has only rarely been associated with noncompaction cardiomyopathy (NCCM), an embryonic
anomaly defined by excessive trabeculation and formation of deep myocardial recesses. The clinical presentation of
NCCM ranges from asymptomatic to severe thromboembolic events. This study aims to describe cardiovascular changes
and outcomes in patients with NS and NCCM followed at the cardiology department of a Brazilian hospital.

Methods: Observational, longitudinal, prospective follow-up of three adult patients with the NS phenotype. All underwent
echocardiography and cardiac magnetic resonance imaging (CMR). Data such as age, sex, family history, symptom
onset, and outcomes of interest, such as thromboembolic events, heart transplantation (HTx), and death, were analyzed.

Results: All three patients followed (one male-female sibling pair and one unrelated male) had NCCM with ventricular
dysfunction. The female patient also had the long QT syndrome (LQTS). All developed apical thrombi, in the left ventricle
in two cases. The female patient underwent successful HTx, while the two males died after decompensation of heart
failure (HF) progressing to cardiogenic shock.

Conclusion: This case series highlights the need for early diagnosis and family screening of patients with NS to optimize
treatment and improve prognosis. There is no prior record in the literature of the association of all conditions described
herein in the same patient.

Keywords: Noonan Syndrome; Isolated Noncompaction of the Ventricular Myocardium; Long QT Syndrome.

trabeculation of the myocardium, resulting in formation of
deep ventricular recesses that fill with blood. The clinical
picture of NCCM can range from asymptomatic to severe
thromboembolic complications.* The diagnostic criteria
for this cardiomyopathy are not yet fully established. The
use of echocardiography and cardiac magnetic resonance

Introduction

The Noonan syndrome (NS) is a rare, predominantly
autosomal genetic condition characterized by distinct
phenotypic features, including short stature, a webbed
neck, hypertelorism, micrognathia, low-set ears, and
pectus carinatum."? NS is frequently associated with

heart diseases, such as hypertrophic cardiomyopathy
(HCM), arrhythmias, and conduction disorders, having
been described only once—in 2016—in association with
noncompaction cardiomyopathy (NCCM).?? NCCM,
also known as noncompaction of the myocardium, is a
complex embryonic disorder characterized by excessive

Mailing Address: Marcelo Tavares ¢

Universidade Federal da Paraiba. Cidade Universitaria, sn, Conj. Pres.
Castelo Branco llI. Postal code: 58051-900. Joao Pessoa, PB — Brazil
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imaging (CMR) for diagnosis is widespread, especially using
the Zurich criteria (described by Jenni in 2001) and the
Petersen criteria.*®

The prevalence of cardiac disease in adults with NS is not
well studied, but the syndrome is known to affect multiple
organs, which means clinicians must be aware of and have
a high index of suspicion for serious events arising from
the most prevalent causes.? The present report describes
three clinical cases (including one sibling pair) of patients
simultaneously affected by the NS, HCM, and NCCM, all
followed at the outpatient cardiology clinic of a Brazilian
public hospital. One of the patients also had long QT
syndrome (LQTS), a condition that compromises ventricular
repolarization; the association of NS, NCCM, and LQTS is
heretofore undescribed in the literature.” Furthermore, the
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« Early diagnosis of cardiac
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with the NS;
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and second-degree relatives.
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NS: Noonan syndrome; NCCM: noncompaction cardiomyopathy; HCM: hypertrophic cardiomyopathy; LQTS: long QT syndrome.

outcomes of each case were analyzed to highlight similarities
and differences, considering the rarity and heterogeneity
of this association. Given the growing need to elucidate
the interactions between genotype and phenotype in NS,
this report also highlights the importance of early diagnosis
of cardiac anomalies, which is essential to improving the
prognosis and quality of life of these patients. We chose to
provide a detailed description of each individual patient,
due to their particular features.

Methods

This observational, longitudinal, prospective study was
based on the follow-up of three adult patients with the NS
treated at Quaternary Hospital.

In addition to a detailed review of systems and
physical examination to collect clinical data, patients
also underwent diagnostic testing to assess cardiovascular
function and possible complications, including plain
chest radiography, electrocardiography, 24-hour Holter
monitoring, transthoracic echocardiography, and CMR —
the latter two being the preferred imaging methods for
assessing myocardial noncompaction. In echocardiography,
the most commonly used initial method, a suspected
diagnosis of NCCM is assessed by criteria such as Jenni’s,
which compares the proportion between compacted (C)
and noncompacted (NC) layers of the myocardium, with
measurements taken during systole, in which a NC/C ratio
> 2 is considered diagnostic.” CMR provides improves
spatial definition, aiding in visualization of trabeculae
and possible thrombi, especially apical ones. In CMR,
the Petersen criterion defines as diagnostic an NC:C

myocardium ratio > 2.3.° Diagnosis of the LQTS was
established by electrocardiography and 24-hour Holter
monitoring. For diagnostic confirmation, all imaging
findings and test results were reassessed by a second,
experienced specialist.

Parameters of interest included age, sex, past medical
history, family history, age at onset of cardiac symptoms,
current medications, imaging findings and laboratory test
results, and the following endpoints: development or
decompensation of heart failure (HF), thromboembolic events,
cardiac events, heart transplantation (HTx), and death.

The study was approved by the institutional Research
Ethics Committee with decision no. 0103/09. All three
participants provided written informed consent in
accordance with the provisions of Brazilian National Health
Council Resolution 466/2012.

Results

Case presentation

Case 01:

A 26-year-old male was diagnosed with dilated
cardiomyopathy (DCM) of unknown etiology. Symptoms
had developed 5 years before with lower-extremity edema,
palpitations, and progressive dyspnea. He denied chest pain,
syncope, or paroxysmal nocturnal dyspnea. However, he
had a history of pulmonary thromboembolism (PE) and was
positive for the NS phenotype (webbed neck, hypertelorism,
micrognathia, low-set ears, and right-sided cryptorchidism).

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240107
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The family history included a sister with heart disease of
unclear etiology and the same NS phenotype. Their parents
were healthy and non-consanguineous; there were no other
cases in the family. He also denied a history of hypertension,
diabetes mellitus (DM), dyslipidemia, or problem alcohol use,
and did not use tobacco or take illicit drugs. Medications
for the past 6 months included warfarin, carvedilol, losartan,
spironolactone, and furosemide.

At the first clinic visit, the patient was in no acute distress,
afebrile, with pink and moist mucous membranes and no
dyspnea at rest. Cardiovascular examination revealed visible
jugular venous distension when supine, a regular rhythm with
no third heart sound, and a grade 1l/IV systolic murmur in
the mitral area. The heart rate (HR) was 60 beats per minute
and the blood pressure (BP) 100/80 mmHg. The respiratory
rate was normal, and the lungs were clear to auscultation.
The extremities were warm and well-perfused, with grade
[/1V lower-limb edema.

Plain radiography of the chest showed an enlarged heart
shadow, and the initial electrocardiogram was notable for
evidence of biventricular hypertrophy and first-degree
atrioventricular block; 24-hour Holter monitoring recorded
several runs of nonsustained ventricular tachycardia
(NSVT). Echocardiography revealed marked biventricular
systolic dysfunction, pulmonary hypertension, mild mitral
and moderate tricuspid regurgitation, and a filling defect
consistent with an apical thrombus in the right ventricle
(RV). CMR confirmed biventricular systolic impairment
(LVEF: 0.25; RVEF: 0.21) and increased myocardial
thickness, as well as positive criteria for NCCM (NC/C
ratio: 2.7) (Figure 1).

The patient experienced initial improvement in symptoms
but was then lost to follow-up for 2 years. When next seen,
he was in fair condition, pale, with poor peripheral perfusion,
anasarca, palpitations, and dyspnea at rest, and was
hospitalized for acute decompensated HF. Cardiovascular
examination revealed jugular venous distension in the seated
position and muffled heart sounds (regular $1/52 rhythm).
The HR was 88 beats per minute and the BP 90/60 mmHg.
The respiratory rate was 30 breaths per minute; bibasilar
crackles were heard on lung auscultation. Laboratory tests
were notable for evidence of acute kidney injury and
leukocytosis. During hospitalization, PE was once again
suspected but ruled out by CT angiography. Within 36 hours,
cardiogenic shock developed despite high-dose vasopressors,
standard measures for septic shock, and intra-aortic balloon
pump placement. He died in cardiac arrest with pulseless
electrical activity.

Postmortem examination confirmed the Noonan
phenotype and myocardial involvement consistent with
NCCM. Extensive intramural fibrosis in the ventricular
myocardium and thrombi in the right atrium were found
(Figure 2). Changes secondary to congestive HF were seen
in the lungs (passive pulmonary congestion, dilatation of
the pulmonary artery), liver (chronic passive congestion,
centrilobular hepatic necrosis), and spleen (chronic passive
congestion), in addition to anasarca (ascites, pleural
effusion, and pericardial effusion). Multiple thromboembolic
phenomena were also identified, including organizing
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thrombi in the right atrium and posterior wall of the right
atrium, healed cortical infarcts in both kidneys, multiple
splenic infarcts, and widespread petechiae, as well as diffuse
alveolar damage and massive hemorrhage in both lungs.

Case 02:

A 33-year-old female presented for HCM screening after
the death of her brother (Case 01). She reported sporadic
palpitations as her only symptom. There was an established
history of infertility and the NS phenotype (Figure 3). The
family history was as for Case 01. She denied hypertension,
DM, dyslipidemia, and use of alcohol, tobacco, or other
substances. She took no medications. At the first visit, the
patient was in no acute distress, afebrile, with pink and moist
mucous membranes and no dyspnea at rest. Cardiovascular
examination was unremarkable except for a grade I/1V systolic
murmur in the mitral area; the rhythm was regular with no
third heart sound and there was no appreciable jugular
venous distension. The HR was 72 beats per minute and the
BP 110/80 mmHg. The respiratory rate was normal, the lungs
were clear to auscultation, and the extremities were warm
and well-perfused, with no peripheral edema.

A plain radiograph of the chest showed an enlarged
cardiac shadow and evidence of pulmonary congestion
(Figure 4). The initial electrocardiogram showed regular
sinus rhythm with evidence of biatrial enlargement, RV
hypertrophy, and septal hypertrophy (Figure 5); 24-hour
Holter monitoring showed prolongation of the QT interval,
as well as a single episode of NSVT. CMR was notable for
significant ventricular hypertrophy (septal thickness 17 mm
and lateral wall thickness 16 mm) and excessive trabeculation
of the anterior, lateral, and inferior walls—findings consistent
with NCCM (NC/C ratio: 2.4). There was also prominent
dilatation of the pulmonary trunk, vena cava, and hepatic
veins, as well as an apical thrombus in the left ventricle
(Figure 6).

The patient was started on warfarin, carvedilol, and
enalapril and reported improvement of palpitations. Seven
months later, she suddenly developed pain in the left leg with
associated malaise and right-sided paresthesias (including
the face). She presented to the emergency department and
was diagnosed with a transient ischemic attack involving
multiple cerebral segments. Neuroimaging was consistent
with subtotal occlusion of the proximal segment of the left
middle cerebral artery (Figure 7). Chemical thrombolysis
was performed uneventfully, and she recovered with
no residual motor or cognitive deficits. During the same
hospitalization, arteriography of the left lower extremity
confirmed acute arterial occlusion in the left femoral artery,
which was treated by surgical thrombectomy. After discharge,
the patient experienced several further episodes of acute
decompensated HF, NSVT, and QT prolongation, ultimately
requiring placement of an implantable cardioverter/
defibrillator. Despite optimization of medical therapy, over
the following year she required frequent hospitalization
for decompensated HF; HTx was indicated and performed
successfully. As of the time of writing, she remains stable
under close outpatient follow-up.
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Figure 1 - Late gadolinium enhancement CMR of Patient 1 showing diffuse delayed hyperenhancement of prominent left ventricular trabeculations, suggesting
fibrosis. This patient showed overlap of findings consistent with HCM and NCCM.

Figure 2 - Axial (A) and coronal (B) sections through the cardiac ventricles of Patient 1 showing apical views of the left ventricular cavity with polypoid,
anastomosing trabeculations (arrows) of the subendocardial layer. Short-axis cine CMR images (C) of the same patient, showing overlap between HCM
and NCCM findings.
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Figure 3 - Photographs of Patient 2 (A and B). Note the webbed neck, low-set
ears, pectus carinatum, scoliosis, and micrognathia.

Case 03:

A 24-year-old male presented with a history of
cardiomyopathy of unknown etiology, diagnosed at 3 years
of age. He had been well until age 20, when he experienced
a sudden deterioration of functional class requiring
successive hospitalizations for acute decompensated
HF. Physical examination was notable for the NS
phenotype (short stature, webbed neck, hypertelorism,
micrognathia, and low-set ears). There were no other
cases in the family. Both parents were healthy and non-
consanguineous. There was no psychomotor retardation.
The patient denied hypertension, DM, dyslipidemia, and
use of alcohol, tobacco, or other substances. Medications

included bisoprolol, ivabradine, captopril, furosemide,
spironolactone, hydrochlorothiazide, and warfarin. He
was referred to our hospital for admission due to acute
HF decompensation with dyspnea at rest, orthopnea,
paroxysmal nocturnal dyspnea, and right upper quadrant
pain. He reported no palpitations, chest pain, or syncope.

At the first visit, the patient was afebrile and well-hydrated
but appeared acutely ill, with grade 11/IV pallor and dyspnea
at rest. Cardiovascular examination was notable for a grade
I/IV systolic murmur in the mitral area, a regular rhythm with
no third heart sound, and visible jugular venous distension
while seated. The HR was 72 beats per minute and the BP
80/50 mmHg. He was tachypneic (RR 29 breaths per minute)
and pulmonary auscultation revealed bibasilar crackles. The
extremities were cold, clammy, and poorly perfused, with
marked (grade 11I/IV) lower-limb edema.

Plain chest radiographs showed an enlarged cardiac
shadow. The initial electrocardiogram showed evidence
of biatrial and RV enlargement; 24-hour Holter monitoring
recorded runs of NSVT. Transthoracic echocardiography
showed increased myocardial thickness consistent with
HCM, significant biventricular systolic dysfunction, marked
LV diastolic dysfunction with a restrictive pattern (Figure 8),
pulmonary hypertension, and a filling defect suggestive of
apical thrombus in the LV. CMR confirmed biventricular
systolic impairment (LVEF: 0.24; RVEF: 0.28) and increased
myocardial thickness, as well as positive criteria for NCCM
(NC/C ratio: 3.4). Late gadolinium enhancement was seen
in the mesocardial layer mid-apically and in the epicardial
layer circumferentially.

The patient had a stormy course complicated by
bronchopneumonia, cardiac tamponade due to pericardial
effusion requiring drainage, acute kidney injury, and mixed
cardiogenic-septic shock, dying on the 62nd hospital day.

Figure 4 - Patient 2 - PA (A) and lateral (B) chest radiographs showing pectus carinatum, scoliosis, cardiomegaly, and evidence of pulmonary congestion.
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Figure 5 - Patient 2 - 12-lead ECG showing sinus rhythm, evidence of biatrial and right ventricular enlargement, and severe septal hypertrophy.

Figure 6 - Patient 2 - CMR showing severe ventricular hypertrophy, excessive trabeculation of the anterior, lateral, and inferior myocardial walls (NC/C ratio: 2.4),
and an enlarged left ventricle with significant systolic dysfunction (LVEF: 0.20). A non-ischemic delayed enhancement pattern is visible. There is also an apical
thrombus in the left ventricle.

Figure 7 - Brain MRI: ischemic stroke secondary to involvement of multiple cerebral vascular territories. Imaging is consistent with subtotal occlusion of
the proximal segment of the left middle cerebral artery (A). The periventricular region, internal capsule, part of the caudate nucleus, posterior putamen, and
subinsular region on the left are all involved (B).

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240107



Tavares et al.
Noonan syndrome and noncompaction cardiomyopathy

Original Article

Cardiaco 2
Cerdiaco 1 /¥

In progres
pm
SOmm

M Gain=  0dB

Cal=10mm

[,
o/ Of -/2 4V1c-§ S
i3.25MHz IR LT

Cardiaco 2
Cardiaco 1

Store in progre
HR= 71bpny
Sweep=50mm/s

H3.25MHz T3
Cardiaco 2
DTl /¥

Figure 8 - Two-dimensional and M-mode transthoracic echocardiography showing biventricular hypertrophy, LV trabeculation (A and B), and a restrictive

diastolic dysfunction pattern (C and D).

Analysis of common findings

All patients had the NS phenotype and met diagnostic
criteria for NCCM. Of the 3 patients, 1 was female and
2 were male (66.6%), with a mean (SD) age of 27.6
(3.8) years. The female patient and the first male patient
were siblings, while the other male patient had no family
history of NS or cardiomyopathy; none of the patients had
consanguineous parents. All had an established diagnosis
of cardiomyopathy, with the second male patient having
been diagnosed at 3 years of age. The presenting symptoms
were dyspnea (n=2), palpitations (n=2), lower-limb edema
(n=2), paroxysmal nocturnal dyspnea (n=1), and anasarca
(n=1). All patients denied hypertension, DM, dyslipidemia,
and use of alcohol, tobacco, or illicit substances. Physical
examination was notable for a regular rhythm with no third
heart sound, systolic murmur in the mitral area, and jugular
venous distension while seated in all three patients, as well
as muffled heart sounds in one.

Plain chest radiographs showed an enlarged cardiac
shadow in 100% of cases (n=3). Electrocardiography revealed
biventricular enlargement and first-degree atrioventricular
block (n=1), normal sinus rhythm with evidence of biatrial
enlargement (n=1), and biatrial enlargement with no
prominent sinus rhythm (n=1), right ventricular hypertrophy
(n=2), and septal hypertrophy (n=1). All patients had runs
of NSVT on 24-hour Holter monitoring; the female patient
also had prolongation of the QT interval. Echocardiography
was performed in only two patients, revealing significant
biventricular systolic dysfunction (n=2), LV dysfunction with

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240107

a restrictive pattern (n=1), pulmonary hypertension (n=2),
mitral regurgitation (n=1), and tricuspid regurgitation (n=1).
All patients had evidence of apical thrombi, two confirmed
by echocardiography and the third by CMR; two were in the
left ventricle and one in the RV.

CMR showed increased myocardial thickness in 100%
of cases (n=3), with a mean NC/C myocardium ratio of 2.8
(SD = 0.4). One patient showed excessive trabeculation of
the anterior, lateral, and inferior walls.

All patients presented with HF (n=3) and acute
decompensation. Pulmonary congestion was present in two
cases, as was pericardial effusion. Optimized medical therapy
was attempted in all patients; one discontinued treatment
and was lost to follow-up and two had an inadequate
response to treatment. Thromboembolic events occurred in
66.6% of cases (n=2), in the form of PE (n=1) and transient
ischemic attack (n=1). The outcomes were implantable
cardioverter/defibrillator placement with subsequent HTx in
one case and death in cardiogenic shock in the two others.
The patient who underwent HTx has since experienced
significant improvement in her condition.

Discussion

NS is an autosomal dominant genetic disorder with
a wide range of phenotypic presentations, including
short stature, webbed neck, facial dysmorphism, delayed
puberty, and skeletal and cardiovascular anomalies.
Its incidence ranges from 1 in 1000 to 1 in 2500 live
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births, being the second leading genetic cause of heart
defects.”?® Although its clinical manifestations are not yet
fully understood, cardiovascular changes are common,
with pulmonary artery stenosis being most prevalent,
which highlights the importance of cardiology follow-up
throughout adulthood.?®° Outcomes similar to those of
our series were found in a cohort studied by Shaw et.
al., with 112 individuals followed for 12 years; 19% of
them developed HCM, with one undergoing HTx, and
three deaths due to myocardial infarction secondary to
HCM." The association of NS with NCCM is exceedingly
rare, having been reported only by Nakamura et al. in a
rat model in 2007 and by Sun et al. in a 12-year-old child
in 2016.*" Heart disease is the worst prognostic factor in
patients with NS and, therefore, that most associated with
mortality, as demonstrated in the three cases described
herein, where the two male patients died in cardiogenic
shock and the female patient ultimately required HTx.2

The American Heart Association considers NCCM a
genetic disorder, with great genotypic and phenotypic
variability."? Candidate genes have already been identified,
such as MYH7, TNNT2, TNNI3, and ACTC, with those
associated with defects in the genesis of sarcomere proteins
being most common."'®* NCCM is characterized by the
arrest of myocardial compaction during embryogenesis,
leading to varying degrees of trabeculation, creating deep
recesses that predispose to the formation of thrombi and
consequent thromboembolic events. CMR performed
alongside echocardiography is currently the method of
choice for diagnosis.> © ' Imaging shows thickening of
the LV myocardial wall with two distinct layers: a thin,
compact epicardial layer (C) and a thick, NC endocardial
layer (NC) filled with blood from the ventricular cavity.
Using the Petersen criterion, a ratio of NC to compacted
myocardium (NC/C) > 2.3 confirms the diagnosis.® NCCM
usually progresses to microcirculatory dysfunction and
ventricular systolic dysfunction. It may be associated
with other genetic conditions such as Ebstein’s anomaly,
bicuspid valve, HCM, septal defects, and neuromuscular
disorders, such as the Barth and Becker syndromes."?*1®
Other family members can be involved at rates ranging
from 18 to 50% in the literature, which highlights the
importance of family screening.' '8

HCM is the most prevalent cardiomyopathy (1:500 live
births). It is inherited in an autosomal dominant pattern
and leads to thickening of the myocardial walls, although
function is often initially preserved.” Recent research has
demonstrated similar genetic anomalies in sarcomeres and
beta-myosin heavy chain in patients with HCM and NCCM,
such as the L620P mutation in MYH7, suggesting there may
be genetic overlap in the different presentations of these two
cardiomyopathies—which appears to be in agreement with
the cases reported herein.”>'® Some cases of comorbid HCM
and NCCM have been described in the same individual or
separately in different members of the same family, such as
children of patients with NCCM who have HCM or NCCM/
HCM overlap and vice versa."> 2

LQTS affects ventricular repolarization, leading to serious
arrhythmias such as torsades de pointes and ventricular

fibrillation; it is associated with a high risk of sudden death.
Although it may be caused by drug interactions or genetic
mutations — such as the KCNQT mutation —, it has only rarely
been reported in association with NCCM, making genetic
screening essential for diagnosis and intervention.” 2! As of
the time of writing, the co-occurrence of NS, NCCM, and
LQTS had not been reported.

The symptoms reported by the patients in our series
were similar to those found in the literature on NCCM,
such as dyspnea, chest pain, and clinical manifestations
of HE' Areas of delayed enhancement on imaging have
been suggested as a criterion for preventive implantable
cardioverter/defibrillator placement,'” as was required by
one of our patients. The literature shows that mortality and
heart transplantation rates in isolated noncompaction of
the myocardium are similar to those found in idiopathic
cardiomyopathy. However, our patient presented with
NCCM in association with NS and other cardiac dysfunction,
with additional complications and a worse prognosis. The
simultaneous co-occurrence of all of these conditions has
not been previously reported in the literature.

Conclusion

This paper describes three cases (including one sibling
pair) of NS and NCCM with significant ventricular dysfunction
and other associated conditions. The association of all
conditions reported herein in the same patient has not
been previously described in the literature. We highlight the
importance of early screening for heart disease in patients
with NS. Family screening should be recommended for
all first- and second-degree relatives. Early diagnosis and
treatment can improve prognosis in these cases.
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and Insights from a Survey among Brazilian Cardiologists

Daniela do Carmo Rassi,"*" Salvador Rassi,’™ Jorge Eduardo Assef,>™ Alex dos Santos Felix,*™ Adenalva Lima de
Souza Beck,”™ Cecilia Beatriz Bittencourt Viana Cruz,®* Silvio Henrique Barberato”?

Faculdade de Medicina da Universidade Federal de Goids," Goidnia, GO — Brazil

Hospital Sao Francisco de Assis,? Goidnia, GO — Brazil

Instituto Dante Pazzanese de Cardiologia,® Sdo Paulo, SP — Brazil

Instituto Nacional de Cardiologia,* Rio de Janeiro, R] — Brazil

Instituto de Cardiologia e Transplantes do Distrito Federal,® Brasilia, DF — Brazil

Universidade de Sao Paulo, Instituto do Coracao,® Sao Paulo, SP — Brazil

Cardioeco — Centro de Diagnéstico Cardiovascular,” Curitiba, PR — Brazil

Quanta Diagnéstico por Imagem,® Curitiba, PR — Brazil

Abstract

Background: Diastolic dysfunction (DD) is highly prevalent and is associated with significant morbidity and mortality. More
recent guidelines have introduced the classification of Indeterminate Diastolic Function or Indeterminate Diastolic Dysfunction
(IDF or IDD). Nevertheless, both diagnoses are still poorly understood in clinical practice, with variable prevalence.

Objectives: Assess the understanding of IDF and IDD among non-echocardiographer cardiologists in Brazil.

Methods: A nationwide online survey was conducted among non-echocardiography readers cardiologists via mobile
messaging platforms. A brief and anonymous questionnaire on knowledge and interpretation of Diastolic Function.

Results: A total of 570 cardiologists from all regions of Brazil participated in the study. Most participants (64.21%) had
more than ten years of clinical experience. While 71% correctly identified grades 2 or 3 as indicative of elevated filling
pressures, only 34.21% accurately understood the diagnostic criteria for IDF or IDD. Among the mistakes associated
with the indeterminate classification, the following stand out: attribution of this status to conditions that interfere with
the assessment of diastole (49.12%), technical limitations of the echocardiography equipment (3.33%), and alleged lack
of knowledge by echocardiographers (4.91%). In addition, 46.7% reported finding this diagnosis rarely in the reports,
33.5% believed that this classification influenced clinical conduct, and 43.5% considered that the examination could
have been better performed.

Conclusion: Despite knowledge about diastolic function, misinterpretation of IDF or IDD is still common among non-
echocardiographer cardiologists. Investment in education, sharing these concepts with clinicians, and clear guidelines
are essential to optimize the use and diagnostic accuracy of echocardiography.

Keywords: Diastole; Echocardiography; Practice Guidelines as Topic.

validation of measurements, and wide availability at the
bedside, and because it does not require invasive procedures

Introduction

The analysis of left ventricular (LV) diastolic function is key

in an echocardiographic examination and is performed using
echocardiography, which has been established as the main
imaging tool for this evaluation." Although invasive methods
for measuring ventricular relaxation and filling pressures are
considered the gold standard, echocardiography is widely
preferred due to its high temporal resolution, reproducibility,
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or does not expose the patient to ionizing radiation.?

Left Ventricular Diastolic Dysfunction (LVDD) is highly
prevalent, especially among the elderly, and is associated
with significant morbidity and mortality. Furthermore, DD
may contribute to the development and progression of Heart
Failure with preserved Ejection Fraction (HFpEF), a condition
characterized by increased LV filling pressures.>*

Ventricular Diastole can be classified as normal or
presenting Diastolic Dysfunction (DD) in grades 1, 2, or 3, or
even as indeterminate, when it is not possible to establish its
presence or severity. The guidelines of the American Society
of Echocardiography (ASE) and the European Association of
Cardiovascular Imaging (EACVI), published in 2016, sought
to simplify this assessment, with clearer and more objective
criteria, compared to the previous version.®
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Atotal of 570 non-echocardiography
cardiologists answered a
questionnaire distributed via mobile

messaging platforms

Interpretation of Indeterminate Diastolic Function or
Indeterminate Diastolic Dysfunction

71% correctly identified degrees 2 or 3 as indicative of elevated filling

34.21% accurately understood the criteria for reporting IDF and IDD

46.7% encountered this diagnosis rarely in reports

33.51% believed it influenced patient management

and 43.51% felt that the examination could have been better executed
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IDF: Indeterminate Diastolic Function; IDD: Indeterminate Diastolic Dysfunction.

However, the analysis of Diastolic Function and Left
Ventricular Filling Pressures (LVFP) by echocardiography
can be challenging, especially in patients with preserved
LV ejection fraction, due to the need to evaluate multiple
parameters for an accurate diagnosis. Despite all diagnostic
efforts, a considerable proportion of patients are still
classified as having indeterminate diastolic function (IDF),
with prevalence ranging from 10% to 20% of the cases,
according to previous studies.® This can be frustrating both
for the professionals who perform the examination and for
clinical cardiologists, who often depend on this diagnosis to
define a therapeutic approach for the patient.

Thus, the objective of this study was to evaluate the
understanding of the diastolic function or indeterminate
diastolic dysfunction (IDD) classification in echocardiography
reports by cardiologists not specialized in echocardiography
in Brazil and analyze the knowledge these professionals have
about diastolic function classification.

Methods

A nationwide, voluntary, online survey applied to cardiologists
not specialized in echocardiography was conducted via mobile
messaging platforms from June 1 to June 30. A brief online
questionnaire was applied using the SurveyMonkey platform,
anonymously, with no option for personal identification. There
was no financial or material compensation for the participation
in the research. The questionnaire consisted of seven questions
(https://pt.surveymonkey.com/r/YBNN97F), which were
mandatory to complete, about time since medical training, region

of practice, general knowledge about Diastolic Function, and how
the result of a report impacts medical practice. The questions
were multiple choice, with no possibility of open answers.

The complete questionnaire can be found in
“Supplementary Material”. Under the recommendation
of Resolution 510 of the National Health Council, this
questionnaire was not forwarded for evaluation by the
CEP/CONEP system, as it is a public opinion survey
with unidentified participants. The data obtained were
described as categorical variables, with their absolute values,
percentages, or proportions.

Results

General data

A total of 570 cardiologists accessed and answered the
questionnaire, with the following distribution across the
regions of Brazil: Southeast (29.65%), Midwest (23.80%),
Northeast (18.77%), South (16.14%), and North (11.58%).

The participants were distributed according to their
time since medical training: up to 5 years (23.33%), 6 to
10 years (12.46%), 11 to 20 years (26.14%), and more than
20 years (38.07%).

Knowledge about diastolic function analysis

Regarding diastolic function grading in which the patient
has elevated LVEP, 1.75% responded that this would occur
when diastole was classified as indeterminate, 22.16% as

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20250013
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grade 1, 70% as grade 2 or 3, and 5.09% did not know how
to respond.

Regarding the understanding of what leads an
echocardiographer to classify IDF or IDD in the report,
the majority (49.12%) chose an inadequate option, which
indicated that an indeterminate classification would be
caused by pathologies that interfere with the correct
assessment (e.g.: pacemaker rhythm, mitral prosthesis).
The second most chosen option (34.21%) was the correct
answer, which indicated that it was not possible to determine
diastolic function due to the absence of sufficient criteria for
classification (Figure 1).

Observed frequency of diagnosis in reports and impact on
clinical management

Regarding the frequency observed in echocardiography
reports, concerning the report of IDF or IDD, 29.30% said
they had never seen this phrase in the report, 46.67% said
they rarely see it, and 24.04% said they frequently see it.

Regarding the impact of this diagnosis on adequate patient
management, 33.51% responded that it had an impact,
21.23% that it did not, 33.86% occasionally, and 11.40%
considered the diagnosis to be a source of confusion.

Faced with the diagnosis of IDF or IDD, 45.82% of the
participants feel satisfied. However, a significant percentage
of cardiologists, 44.51%, suspect that the exam could have
been conducted in a more effective way (Figure 2).

Discussion

This study provides important and unprecedented
information on the interpretation, understanding, observed
frequency, impact on patient management, and the perception
of cardiologists when faced with an IDF or IDD diagnosis.

There was good representation among the five regions of
Brazil, which contributes to a more balanced assessment of
this perception, minimizing the risk of bias associated with
the concentration of knowledge in areas with greater access
to resources and updates, compared to regions with more
limitations in this regard.

Most of the cardiologists surveyed had more than 10
years of training, which reflects good experience in reading
essential cardiological exams, such as echocardiography, and
in patient management care.

When grading Diastolic Function in which the patient
has elevated LV filling pressures, the vast majority confirmed
that this occurs in grades 2 and 3 of DD according to the
guidelines of the ASE and the EACVI.®

These guidelines are the most widely used to analyze
Diastolic Function. In the absence of a myocardial disease,
four echocardiographic signs are evaluated: the early diastolic
tissue velocity of the septal and lateral mitral annulus (e), the
indexed left atrial volume, the ratio between the maximum
mitral E velocity (early diastolic) and the mean of the
velocities of the septal and lateral e’ wave, and the maximum
velocity of tricuspid regurgitation. If most available data are
within the normal range, LV Diastolic Function is considered
normal. Otherwise, DD is observed and LV filling pressure
can be estimated. If the criteria are insufficient or there is
disagreement in the classification, the diastolic function is
considered indeterminate.**”

If there is a myocardial disease or DD after the evaluation
described above, filling pressures should be estimated and
DD classified. The algorithm for assessing LV filling pressure
first measures mitral wave velocities. If the mitral E wave
velocity is < 0.5 m/s and the E/A ratio is < 0.8, LV filling
pressure is likely normal or low, so DD is classified as grade
1, whereas a tall E wave and E/A = 2 indicates elevated

60 49.12
40 34.21

30
20
10

0

Insufficient criteria
for classification

prosthesis)

What prompts the echocardiographer to include
"indeterminate diastolic function"” or "indeterminate diastolic
dysfunction" in the report?

Presence of
conditions that
interfere with
accurate assessment
(e.g., pacemaker
rhythm, mitral

4.91 3.33
[mmeraca] Ee———
Lack of knowledge Technical limitations
among of echocardiography
echocardiographers machines

Figure 1 - The cardiologist’s understanding of the echocardiographic criteria used for the report of indeterminate diastolic function or indeterminate diastolic dysfunction.
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everything in medicine.
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Skeptical because the exam
could have been performed
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heen confusing. Itis better to
focus on the ejection fraction.

better.

Figure 2 - How the cardiologist feels about the report of indeterminate diastolic function or indeterminate diastolic dysfunction.

LV filling pressure and is classified as grade 3 DD. When
the mitral E/A ratio is between 0.8 and 2.0, additional
criteria are needed to assess LV filling pressure. These
include mean E/e’ ratio > 14, peak tricuspid regurgitation
velocity > 2.8 m/s, and indexed LA volume > 34 mL/m2.
If = 2 of the criteria are above the cutoff value, LV filling
pressure is most likely elevated, classifying DD as grade 2.
If = 2 of the criteria are below the cutoff value, LV filling
pressure is most likely normal and is therefore classified as
grade 1. However, if all of these additional measurements,
especially tricuspid regurgitation, are not available and there
is discordance between the two existing measurements, DD
is considered indeterminate.*>’

The proportion of cases with IDF is reduced when specific
Doppler findings are carefully considered, including changes
in mitral inflow velocities and E/A ratio with the Valsalva
maneuver, flow velocity and duration in the pulmonary veins,
including the reversed wave, and the presence of an L wave
in mitral inflow with velocity = 50 cm/s.”

Therefore, it is clear that the diagnosis of IDF or IDD is
associated with the lack of sufficient criteria or discordance
between criteria.

However, most cardiologists attribute this diagnosis to
conditions that make it impossible to adequately analyze
diastolic function, mainly because they interfere with the
velocities of the mitral E waves and the tissue waves of
the mitral annulus. Among these conditions, the following
stand out: pacemaker rhythm, the presence of a mitral
valve prosthesis, significant mitral valve diseases (stenosis or
insufficiency), and left bundle branch block.**

The perception of the frequency of this diagnosis in
echocardiography reports was low, with almost a third
of cardiologists never having observed this description.
However, this contrasts with the reported prevalence of this
finding in reports, which ranges from 10% to 20%.?

Furthermore, there is an important bias: several
echocardiographers hesitate to classify diastole as indeterminate
for fear that this definition would be misinterpreted by the
clinical cardiologist. There is concern that this may create
distrust about the examination quality, especially since the
diagnosis of IDF or IDD is still not widely understood by
cardiologists who do not specialize in echocardiography. This
can lead to an underdiagnosis of this pattern of DD, with a
tendency to classify the patient differently in a way that does
not correspond to their true classification. On the other hand,
Left Atrial strain has been suggested as a useful method in
reclassifying cases of DD considered indeterminate by the
traditional ASE-EACVI algorithm."2#9

This reasoning is in line with the perception of cardiologists
when faced with the diagnosis of IDF or IDD. Most of them
accept this classification, recognizing that determining
all aspects of medicine is not always possible. However,
a significant percentage, numerically close to that of the
previous response, expresses distrust, suspecting that the
exam could have been performed in a more effective way.

Although most people are unaware of the real reason for
including this diagnosis in the report, the general perception
is that IDF or IDD compromises, even occasionally, effective
patient management. This highlights the importance
of better interaction and understanding between the
echocardiography report, echocardiographers, and clinical
cardiologists.

Study limitations

This research involved a relatively small sample of
cardiologists, which may limit the generalizability of the
results. Furthermore, based on the alternatives chosen, it
was not possible to assess regional differences and training
time differences, which could offer a more detailed analysis
of the results obtained.
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Conclusion

Despite general knowledge about Diastolic Function,
misinterpretation of IDF or IDD persists among non-
echocardiographer cardiologists. Investments in education,
sharing these concepts with clinicians, and clear guidelines
are essential to optimize the use of the exam and diagnostic
accuracy of echocardiography.
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Variations in Myocardial FDG Uptake and Metformin Use:
Implications for Survival during Immunotherapy
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Abstract

Background: The rise of immune checkpoint inhibitors (ICls) has significantly improved lung cancer outcomes; however,
there is a lack of response prediction protocols. Furthermore, preclinical studies have indicated a promising association
between metformin, B-blockers (BBs), and improved cancer patient outcomes.

Objectives: The primary objective of this study was to investigate metformin’s impact on survival outcomes. The
secondary objectives included assessing myocardial FDG uptake variation (change in standardized uptake value [ASUV])
during ICI treatment and evaluating the effects of smoking, diabetes, hypertension, and BB usage on survival outcomes.

Methods: This single-arm, unicentric retrospective cohort study evaluated lung cancer patients who started using ICls from
July 2016 to December 2021. Inclusion criteria were age 18 years or above, lung cancer treated with ICls (CTLA-4, PD-1, and
PD-L1 inhibitors), and having undergone at least two positron emission tomography-computed tomography (PET-CT) scans.

Results: Fifty-eight patients fulfilled all the inclusion criteria. Metformin users presented a 759-day increase in overall
survival (OS) (p = 0.015). A trend of a 161-day increase in progression-free survival was observed in patients with
positive myocardial ASUV compared to the negative ASUV group (p = 0.066), along with a trend of a 285-day increase
in favor of BB users (p=0.886).

Conclusion: The significant association between metformin use and increased OS suggests metformin as a promising
adjuvant for ICI therapy. A trend of positive myocardial ASUV and improved outcomes may suggest a potential role of
PET-CT in response prediction; however, larger studies are necessary to solidify this hypothesis.

Keywords: Immune Checkpoint Inhibitors; Positron Emission Tomography-Computed Tomography; Metformin; Cardio-
Oncology; Cardiotoxicity.

Introduction

Immune system evasion represents a pivotal mechanism
in carcinogenesis, whereby tumor cells employ various
mechanisms to elude immune surveillance. These mechanisms
encompass the downregulation of tumor antigen presentation
and the exposure of molecules that impede directed
immune response.' Notably, lung cancer, the leading cause
of global cancer-related deaths, is frequently approached
by the utilization of immune checkpoint inhibitors (ICls) as
a treatment modality. These therapeutic agents function by
impeding the detrimental regulatory mechanisms enacted
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by the tumor, thus fostering an enhanced immune defense
against malignant growth.

Despite limited improvements in 5-year survival rates among
lung cancer patients, 2-year survival rates have significantly
increased.? This improvement can be largely attributed to the
well-documented efficacy of ICI therapy in enhancing long-
term overall survival (OS) and progression-free survival (PFS).>*
In addition to the stand-alone effectiveness of ICI therapy, the
safety and effectiveness of combination regimens involving
immunotherapy and chemotherapy,® platinum-based regimens,*”
and/or radiotherapy®® have been extensively reported.

However, predicting immunotherapy response and the
impact of synergistic drugs on treatment outcomes remains
uncertain. Although some evidence supports the safety
and efficacy of adjuvant drugs such as B-blockers (BBs),"
metformin,” and albendazole' through murine models,
retrospective data, and meta-analyses, high-quality clinical
trials are still needed.

As further research is needed to establish the role of these
adjuvant drugs, their potential to complement ICI therapy
and contribute to improved patient outcomes remains a
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subject of hypotheses and speculation. Certain positron
emission tomography-computed tomography (PET-CT)
models have been proposed to predict immunotherapy
response by analyzing standardized uptake value variation
(ASUV) and employing PET tracers targeting ICls, including
PD-L1. Nevertheless, the absence of standardized evidence
and ambiguous implications for clinical practice present
ongoing challenges.’>'s

Thus, we propose to evaluate the role of adjuvant
drugs, such as metformin, on ICI therapy prognosis and to
assess changes in myocardial FDG uptake (MGU) rate in
advanced lung cancer patients undergoing ICI treatment.
Our investigation aims to explore MGU’s potential as a
monitoring tool for immunotherapy response and the
effects of metformin, BBs, and other drugs on survival in
immunotherapy.
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Methods

Study design and participants

This retrospective cohort study is a single-arm, unicentric
investigation that utilized electronic medical records and PET-CT
images to evaluate lung cancer patients who initiated ICl treatment
between July 2016 and December 2021. Inclusion criteria
included age 18 or above, lung cancer treated with ICls (Cytotoxic
T-lymphocyte associated protein 4 - CTLA-4, Programmed Death
1PD-1, and Programmed-Death Ligand 1 PD-L1 inhibitors), and
having undergone at least two PET-CT scans — one at baseline and
another during the course of treatment.

The primary objective of the study was to assess the
variation in MGU rate, measured by the ASUV, during
the administration of ICls and their impact on survival
outcomes. The secondary objectives aimed to investigate
the potential positive or negative effects associated with
smoking, diabetes, hypertension, metformin usage, and
BB usage on survival outcomes.

Ethical approval for this research was obtained from
the ethics committee under the registration number CAAE
47402321.9.0000.5186

Statistical analysis

Descriptive statistics for numerical variables were presented
as median and interquartile range, while categorical variables
were described using absolute and relative frequencies. The

Mann-Whitney test was employed to compare medians
between groups. PFS and OS were estimated using the Kaplan-
Meier method, and the log-rank test was utilized to compare
survival curves. The significance level (alpha) was set at 0.05.

Results

Among the 114 patients with lung cancer who underwent
immunotherapy at our medical center, 58 patients met the
inclusion criteria. Of these, 25 were female and 33 were
male, with a median age of 68 years (standard deviation
[SD] =£10). The median body mass index was 26 (SD *4),
and the median interval from baseline PET scan to treatment
start was 27 days (SD +47).

Nearly 52% of the patients received immunotherapy
in combination with chemotherapy, while the remaining
48% received immunotherapy alone. Within our sample,
31 patients (53.45%) exhibited a positive ASUV, indicating
an increase in MGU. Conversely, 25 patients (43.10%)
showed a negative ASUV, indicating a decrease in MGU.
Two patients (3.45%) had no SUV variation and were
excluded from the subgroup analysis. The subgroups with
positive and negative ASUV were comparable, except
for a prolonged interval between baseline PET scan and
treatment start in the negative ASUV group. Detailed clinical
and demographic data are shown in Table 1, and Table 2
shows the histological and treatment characteristics of the
study population.

Table 1 - Demographic characteristics and subgroup distribution of the study population (n = 58), +3SUV and —-3SUV subgroups.

Age, yrs 68 +10
BMI, kg/m? 26 +4
eatment sttt doys z7 =7
Sex N %
Female 25 43
Male 33 57
Comorbidities N %
Hypertension 28 48
Diabetes 12 21
Tabagism 43 74
Coronary disease 4 7
Heart failure (HF) 1 2
Drug usage N %
BBs 14 24
ACE/ARB 17 29
Metformin 8 14
Anticoagulants 3 5

67.0096 68.5336
26.01 26.26
31.58 52.52
N % N %
14 45.16 10 40
17 54.84 15 60
N % N %
14 45.16 12 48
5 16.12 7 28
21 67.74 20 80
2 6.45 2 8
0 0 1 4
N % N %
7 22.58 6 24
9 29.03 7 28
3 9.68 4 16
3 9.68 0 0

SUV: standardized uptake value; SD: standard deviation; BMI: PET: positron emission tomography-computed tomography; HF: Heart failure; BB: B-blockers;

ACE/ARB: angiotensin-converting enzyme/Angiotensin Il receptor blockers.
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Table 2 - Histological and treatment characteristics of the study population.

Histology N %
Adenocarcinoma 43 74
SCcC 4 7
NSCLC 5 9
Others 6 10
Immunotherapy N %
Atezolizumab 14 24
Durvalumab 5 9
Nivolumab 13 22
Pembrolizumab 26 45
Treatment type N %
QT-10 30 52
10 28 48
Treatment line N %
1st line 35 60
Subsequent lines 23 40
Tumor genetic analysis N %
ALK/EGFR 9 15
Without mutation 23 40
Unknown 26 45
PD-L1: >50% 8 14
PD-L1: 1%-50% 9 15
PD-L1: <1% 10 17
PD-L1: unknown 31 53

N % N %
23 74.19 18 72
2 6.45 2 8
2 6.45 2 8
4 12.9 3 12
N % N %
6 19.35 8 32
3 9.68 1 4
7 22.58 6 24
15 48.38 10 40
N % N %
17 54.84 12 48
14 45.16 13 52
N % N %
19 61.29 14 56
12 38.71 1" 44
N % N %
4 12.9 4 16
14 45.16 10 40
13 41.94 1" 44
3 9.68 4 16
8 25.81 1 4
6 19.35 7 28
14 45.16 13 52

SUV: standardized uptake value; SCC: squamous cell carcinoma; NSCLC: Non-small cell lung cancer; QT-10: Chemotherapy in combination with Inmunotherapy;
ALK/EGFR: Anaplastic Lymphoma Kinase (ALK) or Epidermal Growth Factor Receptor (EGFR) mutations.

Among the documented comorbidities, the highest
prevalence was observed for tabagism (74%), followed
by hypertension (48%) and diabetes (21%). The most
commonly used drugs were angiotensin-converting enzyme
(ACE) inhibitors or Angiotensin Il receptor blockers (ARBs)
(29%), BBs (24%), and metformin (14%).

Regarding the primary outcome, the overall median ASUV
was +0.05. Within the disease control group, the median ASUV
was +0.48, indicating an increase in MCU. In contrast, the
disease progression group exhibited a median ASUV of —0.66.

When comparing patients with a positive myocardial
ASUV to those with a negative ASUV, there was a median
prolongation of PFS by 161 days in favor of the positive
myocardial ASUV group (p = 0.066). Additionally, an
increase of 281 days in OS was observed in the positive
myocardial ASUV group (p = 0.256) (Figure 1).

Furthermore, diabetic patients demonstrated a
noteworthy increase of 759 days in OS (p = 0.023). In
subgroup analysis, a trend toward even more favorable
outcomes was observed in metformin users (p = 0.015)
(Figure 2). Additionally, a non-statistically significant trend

of prolongation in OS by 285 days was noticed among BB
users (p = 0.886) (Figure 3).

However, no statistically significant associations were
found between the usage of ACE inhibitors or ARBs, tobacco
use, or hypertension and OS or PFS.

Discussion

The well-documented ability of Fluorodeoxyglucose F 18
(18F-FDC) PET-CT to identify tissue inflammation—a hallmark
of immune-related adverse events (irAEs)—indicates its potential
for the early detection of subclinical irAEs. Moreover, PET-CT
may play a crucial role in confirming suspected irAEs, including
myocarditis, by revealing heterogeneous and moderate-to-high
increases in 18F-FDG uptake within the left ventricle (LV).'*'”

The disparity observed in the average cardiac ASUV
between the disease control group and the disease progression
group within our study suggests a potential association between
increased SUV following treatment and improved responses
to immunotherapy. This finding is further substantiated by the
median prolongation of 161 days in PFS (p = 0.066) and 281
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days in OS (p = 0.256) among patients exhibiting a positive
ASUV. These results highlight the potential utility of ASUV as
a predictive marker for treatment response and prognosis in
patients undergoing immunotherapy.

Although the precise mechanism underlying irAEs is
not yet fully understood, it is known that ICls enhance the
immune response against tumors, leading to inflammatory side
effects through the recognition of shared antigens between
tumor cells and normal tissues. Thus, it is hypothesized that
the increase in 18F-FDG uptake, known in inflammatory
processes, along with the presence of irAEs, could estimate
response to immunotherapy and be associated with positive
clinical outcomes.

Our findings align with a recent systematic review and
meta-analysis, which demonstrated a correlation between
irAEs and improved OS, PFS, and objective response rates
(ORRs) in ICl-treated patients. The increase in SUV was
identified as the main irAE marker on PET-CT."®" Similarly,
it was found that patients who experienced low- to mid-
grade irAEs during atezolizumab-containing treatment
regimens exhibited longer OS compared to those with
high-grade irAEs or no irAEs at all.?° These findings further
support the notion that the occurrence of irAEs, along
with changes in MGU, can serve as a valuable prognostic
indicator and predictor of treatment response in patients
undergoing immunotherapy.
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Assignificant correlation was observed between increased
OS and the usage of metformin (p = 0.015). The relationship
between metformin and cancer immunity has been
postulated to involve various mechanisms. These include the
activation of adenosine monophosphate-activated protein
kinase (AMPK)-dependent and AMPK-independent signaling
pathways, which exert anti-tumor effects, and the elevation of
the exhaustion threshold of cytotoxic T-lymphocytes (CTLs),
thereby enhancing immune surveillance. Furthermore,
metformin has been shown to impede the immune-inhibitory
signaling of PD-L1 through the phosphorylation of PD-L1
associated with AMPK-dependent signaling activation,?' as
well as the glycosylation and degradation of PD-L1 within the
endoplasmic reticulum.? These findings support the potential
role of metformin as a modulator of cancer immunity and
suggest its potential benefits in improving patient outcomes,
particularly in terms of OS.

Consistent with our findings, several studies have
demonstrated enhanced treatment outcomes when ICls
are combined with metformin in preclinical models
of metastatic melanoma,* non-small cell lung cancer
(NSCLC),** and breast cancer.?’ These studies provide
further evidence supporting the potential synergistic effects
of combining ICls with metformin, leading to improved
therapeutic responses in various cancer types.

Furthermore, the combination of metformin with PD-1
blockade has shown promising results in enhancing tumor
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clearance and improving T-cell function by mitigating  alleviating hypoxia-associated immune suppression, and
tumor-induced hypoxia, which acts as an inhibitory factor ~ augmenting the efficacy of immunotherapeutic approaches.
for T-cell activity.”” Moreover, in murine models, the In the same manner, investigations have examined
synergistic effect of metformin and vaccineimmunotherapy the potent[a| of Combining metformin with anti-PD-1
has been demonstrated to reduce PD-L1 expression on  monotherapy or a combination of anti-VEGFR2 and
tumor cells.” These findings highlight the potential of  anti-PD-1 to restore sensitivity to immunotherapies in
metformin in modulating the tumor microenvironment, Nonalcoholic Steatohepatitis-Hepatocellular Carcinoma
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(NASH-HCC) tumors, which are typically characterized by
limited responsiveness. Notably, these studies conducted
in mice demonstrated the enhanced therapeutic efficacy
achieved through such combinations, providing further
support for exploring the synergistic effects of metformin and
immunotherapies in overcoming resistance and improving
treatment outcomes in challenging tumor types.2*%”

Although limited in number, the available studies
investigating the combination of metformin and ICls in
human subjects have yielded promising results. In an Italian
study involving 40 patients, the concomitant administration
of metformin and nivolumab was well tolerated and
deemed safe. Notably, higher metformin doses (>1,000 mg
daily) were associated with longer OS (p = 0.037) and PFS
(p = 0.021) and improved response rates, corroborating our
own findings.? Similarly, the combination of metformin with
ICls demonstrated potentially favorable clinical outcomes,
although statistical significance was not reached, likely due
to the small sample size.? Furthermore, metformin has been
shown to enhance natural killer cell functions in head-
and-neck squamous cell carcinoma.? These preliminary
findings suggest that the combination of metformin with
ICls holds promise as a therapeutic strategy, warranting
further investigation in larger clinical studies to establish
its efficacy and safety profile on humans.

Hence, based on the multitude of pathways and
immunologic mechanisms proposed in preclinical studies
and its favorable results, it can be reasonably concluded that
metformin may play a significant role as a safe, well-tolerated,
and readily available adjuvant therapy in the management of
solid cancers when used in conjunction with ICls.

The potential role of beta-blockers (BBs) in cancer
treatment has been widely investigated, with conflicting
evidence found in the literature. Some older retrospective
studies have demonstrated improved treatment outcomes in
patients with breast cancer, especially in triple-negative, >
ovarian,*? bladder,** and NSCLCs.**

Moreover, a possible mechanism of action for BBs in
cancer has been proposed in the literature, where beta-
adrenergic signaling was found to be related to reduced
proliferation of CD8+ T-cells and immune suppression
mediated by regulatory T-cells and myeloid-derived
suppressor cells.™

While the observed data regarding BB usage and OS
did not reach statistical significance, potentially due to the
limited sample size, the trend toward a 285-day increase
in OS suggests a possible role for BBs as adjuvant therapy
to ICls in cancer treatment. Further studies with larger
sample sizes are warranted to elucidate the underlying
mechanism of action and determine whether BBs should
be considered as a complementary drug for all patients
undergoing immune checkpoint blockade.

Despite conflicting evidence in the literature regarding
the impact of BBs on OS, PFS, and ORRs, similar findings to
ours were reported in a recent meta-analysis that included
10,156 patients. The meta-analysis revealed that BB usage
was associated with better ORRs to ICls (odds ratio [OR] =
0.42[0.19-0.94], p = 0.036), particularly in the subgroup
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of lung cancer patients (OR = 0.25 [0.08—0.83], p =
0.024). However, no significant association was found
between BBs and OS or PFS in the pooled analysis.>*

In summary, while the literature on the relationship
between BBs and cancer treatment outcomes remains
inconclusive, our findings, along with the meta-analysis
results, suggest that BBs may have a potential role as
adjunctive therapy to ICls in cancer treatment that should
be further studied.

Study limitations

The study has certain limitations that need to be
acknowledged. First, the sample size was relatively small,
primarily due to the limited number of lung cancer patients
who received ICl therapy at our center. Consequently, the
statistical significance of some findings may be compromised.
Further research involving larger cohorts is essential to
strengthen the validity and generalizability of our results.

Moreover, additional investigations are required to
establish the underlying mechanisms of action and determine
the clinical significance of using BBs in combination with ICls.
Furthermore, the importance of ASUV on survival outcomes
also needs to be explored in future studies. These aspects
will provide a more comprehensive understanding of the
therapeutic potential and prognostic implications associated
with the combined use of metformin, BBs, and ICls in the
context of lung cancer treatment.

Conclusions

Although further studies are needed to comprehensively
assess the relationship between increased MCU and
improved outcomes in patients undergoing ICl therapy, the
role of PET-CT as a valuable tool for evaluating treatment
response and irAEs is well established. Our findings
highlight a significant association between increased OS and
metformin use. This suggests that metformin could serve as an
important adjuvant treatment option for patients undergoing
ICI therapy, regardless of their diabetic or hyperglycemic
status. Metformin’s synergistic effects through multiple
pathways, coupled with its accessibility, minimal side effects,
and favorable safety profile, underscore its potential in
enhancing treatment outcomes.
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Short Editorial related to the article: Variations in Myocardial FDG Uptake and Metformin Use: Implications for Survival During

Immunotherapy

In Brazil, the estimate for 2023-2025 indicates that there
will be 704,000 new cancer cases in the country, 221,000
of which will be non-melanoma skin cancers, cited as the
most common type. After this type of cancer, breast cancer
has the highest incidence, with 74,000 cases, followed by
prostate cancer, with 72,000 cases, colorectum cancer, with
46,000 cases, and lung cancer, with 32,000 new cases.’
The cancer epidemiological profile in Brazil is like countries
with a high income; however, it differs when analyzed by
region, indicating significant regional inequalities. While in
the country’s more developed regions (South and Southeast),
the age-adjusted incidence rates range between 180 and
190 cases per 100,000 inhabitants, in less developed regions
(North and Northeast), these rates vary from 157 to 164 cases
per 100,000 inhabitants.! The highest cancer mortality in Brazil
is due to lung cancer (13.7% of cancer deaths), followed by
colorectum cancer (10.4% of cancer deaths), and then breast
cancer (8% of cancer deaths).?

Immune checkpoints, like PD-1, PD-L1, and CTLA-4,
regulate the immune system and help to equilibrate immune
activation and suppression. They act by avoiding a strong
immune response that could attack normal cells. Tumor cells
can use these mechanisms to elude the immune system,
decreasing its response.’ The mechanisms used for immune
system evasion in lung cancer are linked to PD-1 inhibition,
which reduces the activity of tumor immunity cells.*
Additionally, there is a decrease in T-lymphocyte proliferation
and cytokine production (IL-2 and IFN-y), allowing neoplastic
cells to proliferate.

Immune Checkpoint Inhibitors (ICls) are drugs that block
checkpoint proteins and increase immunological defenses
against cancer, by permitting a larger response.® This
block permits T-cells to recognize and destroy neoplastic
cells effectively. A few examples of ICI are nivolumab,
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pembrolizumab, and ipilimumab, which inhibit PD-1 and
CTLA-4, respectively. These drugs have been used to treat
non-small cell lung cancer, melanoma, renal cell carcinoma,
lymphoma, and other types of cancer with success, even in
metastatic and chemotherapy-resistant cancer.”

One of the most typical Adverse Effects (AE) of the ICls
are the Immune-related Adverse Events (irAEs), that occur
due to the suppression of immune inhibitory functions. It
is uncommon but there is the potential for a higher grade
of severity in 10-15% of cases and clinical manifestations
usually start within the first few weeks to months after the
onset of treatment. ICl myocarditis is reported at an incidence
rate of 0.06% to 1.14%. The cardiovascular system can be
affected by irAEs also as takotsubo syndrome, pericardial
disease, acute coronary syndromes, thromboembolic events,
and arrhythmias.®

Metformin has become a research target in oncology due
to its properties in improving prognosis and promoting tumor
growth regression.**”# In addition to its use in the treatment of
type Il diabetes, studies have reported evidence of metformin’s
action in tumors by reducing neoplastic cell proliferation.®?
One of the treatment strategies for cancer cells with mutations
in the Epidermal Growth Factor Receptor (EGFR) involves
the use of an EGFR Tyrosine Kinase Inhibitor (TKI). The
combination of metformin with TKI shows a synergistic effect,
delaying tumor resistance.' The transmembrane tyrosine-
protein kinase receptor (IGF-1R) is expressed in various cells
with mitogenic potential.’®'" In this context, metformin acts by
restoring the sensitivity of EGFR-TKI-resistant cells, inhibiting
the IGF-1R pathway and the expression of IGFBP3, a gene that
encodes the growth factor protein.'? This regulation negatively
impacts synergistic antitumor effects mediated by BIM, one
of the apoptotic regulatory proteins involved in the control
of tumorigenesis."

An 18F-fluorodeoxyglucose positron emission tomography/
computed tomography (18F-FDG PET/CT) is commonly used
in the assessment of cancer therapy responses. Some studies
are suggesting that 18F-FDG PET/CT may also be used as a
tool for detecting irAEs.™

In this issue of the ABC Imaging, Torres et al., evaluated
the role of metformin as an adjuvant therapy with ICls on
the prognosis of advanced lung cancer patients and assessed
the associated changes in myocardial FDG uptake rate
(MGU)." Interestingly the authors found that metformin
users presented a significant increase in Overall Survival
(OS). Also, patients with a positive variation in myocardial
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SUV (a quantitative measure of tissue glucose uptake) had
an increase in progression-free survival (PFS). The authors
concluded that metformin has the potential to be an
important adjuvant treatment option for patients undergoing
ICI therapy. Also, they hypothesize that an increase in
myocardial SUV could be a potential marker for ICI beneficial
effects.” These findings are interesting and draw attention
to the complex interactions between the immune system
and cancer treatment, in which activation of immune cells
can bring benefits but there is also a risk that overactivation
can cause significant complications. PET/CT with 18F-FDG
can identify patients at higher risk of cardiac complications
from cancer treatment, as demonstrated by Dourado et al
in ABC Cardiol, identifying a phenotype of patients with
cardiotoxicity.''” Could the inflammation observed in these
patients be considered a prognostic predictor of response?
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Left Ventricular Global Longitudinal Strain: an Early Marker of
Diabetic Cardiomyopathy
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Abstract

Background: Diabetic cardiomyopathy (DCM) leads to abnormal myocardial structure and function in the absence of
cardiac risk factors. Screening in the pre-clinical phase is not well established. Global longitudinal strain (GLS) has been
measured as an important echocardiography parameter in asymptomatic patients.

Objective: To describe the presence of early parameters of DCM in patients with type 2 diabetes (T2DM) without
cardiovascular disease and to compare results against 2 control groups (CT groups).

Methods: A total of 58 patients were divided into the following 3 groups: T2DM (n = 20); heart failure (HF) with
preserved ejection fraction (HFpEF) without T2DM (n = 19); and control without T2DM or HFpEF (n = 19). Patients with
cardiovascular disease and those using SGLT2 inhibitors, pioglitazone or saxagliptin were excluded.

Results: The mean overall prevalence of GLS was 16% (standard deviation [SD] = 2.9), and 41% of participants had
abnormal values, comprising 10 (50%) patients from the T2DM, 11 (58%) from the HFpEF, and 3 (16%) from the CT
groups (p = 0.019). Mean GLS values in the T2DM, HFpEF, and CT groups were 16.1%, 14.8%, and 17.5%, respectively
(p = 0.015). There was a negative moderate association between HbA1c levels and GLS values in the T2DM group
(p = 0.043).

Conclusions: GLS proved to be a potential early marker of left ventricular (LV) cardiac changes in patients with T2DM,

given the similarity between this patient group and the HFpEF group studied.

Keywords: Diabetes Mellitus; Diabetic Cardiomyopathies; Echocardiography; Ventricular Dysfunction.

Introduction

Type 2 diabetes mellitus (T2DM) is a chronic heterogeneous
disease characterized by persistent hyperglycemia caused by
metabolic disturbances, resulting in impaired insulin secretion
and/or action." The condition is increasingly recognized as
a complex cardio-renal-metabolic disease, promoted by a
positive energy balance.?

Persistent hyperglycemia is associated with a host of
cardiovascular complications.” Even in the absence of
valvulopathies or coronary heart diseases, T2DM alone
can cause structural and functional cardiac changes,
generally referred to as diabetic cardiomyopathy (DCM)**
(Central Figure).

The pathogenesis of DCM is multifactorial and not yet
fully elucidated. Several elements appear to play a role in
cardiac dysfunctions in this patient group: mitochondrial
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dysfunction, activation of the renin-angiotensin-aldosterone
system, oxidative stress, myocardial fibrosis, microangiopathy,
inflammatory cytokines, and the underlying hyperglycemia.?
These patients can consequently develop relaxation difficulties,
changes in left ventricular (LV) pressure and stiffness and left
atrial enlargement.

These alterations are referred to as diastolic dysfunction
(DD), an echocardiographic finding recognized as an early
marker of DCM that can be associated with preserved or
reduced fraction ejection (FE). Screening for DD in the pre-
clinical stage is important given the benefits of early intervention
in these individuals, with the aim of preventing progression to
the symptomatic form of the disease.

Mechanisms for diagnosing patients with DCM in the
asymptomatic stage are inadequate owing to the clinical
complexity of the condition. The use of imaging scans
allows monitoring and/or stratifying the degree of ventricular
dysfunction.® Tissue Doppler echocardiogram is a highly
accessible, relatively non-invasive imaging method that provides
early detection of structural and functional cardiac dysfunctions
in patients at risk of heart failure (HF), the symptomatic
progression of DCM.®

Useful parameters for assessing the presence of ventricular
remodeling include indexed LV mass, indexed left atrial
volume, and the ratio of early diastolic transmitral inflow to
early diastolic mitral annular velocity (E/E" mitral), which aid
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Central lllustration: Left Ventricular Global Longitudinal Strain: an Early Marker of Diabetic Cardiomyopathy
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diagnosis and offer high specificity for characterizing elevated
LV diastolic pressures.”

However, the emergence of new echocardiographic
methods, such as LV global longitudinal strain (GLS), can offer
even greater sensitivity for early DCM diagnosis. GLS constitutes
a measure of myocardial deformity and provides greater
diagnostic sensitivity, particularly in asymptomatic patients.
Currently, GLS is considered a better predictor of risk than EF?

Thus, this raises the possibility of using LV GLS as an
echocardiographic marker of changes present in DCM (not
widely recognized by health professionals) which manifest early
in patients with T2DM in the absence of known cardiovascular
disease. Therefore, this study sought to establish a potential
association between clinical characteristics of patients with
T2DM and LV GLS, in addition to similarities and differences
on comparisons with 2 control groups (CT groups) of patients
without T2DM.

Materials and methods

A cross-sectional study was conducted of patients recruited
from the Endocrinology Outpatient Clinic, with clinically
confirmed diagnosis of T2DM, as defined by the 2023 criteria
of the American Diabetes Association.” Control subjects,
matched for age, body mass index (BMI), and comorbidities,
were recruited from the Endocrinology, Cardiology and/or
Internal Medicine Outpatient Clinics to form 2 CT groups:
patients without T2DM or suspected symptoms of HF with
preserved ejection fraction (HFpEF); and patients without
T2DM investigated for HFpEF, as per the criteria of the
European Society of Cardiology.” In conjunction with medical
chart review, participants underwent clinical examination,
imaging scans and laboratory tests.

Patients with history of previous ischemic or hemorrhagic
stroke, cardiovascular disease, confirmed infectious

cardiomyopathies, collagen disorders, and/or granulomatous
diseases were excluded. Patients using SGLT-2 inhibitors,
pioglitazone, or saxagliptin for more than 1 month and
patients with atrial fibrillation, LVEF < 50%, or severe valve
disease as classified by the criteria of the American Society of
Echocardiography (ASE) were also excluded.'

A Doppler transthoracic echocardiogram was performed
and assessed by the same physician assistant of the
cardiology sector, blinded to participants” clinical data.
Echocardiographic assessments and reports were based on
the 2016 ASE Guidelines, using a Vivid™ iq Ultra Edition
GE HealthCare device. GLS was analyzed by 2D speckle
tracking, using the software Echo-PAC, version 113, with
3 apical standard views. Apical images were divided into
6 standard deformation segments and times, yielding
corresponding deformation curves. The cutoff point defined
for LV GLS was < 16%.

Blood samples were collected from participants to test
glycated hemoglobin (HbA1c) by turbidimetry, levels of
natriuretic peptide using chemiluminescence, and kidney
function (urea and creatine, automated glomerular filtration
rate calculated using the CKD-EPI equation at ml/min/1.73
m2). Only patients with T2DM underwent triage for
nephropathy screening based on microalbuminuria in a spot
sample using immunoturbidimetry (positivity defined as >
30 mg albumin/gram of creatinine) and diabetic retinopathy.

A retinography scan was carried out using a Phelcon
Eyer NM Top device with photographic documentation and
classified according to the international 2018 ETDRS (Early
Treatment Diabetic Retinopathy Study) classification by
a vitreoretinal specialist ophthalmologist. The study was
approved by the Research Ethics Committee (CAAE permit
number: 26182819.5.0000.5479).

Atotal of 104 patients with clinically confirmed T2DM were
randomly selected from the Endocrinology Outpatient Clinic.

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240082
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Retrospective analysis of patient electronic medical records
and application of the inclusion and exclusion criteria led to
the assignment of 20 participants into the group with TZ2DM
(T2DM group).

The CT group comprised an initial 20 patients randomly
selected from the Internal Medicine Outpatient Clinic,
with 1 subject subsequently excluded for EF < 50% on
echocardiogram, resulting in 19 participants. For the group
with suspected HFpEF (HFpEF group), an initial 24 patients
were recruited from the Cardiology Outpatient Clinic, with
subsequent exclusion of 5 patients for EF < 50% on the
echocardiogram, resulting in 19 patients. Thus, a final total
of 58 patients were analyzed. The study design is depicted
in Figure 1.

For descriptive analysis, categorical variables were
expressed as frequencies and percentages, and continuous
variables as measures of central tendency (mean, standard
deviation [SD], minimum and maximum).

For inferential analysis, categorical variables were
compared using the chi-square test or Fisher’s exact test.
Continuous variables were assessed using Student’s t test, or by
the Mann-Whitney non-parametric test when data had a non-
normal distribution. A 5% level of significance was adopted
for all tests. All statistical analyses were performed using the
software IBM SPSS Statistics for Windows, version 25.0.

Results

Of the total 58 participants, 64% were female, and groups
had a similar sex distribution. For the overall sample, mean
age was 56 (SD =+ 12) years and 97% had preserved renal
function (creatinine clearance > 60 ml/min). Regarding BMI,
51.8% of participants had some degree of obesity (BMI >
30 kg/m?), with the highest prevalence in the T2DM group.
The demographic characteristics of the population analyzed
are presented in Table 1.

T2DM group

Mean age of patients in the T2DM group was 62 (SD =
7.5) years, and 65% were female. With respect to disease
duration, 11 patients had been diagnosed more than 10
years prior, and 45% were using insulin. Mean HbA1c
level was 7.6% (SD = 1.8). Of the patients assessed,
30% had microalbuminuria, and 35% had some degree
of retinopathy.

Among the comorbidities assessed, systemic arterial
hypertension and dyslipidemia were more prevalent in
the T2DM group. The characteristics of the T2DM group
are given in Table 2.

Echocardiographic data

Overall, mean GLS in the groups was 16% (SD = 2.9;
median 17%). Of all patients analyzed, 24 had abnormal
strain (41%), comprising 10 (50%) from the T2DM group,
11 (58%) from the HFpEF group, and 3 (16%) from the CT
group (p = 0.019). Median strain by group was 16.5% in
the T2DM group, 15% in the HFpEF group, and 17.9%
in the CT group (p = 0.015), with the largest statistical
difference occurring between the HFpEF and CT groups
(p = 0.012).

In the T2DM group, a negative association was found
between HbA1c levels and strain. Patients with higher
HbATc levels had GLS < 16% (p = 0.043), as shown in
Figure 2.

Regarding the association of microvascular complications
and abnormal LV GLS, 4 (40%) patients testing positive
for microalbuminuria (p = 0.628) and 5 patients (50%)
with retinopathy (p = 0.350) had strain < 16%. Among
patients with some degree of obesity, 90% had abnormal
LV GLS values (p = 0.087). The results of the subanalyses
of the T2DM group are presented in Table 3. The mean
and SD for the variables investigated are given in Table 4.

T2DM Group

20 included

1 excluded on
echocardiogram

34 included

104

patients

70 excluded ’

13 refused participation/
not found

19 included

24 patients

5 excluded on
echocardiogram

CT Group

19 included
20 patients

1 excluded on
echocardiogram

Figure 1 - Study design CT: control; HFpEF: heart failure with preserved ejection fraction; T2DM: type 2 diabetes mellitus.
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Table 1 - Main demographic characteristics of overall study population and by group

n 58 20
Sex

Female 37 (64%) 13 (65%)
Male 21 (36%) 7 (35%)
Age range (years)

<40 6 (10%) 0 (0%)
41 to 50 10 (17%) 0 (0%)
51to 60 18 (31%) 10 (50%)
61to 70 18 (31%) 6 (30%)
>70 6 (10%) 4 (20%)
BMI

Normal 10 (17%) 4 (20%)
Overweight 18 (31%) 2 (10%)
Obese 30 (52%) 14 (70%)
Tobacco use

No 50 (86%) 18 (90%)
Yes 8 (14%) 2 (10%)
SAH

No 26 (45%) 4 (20%)
Yes 32 (55%) 16 (80%)
Dyslipidemia

No 31 (53%) 3 (15%)
Yes 27 (47%) 17 (85%)
CrCl

> 60 47 (81%) 12 (60%)
60 a 30 9 (16%) 6 (30%)
30a15 2 (3%) 2 (10%)
<15 0 (0%) 0 (0%)

19 19
11 (58%) 13 (68%) 0.789
8 (42%) 6 (32%)
0.001
1 (5%) 5 (26%)
6 (32%) 4 (21%)
2 (11%) 6 (32%)
8 (42%) 4 (21%)
2 (11%) 0 (0%)
0.404
4 (21%) 2 (11%)
7 (37%) 9 (47%)
8 (42%) 8 (42%)
0.015
13 (68%) 19 (100%)
6 (32%) 0 (0%)
<0.001
6 (32%) 16 (84%)
13 (68%) 3 (16%)
<0.001
13 (68%) 15 (79%)
6 (32%) 4 (21%)
0.006
16 (84%) 19 (100%)
3 (16%) 0 (0%)
0 (0%) 0 (0%)
0 (0%) 0 (0%)

BMI: body mass index; CrCl: creatinine clearance; HFpEF: heart failure with preserved ejection fraction; SAH: systemic arterial hypertension; T2DM: type 2

diabetes mellitus.

Discussion

T2DM is one of the most prevalent diseases worldwide,
and not only represents a risk factor for the development
of HF but can exacerbate the progression of the existing
disease.’ Studies involving patients with T2DM and HF
have shown the positive impact of treatment on disease
progression.”>"> The 2015 EMPAREG study, comparing
the use of empagliflozin against placebo, found a 35%
reduction in the number of hospital admissions for HE.'
A similar result was seen in the 2017 CANVAS study,
which reported a 33% decrease in hospitalizations for
decompensated HFE.'"> Some of these patients were unaware
that they hard HFpEFR"

It is believed that, through early diagnosis of DCM in
the asymptomatic stage, early damage can be reversed and

progression to the symptomatic disease averted. Currently,
specific therapies are available which can improve the
prognosis of the disease.’

The characteristics of patients with DD secondary
to diabetes, in the early stages, are both complex and
challenging to diagnose. Currently, there is no consensus
on screening or when to start treatment in asymptomatic
patients, although several factors can be considered,
including disease duration, insulin use, glycemic control,
and presence of microvascular complications.'”

The physiopathology of DCM is not fully understood,
and one of the main hypotheses is the progression of
diastolic to systolic dysfunction, concomitant with LV
remodeling and hypertrophy. Metabolic changes secondary
to hyperglycemia and insulin resistance begin to promote

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240082
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Table 2 - Main demographic characteristics of T2DM group

Disease duration (years)

<5 2 (10%)
5t0 10 7 (35%)
>10 11 (55%)
Insulin use

No 11 (55%)
Yes 9 (45%)
HbA1c

<6.5% 7 (35%)
6.5% to 7.5% 5 (25%)
7.5% to 9.0% 3 (15%)
9.0% to 11% 3 (15%)
> 11% 2 (10%)
MAB (> 30 mg)

No 14 (70%)
Yes 6 (30%)
Retinopathy

Absent 12 (60%)
Mild non-proliferative 3 (15%)
Moderate non-proliferative 2 (10%)
Severe non-proliferative 1(5%)
Proliferative 1 (5%)
Inconclusive 1 (5%)
Post-laser 0 (0%)

HbATc: glycated hemoglobin; MAB: microalbuminuria; T2DM: type 2
diabetes mellitus.

gradual changes in the heart, and, owing to compensatory
adaptation, changes are evident only at a structural and
cellular level."”

LV CLS serves as a predictor of hospitalization for HF and
cardiovascular death, correlating strongly with LV stiffness and
biomarkers."8 Strain is believed to be the best marker of subclinical
DD in DCM.®

In a systematic review, da Silva et al.® reported that around
40% of asymptomatic T2DM patients exhibited abnormal strain
values. Mirroring the present findings, the study by Karagoz et
al.," comparing T2DM patients with control subjects, observed
lower strain results in the T2DM group.

The relationship between microvascular complications and
low CLS is also well established. Many studies have demonstrated
the association of diabetic retinopathy, for example, with the
development of DD and HFE#% By contrast, Karagoz et al." failed
to identify this association. Although the present study was unable
to confirm this association in the sample assessed, a tendency

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240082

towards a greater incidence of abnormal strain values among
patients testing positive for microalbuminuria was evident. The
mean HbATc of 7.6% and lower prevalence of microvascular
complications in the patient sample might explain the absence
of this association in the study.

The association between T2DM duration and LV GLS is
controversial.?' Silverii et al.?' assessed patients with T2DM and
was unable to establish this relationship. In the present analysis,
although the association could not be confirmed, 60% of patients
with GLS < 16% had T2DM for more than 10 years. Moreover,
the cited study also established an inverse correlation of HbATc
with GLS, a finding corroborated by the current results in the
T2DM group.

Obesity is associated with abnormal GLS values, irrespective of
the concomitant presence of T2DM. In the series by Mochizuki et
al.,* patients with T2DM concomitant with obesity had abnormal
GLS values, a correlation also observed in the present analysis.

Study limitations

The research was initially planned to assess at least 30 patients
for each group to provide a significant confidence interval for the
variables investigated. However, the start of data collection and
patient recruitment coincided with the COVID-19 outbreak. The
pandemic led to delays in data collection and problems inviting
patients due to the lockdown and social distancing measures,
where most patients were deemed a high-risk group.

Notably, patients in the T2DM group had HbATc values
averaging 7.6% The low number of echocardiographic
abnormalities observed in the present study may have been
attributed to the apparently better controlled T2DM in the patient
population studied.

Lastly, given that the tertiary hospital handled cases of greater
complexity, factors such as systemic arterial hypertension and
obesity were more prevalent in the patient group compared to
the CT groups, representing factors which also correlate with
cardiac dysfunctions.

Conclusion

LV relaxation abnormalities are important echocardiographic
findings in patients with T2DM and a diagnostic component of
the early stages of DD.

LV GLS proved a valuable early marker of LV abnormalities,
where the results obtained for T2DM group were similar to those
of the HFpEF group, yet differed from the control population.
Further, these abnormalities were also more prevalent in
patients with diabetes, obesity, and associated microvascular
complications. However, the limiting factors of the study may
have had a statistical impact on the results obtained.

Thus, future studies involving a larger patient sample and fewer
confounding factors are needed for a more accurate assessment
of the impact of employing LV GLS as an early marker of DCM
in the pre-clinical phase.
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Figure 2 - Dot plots of negative moderate correlation between LV GLS and HbAT1c. HbA1c: glycated hemoglobin; LV GLS: left ventricular global
longitudinal strain.

Table 3 - Descriptive analysis of T2DM group and association with LV GLS

n 20 10 10 - -
Insulin 1.000 Fisher’s exact
No 11 (55%) 5 (50%) 6 (60%)

Yes 9 (45%) 5 (50%) 4 (40%)

MAB 0.628 Fisher’s exact
No 14 (70%) 8 (80%) 6 (60%)

Yes 6 (30%) 2 (20%) 4 (40%)

Retinopathy 0.350 Fisher’s exact
Absent 12 (60%) 7 (70%) 5 (50%)

Present 7 (35%) 2 (20%) 5 (50%)

Inconclusive 1 (5%) 1 (10%) 0 (0%)

BMI 0.087 Fisher’s exact
Normal 4 (20%) 4 (40%) 0 (0%)

Overweight 2 (10%) 1(10%) 1(10%)

Obese 14 (70%) 5 (50%) 9 (90%)

Disease duration (years) 1.000 Fisher’s exact
<5 2 (10%) 1 (10%) 1 (10%)

5t0 10 7 (35%) 4 (40%) 3 (30%)

>10 11 (55%) 5 (50%) 6 (60%)

BMI: body mass index; LV GLS: left ventricular global longitudinal strain; MAB: microalbuminuria in spot sample; T2DM: type 2 diabetes mellitus.
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Table 4 - Mean and SD of variables analyzed

Age 55.9 (£ 11.6) 61.6 (£ 7.5)
CrClI (value) 72.22 (+ 25) -

BNP (value) 27.9 (£ 32.8) 33.5 (£ 40)
LAV 26.6 (£ 8.3) 29.4 (£ 9.5)
Ele’ 8.6 (£2.5) 9.1 (x2.3)
LV GLS 16 (£2.9) 16.1 (£ 2.6)
LV mass 87.5 (£ 20) 92 (x17.7)

57.2 (+ 12.2) 48.8 (+ 11.6) 0.001
34.9 (+ 33.7) 13.6 (£ 13.2) 0.048
25.8(+7.9) 24.6 (£7.1) 0.176
8.8 (£2.5) 7.5 (£27) 0.274
14.8 (£ 3.2) 17.5 (+ 2.5) 0.015
89.3 (+ 20.6) 80.4 (+ 21.9) 0.185

BNP: natriuretic peptide; CrClI: Creatinine clearance; E/e’: ratio of E diastolic mitral inflow velocity to e’ diastolic mitral annulus velocity (abnormal > 14); HFpEF:
heart failure with preserved ejection fraction; LAV: indexed left atrial volume (abnormal > 34 ml/?); LV GLS: left ventricular global longitudinal strain; LV mass:
left ventricular mass (abnormal > 95 g/m? in females and > 115 g/m? in males); T2DM: type 2 diabetes mellitus.
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Abstract

Background: Transthyretin (TTR) amyloid cardiomyopathy associated with the VAL142lle variant typically presents in
patients in their sixth or seventh decades of life. It is among the most common hereditary forms of cardiac amyloidosis.
This study aims to characterize the clinical, laboratory, and echocardiographic features observed in patients with the
VAL142lle variant, contributing to a deeper understanding of the phenotypic expression of this genetic variant.

Method: Cross-sectional study of 31 patients diagnosed with HF due to transthyretin amyloidosis (ATTR) VAL142lle.
Functional class, presence of atrial fibrillation (AF) and carpal tunnel syndrome (CTS), and NT-proBNP value were
assessed. Diastolic and systolic dimensions, septum, posterior wall (PW), left atrial volume, ejection fraction (EF),
diastolic function and global longitudinal strain (GLS) were quantified. Statistical analysis was performed using SPSS
software version 26.0.

Results: Mean age at symptoms onset was 74.3 years (5.9 years), with 61% being male. A total of 14 (45%) were
identified with AF and 17 (55%) with CTS. Regarding New York Heart Association (NYHA) classification, 19 (61%) were
in FC Il and 8 (25.8%) in FC Ill. Measurements were diastolic diameter (DD) of 50.6 mm (£8.5), systolic diameter (SD)
of 35.2 mm (£7.8), pw = 13.5 mm (£2.1) and ivs = 14.8 mm (%2.4). The left atrial volume was 54.3 mL/m?2 (+12) and
the EF was 47.3% (£15.1). A total of 8 (25%) underwent strain echocardiography, and 7 (87.5%) showed apical sparing.
Diastolic dysfunction grade Il was observed in 8 (47%), and 14 (45%) had AF. The mean NT-proBNP was 3026 pg/mL
(£1941 pg/mL).

Conclusion: Our findings underscore the importance of characterizing this population, highlighting the potential for
early disease onset even with the VAL142lle variant. Elevated NT-proBNP levels, along with the presence of AF and CTS,
further elucidate the phenotypic patterns of patients with the ATTR VAL142lle variant.

Keywords: Cardiac amyloidosis due to transthyretin, genetic variant Val142lle, heart failure.

Introduction genetic mutations. The VAL142lle genetic variant is prevalent
in individuals of African descent, affecting up to 3.4% of
this population, with a higher incidence in the elderly. In
the United States, this condition accounts for up to 10%
of heart failure cases among African Americans over age
65.> Amyloid cardiomyopathy associated with VAL142lle
generally appears in the sixth or seventh decades of life
and is a leading hereditary form of cardiac amyloidosis,’
clinically characterized by increased ventricular mass, heart
failure symptoms, and arrhythmias. The slow progression of
the disease and nonspecific symptoms make early diagnosis

Mailli"g Address: Tonnison de Oliveira ?"Vﬂ . | challenging, resulting in a high mortality rate when not
Escola Bahiana de Medicina e Sadde Publica. Rua Dom Joao VI. Postal Code: . 1-4
40285-001. Brotas, Salvador, BA — Brazil treated appropriately.

Transthyretin amyloidosis (ATTR) is an infiltrative,
progressive, and often underdiagnosed disease caused by
amyloid protein deposits in tissues, primarily affecting the
heart and resulting in cardiomyopathy, heart failure, and
arrhythmias."? There are two forms of ATTR: the hereditary
form, caused by variants in the transthyretin (TTR) gene,
and the wild-type form, which occurs independently of

E-mail: tonnisonsilva@hotmail.com ' This study seeks to enhance the understanding of the
Manuscript received November 1, 2024; revised November 5, 2024; clinical, Iaboratory, and echocardiographic profiles of
accepted November 5, 2024 . . . . .
Editor responsible for the review: Marcelo Tavares patients with the VAL142lle genetic variant, broadening
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TTR: Transthyretin; GLS: global longitudinal strain.

Notably, limited data are available in the medical literature,
specifically addressing this increasingly prevalent variant in
our population.

Methods

This is a cross-sectional, retrospective cohort study
conducted at the Teaching-Care Outpatient Clinic of the
Bahiana School of Medicine and Public Health (Salvador,
Bahia). Data collection was conducted from February 2023
to September 2024 and included 31 patients diagnosed
with VAL142lle-associated cardiac amyloidosis. Diagnoses
were based on clinical suspicion and confirmed by 12-
lead electrocardiograms (ECG), echocardiography, cardiac
resonance imaging, pyrophosphate scintigraphy, and genetic
testing, in line with the latest diagnostic guidelines.>
Exclusion criteria included patients with light chain (AL)
amyloidosis. Clinical data collected included age, sex, New
York Heart Association (NYHA) functional class, presence of
atrial fibrillation (AF), and history of carpal tunnel syndrome
(CTS). The age at symptoms onset was defined as the first
event related to heart failure (signs and symptoms of HF,
hospitalization due to HF, or emergency room visit due to
congestive symptoms). NT-proBNP levels were measured as
a prognostic marker and indicator of hemodynamic overload.
The cutoff value of 3000 pg/mL was used as an indicator of
severe ventricular dysfunction' (Table 1).

Echocardiographic measurements, including ejection
fraction (EF), diastolic diameter (DD), systolic diameter (SD),

septal thickness (S), and posterior wall thickness (PW), were
calculated according to recommendations from the American
Society of Echocardiography (ASE). Global longitudinal strain
(CLS) was assessed per the Brazilian Society of Cardiology’s
Position Statement on Myocardial Deformation Imaging."
Apical sparing was identified in patients with preserved strain
in the apical region compared to the basal and mid-myocardial
areas."""? Diastolic dysfunction was classified based on mitral
flow and tissue Doppler criteria, with particular attention to
the E/e’ ratio, peak mitral annular velocity, and transmitral
filling patterns (Table 2).

Statistical Analysis

Statistical analysis was performed using SPSS software
version 26.0. Continuous variables, such as age at onset of
symptoms, EF, GLS, and NT-proBNP levels, were described
using mean, median, and standard deviation. Absolute and
percentage frequencies were calculated for categorical
variables, such as NYHA functional class, presence of AF,
and CTS.

Results

Analysis of a sample of 31 patients diagnosed with
VAL142lle cardiac amyloidosis showed an average age
of symptom onset at 74.3 years (£5.9 years), with males
comprising approximately 68% of the sample. Among the
patients studied, 14 (45%) had AF, and 17 (55%) reported a

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240116
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Table 1 - Clinical characteristics of patients diagnosed with cardiac amyloidosis

1 Male 72 Il
2 Male 70 Il
3 Female 7 Il
4 Male 74 I
5 Male 78 1l
6 Female 74 Il
7 Female 76 I
8 Male 70 Il
9 Male 78 1l
10 Male 66 I
11 Male 71 |
12 Male 79 Il
13 Male 79 Il
14 Female 81 1l
15 Male 72 I
16 Female 81 Il
17 Female 72 Il
18 Female 75 11
19 Female 79 1l
20 Male 80 Il
21 Female 78 |
22 Male 69 Il
23 Female 74 11}
24 Male 69 \%
25 Male 70 Il
26 Female 87 |
27 Male 78 Il
28 Male 56 1
29 Male 71 Il
30 Male 74 11
31 Female 75 Il

Yes No Not performed
No No Not performed
No No Not performed
No Yes Not performed
No No Not performed
No Yes Not performed
No No Not performed
No No Not performed
Yes No Not performed
Yes No 2460 pg/mL
Yes Yes Not performed
Yes Yes 3600 pg/mL
No No Not performed
No Yes Not performed
Yes Yes Not performed
No No Not performed
Yes Yes 3900 pg/mL
No Yes 4332 pg/mL
Yes No 650 pg/mL
Yes Yes Not performed
Yes No 450 pg/mL
No No 1940 pg/mL
Yes Yes 4250 pg/mL
Yes Yes 3900 pg/mL
No No Not performed
Yes No 3100 pg/mL
Yes No 3747 pg/mL
Yes Yes 6471 pg/mL
Yes No 1400 pg/mL
Yes Yes 3203 pg/mL
No Yes 2000 pg/mL

CTS: Carpal Tunnel Syndrome; AF: Atrial fibrillation; NYHA: New York Heart Association.

history of CTS. Regarding functional class, 19 patients (61%)
were in NYHA FC 11, 8 (25.8%) in FC 1lI, 3 (9.7%) in FC 1, and
1 (3.2%) in FC IV. Mean measurements for left ventricular
structure included a DD of 50.6 mm (+8.5), a SD of 35.2
mm (+7.8), a PW thickness of 13.5 mm (%=2.1), and an
interventricular septum thickness of 14.8 mm (+2.4). The
mean left atrial volume indexed by body surface area was
54.3 mL/m2 (=12) and the EF was 47.3% (£15.1). Of the

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240116

31 participants, 8 (25%) underwent echocardiography with
assessment of ventricular deformation and of these, 7 (87.5%)
had apical sparing visualized on echocardiography. Diastolic
dysfunction was observed in 17 (55%) of the participants,
with grades | (changed relaxation), Il (pseudonormal) and IlI
(restrictive), respectively in 3 (18%), 8 (47%), and 6 (35%)
patients. Fourteen (45%) of the total 31 had a diagnosis of
AF, and it was not possible to assess the left ventricular filling
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Table 2 - Echocardiographic data of patients diagnosed with cardiac amyloidosis

1 60% 12 12 40 21

2 20% 18 16 60 54

3 48% 14 13 48 36
4 30% 14 14 59 50

S 27% 14 13 62 54

6 26% 12 12 50 44

7 33% 16 16 42 43

8 40% 16 16 48 33
g 38% 14 13 54 44
10 56% 14 15 54 38
11 60% 14 15 40 27
12 42% 17 14 45 37
13 68% 15 15 59 34
14 52% 14 12 55 40
15 41% 16 13 51 36
16 48% 1" 1" 52 40
17 56% 13 12 48 34
18 47% 22 18 46 35
19 62% 15 14 50 33
20 62% 15 15 50 32
21 80% 13 13 39 20
22 41% 18 12 43 39
23 55% 16 15 4 27
24 30% 19 18 64 55
25 50% 12 13 48 36
26 52% 14 14 49 36
27 60% 13 10 53 36
28 14% 1" 1" 68 64
29 57% 16 15 40 28
30 46% 16 12 45 30
31 65% 12 12 48 Sil

44 mL/m? Pseudonormal Present 14%
64 mL/m? Restrictive N/A N/A
48 mL/m? Pseudonormal N/A N/A
64 mL/m? N/A N/A N/A
55 mL/m? N/A N/A N/A
52 mL/m? N/A N/A N/A
50 mL/m? Restrictive N/A N/A
42 mL/m? Restrictive N/A N/A
60 mL/m? Restrictive N/A N/A
26 mL/m? Relaxation N/A N/A
Alteration
42 mL/m? N/A N/A N/A
50 mL/m? N/A Present 12%
42 mUm? itnell N/A N/A
Alteration
47 mL/m? N/A N/A N/A
46 mL/m? N/A Present 8%
42 mL/m? Restrictive N/A N/A
62 mL/m? N/A Present 10%
71 mL/m? N/A Present 12%
40 mL/m? Pseudonormal N/A N/A
80 mL/m? N/A N/A N/A
45 mL/m? Pseudonormal N/A N/A
52 mL/m? Pseudonormal Present 10%
46 mL/m? N/A N/A N/A
84 mL/m? N/A N/A N/A
38 mL/m? Pseudonormal N/A N/A
50 mL/m? Pseudonormal Present 12%
64 mL/m? G N/A N/A
Alteration
50 mL/m? N/A Absent 7.2%
54 mL/m? Restrictive N/A N/A
74 mL/m? N/A N/A N/A
40 mL/m? N/A N/A N/A

EF: Ejection Fraction; S: Septum,; PW: Posterior Wall; DD: Diastolic Diameter; GLS: Global Longitudinal Strain, SD: systolic diameter; N/A: doesn’t apply.

pattern. NT-proBNP levels varied between patients, with an
average of 3026 pg/mL (=1941 pg/mL) (Table 3).

Discussion

The findings of this sample reveal characteristics consistent
with the findings in the literature on ATTR associated with
the VAL142lle variant.’* The mean age of 74.3 years at

symptoms onset and male predominance align with previous
studies demonstrating a late manifestation and a greater
impact on the male sex.>* The patient in this cohort who
presented the latest onset of HF symptoms was 87 years
old, while the youngest developed heart failure due to TTR
amyloidosis at the age of 56. This patient was homozygous
for the TTR genetic variant, a condition that appears to
have caused this pathology to manifest earlier.> The history

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240116
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Table 3 - Results of clinical and echocardiographic evaluation

Male 19 (61%)
Age 74.3 years +5.9 years
Functional Class (NYHA)

| 3(9.7%)

Il 19 (61%)

1l 8 (25.8%)

[\, 1(3.2%)
DD 50.6 mm 8.5 mm
SD 35.2 mm 17.8 mm
Septum 14.8 mm 2.4 mm
PW 13.5 mm £2.1mm
EF 47.3% £15.1%
Atrial volume 54.3 mL/m? +12mL/m?
GLS 11%
Apical sparing 7 (87.5%)
CTS 17 (55%)
AF 14 (45%)

NT-proBNP 3026 pg/mL +1941 pg/mL

GLS: Global Longitudinal Strain; N: Sample Number; CTS: carpal tunnel
syndrome; EF: ejection fraction; AF: atrial fibrillation; NYHA: New York
Heart Association; DD: diastolic diameter; SD: systolic diameter;
PW: posterior wall.

of CTS in 55% of patients reinforces the association of TTR
deposits in tendons and peripheral nerves, a marker that
aids in the early diagnosis of the disease.”**> The mean
EF was 47.3%, indicating a left ventricular systolic function
impairment, which is usually seen in more advanced stages
of this restrictive cardiomyopathy.">*> The increased
thickness of the PW and interventricular septum reflect the
deposition of amyloid in the interstitial space, with increased
ventricular mass, diastolic dysfunction, and subsequent
systolic dysfunction. In this study, diastolic dysfunction was
prevalent, with most patients displaying grade Il or higher
dysfunction. This finding is expected regardless of the type
of TTR-related genetic variant since amyloid infiltration in
the myocardium causes ventricular stiffness and progressive
impairment of diastolic function and HFpEFE."%* The reduced
GLS value associated with apical sparing in approximately
87% of cases highlights the importance of GLS assessment
in the diagnostic flow of patients with suspected ATTR.
The presence of concentric left ventricular hypertrophy,
atrial dilation, and the apical sparing pattern provides an
echocardiographic profile that aids in distinguishing ATTR
from other cardiomyopathies, such as hypertensive or
hypertrophic types.’®"? In this study, patients with NT-proBNP
levels exceeding 3000 pg/mL showed lower GLS and more
severe diastolic dysfunction, reflecting a higher degree of
cardiac impairment. This finding aligns with previous studies
that identified similar cutoff values for risk stratification

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240116

in CA." The AF (45%) among patients is consistent with other
studies, which point to an association between amyloidosis
and atrial arrhythmias.'*

Although this study provides valuable information on the
clinical manifestation of cardiac amyloidosis associated with
the VAL142lle variant, there are some limitations. The sample
size was relatively small, and the lack of longitudinal follow-up
prevents the evaluation of the temporal progression of clinical
and echocardiographic markers. Additionally, underutilization
of myocardial strain due to limited echocardiographic
windows and availability may have affected the accuracy of
GLS values and apical sparing detection in this subgroup with
the VALT42lle variant.

Conclusion

In conclusion, this study emphasizes the importance of
characterizing this population and the potential for early
onset, even in VAL142lle variant cases. Furthermore, findings
such as increased ventricular wall thickness, significant atrial
dilation, reduced EF, and markedly low GLS (11%) indicate
a late-stage diagnosis, a known marker of poor prognosis.
High NT-proBNP levels, along with the presence of AF and
CTS in a substantial proportion of patients, contribute to our
understanding of the phenotypic patterns in patients with
ATTR VAL142lle.
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LuX-Valve Plus Device in Latin America: Report of the First Three Cases
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Abstract

Background: Severe tricuspid regurgitation (TR) is associated with high morbidity and mortality, especially in patients with
contraindications for surgery. Transcatheter tricuspid valve replacement has emerged as a minimally invasive alternative
for this population, with the LuX-Valve Plus device designed for orthotopic implantation via the transjugular route.

Objective: To report the first 3 cases of transcatheter tricuspid valve replacement using the LuX-Valve Plus device in Latin
America, assessing the feasibility, safety, and immediate clinical outcomes.

Methods: The study included 3 female patients with torrential TR and high surgical risk. Pre-procedure assessment
included transesophageal echocardiography, 3-dimensional transthoracic echocardiography (3D TEE), computed
tomography, and cardiac catheterization. The procedure was performed via transjugular access, under general
anesthesia, with 3D TEE and fluoroscopy guidance. Implant efficacy was assessed as resolution of TR, transprosthetic
gradient, and post-procedure complications.

Results: The implants were successful in all cases, with complete resolution of TR, absence of paravalvular leaks, and
adequate transprosthetic gradient. Right ventricular function was preserved, and all patients were discharged 3 to 4 days
after the procedure with no significant complications.

Conclusion: Transcatheter tricuspid valve replacement using the LuX-Valve Plus was shown to be a viable and safe
alternative for patients with severe TR and high surgical risk. The use of 3D TEE was essential to the planning and
execution of the implant. Further studies are needed to assess durability and long-term clinical outcomes.

Keywords: Tricuspid Valve; Tricuspid Valve Insufficiency; Transcatheter Aortic Valve Replacement; Transesophageal
Echocardiography.

Introduction

Tricuspid regurgitation (TR) is frequently functional,
resulting from dilation of the tricuspid annulus in
conditions such as valvular heart disease, cardiomyopathy,
and pulmonary hypertension. Primary cases may
be associated with rheumatic disease or post-
surgical complications. When severe and untreated,
TR leads to right ventricular dysfunction, worsening
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prognosis and increasing morbidity and mortality."
Tricuspid valve replacement surgery is characterized by
high risk in patients with comorbidities, such as right
heart failure and pulmonary hypertension. Transcatheter
replacement has emerged as a promising alternative, but
there are still challenges related to the complex anatomical
characteristics of the tricuspid valve.?

The LuX-Valve Plus device (Figure 1) is a self-expandable
prosthesis implanted via a transjugular approach that was
designed to overcome these limitations. This article reports
the first 3 cases of transcatheter tricuspid valve replacement
using the LuX-Valve Plus in Latin America, assessing the
feasibility, safety, and immediate clinical outcomes.?

Methods

Three female patients with torrential TR were treated.
Two had atrial functional TR, and the third had mixed
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Central lllustration: First Percutaneous Orthotopic Tricuspid Valve Implantations using the LuX-Valve Plus
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Echocardiographic assessment after LuX-Valve Plus implantation in the 3 cases, illustrating the following: (A) the mean gradient, (B) the positioning of the delivery
system, (C) the resolution of TR, and (D) 3-dimensional reconstructions of the implanted valve, demonstrating the efficacy of the transcatheter approach.

etiology related to mitral prosthesis and pacemaker leads.
All patients had a history of decompensated heart failure,
with predominance of systemic congestive symptoms.

The decision for transcatheter treatment was
based on high surgical risk and favorable anatomy.
Assessment included transthoracic and transesophageal
echocardiography, computed tomography, and right
chamber catheterization, allowing for detailed planning.
Three-dimensional transesophageal echocardiography
(3D TEE) was essential for analysis of regurgitation, valve
anatomy, and right ventricular function.

Transcatheter procedure

Procedures were performed via transjugular access,
under general anesthesia, with 3D TEE and fluoroscopy
guidance. Critical steps included the following:

1. Positioning of the delivery system in the right atrium

(Figure 2).
2. Centering and coaxiality in the tricuspid annulus
(Figure 3).

3. Implantation and anchoring of the device in the
interventricular septum (Figures 4 and 5).

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240124
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4. Final assessment to rule out paravalvular leaks and
obstructions (Figures 6 and 7).

Prosthesis sizes ranged from 30/50 mm, 30/55 mm, and
30/45 mm, adjusted to tricuspid anatomy. Intraoperative
echocardiographic monitoring was crucial for successful
implantation and rapid patient recovery.

Results

All 3 transcatheter tricuspid valve replacement
procedures with the LuX-Valve Plus device were conducted
successfully, by means of transjugular access with 3D TEE
and fluoroscopy guidance. Implantation was performed
without significant complications, with appropriate
prosthesis positioning in all cases.

Following the procedure, complete resolution of TR
was observed in all 3 patients, accompanied by preserved
right ventricular function. The mean transvalvular gradient
remained within physiological limits, with no evidence of
relevant stenosis. Moreover, the patients showed rapid clinical
recovery, without requiring hemodynamic support and no
serious complications during the initial follow-up period.

Echocardiographic analysis demonstrated adequate
adaptation of the prosthesis to the tricuspid annulus,
without signs of displacement or valve dysfunction. These
findings reinforce the safety and efficacy of the minimally
invasive approach using the LuX-Valve Plus device in
patients with high surgical risk (Central Illustration).

Discussion

Severe TR, previously considered of minor clinical
relevance, has been associated with worse cardiovascular
outcomes, including right ventricular dysfunction and
increased morbidity and mortality. Multiple recent studies
have demonstrated that the severity of TR is directly
correlated with worse clinical outcomes, regardless of
other parameters, such as pulmonary artery pressure
and left ventricular ejection fraction.* Moreover, a large
retrospective study found that even mild TR is associated
with significantly worse clinical outcomes compared with
the absence of any trace of regurgitation, reinforcing the
need for early and effective therapeutic approaches.>®

Transcatheter approaches, such as the LuX-Valve Plus,
represent an important advance in cardiovascular medicine,
offering new therapeutic perspectives for a challenging
condition, with a substantial impact on patient quality of
life and morbidity. Although conventional treatment, which
includes medical therapy and open surgery, has shown
limited benefits in many cases, transcatheter alternatives,
such as implantation of tricuspid valve repair devices, have
emerged as promising options, promoting a minimally
invasive approach. These interventions have the potential
to significantly expand therapeutic options for patients with
refractory TR, especially those who are not ideal candidates
for traditional surgery.?”

A recent study including 76 patients undergoing LuX-
Valve Plus implantation observed a significant reduction in
TR to < 2+ in 94.7% of cases and < 1+ in 90.8%, with

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240124

Figure 1 - The LuX-Valve Plus device: (a) bird tongue-shaped ventricular
septal anchor; (b) bovine pericardial prosthetic valve; (c) leaflet graspers;
(d) a self-expanding nitinol valve stent consisting of an atrial disc.

sustained results after T month. In-hospital mortality was
5.3%, and major events were infrequent, demonstrating
the safety and efficacy of the transcatheter approach, even
in complex anatomies.?

In this report, the device demonstrated safety and
efficacy, with positive immediate outcomes, standing out as
a promising option for the management of TR. The use of
3D TEE was essential to planning and execution, allowing
detailed visualization of the tricuspid annulus and accurate
guidance of the delivery system.

Compared to existing transcatheter alternatives, the LuX-
Valve Plus offers benefits due to its anatomical adaptation
and post-implant stability; however, long-term studies are
needed to evaluate its durability and late clinical outcomes.

Conclusion

Transcatheter tricuspid valve replacement using the
LuX-Valve Plus was shown to be an effective and safe
alternative for patients with severe TR and high surgical
risk. This pioneering report in Latin America reinforces the
role of transcatheter therapies in managing complex valve
conditions, highlighting the importance of echocardiography
in planning and monitoring these procedures. Further studies
are needed to consolidate its clinical application and establish
criteria for patient selection.
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Figure 2 - Two-dimensional transesophageal echocardiography with biplane images (multi-D or X-plane) based on the short-axis view, showing the process
of guiding the delivery system (red star) through the valve and into the right ventricle. (A) The super stiff quidewire advancing into the right atrium (red
star). (B) The delivery system has reached the tricuspid valve orifice. (C) The delivery system has crossed the tricuspid valve. (D) After crossing the
tricuspid valve, 3-dimensional transesophageal echocardiography imaging with multiplane reconstruction to guide the coaxiality of the delivery system.
LA: left atrium; RA: right atrium; RV: right ventricle.

Figure 3 - (A) Measurement of the insertion depth of the delivery system (red star). The implantation depth is 3.3 cm. (B) After coaxialization, the delivery
system was positioned in the central axis of the tricuspid valve, perpendicular to the annular plane. RA: right atrium; RV: right ventricle.

Figure 4 - Confirmation of leaflet capture by grasper. In the short-axis view, two graspers (red and green stars) can be observed. (A) In the multi-D or X-plane in
the RV inflow-outflow view, the sampling cursor is first positioned on the anterior grasper (red star) near the aorta. The grasper can be seen below the anterior
tricuspid leaflet (blue arrow) in the corresponding orthogonal plane. (B) In the multi-D or X-plane in the RV inflow-outflow view, the sampling cursor is positioned
on the posterior grasper (green star) away from the aorta. The grasper can be seen below the posterior tricuspid leaflet (blue arrow) in the corresponding
orthogonal plane. RA: right atrium; RV: right ventricle.

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240124
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Figure 5 - Different ways to analyze septal anchoring. (A) Real-time 3-dimensional transesophageal echocardiography imaging, mid-esophageal 4-chamber
view, showing septal anchorage (red star). (B) Multi-D or X-plane 4-chamber view of the mid-esophagus. Left: the anchor aligns parallel and attaches to the
septum (red star). Right: the anchor attaches to the septum (red star). (C) Short-axis view of the right ventricle through the transgastric window showing
septal anchorage (red star). (D) Real-time 3-dimensional transesophageal echocardiography imaging, mid-esophageal 4-chamber view, showing septal

anchoring (red star).

Figure 6 — Assessment of prosthetic valve function. (A) Determination of the position and degree of paravalvular regurgitation. In the biplane RV inflow-outflow
view, a mild paravalvular leak was observed, located in the anterior topography. (B) After fine adjustment and repositioning of the prosthesis, it was possible to
correct the paravalvular leak with an excellent final result. (C) Analysis of transprosthetic gradients. RV: right ventricle.

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240124
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Figure 7 - Assessment of prosthetic valve function. (A) Three-dimensional imaging of the atrial face of the LuX-Valve Plus, showing the right atrial disc
(D-shaped) and stent (the circular structure in the middle). (B) Three-dimensional imaging of the ventricular face of the LuX-Valve Plus, showing 2 graspers,
known as “rabbit ears” (red star).
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Mitral Annulus Diameter’s Relevance in the Diagnosis of Atrial
Etiology in Mitral Regurgitation: A Comparative Analysis
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Abstract

Background: Atrial Functional Mitral Regurgitation (FMR) is defined by mitral annular dilation and functional alterations
without structural impairment of the leaflets or subvalvular apparatus. It is associated with higher cardiovascular
mortality, being often characterized as an exclusion diagnosis due to the absence of more precise diagnostic criteria.
Therefore, it is crucial to identify markers that distinguish it from other Mitral Regurgitation (MR) types.

Objective: To assess the accuracy of the intercommissural diameter of the mitral annulus and its value indexed to body
surface area in differentiating atrial etiology in patients with MR.

Methods: This is an observational cross-sectional study with 109 patients diagnosed with moderate or severe MR. Data
were obtained between October 2022 and January 2024, from transesophageal echocardiograms performed at a referral
hospital in the city of Salvador-BA.

Results: The mean age was 69 = 15, with 67 males and 28 cases of atrial etiology. The comparison between patients
with MR of Atrial etiology versus Non-atrial etiology revealed significantly increased diameters of the intercommissural
mitral annulus and its indexed value, with considerably larger diameters in the Atrial group (p = 0.009; 95% Cl: 0.501
to 3.507). The receiver operating characteristic (ROC) curve analysis identified an optimal cut-off value of 20.8750, in
which the sensitivity and specificity were 67.9%.

Conclusion: Indexing the mitral annular diameter to the body surface area improves diagnostic accuracy in identifying
the atrial etiology of MR compared to diameter alone, supporting its potential role in more comprehensive diagnostic
algorithms.

Keywords: Mitral Valve Insufficiency; Heart Failure; Atrial Fibrillation.

annulus is key for establishing a diagnosis.”** The increasing
prevalence of AF and HFpEF highlights the importance of
more accurate diagnostic and therapeutic strategies for
FMR."¢ This condition is associated with increased mortality,
and interventions such as rhythm control have shown a
potential to reduce its frequency.”

Introduction

Mitral Regurgitation (MR) is one of the most prevalent
valvular diseases in the world, with continuous advances
in the understanding of its pathophysiology, diagnosis,
and management."* Among its etiological presentations,
Functional Mitral Regurgitation (FMR) of atrial etiology stands

out for its clinical relevance, especially in the context of Atrial
Fibrillation (AF) and Heart Failure with preserved Ejection
Fraction (HFpEF)."** It is characterized by mitral annulus
dilation and functional alterations of the valve without
structural compromise of the leaflets or the subvalvular
apparatus. A detailed evaluation of the left atrium and mitral
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While AF is commonly associated with FMR, studies
suggest that left ventricular diastolic dysfunction
also contributes to atrial remodeling, playing a role
in the development of this valvular disease.*®9 Its
pathophysiological mechanisms include significant
anatomical and functional changes. The phenomenon
known as hamstringing, characterized by restricted
movement of the posterior mitral leaflet, and bending,
which is a pathological deformation of the leaflet under
hemodynamic stress, directly impairs valve functionality.
Moreover, changes in the ratio between the leaflets and
mitral annulus area, associated with atrial tethering caused
by posterior displacement of the annulus in response to
left atrial enlargement, contribute to mitral coaptation
deficiency. These changes show that FMR results from
combined valve and atrial remodeling, and is not restricted
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AUC: area under the curve; MR: Mitral Regurgitation.

to the annular dimensions. These processes directly impact
valve coaptation and worsen the severity of MR."*"2

Although the literature extensively discusses the
pathophysiology of MR and its associated clinical and
echocardiographic findings, there is a lack of studies
focused on refining diagnostic criteria for this specific
condition.® Given this gap, the present study aimed to
determine the accuracy of the intercommissural diameter
of the mitral annulus and its value indexed to body surface
area, as measured by transesophageal echocardiography, in
differentiating atrial etiology in patients with MR.

Method

This is an observational, cross-sectional study, with 109
patients with moderate or severe MR. Echocardiographic
images were obtained by transesophageal echocardiography
at a referral hospital located in Salvador-BA, in the period
between October 2022 and January 2024.

Patients

Patients were selected through a convenience sample based
on clinical indications for transesophageal echocardiography as
determined by the attending cardiologists. The indication was
based on clinical criteria, considering the need for a detailed
assessment of the mitral valve and the severity of regurgitation
for therapeutic planning. All patients with moderate or severe
MR who underwent transesophageal echocardiography
between October 2022 and January 2024, in either outpatient
or hospital settings, were included. The exclusion criterion
was the presence of only mild MR on transesophageal
echocardiography or the presence of a prosthetic mitral valve.

The sample consisted of two groups: patients with MR of
Atrial etiology (N = 25) and with Non-atrial etiology (N = 84).
Between the groups, significant differences were observed
in clinical and echocardiographic characteristics. The Atrial
group had a higher median age (77 years, 95% Cl: 73-84)
than the Non-atrial group (67 years, 95% Cl: 60-71;
p < 0.001), in addition to a higher prevalence of AF
(72% vs. 34%; p < 0.001). 68% vs. 67%, 95% Cl: 60-71;
p < 0.001). The Non-atrial group showed a higher
proportion of male patients (68% vs. 68%, 95% Cl: 60-71;
p < 0.001). 42%; p = 0.019).

From an echocardiographic point of view, patients in the
Atrial group had larger diameters in the mitral annulus, both in
linear measurement (46.04 mmvs. 44.37 mm; p = 0.012) and
in the index adjusted for body surface area (21.63 = 1.86 vs.
19.36 = 2.48; p < 0.001). Additionally, the left atrial volume
was significantly greater in the atrial group (59.02 ml/m?2
vs. 38.00 ml/m2; p = 0.08). Other characteristics, such as
Left Ventricular Ejection Fraction (LVEF) and E/e’ ratio, were
not significantly different between the groups (p > 0.05).

Echocardiogram

Transesophageal echocardiography was chosen due to its
superior ability to assess both the anatomical and functional
aspects of the mitral valve.”'> Echocardiographic images
were obtained following a standardized protocol with high-
resolution equipment (GE Healthcare, E95).

The intercommissural diameter of the mitral annulus was
measured using the linear dimension of the intercommissural
slice, obtained in a mid-esophageal view at 60°. In addition,
two experienced evaluators classified MR into two groups:

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240134
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Atrial and Non-atrial, according to current guidelines. In
cases of disagreement, a third evaluator provided a final
classification.™

The diagnosis of FMR was based on the following criteria:
a dilated mitral annulus on transthoracic echocardiography
(> 35 mm in systole on the longitudinal parasternal view),
absence of primary mitral valve disease, significant left
atrial dilation (indexed volume > 42 ml/m?) and absence of
significant ventricular dysfunction (LVEF: > 45%, assessed
using the Simpson method).?*'¢ These criteria were applied
to differentiate FMR cases and guide the analysis of the
intercommissural diameter relevance as a diagnostic marker.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics
for Windows, version 27.0 (IBM Corp, Armonk, NY, USA). In
the descriptive analysis, categorical variables were presented
as frequencies and percentages, while continuous variables
were described by mean and standard deviation. The
normality of continuous variables was assessed using the
Shapiro-Wilk test, adopting a p-value> 0.05 as the criterion
for normality.

Comparisons between the Atrial and Non-Atrial groups
followed different approaches depending on the variable’s
nature. For categorical variables, the Pearson’s chi-square test
was applied. Continuous variables with normal distribution
were analyzed using the Student’s t-test for independent
samples, with the effect size of significant differences being
quantified by Cohen’s d. In cases of non-normal distribution,
the Mann-Whitney's U test was used to compare groups. A
95% confidence level was adopted for all tests.

ROC curve analysis was performed to evaluate the
diagnostic accuracy of mitral annular diameter and its
indexed value in differentiating Atrial from Non-atrial MR.
The C statistic was used as a quantitative measure of accuracy,
with values above 0.7 indicating good discriminatory
capacity. The Youden index was applied to determine the
optimal cutoff point for identifying atrial MR based on the
indexed mitral annulus.

Results

A total of 109 patients were evaluated, with a mean age of
69 = 15 years. Most participants were male, with a total of
67 men (61.4%). In the sample, 44% had a known diagnosis
of AF, including 20 patients in the Atrial group and 28 in the
Non-atrial group. The prevalence of AF differed significantly
between the groups (p < 0.001) (Table 1).

Patients were categorized based on MR etiology, with 28
(25%) assigned to the Atrial MR group and 81 (75%) to the
Non-atrial group. The remaining participants, corresponding
to 75% of the sample, formed the composition of the Non-
atrial etiology group.

A comparison of echocardiographic measurements
between patients with Ml of atrial and Non-atrial etiology
revealed increased diameters of the intercommissural mitral
annulus and its value indexed through the body surface, with
larger diameters in the atrial group (Table 1).
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The mean intercommissural mitral diameter in the Non-atrial
group was 35.067 mm, while in the Atrial group, this value
corresponded to 37.071 mm (p = 0.012; Cohen’s d: 0,580).

Regarding the indexed values, the mean mitral annulus
diameter indexed by the body surface area in the Non-atrial
group was 19.36 mm/m2, while in the Atrial group, this was
21.63 mm/m? (p < 0.001; Cohen’s d: 0.972) (Table 2).

The diagnostic accuracy of the mitral annulus
intercommissural diameter showed an area under the curve
(AUC) of 0.659 (95% Cl: 0.550 - 0.768), while the ROC curve
analysis of the mitral diameter indexed through the body
surface exhibited an AUC of 0.767 (95% Cl: 0.675 - 0.859).
The complementary analysis of the ROC curve identified an
optimal cutoff value of 20.8750, at which the sensitivity and
specificity were 67.9% (Graph 1).

These findings highlight the relevance of the indexed
intercommissural diameter as a potentially superior diagnostic
metric to distinguish Atrial from Non-atrial etiologies of MR
(Central lllustration).

Discussion

The prevalence of FMR in our study (25%) is consistent
with the average number reported in previous observational
studies, reflecting the relevance of this condition.?””
Moreover, the analysis demonstrated that AF is a relevant
marker for atrial etiology, with statistically significant
differences between the Atrial and Non-atrial groups
(p < 0.001). AF prevalence reached 71.4% in the atrial MR
group, underscoring its strong association with this etiology.'®*°
These findings reinforce the importance of considering AF when
identifying the atrial functional etiology in patients with MR.

In this study, a statistically significant difference was
observed in the median ages between groups. Patients in the
Atrial group had a higher median age (77 years; interquartile
range: 73-84) compared to the Non-atrial group (67 years;
interquartile range: 60-71; p < 0.001). This pattern is in
agreement with data previously reported in the literature,
which associates advanced age with a greater predisposition
to the atrial etiology of MR."®2'22 Aging is associated with
structural changes such as Left Atrial dilation, which contribute
to the development of FMR. These findings reinforce the
relevance of age as a relevant pathophysiological factor in
determining the etiology of MR.

In the Atrial etiology group, the gender distribution showed
42.9% males and 57.1% females, indicating a slight female
predominance. In the Non-atrial group, the proportion of men
was considerably higher, representing 67.9% of the participants (55
of 81 individuals). The difference in gender distribution between
the groups was statistically significant (p = 0.019), suggesting that
gender may influence the etiology of MR. Although the exact
mechanisms remain unclear, previous studies suggest anatomical
and hormonal factors may contribute to atrial remodeling and the
atrial etiology of MR development.** However, these hypotheses
still require further investigation.

In the Atrial group, LVEF showed a mean of 56.04 = 7.53%,
while in the Non-atrial group, the mean was significantly
lower, reaching 44.42 = 1.90% (p < 0.001). The preservation
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Table 1 - Demographic and clinical data

Age - years 77 (73-84) 67 (60-71) <0.001
Gender: Male, n (%) 12 (48%) 55 (65%) 0.19

AF, n (%) 20 (72%) 28 (33%) <0.001
Dyslipidemia, n (%) 21 (75%) 42 (50%) 0.025
Stroke, n (%) 05 (18%) 13 (16%) 0.805
Previous Coronary Artery Disease, n (%) 07 (25%) 34 (40%) 0.141

Diabetes Mellitus, n (%) 07 (25%) 31 (37%) 0.204
Systemic Arterial Hypertension, n (%) 22 (78%) 48 (57%) 0.066
Chronic Renal Failure, n (%) 05 (18%) 14 (17%) 0.976
Weight (kg), n (%) 72.04 (70-74) 73.51 (72-75) 0.632

AF: Atrial Fibrillation.

of the ejection fraction in the atrial group reflects a striking
characteristic of this group, since the reduction in LVEF, when
present, occurs only in advanced stages of atrial FMR.?"23-25
FMR is recognized as an important prognostic indicator in
patients with AF and HFpEF. This condition is associated with
a higher risk of progressive systolic dysfunction and reduced
LVEF, factors that contribute to clinical worsening and adverse
outcomes.?® These findings reinforce the need for careful
monitoring of left ventricular function in this clinical context.

The behavior of the mitral annulus and the mitral annulus
indexed by body surface area was of particular interest in this
study. Prior research on the mitral annulus as a diagnostic
tool for FMR has yielded conflicting results, with most studies
relying on absolute measurements obtained via transthoracic
echocardiography.?” This study utilized transesophageal
echocardiography due to its superior precision in assessing the
mitral valve, annular complex, and valve morphology.?”** Body
surface area indexing was used to ensure greater reliability of
measurements, especially in heterogeneous populations. This
approach allows for a more standardized assessment adjusted to
the individuality of patients, expanding its clinical applicability.2®
These factors reinforce the importance of indexing in the context
of FMR, where diagnostic accuracy is essential.

The intercommissural mitral annular diameter was
compared between atrial and non-atrial MR groups,
revealing significant differences in both absolute and
indexed measurements. The mean absolute diameter was
35 mm in the Non-atrial group and 37.1 mm in the Atrial
group (p = 0.012), with a Cohen’s d of 0.580, indicating
a moderate effect size. When adjusted for body surface
area, the difference became even more pronounced, with
mean values of 19.35 mm/m?2 in the non-atrial group and
21.63 mm/m? in the atrial group (p < 0.001, Cohen'’s
d = 0.972), indicating a large effect size.

These findings confirm that indexing by body surface
area enhances the detection of mitral annular changes,

standardizing measurements to account for individual
patient characteristics. This approach is particularly useful
in heterogeneous populations and may improve clinical
decision-making by refining the differentiation between atrial
and non-atrial MR.202

The analysis of diagnostic accuracy using the ROC curve for
the intercommissural diameter of the mitral annulus revealed
an AUC of 0.659 (95% Cl: 0.550-0.768), indicating only
moderate accuracy in distinguishing between the atrial and
non-atrial groups. On the other hand, indexing the mitral
diameter by body surface area showed superior relevance,
with an AUC of 0.767 (95% Cl: 0.675-0.859), reflecting a
more robust diagnostic discrimination capacity.

Additionally, the ROC curve analysis identified an optimal
cutoff value of 20.8750 mm/m?, with sensitivity and specificity
of 67.9%. These findings reinforce the potential of indexed
diameter as a superior tool when compared to the absolute
value of the valve annulus in diagnostic algorithms, offering
greater accuracy in differentiating between atrial and non-
atrial etiologies of MR.

While indexing the mitral annular diameter increased
diagnostic accuracy compared to absolute measurements,
limitations remain. The C statistic and Youden index analysis
suggest that, when used in isolation, the indexed annular
diameter provides only modest diagnostic accuracy. This
underscores the need for more comprehensive diagnostic
models that integrate indexed diameter with additional
clinical and echocardiographic variables to improve atrial
MR identification.

Conclusion

The findings support the use of indexed diameter as a
superior metric over absolute annular size in diagnostic
algorithms, offering greater accuracy in differentiating
MR etiologies. However, incorporating this measure into
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Table 2 - Echocardiographic Data

Linear Measurement of Commissural Mitral Annulus (mm)
Indexed Mitral Annulus (mm/m?)

Linear Measurement of Left Atrium (mm)

Indexed Left Atrial Volume (ml/m?)

LVEF

E/e’ ratio

37.07 (32-40) 35.06 (25-43) 0.012
21.63+1.86 19.36 + 2.48 <0.001
46 (44-49) 44 (41-49) 0.732
59.02 (57-61) 38.00 (35-41) 0.080
61 (58-64) 42 (30-54) <0.001
12 (10-14) 10 (08-12) 0.315

LA: Left Atrium; LVEF: Left Ventricular Ejection Fraction; Kg:

Kilograms; m: Meters; HR: Heart Rate; bpm: Beats per Minute.

IC 95% = 0.550 - 0.768

ROC curve ROC curve
1.0 Origin of the curve 1,0 Origin of the curve
_ted_ . 7idntgg)r(mtral_

0.8 K\é?er::é)r:rcl;mssure ! 0,8 — Reference
2> " line - line
= 06 206
Z z
5 04 £ 04

AUC: 0.66 @ AUC: 0.77
0.2 0,2
0.0 0,0
00 02 04 06 08 10 00 02 04 06 08 10
1 - Specificity 1 - Specificity

IC 95% = 0,675 - 0,859

Graph 1 - ROC Curves for evaluating atrial etiology. (A) Non-indexed mitral annulus: AUC = 0.66 (95% CI: 0.550-0.768), indicating
moderate discriminatory ability. (B) Mitral annulus indexed by body surface area: AUC = 0.77 (95% CI: 0.675-0.859), suggesting higher
diagnostic accuracy. The reference line represents the absence of discriminatory power (AUC = 0.5). The curves were adjusted based
on the dimensions of the mitral annulus (intercommissural length or indexed value) and reflect the population heterogeneity, highlighting
the superiority of the adjusted index in distinguishing atrial etiology. AUC: area under the curve; ROC: receiver operating characteristic.

broader diagnostic frameworks may further enhance its

clinical utility.
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Short Editorial related to the article: Mitral Annulus Diameter’s Relevance in the Diagnosis of Atrial Etiology in Mitral Regurgitation:

A Comparative Analysis

The mitral annulus is a complex and dynamic structure
responsive to both structural and functional changes involving
the mitral valve, as well as those affecting the geometry of
the left ventricle (LV) and left atrium (LA). Its bean-shaped
or “D"-shaped three-dimensional structure is similar to a
horse’s saddle, in which the nadir (height) varies throughout
the cardiac cycle. The malleability of the mitral annulus is
important for valve competence. The posterior portion of the
annulus, which is less fibrotic, moves during left ventricular
systole, increasing the height of the saddle and reducing its
circumferential area. In situations of left atrial dilation and
dysfunction, mainly accompanied by atrial fibrillation (AF)
and commonly associated with various causes of LV diastolic
dysfunction, mitral annulus” dynamics are often compromised.
This results in reduced mobility of the posterior leaflet, annulus
stiffness, and diminished oscillation of the saddle height, in
addition to valve retraction (tethering), which contribute to
mitral coaptation failure.’

The mitral annulus can be studied using echocardiography,
both two-dimensional and three-dimensional, with
transesophageal imaging being the preferred approach.
Three-dimensional imaging allows for various quantitative
measurements facilitated by computational reconstruction
software. These measurements can also be dynamic, capturing
structural modifications throughout the cardiac cycle in
both systole and diastole (Figure 1). Key measurements
include annular circumference and area, anteroposterior
and inter-commissural diameters, and saddle height. The
three-dimensional approach offers significant advantages,
particularly when segmentation of valve anatomy is required,
such as in cases of mitral valve prolapse that necessitate
detailed anatomical analysis of valve bulges.? Different etiologies
of mitral regurgitation (MR) are accompanied by different
degrees of mitral annulus deformation, with the most subtle
ones observed in ischemic MR and the most significant in the
most advanced spectra of mitral degenerative diseases, such
as Barlow’s disease.? For example, in rheumatic disease—still
largely common in Brazil despite its low prevalence in more
developed countries—mitral annulus changes are characterized
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by a “flattening of the saddle shape” and an increased area
without a significant change in the perimeter.*

The etiological diagnosis of MR, whether functional or
primary, can often be challenging. When functional (secondary),
regurgitation is commonly related to the enlargement of the left
chambers, as well as to the isolated enlargement of the LA in some
cases, as occurs in various cardiomyopathies or heart failure with
preserved ejection fraction (HFpEF). Regurgitation itself can cause
mild secondary valve thickening due to jet lesions, making the
etiological diagnosis even more difficult. Distinguishing between
MR as a cause or consequence of cardiac chamber dilation
remains challenging and often relies on subjective assessments.
Addressing this issue is crucial, particularly in the context of
primary MR treatments and the evolving role of percutaneous
devices for secondary MR. In cases of MR associated with AF but
without left ventricular dilation or dysfunction, the possibility of
functional or secondary MR (the so-called atrial MR) should be
considered, whose etiopathogenesis is not yet well understood.”
One theory suggests that LA dilation is responsible for the
displacement of the posterior mitral annulus towards the LV
crest, thus reducing the posterior leaflet’s coaptation surface.®
Other mechanisms of functional MR are also proposed for
situations where LV dilation and dysfunction are also present,
such as in dilated cardiomyopathies, due to the lack of adequate
remodeling/stretching of mitral valve leaflets.

A recent systematic review by Kagiyama et al. provides a
comprehensive discussion on functional MR related to AF and
the mitral annulus alterations that may accompany left atrial
remodeling, even in patients with preserved ventricular function.’
Based on the published articles, they estimate a 3 to 15%
prevalence of atrial MR. The study also revealed that patients with
AF presenting atrial MR have more adverse events throughout
the clinical evolution. A few studies and publications of isolated
cases suggest the role of annuloplasty as a treatment for cases of
atrial MR. Furthermore, there is growing clinical interest in the
potential role of percutaneous treatments, with some devices
under development alongside mitral “clipping,” though scientific
evidence remains limited. Percutaneous treatments may offer
advantages over open surgery, particularly for older patients with
AF and multiple comorbidities. This reinforces the relevance of
a more detailed assessment of the mitral annulus.

The study by Souza et al.,” published in this issue of ABC
Imagem, analyzed a cohort of 109 patients with significant
MR from various etiologies, including 28 cases of atrial MR.
Patients were evaluated by two-dimensional transesophageal
echocardiography. The linear commissural measurement of the
mitral annulus, indexed by CS, obtained from a two-chamber
transesophageal image. Patients classified as having “atrial
etiology” had preserved left ventricular ejection fraction (LVEF).
The commissural measurement power was tested to identify the
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Figure 1 - Anatomical characteristics of the mitral annulus. Panels A and B demonstrate the mitral annulus anatomy related to other cardiac structures, such
as the aortic valve. Panel C highlights the objective measurements that can be performed on the mitral annulus. Figures adapted from Grewal et al. Circulation
2010 and Levine et al. Circulation 1989. PM: posterior-medial; AL: anterior-lateral.

28 cases of MR of atrial etiology. The authors demonstrated good
accuracy of the indexed variable (AUC = 0.77) in identifying
patients with MR of atrial etiology, which was slightly superior to
the non-indexed linear measurement of the inter-commissural
diameter. Despite the small sample size and the use of a single
measurement parameter, the results suggest the importance of
quantitative mitral annulus assessment, even in patients with
preserved LVEF. This approach may aid in differentiating mitral
disease etiologies associated with MR.
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Abstract

Cancer and cardiovascular diseases are the leading causes
of mortality worldwide. As these diseases share common
metabolic pathways, patients with cancer are currently
seen as having subclinical alterations with great potential
for developing cardiovascular diseases (and vice versa). This
tenuous interrelationship has led to the emergence of cardio-
oncology (CO) as an area of study and discussion, with a major
impact on the management of these cases.

In clinical practice, CO is dominated by the dilemma of
how to best manage cardiovascular toxicity during cancer
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treatment. The management of these cases focuses not only on
restoring cardiovascular balance, but also on ensuring that the
best oncological treatment will be offered, without suspensions
or interruptions.

Within this context, the concept of permissive cardiotoxicity
(PC) has emerged, proposing the idea of maintaining antitumor
treatment in the event that ventricular dysfunction is detected,
with no pauses or interruptions, provided that certain premises
are respected.

This review aims to examine the concept of PC in depth,
contextualizing its emergence, reviewing definitions, and
analyzing the evidence from experimental clinical studies.
Furthermore, management strategies are detailed, discussing the
central role of cardiovascular imaging in guiding this management.
Finally, limitations and gaps in the literature in the area are
discussed.

Introduction

Cancer and cardiovascular diseases are currently the leading
causes of mortality worldwide.” These diseases share not only
common risk factors (for example, smoking, obesity, sedentary
lifestyle, alcohol consumption, diets rich in ultra-processed foods,
etc.),? but also equivalent metabolic pathways.?

Accordingly, patients receiving oncological treatment have
come to be seen as having an elevated risk of cardiovascular
disease.* This fact allows us to predict that, at some point in
the oncological journey, heart disease will be part of the list of
these patients’ comorbidities. In this context, cardiologists have
begun to face the challenge of managing cardiovascular events
in patients with neoplasia, culminating in the organization of this
recent area of study, CO.

Cardio-oncology: a vital field

CO emerged as a result of the intersection between
cardiovascular health and cancer treatment.® Driven by the
growing practical need to manage cardiological events associated
with these treatments, CO has rapidly evolved into a field of
study and research. This new area brings together specialists
who share the common goal of maintaining the most effective
oncological treatment available while respecting the premises of
cardiovascular safety.

Although the field of CO is vast, with important windows of
opportunity for action in the diverse phases of the oncological
journey, the main challenge lies in the management of events
throughout the active phase of antitumor treatment. The
appropriate management of these cases is crucial, as it directly
impacts not only cardiovascular, but especially oncological
prognosis and survival.

These data, in conjunction with the development of
antineoplastic treatments that have significantly increased patient
survival rates, have directed the focus of attention to CO, which has
become fundamental to ensuring excellence in oncological care.

Cardiotoxicity: what every cardiologist needs to know

We broadly define cardiotoxicity as any pathological
alteration of the cardiovascular system induced by

oncological treatment.® Possible cardiotoxic manifestations
thus include all conditions that affect the cardiovascular
system, from worsening of cardiovascular risk factors
(for example, hypertension, dyslipidemia, metabolic
syndrome, etc.) to major events such as acute coronary
syndromes, pulmonary thromboembolism, severe ventricular
arrhythmias, and others.

Although it has a broad spectrum of manifestations, the
main types of cardiotoxic manifestations are presented in the
form of the following two clinical syndromes: arrhythmias
and chemotherapy-related cardiac dysfunction (CTRCD).
Among these, systolic myocardial dysfunction has been the
most impactful clinical presentation (due to its severity and
risk), making CTRCD a near synonym of “cardiotoxicity.”
The antineoplastic medications most frequently associated
with CTRCD are listed in Table 1.

The most widely accepted and internationally applied
definition for CTRCD in clinical practice was standardized
by the publication of the Cardio-Oncology Guideline of
the European Society of Cardiology in partnership with
the International Cardio-Oncology Society in 2016, which
defines CTRCD as a drop in left ventricular ejection fraction
(LVEF) of = 10% (in relation to the pre-treatment value) in
the presence of absolute values < 50%7 It is important to
mention that CTRCD is a diagnosis of exclusion, making
it mandatory to conduct differential diagnosis and rule
out other etiologies related to ventricular dysfunction
(especially coronary artery disease, which is the most
prevalent etiology worldwide)®

Permissive cardiotoxicity: a new look for an old concept?

The main challenges of CO include the management of
situations in which patients are exposed to a highly effective
oncological treatment, but they progress with signs of
cardiovascular toxicity. In this scenario, classically, a discussion
takes place about whether to pause or suspend antineoplastic
treatment, given that this was initially considered the most
appropriate course of action. However, questions began to
be raised when studies demonstrated that even brief and
temporary suspension of oncological treatment resulted in
a reduction in its efficacy.” The practical observation of the
good clinical evolution of patients with discrete drops in LVEF
while using trastuzumab (generally oligosymptomatic and
with excellent progress after initiating use of cardiovascular
medications)'® provided the pathophysiological rationale for
the concept of PC."

The strategy of PC consists of maintaining the antitumor
treatment underway when ventricular dysfunction is
detected, without pauses or interruptions.' This conduct
is based on the following pillars: 1 — Maintaining the
antineoplastic treatment without temporary pauses or
suspension; 2 — Initiating cardiovascular drug treatment
that promotes the best cardiological prognosis possible.'
The strategy of PC assumes the premise that some degree
of “manageable” cardiovascular damage (i.e., that does not
result in serious cardiovascular events and/or high morbidity
and mortality) may be acceptable in the name of maintaining
the treatment that results in the best oncological prognosis.
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Table 1 - The main antineoplastic medications associated with CTRCD

Anthracyclines )
mitoxantrone

Anti-HER therapies deruxtecan

Tyrosine kinase inhibitors erlotinib

Alkylating agents

Immune checkpoint inhibitors

Proteasome inhibitors
VEGF inhibitors

MEK/BRAF inhibitors

Doxorubicin, epirubicin, daunorubicin, idarubicin,

Trastuzumab, T-DM1, pertuzumab, trastuzumab

Sorafenib, sunitinib, pazopanib, afatinib, osimertinib,

Cyclophosphamide, ifosfamide

Pembrolizumab, nivolumab, atezolizumab, avelumab,
durvalumab, ipilimumab, tremelimumab
Carfilzomib, ixazomib, bortezomib
Bevacizumab, aflibercept

Dabrafenib/trametinib, vemurafenib/cobimetinib,

Breast, ovarian, lymphomas, and leukemias

Breast, gastric
Renal carcinoma, hepatocellular carcinoma, lung
cancer
Lymphomas and leukemias, sarcomas

Multiple indications, the main ones being: melanoma,
bladder cancer, renal carcinoma, lung cancer,
hepatocellular carcinoma

Multiple myeloma

Colorectal cancer and renal carcinoma

Melanoma

encorafenib/binimetinib

BRAF: serine/threonine-protein kinase; CTRCD: chemotherapy-related cardiac dysfunction; HER: human epidermal growth factor; MEK: mitogen-activated
protein kinase; T-DM1: ado-trastuzumab emtansine; VEGF: vascular endothelial growth factor.

Literally speaking, the strategy of PC is indicated in cases of
CTRCD during antitumor treatment. Nonetheless, it can also
be applied to candidates who have elevated cardiovascular
risk. In this situation, “non-ideal” conditions are tolerated in
the name of obtaining a major oncological benefit. In both
cases, what differentiates the approaches is the moment when
the permissive strategy is instituted: during cancer treatment (in
cases of established cardiovascular toxicity) or pre-treatment
(in cases of high baseline cardiovascular risk).

The concept of PC assumes that, even in unfavorable
cardiological scenarios, the oncological treatment of choice can
be maintained as long as the cardiovascular risk is reduced to
acceptable levels. It is believed that, in the absence of evidence
that proves the benefit of suspending antitumor treatment,
clinical optimization provides sufficient conditions to continue
to offer the oncological regimen. This concept encourages care
teams to change their stances, replacing reactive approaches
(modifying or suspending chemotherapy regimens) with proactive
approaches (aimed at reducing cardiovascular risk and enabling
the continuation of the antitumor regimen). Ultimately, the aim
is to achieve a residual cardiovascular risk that is outweighed by
the benefits of cancer treatment."?

The evidence supporting the PC approach is still scarce
and has been published slowly, predominating in the
scenario of HER2-positive breast cancer. It is important
to underscore that PC is an exceptional approach and
that eligible patients are not numerous on a daily basis;
therefore, as is the case with rare diseases, it is not a
condition that can easily be studied by robust clinical trials
with large sample sizes. Table 2 summarizes the data from
the experimental studies that are available to date.

These data, although they come from small, single-
center, non-randomized studies, reveal the experience of
groups who opted not to deprive patients of treatments
that modified the natural history of their disease, resulting
in a substantial increase in disease-free survival curves.'®

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240115

The PC approach has also been applied in other contexts
in oncology. Examples include situations of re-exposure to
treatment after episodes of vasospasm with 5-fluorouracil,'
after myocarditis related to immune checkpoint inhibitors,** or
even after ventricular dysfunction with carfilzomib.?' Reports
and case series from some centers have demonstrated that
strategies of introducing cardioprotective medications before
infusion, modifying the route of administration, and adjusting
the combination of oncological agents can be useful to ensure
continuity of the proposed treatment.’®" In these situations,
joint work with the CO specialist is fundamental.

Role of cardiovascular imaging in the implementation of
the strategy of PC

Cardiovascular imaging tools are essential when
implementing the strategy of PC, because they allow for the
progressive monitoring of cardiac function during cancer
treatment.?? This monitoring provides information that is
essential to decision-making regarding the viability and safety
of maintaining antineoplastic treatment.

Among cardiovascular imaging methods, echocardiography
stands out as a non-invasive, widely available, and low-cost
method, which facilitates regular, serial use in cardiotoxicity
monitoring programs. This method’s accessibility allows for
frequent use for cardiovascular monitoring, making it possible
to adjust the therapeutic strategy in real time, which maximizes
the efficacy of oncological treatment without compromising
patient safety. In this manner, echocardiography has proven
to be a valuable resource for the dynamic management
of cardiovascular risk in patients who will be exposed to
potentially cardiotoxic therapeutic regimens.?

Myocardial strain is a quantitative measure of deformation
during the cardiac cycle, and it is a sensitive tool for detecting
subclinical cardiac dysfunction (before LVEF is affected).*
The ability to detect these early changes is crucial to the
management of PC, as it allows early intervention (such as dose
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Table 2 - Data from experimental studies on PC

Patients with HER-positive

Nowsheen S. et al, Retrospective, breast cancer exposed 1o
2018" case-control P
trastuzumab
Patients with HER-positive
Lynce F. et al, Prospective breast cancer candidates
2019™ o Flje-arm’ for T-DM1 or trastuzumab
(SAFE-HEaRt Trial) 9 with or without
pertuzumab
Leong D. et al, Prospective Patients with HER-positive
2019% sin Fl)e-army breast cancer candidates
(SCHOLAR Trial) 9 for trastuzumab
Khoury K. et al, Patients with HER-p_osmve
6 n breast cancer candidates
2021 Prospective,
. ’ for T-DM1 or trastuzumab
(SAFE-HEaRt Trial single-arm . .
with or without
extended)
pertuzumab
Zhou S. et al, Retrospective, iigigscxirgf-g::g?:
20231 cohort P

trastuzumab

- 20 cases with baseline LVEF < 53%
- 408 controls with LVEF > 53%

- 31 patients with baseline LVEF

- 20 patients with baseline LVEF
between 40% and the lower limit or >

- 23 cases from the original cohort (8
of them still in continuous anti-HER

Group with LVEF < 53% at baseline did
not show a higher risk of decreased
LVEF

90% of patients completed the planned

0/ 0/
BTN AL ATl Ak anti-HER treatment

- All treated with BB and ACEI

90% of patients received all planned

15% drop in LVEF cycles without interruptions

- Improvement in mean LVEF from
44.9% (beginning of the study) to
52.1% (end of study)

- 1 case of symptomatic heart failure

therapy for metastatic disease)
- Follow-up of 42 months

- 92% completed the treatment
- 6% suspended trastuzumab due
to severe/symptomatic ventricular

dysfunction

- 51 patients managed with PC
- Follow-up of 3 years

ACEI: angiotensin-converting enzyme inhibitor; BB: beta blocker; HER: human epidermal growth factor; LVEF: left ventricular ejection fraction; T-DM1:

ado-trastuzumab emtansine; PC: permissive cardiotoxicity.

adjustment or inclusion of cardioprotective drugs) while the
patient continues oncological treatment. In clinical practice,
a 15% reduction in global longitudinal strain in relation to the
baseline value is considered indicative of possible subclinical
cardiotoxicity, even in the absence of a decrease in LVEF*

Permissive cardiotoxicity in practice: prerequisites and
management strategies

The strategy of PC has not been studied with sufficient
methodological rigor to design protocols and guidelines based
on scientific data. However, reports of successful experiences
and studies conducted in the area'>'” suggest that some
conditions must be met for the strategy to be conducted with
due precaution and safety:

1. The concept of PC is applicable in cases of mild to
moderate CTRCD (LVEF > 40%), provided that there are
no severe symptoms (significant pulmonary congestion with
worsening of the respiratory pattern; clinical, electrical, or
hemodynamic instability; poor perfusion and/or signs of
low output).

2. The strategy of PC applies to manageable cases of
CTRCD (patients who have a window for the introduction
of cardiovascular medications), always focusing on long-
term cardiological safety.

3. It is mandatory to perform strict, regular monitoring
of cardiac function during PC, preferably with the same
professional and on the same device.

4. Itis necessary to pre-define levels of cardiac dysfunction
at which itis no longer safe to continue therapy. Routinely,
continuation of PC is tolerated as long as LVEF is > 40%.
This value varies according to LVEF at the beginning of PC,

the magnitude of the drop in LVEF in relation to baseline,
and the associated clinical repercussions.

The medical management of these cases should follow the
recommendations of the current guidelines for the treatment
of heart failure, respecting individual limitations related to the
clinical/laboratory context of each case. Below, we will briefly
discuss the medical management of CTRCD according to the
most recent recommendations.*®

It is suggested that, initially, priority should be given to the
introduction of drugs studied for heart failure that also have
specific evidence of cardioprotection in patients with cancer,
such as beta blockers (BB) and angiotensin-converting enzyme
inhibitors (ACEI) or angiotensin receptor blockers (ARBs).
Carvedilol and enalapril are the medications with the highest
number of favorable studies in CO, and they are the most
commonly used medications in practice (although other BB and
ACEI/ARB indicated for heart failure also have similar effects).
The combination of BB and ACEI/ARB should be initiated at
low doses, with progressive escalation up to the maximum
tolerated doses. In the case of hypotension that limits concomitant
initiation, each medication should be introduced individually;
there is no defined order based on evidence, and the choice
should be based on each case’s characteristics and restrictions.
Depending on the presence and degree of associated pulmonary
congestion, the prescription of diuretics and/or mineralocorticoid
antagonists may be indicated during this first stage of drug
management. During a second stage, depending on the clinical
response, functional class, presence (or absence) of residual
symptoms, and tolerance (also related to laboratory alterations),
itis possible to assess the need to add other first-line medications
for the treatment of heart failure, with SGLT2 inhibitors and
sacubitril/valsartan replacing ACEI or ARB.
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The key points for implementing the strategy of PC are
summarized in the Central Illustration.

Limitations and gaps in the literature

The strategy of PC has numerous limitations, the main
one being the lack of robust scientific evidence to support
its use. A borderline context for its implementation is
the presence of pre-treatment ventricular dysfunction,
since further worsening of LVEF can result in significant
impairment. In these cases, drug optimization should be
even more immediate and aggressive, and the search for
the best oncological outcome should respect the premises
of cardiovascular safety. Finally, it is important to underscore
that it is not considered appropriate to institute PC in cases
that have therapeutic alternatives with similar efficacy or in
cases where treatment is optional (a decision that should be
delegated exclusively to the oncologist).

Gaps still abound in the literature regarding PC. They
include the lack of studies that explore long-term cardiovascular
outcomes, the lack of guidelines and standardized protocols
for identifying safe levels of ventricular dysfunction to be
tolerated, and the identification of specific risk predictors that
could help individualize the PC approach.

Conclusions

Correct implementation of the strategy of PC depends on
a combination of solid technical expertise in CO, a proactive
stance regarding early interventions, and clear and effective
communication (involving a medical and multidisciplinary
team, patients, and family members). The main objective of
this strategy is to offer oncology patients the most effective
treatment available, avoiding interruptions or suspension
of medications that can save lives. PC seeks to change the
mindset when addressing a cardiotoxic event, encouraging
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professionals to seek ways to maintain cancer treatment with
the greatest possible cardiovascular safety.

When facing diagnosis of CTRCD, it is up to cardiologists
to weigh, equate, and manage the various factors involved,
so that the choice of the PC approach will be appropriate
and bring benefits, rather than risks, to the patient. In order
to do so, it is essential for the diverse professionals involved
in providing care for patients with cancer to share, discuss,
and study this topic.
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Abstract

Pericardial agenesis (PA) is a rare condition characterized
by the partial or complete absence of the pericardium. The
consequences associated with this condition can be quite
serious. Therefore, understanding the peculiarities of this
disease is essential for accurate diagnosis and treatment.

Introduction

PA prevalence is estimated at approximately 0.002% to
0.004% in the general population, often diagnosed incidentally.!
Studies indicate that this condition occurs more frequently in
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males, with a 3:1 ratio between males and females, and may
be associated with other congenital anomalies.?

Although there is no specific gene directly responsible for
the PA, this disease is associated with several genetic anomalies
and structural congenital malformations,> which suggests a
possible genetic predisposition.?

The consequences associated with this diagnosis can be
serious and include ventricular herniation (which occurs in
partial agenesis) and sudden death. To know the peculiarities
of such disease is crucial, as the symptoms are nonspecific.
Imaging tests such as chest X-ray, Doppler echocardiogram,
computed tomography (CT), and cardiac magnetic resonance
imaging (CMRI) play a key role in confirming the diagnosis
(Central Illustration).

Embryogenesis

The pericardium is formed by the visceral and the parietal
layers. It acts as a barrier against infections, maintaining the
heart in a stable position and limiting cardiac volume.? It
is innervated by the phrenic nerve, whose nociceptors are
involved in pericardial pain transmission reflexes, and secretes
prostaglandins and similar substances that modulate coronary
tone and neural traffic.?

In the first week of fetal development, cavities are formed,
which permeate the mesodermal tissue, which will later unite
to form three primitive cavities: pericardium, peritoneum,
and pleura.*

During the fourth week of gestation, a fragment of the
mesoderm (transverse septum) separates the primitive
pericardium from the peritoneum.® This separation completes
between the fourth and fifth weeks when the right and
left pleuropericardial membranes fuse, driven by the
growth of the Ducts of Cuvier (common cardinal veins).>®
The pleuropericardial membrane later forms the fibrous
pericardium. Failure in the closure of these membranes results
in partial or total PA.#

One of the theories to explain AP is that the developing
heart would stretch the pericardium. If the pleuropericardial
membranes do not fuse before the heart enlarges, a pericardial
defect is generated.” Another theory proposes that a traction-
induced tear may develop in the pleuropericardial membrane,
resulting in pericardial defect.” To illustrate this situation,
Kaneko et al. describe a case of pericardial absence associated
with the division of the phrenic nerve with its two bundles
passing ventrally and dorsally to the defect.®

A third hypothesis suggests that pericardial membrane
development fails due to premature atrophy of the cardinal
veins (duct of Cuvier), which supply the pleuropericardial
folds.” This theory explains the rarity of right-sided
pericardial defects, as the right cardinal vein remains as
the superior vena cava.? A percentage of pericardial defects
may be attributed to each of these mechanisms.

Classification

PA is a rare anomaly that can be classified as total or
partial based on the extent of pericardial absence. This
condition results from failures in embryonic development,
specifically during fusion of the pleuropericardial primordia.”
Its classification is based primarily on the extent of the
pericardium absence, in addition to its clinical and anatomical
implications (Table 1).'*"" The main categories are:

Total agenesis:
* Complete absence of the pericardium.

* The heart may have an abnormal position in the thorax
(levoposition) and greater mobility.

* It is usually asymptomatic, but may be associated with
a left side displacement of the heart and an increased
risk of cardiac torsion.

Partial agenesis:

e Usually involves the absence of the left or right
portion of the pericardium, with the first one being
more common.

* It may cause herniation or strangulation of cardiac
structures, leading to more serious complications.

* It is more associated with symptoms, such as chest
pain or arrhythmias, due to compression or herniation
of cardiac structures through the pericardial defect.

Circumscribed or localized defects:

* A subtype of partial agenesis affecting specific areas,
such as the pericardium over the left atrium or the
great vessels. Small defects in the pericardium, which
may allow protrusion of structures such as the atrium
or ventricle.

Clinical Presentation

The clinical presentation of PA is often heterogeneous,
ranging from nonspecific symptoms to fatal complications.
Although it is commonly asymptomatic, precordial pain

Table 1 - Prevalence, complications, and symptoms by category of PA.® 1015

Prevalence 3-4%
Complications Frequent

Chest pain, dyspnea,
arrhythmias

Balaji A et al.™

Symptoms

Published cases

Asymptomatic in most cases

Pedrotti P et al.™

17% 70%

Rare Rare Rare

Asymptomatic or with mild
symptoms

Minocha GK et al."

Generally asymptomatic

Kaneko Y et al.®
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may occur and is the most common symptom, followed by
palpitations.'®'® Other symptoms attributed to PA, such as
dyspnea, trepopnea (dyspnea related to the side on which
one lies, which is a characteristic feature of partial defects),
arrhythmias (sick sinus syndrome and syncope are probably
due to increased vagal tone or intermittent atrial herniation,
which resolves with atropine or changing to lateral decubitus),
and dizziness, are signs and symptoms normally attributed
to increased cardiac mobility, anomalous heart positioning
and herniation of cardiac tissue.”'” Moreover, increased
cardiac mobility may produce a displaced and vigorous apical
impulse, leading to the impression of cardiomegaly.’® Patients
with complete defects may present with precordial pain due
to pleuropericardial adhesions, absence of the pericardial
cushion, and torsion of the great vessels.?

The most severe documented manifestation is sudden
death, caused by strangulation of the heart through an
incomplete pericardium, as observed in patients with
partial defects.?! Strangulation typically leads to regional
myocardial ischemia, resulting in precordial pain and
electrocardiographic changes.?? Cardiac displacement may
cause severe tricuspid regurgitation due to the stretching of
the anterior wall of the right ventricle (RV).?

Although rare, PA should be considered in the
differential diagnosis of patients with atypical cardiovascular
symptoms that are unusual for their age, particularly when
echocardiographic images are acquired from nonstandard
locations. Early identification is essential to avoid more
serious complications and direct appropriate clinical
management. Differential diagnoses of PA include post-
surgical or post-traumatic defects, the latter after blunt
thoracic trauma, which may result in pericardial rupture,
herniation, and torsion of the cardiac cavities.?*

Diagnosis: The role of multimodality

Chest X-ray

Chest X-ray may be altered in large pericardial defects,
where the cardiac silhouette is displaced excessively to
the left in the posteroanterior projection, and posteriorly
in relation to the mediastinum. There is a loss of the right
border of the heart, which overlaps the spine. Radiolucency
and increased distance between the aorta and pulmonary
artery, as well as between the lower heart border and
diaphragm, occur due to lung tissue insinuation into
these areas. The “Snoopy Sign” refers to leftward cardiac
displacement, elongation of the left heart border with a
rounded apex resembling Snoopy’s nose, and prominence
and convexity of the left atrial appendage resembling
Snoopy'’s ear (Figure 1).%°

Doppler echocardiogram

The Doppler echocardiogram is a widely-available
non-invasive, low-cost exam and the first-line choice in
the diagnostic suspicion not only for AP, but also for the
evaluation of pericardial diseases.?

The first indication suggesting agenesis during examination
relates to image acquisition in nonstandard positions due to
abnormal cardiac positioning (Figures 2A and 2B). In the long
parasternal plane, the apex deviates posteriorly, revealing
a large segment of the RV, creating an impression of cavity
enlargement’”?” (Figures and Videos 1 and 2). The acquisition
of the apical 4-chamber plane will occur beyond or in the
posterior midclavicular line, different from the commonly
located in the 5" intercostal space, in the mid-midclavicular
line. (Figure and Video 3 and 4).

Figure 1 - The “Snoopy sign” on chest radiography is composed of multiple abnormalities, namely: excessive levoposition with elongation of the LV edge,
radiolucency separating the aorta and pulmonary artery (thick arrow), radiolucency separating the LV and diaphragm (thin arrows), and loss of the right edge

of the heart (arrowheads).

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20250004
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Figure 2 - A) This image illustrates the positioning of the transducer on the patient, where the apical 4-chamber plane would normally be located. B) In partial
PA, note the significant displacement through the inserted line (blue), from the site to the new location of the apical 4-chamber plane.

In cases of left partial PA, 63% of patients present
an apparent RV enlargement due to leftward cardiac
displacement.?® This finding can lead to a misdiagnosis
of interatrial communication or arrhythmogenic
cardiomyopathy. Additional findings relating to PA include
exaggerated cardiac motion and paradoxical ventricular
septum movement due to increased inferior wall motion.
A teardrop-shaped heart results from atrial elongation,
ventricular widening, and inferior wall bulging.?7* Right-
sided agenesis may lead to RV and right atrium (RA)
enlargement, along with severe tricuspid regurgitation
due to chordal traction. Stress Doppler echocardiography
may demonstrate a pendulum-like movement of the heart.
Another significant spectral Doppler finding is reduced
systolic flow and a lower systolic-diastolic ratio in the
pulmonary vein as a result of the absence of negative
intrapericardial pressure.?®

However, this method depends on the quality of the
acoustic window, especially in obese patients or those with
lung disease.?*

CT

CT imaging, with its high resolution and volumetric
acquisition, provides excellent contrast between the
pericardium’s dense thin line and the low-density epicardial
and mediastinal fat, making it highly effective for pericardial

delineation. However, some pericardial segments in the
left silhouette of the heart may be poorly delimited, even
when present.

On CT, PA can be confirmed by the partial or
complete absence of the thin dense line corresponding
to the pericardium around the heart. There is excessive
levoposition of the heart, which touches the rib cage. There
may be an absence of hypodense fatty tissue between the
myocardium and the costal arches. There is insinuated lung
tissue between the aorta and the pulmonary arterial trunk,
a site commonly covered by pericardium and containing
fatty tissue that obliterates this space. Occasionally, there
is bulging of the left atrial appendage through the defect
(Figure 5).28

CMRI

CMRI is currently the gold standard for pericardial
assessment thanks to its superior spatial resolution and
inherent tissue characterization. T1- and T2-weighted
“black blood” morphological acquisitions and cine
steady-state-free-precession (SSFP) functional acquisitions
are useful for delimiting the hypointense linear image
corresponding to the pericardium, between the mediastinal
and epicardial fat with hyperintense signal. However,
similar to CT, some segments of the pericardium adjacent
to the left ventricle (LV) may be difficult to individualize

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20250004
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Figure 3 - A) Visualization of the completely distorted longitudinal parasternal plane, with the apex deviated posteriorly (videos attached). B) The flow
through the LV outflow tract confirms the position of the ascending aorta, LV and LA in a patient with partial PA. Ao: aorta; LV: left ventricle; RV: right
ventricle; LA: left atrium.

TIS12 M2
TISOS MI14

M3 M4
+61 ¢

Video 1 - Visualization of the completely distorted longitudinal parasternal Video 2 - The flow through the LV outflow tract confirms the position of the
plane, with the apex deviated posteriorly. Link: http://abcimaging.org/ ascending aorta, LV and LA in a patient with partial PA. Link: http://abcimaging.
supplementary-material/2025/3801/2025-0004_video_1.mp4 org/supplementary-material/2025/3801/2025-0004_video_2.mp4

Figure 4 - A) Case of partial PA showing the impression of enlarged right cavities due to the deviation caused by partial left agenesis (video attached). B) Case
of partial PA showing the teardrop-like appearance of the heart (video attached). LV: left ventricle; RV: right ventricle; RA: right atrium; LA: left atrium.

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20250004
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Video 3 - Case of partial PA showing the impression of enlarged right cavities
due to the deviation caused by partial left agenesis. Link: http://abcimaging.
org/supplementary-material/2025/3801/2025-0004_video_3.mp4

Video 4 - Case of partial PA showing the teardrop-like appearance of the heart.
Link: http://abcimaging.org/supplementary-material/2025/3801/2025-0004_
video_4.mp4

Figure 5 - A) The non-contrast CT in the axial plane demonstrates the normal anatomy of the pericardium (thin arrows) outlining the fatty tissue (*¢) between
the aorta and the pulmonary trunk. (B-F) Non-contrast CT images in two patients with partial left pericardial agenesis, respectively, &, 41 years (B/C), and ?,
58 years (D-F). The absence of pericardial covering is observed over almost the entire extent, visible only along the right atrial border (arrowheads in B, D, and
E). There is excessive leftward positioning of the heart and posterior deviation of the apex touching the chest wall (thin arrows in B and E). D) Projection of the
right atrial appendage (%). (C/F) Lung interposition between the aorta and the pulmonary trunk (thick arrows). AP: pericardial agenesis.

by the method. The absence of pericardial visualization,
combined with excessive leftward cardiac displacement,
hypermobility (particularly of the posterior LV wall), and
lung interposition between the aorta and pulmonary trunk,
are CMRI diagnostic criteria for PA (Figure 6). The presence
of focal indentations in the ventricular walls suggests the
presence of partial PA.> 28

Treatment

Watchful waiting is the preferred approach for most
patients with PA, as the majority remain asymptomatic.?*

Surgical treatment relies on small, uncontrolled
observational studies.?®

Surgical intervention (Table 2) is recommended for
symptomatic patients with high-risk complicated partial
defects or refractory symptoms, such as pain caused by
abnormal cardiac motion.™ Left partial defects presenting with
compression, herniation, or strangulation of major vessels or
coronary arteries also warrant surgical consideration.

Recently, the detection of high-risk anatomic features
by multimodal cardiovascular imaging, including (1) LV
myocardial fold or hinge point on echocardiography, CMR, or

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20250004
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CT; (2) coronary compression on CT; (3) inducible ischemia on
stress perfusion imaging — Single Photon Emission Computed
Tomography (SPECT), Positron Emission Tomography (PET) or
CMR - and (4) evidence of left atrial appendage herniation
have been proposed for risk stratification.*® Detection of these
red flags can be used to tailor surgical planning.

Specific surgical options for pericardial defects vary, with
pericardioplasty being the most common procedure. As an
alternative to pericardial reconstruction, pericardiectomy
with pericardioplasty, to enlarge the defect and prevent
strangulation, has also been described.
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Table 2 - Relationship between surgical intervention, possible indications and complications.”'®

Surgical interventions

Possible indications

Potential complications

Failure to correct the defect

Pericardioplasty Major congenital defects

Pericardiectomy with pericardioplasty Risk of strangulation Formation of pericardial adhesions

Left atrial appendage resection/ligation Left atrial appendage herniation Damage to adjacent structures

Right atrial appendage correction Right atrial appendage herniation Right atrial appendage rupture

Video-assisted thoracic surgery (VATS) Pneumopericardium/pneumothorax Perforation of thoracic structures

Figure 6 - Black-blood T2-weighted CMR images in the axial plane (A,B) and cine SSFP (C) in a patient with left partial PA. A) Interposition of lung tissue
between the aorta and pulmonary artery (thick arrow). (B,C) The pericardium is partially visible as a thin hypointense line along the right atrial border
(arrowheads in B and C). It is observed excessive levoposition of the heart and posterior deviation of the apex, touching the rib cage (thin arrows in B and C).
PA: pericardial agenesis; LV: left ventricle; RV: right ventricle; RA: right atrium; LA: left atrium: Ao: Aorta.
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Abstract

Heart failure (HF) is a serious public health issue
that impacts the mortality and morbidity of the global
population. The prevalence of heart failure with preserved
ejection fraction (HFpEF) is clearly increasing, associated
with population aging, obesity, sedentary lifestyle, and
cardiometabolic diseases. It is one of the most urgent
diagnostic and therapeutic challenges nowadays.
Additionally, the obesity phenotype of HFpEF may be
associated with HF and occurs as a result of several
mechanisms that are deleterious to cardiac function,
including the direct action of epicardial adipose tissue
(EAT), causing direct restraint of the pericardium
and ventricular interdependence, with significant
hemodynamic repercussions, decline in functional
capacity, and a worse prognosis. The estimation of
ventricular-arterial coupling (VAC) in a non-invasive
manner by echocardiography allows a better understanding
of the interaction between the heart and the arterial
system by monitoring hemodynamic changes, which can
guide medical therapy and have an impact on prognosis.
Although these tools and parameters are promising, new
technologies, such as artificial intelligence and machine
learning, must be used to enable the applicability of VAC
in clinical practice. Further studies are key to standardizing
new methods and values in this context.

Introduction

Heart failure (HF) is a serious public health issue
that affects millions of individuals worldwide and has a
considerable impact on mortality and quality of life. Although
epidemiological data indicate that the global incidence of
HF tends to decrease, the prevalence of heart failure with
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preserved ejection fraction (HFpEF) continues to grow, being
associated with population aging, obesity, sedentary lifestyle,
and cardiometabolic diseases.’?

The pathophysiology of HFpEF is associated with the
primary morbidities that cause cardiac and vascular aggression
from a chronic pro-inflammatory state. More specifically, this
cardiac structural and functional impairment results from
a complex interaction between metabolic abnormalities,
damage to microcirculation, changes in the functioning of
cellular organelles, autonomic dysfunction, exacerbation of the
activity of the renin-angiotensin-aldosterone system (RAAS),
and maladaptive immune responses.**

The diagnosis of HFpEF is challenging in most cases and
is usually obtained in the advanced stages of the disease,
which limits the therapeutic results. In summary, HFpEF
can be diagnosed in the presence of clinical evidence
of HF, left ventricular ejection fraction (LVEF) = 50%,
and evidence of elevated filling pressures and/or cardiac
structural alteration. Therefore, a thorough clinical evaluation,
echocardiographic examination, and natriuretic peptide levels
remain fundamental diagnostic resources.®

Thus, HFpEF is one of the most pressing diagnostic and
therapeutic challenges nowadays, considering its increasing
prevalence, underdiagnosis, poor prognosis, limited therapeutic
options, and considerable impact on healthcare systems.

HFpEF with obesity phenotype

HFpEF is characterized by the coexistence of multiple
cardiac and non-cardiac diseases. In this way, distinct clinical
phenotypes can be identified and determined by different
risk factors, comorbidities, left ventricular (LV) remodeling,
hemodynamic pattern, and organ dysfunction (Table 1).57
Obesity, in addition to being unequivocally associated
with systemic arterial hypertension (SAH), diabetes
mellitus (DM), and insulin resistance, has been identified
as the primary cause of HF, mediated by several elements
that are deleterious to cardiac function due to altered
cardiometabolism and direct restraint of the pericardium
(epicardial fat), as well as systemic effects on the lung, skeletal
muscle, kidney, and liver because of systemic inflammation,
neurohormonal activation, autonomic dysregulation, and
altered hemodynamic load (Table 1).7-3

Recent studies on obesity have given greater attention
to the location of fat than to the amount of fat itself since
subcutaneous adipose tissue (SAT), visceral adipose tissue
(VAT), and epicardial adipose tissue (EAT) contribute differently
to the overall cardiovascular risk (Figure 1).'>'%15 EAT may
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Development and progression of HFpEF with obesity phenotype. The implications for ventricular interdependence and VAC are

highlighted. Source: Adapted from Borlaug et al., 2023."

favor the onset of HFpEF due to pro-inflammatory paracrine
effects, lipid infiltration, and pericardial restraint (Figure 1).'>'®

Itis worth emphasizing that, in HFpEF, arterial hypertension
and other comorbidities coexist and lead to a scenario of
chronic afterload elevation as a consequence of increased
arterial stiffness and impaired vasodilation (dysregulation
of the NO-sGC-cGMP-PKG pathway - nitric oxide, soluble
guanylate cyclase, cyclic guanosine monophosphate, and
protein kinase C), associated with an increase in blood
volume and the appearance of early reflected pulse waves
in the aorta (AO) (Figure 2). The stiffer (less compliant) artery
causes a pulse wave that propagates at a higher speed, causing
the corresponding reflex wave to return to the ascending AO
earlier, still at the end of systole, with the aortic valve open.
This results in an increase in systolic blood pressure (SBP),
a reduction in diastolic blood pressure, and a reduction in
coronary perfusion, i.e., a vicious cycle of progressive afterload
increase and myocardial dysfunction (Figure 2). Ventricular-
arterial coupling (VAC) has been used to assess the efficiency of
the ventricular-arterial interaction process, and it also appears
to represent an accurate marker of early LV dysfunction and
potential therapeutic guidance in HFpEFE'31¢22

VAC

VAC assesses the relationship between two anatomically
and functionally connected structures: the heart and the

arteries. To investigate this interaction, a unit common to both
systems is used: elastance, which measures changes in pressure
for each unitary change in volume - unit: mmHg/ml. Originally,
the elastance and VAC data came from the interpretation of
the pressure-volume diagram of the cardiac cycle, derived
from an invasive hemodynamic study (Figure 3).'®

Arterial elastance (Ea) is defined as the ratio between
ventricular end-systolic pressure and Stroke volume (ESP/
Stroke volume), being influenced by vascular resistance,
pulsatile load, and heart rate. It is characterized as an index
of arterial load for the left ventricle. End-systolic elastance
(Ees), usually known as ventricular elastance, is an index of LV
contractility, independent of the load, and reflects the slope of
the pressure-volume relationship curve at the end of systole
(Figure 3), being the ratio between ventricular end-systolic
pressure and ventricular end-systolic volume (ESP/ESV). The
Ea/Ees ratio (ESP/Stroke volume)/(ESP/ESV) can be simplified
as ESV/Stroke volume (removing ESP from the equation).??

VAC is defined as the ratio of Ea/Ees and investigates the
contractile capacity of the heart and its ability to adapt to load
impositions.?! Previous studies have shown that the ideal VAC
value, derived from the Ea/Ees ratio, should vary between
0.5 and 1, reflecting the state in which the LV systolic work
is ideal (Figure 4). An Ea/Ees ratio > 1 suggests ventricular-
arterial decoupling (Figure 4). Such ventricular-arterial
incompatibility is frequently seen in HFpEF, being attributed
to diastolic dysfunction induced by increased afterload and
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Table 1 - Structural and functional changes in HFpEF

Alteration of LV geometry, concentric

hypertrophy, or remodeling 60
Alteration of LV diastolic function 80-90
(altered relaxation, increased stiffness)
Mild 66
Myocardial fibrosis Moderate 17
Major 10
Microvascular myocardial dysfunction
. . 80
and/or reduced microvessel density
Increased LV stiffness 70
Left atrial enlargement and/or 70
systolic and diastolic dysfunction
40-50
Increased epicardial fat (patients with
obesity)
Pericardial constriction with altered
L 30
LV filling
Atrial fibrillation 40-50
Epicardial coronary artery disease 50-65

Post-capillary pulmonary hypertension
or combined pre- and post-capillary 80
pulmonary hypertension (group 2)

Pulmonary arterial, venous, and small
vessel remodeling

Mild 40-50
Moderate 10

RV diastolic dysfunction

Restrictive pulmonary physiology

RV enlargement and systolic dysfunction 30

Right atrial enlargement and/or right
ventricular systolic/diastolic dysfunction

Increased arterial stiffness

Alteration of systemic microvascular

function w0

Reduced systemic venous compliance
and capacitance

Obesity 60-70
Dysglycemia/insulin resistance 60-70
Neurohumoral activation 30

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240132

Reduction of skeletal muscle and

replacement with fat L
Increased visceral fat 70
Reduced glomerular filtration rate 60
Reduced sodium excretion 70

Non-alcoholic fatty liver disease 40-50

Congestive liver disease 10

Table adapted from Redfield et al., 2023.7 LV: left ventricle;
RV: right ventricle.

subendocardial ischemia, and may be associated with a
worse prognosis.'®

Left VAC

The gold standard echocardiographic method for assessing
LV-AO VAC is the so-called single beat method, developed
by Chen et al. (Figure 5). Simple non-invasive parameters
that can be easily collected should be obtained: systolic and
diastolic blood pressure, ejection volume, ejection fraction,
pre-ejection period, and total ejection period. As the formulas
are relatively complex, it is recommended to use an easy-to-
use application (iElastance® - Apple iOS application)** (Figure
6), which yields fast and reliable results.

The proposed normal value for Ea is 2.2 (0.
and for Ees is 2.3 (=1.0) mmHg/ml.

Ea = (SBP x 0.9) / Stroke Volume

Ees = [DBP — (E(nor)(est) x SBP x 0.9)]/E(nor)(est) x
Stroke Volume, where DBP and SBP are the diastolic and
systolic cuff blood pressures, measured through the upper
arm; E(nor)(est) is the normalized ventricular elastance,
estimated at the beginning of ejection; and Stroke volume
is derived from the product of the VTI (velocity-time
integral) of the Doppler spectrum of the LV outflow tract
flow by the measured LV outflow tract diameter.?? Using
the dedicated application avoids complex and time-
consuming calculations. The user simply fills in the fields
with the requested data: SBP (mmHg), diastolic blood
pressure (mmHg), LV ejection fraction (%), stroke volume
(ml), pre-ejection time (ms), and total ejection time (ms)
(Figure 5). The result is immediate with the values of: Ea,
Ees, and VAC (Figure 6).

Several methodologies have emerged to assess LV-AO
VAC using echocardiography. The measurement of pulse
wave velocity (PWV) appears to comprehensively represent
arterial load (arterial stiffness, aortic impedance, and early
reflected waves) (Figure 2), associated with the measurement
of the global longitudinal strain (GLS) of the LV as a marker
of myocardial performance. Therefore, the use of the PWV/

8) mmHg/ml,
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Figure 2 — A: Pathophysiological mechanism that leads to LV dysfunction. B: Increased aortic stiffness and the emergence of early
reflected waves that reach the heart at the end of systole, promoting increased pulse pressure, increased SBF, increased afterload,
reduced diastolic blood pressure, and reduced coronary perfusion. Source: Adapted from Ikonomidis et al., 2019. LV: left ventricle;
SNS: sympathetic nervous system; SBP: systolic blood pressure; RAP: right atrial pressure.

GLS ratio may be more appropriate in several scenarios
to characterize VAC since it incorporates “gold standard”
methods to assess arterial load (PWV) and LV contractility
(GLS), with prognostic value.'*%2

The use of 3D echocardiography to measure ventricular
volumes, the use of myocardial work to analyze myocardial

performance and the increasing incorporation of artificial
intelligence and machine learning to calculate ventricular
elastance (Ees) represent technical evolution and contribute to
greater applicability of VAC in clinical practice in the future.'®!”
Studies will be necessary to standardize methods and values
in this context.
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Right VAC

The TAPSE/PASP ratio (tricuspid annular plane systolic
excursion/pulmonary artery systolic pressure) expresses the
relationship between RV contractility and its afterload. It has
been shown to have a good correlation with invasive methods
deemed the “gold standard” for measuring RV (right ventricle)-

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240132

PA (pulmonary artery) coupling. Consequently, the TAPSE/
PASP ratio has been incorporated into the main guidelines
for the assessment of RV and pulmonary hypertension.2¢-2%

TAPSE is measured by M-mode echocardiography (Figure
7A) and assesses RV contractile function. To estimate RV
afterload (PASP), the maximum velocity of the tricuspid
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Figure 5 - (A) Two-dimensional echocardiographic image in parasternal view, long axis, zooming in on the LV outflow tract diameter
measurement. (B) VTl image of the Doppler spectrum of the LV outflow tract flow, which is obtained by tracing the fullest line of the
spectrum to calculate the stroke volume. (C)/(D) Two-dimensional echocardiographic image in apical 4-chamber (D) and 2-chamber
(C) views to obtain the LVEF value (Simpson method). (E) Apical 5-chamber view of the Doppler spectrum of the LV outflow tract
flow and mitral inflow to obtain pre-ejection time (green) and total ejection time (orange). Ea: arterial elastance; SBP: systolic blood
pressure; LVOT: left ventricular outflow tract; EDV: end-diastolic volume; ESV: end-systolic volume; VTI: velocity-time integral;
LVEF: left ventricular ejection fraction.
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regurgitation jet is determined by analyzing the continuous
Doppler spectral curve and adding the right atrial pressure
(RAP), which is estimated by observing the inferior vena
cava. As a result, the RVSP (right ventricular systolic pressure)
is obtained, which is calculated using the modified Bernoulli
equation: 4 x peak velocity (Figure 7B). In the absence of right
ventricular outflow tract obstruction or pulmonary stenosis,
RVSP is equal to the PASP.

In HFpEF with obesity phenotype, right ventricular
dysfunction results from several mechanisms acting on preload,
afterload, and contractility of the right ventricle. Increased
pulmonary pressure (combined pre- and post-capillary) is
frequently present, as is right ventricular dilation, primary
ventricular sarcomere dysfunction, pericardial constriction,
and ventricular interdependence, which further aggravate
biventricular filling and pulmonary hypertension.?”

RV dysfunction is an independent predictor of mortality
and hospitalization risk in HFpEF. Therefore, it should always
be investigated. A TAPSE/PASP ratio < 0.48 mm/mmHg
was associated with higher all-cause mortality and higher
hospitalization for HF in a population with HF with preserved
and reduced LVEF?° Another study has demonstrated that,
in the subgroup of patients with HFpEF and pre-capillary
pulmonary hypertension, a TAPSE/PASP ratio < 0.36 mm/
mmHg was associated with poor clinical outcomes, but
suggested that these individuals could respond more favorably
to interventions targeting RV afterload.*

It is important to highlight that the RV-GSL/PASP ratio has
also been used as an appropriate methodology to assess RV-
PA coupling and has proven to be an accurate instrument for
assessing patients in different scenarios.?>2

VAC X HFpEF

In the context of HFpEF, the calculation of the LVEF does
not characterize broader aspects of the ventricular-arterial
connection, particularly those related to afterload (Ea) or
contractility (Ees), which are highly relevant for therapeutic
management in patients with clinical symptoms of HF and
preserved LVEF. In this scenario, Ees may be normal, while Ea
may be increased, resulting in Ea/Ees > 1.0 (VA decoupling).
However, Ea/Ees can often occur with a normal result
(between 0.5 and 1.0), despite Ea and Ees being elevated.
Therefore, it is crucial to identify the value of the elastances
individually?* (Figures 5 and 6). Some interventions have
shown potential impact on elastances, in addition to improving
VAC: antihypertensive drugs,*' angiotensin receptor-neprilysin
inhibitors (ARNIs),*' sodium-glucose cotransporter-2 (SGLT2)
inhibitors,*> GLP-1 analogs,** and interleukin IL-13* and IL-12
inhibitors.>

The use of VAC to assess the population with HFpEF has
proven to be an accurate tool for stratifying those individuals
at greater risk. In a recent study involving patients with
LVEF > 40%, it was shown that the subgroup of patients,
despite having higher LVEF, had a greater degree of LV
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hypertrophy, higher LV filling pressures, and a higher rate of
LV-AO decoupling with a worse prognosis. On top of that,
the subgroup that showed RV-PA decoupling, verified by
the TAPSE/PASP ratio, also demonstrated a worse prognosis,
regardless of LVEF values, E/e’ ratio, and presence of atrial
fibrillation.*

Pericardial restraint (HFpEF) X ventricular interdependence

Obese patients with HFpEF have peculiar pathophysiological
characteristics, including hypervolemia, RV-PA decoupling,
biventricular hypertrophy, right ventricular dysfunction, pre-
and post-pulmonary capillary hypertension, elevated filling
pressures in left chambers, and increased EAT*® (Figure 8).

Due to its proximity to the myocardium, excess EAT can
promote local inflammatory and mechanical constrictive
effects on the cardiac muscle. Pericardial restraint associated
with hypervolemia can increase pericardial pressure,
promote competition for filling between the RV and LV, cause
flattening of the ventricular septum, highlight ventricular
interdependence, and lead to RV distension, reduced LV
preload, increased LV end-diastolic pressure, and reduced
cardiac output (Figure 8). On echocardiography, it is possible
to quantify, using the parasternal short-axis plane, the LV
eccentricity index, which becomes higher (LV eccentricity
index > 1) (Figure 9) as greater pericardial constriction and
higher intracardiac pressures are observed, including right
atrial, pulmonary arterial, and RV end-diastolic pressures,
which are concomitant with a significant reduction in
functional physical capacity.?”-*

Ventricular interdependence has been a therapeutic target
of several current studies. Studies performing transcatheter
interventions to reduce tricuspid regurgitation in patients
with HFpEF have been designed to improve ventricular
interdependence and increase LV filling.**4! Similarly, a
pilot study has demonstrated the potential for surgical
pericardiotomy in patients with HFpEF and restraint EAT.*?

Final considerations

The magnitude of the global public health issue of HFpEF, in
which obesity has a prevalence of approximately 70% (Table 1),
has motivated, in recent years, a more specific investigation
of the phenotype of subpopulations for better diagnostic,
therapeutic, and prognostic results. Particular attention has
been given to excess EAT in this population, which, associated
with volume overload, can lead to pericardial restraint
with ventricular interdependence, contributing to a more
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Advantages of using computed tomography compared to magnetic resonance imaging for the calculation of myocardial ECV.

Abstract

The quantification of myocardial extracellular volume
(ECV) has demonstrated both diagnostic and prognostic value
in various heart diseases. While ECV is typically assessed
using cardiac magnetic resonance imaging (CMR), it can
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also be measured through cardiac computed tomography
(CCT) imaging. This article discusses the application of CCT
for myocardial ECV calculation, detailing the technique,
its advantages and disadvantages, and its potential clinical
applications.

Introduction

Myocardial tissue characterization through non-invasive
imaging methods is essential for evaluating heart diseases,
offering additional diagnostic and prognostic benefits
beyond morphological and functional assessments.’
Among the available techniques, myocardial extracellular
volume (ECV) quantification has recently shown value in
differential diagnosis and disease staging, particularly for
cardiomyopathies with a hypertrophic phenotype, such as
hypertrophic cardiomyopathy and amyloidosis.?*

Myocardial ECV is typically obtained through cardiac

magnetic resonance imaging (CMR) using gadolinium-
based contrast. However, it can also be calculated using
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cardiac computed tomography (CCT) with iodinated
contrast, providing an alternative when CMR is unavailable
or contraindicated.®

The technical process for obtaining this data in CCT
examinations is outlined below.

My Approach To

Image acquisition

To calculate myocardial ECV, images of the heart must
be acquired before and after the administration of iodine-
based contrast, using identical acquisition and reconstruction
parameters. Tomographs suitable for cardiac evaluation
(minimum of 64 detector rows) are required.®

Given thatslices with a thickness of 3 mm or more are suitable
for myocardial analysis, we recommend that pre- and post-
contrast acquisitions adhere to the institutional calcium scoring
protocol. This protocol, which routinely employs a low radiation
dose (< 1.5 mSv),” is widely available and easy to implement.
Therefore, the pre-contrast image used for myocardial ECV
calculation may also provide additional information, such as the
coronary and/or aortic valve calcium score, if needed.

The protocol typically involves a prospective acquisition
synchronized with the electrocardiogram, capturing images
of the entire heart in diastole for patients with a heart rate
of 75 bpm or lower, or in systole for those with a heart rate
above 75 bpm. The tube power is set at 120 kVp, with the
tube current adjusted based on the patient’s weight, and the
reconstructed images are generated with 3 mm thick slices.”

lodinated contrast, usually in a concentration of 350 mg
I/ml, should be administered at an average dose of 1 mL/kg
of body weight, although this may vary depending on the
patient’s clinical condition and the primary indication for the
examination. The contrast infusion rate does not affect the
calculation of myocardial ECV and can be adjusted based
on the purpose of the study (e.g., approximately 6 mL/s
for coronary angiography). Post-contrast images should be
obtained during the equilibrium phase (5 to 15 minutes after
contrast administration),® using the same acquisition and
reconstruction parameters as those for pre-contrast images.

Premedication, such as sublingual nitrate or beta-blockers,
is not required for myocardial ECV calculation. However, these
medications may be used at the physician’s discretion if cardiac
angiography is also performed during the same examination.

ECV calculation

Since iodinated contrast distributes within the extracellular
space, the difference in myocardial signal between the
equilibrium-phase contrast images and the non-contrast
images (AHU myocardium) reflects the extracellular space
volume in this tissue.® By using a reference tissue, such as
blood, where the ECV is readily determined by measuring
hematocrit, myocardial ECV can be calculated with the
following formula:

ECV = (1 - Hematocrit) x (AHU myocardium/AHU blood)

Myocardial ECV can be measured either globally or
regionally, depending on the clinical context. The regions of
interest (ROI) selected for measurement should be identical
or as closely matched as possible between the pre- and
post-contrast images. These ROIs can be outlined using
proprietary or open-source DICOM image analysis tools on
axial, sagittal, coronal, or other oblique planes of interest.
To ensure reproducibility and minimize distortions from
non-isotropic acquisition and reconstruction, myocardial
ECV is typically measured in the axial plane at the mid-
left ventricular level. A freehand ROl is drawn in the
interventricular septum, covering its entire visible thickness
and length while avoiding partial volume effects at the edges
(Figure 1). For the blood signal measurement, a circular
ROI of approximately 1 cm? is placed in the center of
the left ventricular cavity within the same plane, ensuring
trabeculae and papillary muscles are excluded.

The hematocrit value used in the calculation should be
obtained as close as possible to the imaging exam date.’

Discussion

Myocardial ECV is a quantitative measure of the
myocardial extracellular matrix and may be elevated in
the presence of interstitial fibrosis' or in cases of storage
diseases such as amyloidosis, where insoluble fibrillar
proteins can accumulate in the heart muscle.?

As a quantitative measure, myocardial ECV has
diagnostic and prognostic utility and holds potential for
use in longitudinal follow-up."

Although most commonly assessed by CMR, myocardial
ECV can also be calculated using contrast-enhanced CCT,
as the distribution pattern and kinetics of contrast media
are equivalent in both imaging methods.®

In a meta-analysis conducted by Han et al., comparing
myocardial ECV measurements by CCT and CMR, a
high grouped correlation coefficient (0.90) and a small,
grouped difference (0.96%) were observed, with a slight
overestimation of values obtained by CCT."

Although guidelines do not yet provide clear
recommendations for the use of CCT in assessing myocardial
ECV, its future utility has already been suggested.> However,
CCT can be considered a viable option in cases where
this measurement is clinically significant but cannot be
obtained through CMR. This typically occurs due to factors
such as limited availability of equipment, T1 mapping
sequences, or analysis software; contraindications to
performing the examination (e.g., presence of implantable
devices incompatible with magnetic resonance imaging); or
contraindications to the use of gadolinium-based contrast
media (e.g., renal failure requiring dialysis). Chart 1 outlines
the main advantages and disadvantages of using CCT
compared to CMR for myocardial ECV assessment.

In addition to these scenarios, it may be beneficial
to consider obtaining myocardial ECV in contrast-
enhanced CT scans performed for other purposes, such
as pre-transcatheter intervention coronary or aortic valve
assessment, with a small modification to the protocol (e.g.,
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Figure 1 - Calculation of myocardial ECV through CCT. Myocardial and blood signals are quantified through ROIs drawn on pre- (A) and post-contrast (B) images,
in a patient with left ventricular hypertrophy, referred for coronary angiotomography due to complaints of shortness of breath. The myocardial ECV was elevated
and calculated at 47% (hematocrit of 39.8%). Subsequent investigation led to the diagnosis of cardiac amyloidosis due to transthyretin.

ROI: region of interest.

Chart 1 - Advantages and Disadvantages of Myocardial ECV
Calculation through CCT versus CMR

Advantages:

More widely available equipment

Generally lower cost

Faster procedure and routinely well tolerated by claustrophobic patients

No restrictions for patients with implanted cardiac devices or metallic
fragments in the body

High-resolution images with complete myocardial coverage

Does not require dedicated software for calculation

Disadvantages:
Exposure to ionizing radiation

Use of potentially nephrotoxic contrast

adding a late post-contrast acquisition). In patients referred
for these exams, it is not uncommon, for example, to
encounter the coexistence of heart failure with preserved
ejection fraction and/or left ventricular hypertrophy,
clinical situations where knowledge of myocardial ECV may
indicate an etiological diagnosis still unknown, in addition
to providing incremental prognostic data.’'>

Conclusion

Myocardial ECV is a measure of increasing clinical
utility and can be obtained through contrast-enhanced

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240112

CCT, using a low-dose radiation protocol and rapid
execution. This approach eliminates the need for
sequences and proprietary software required for
calculation by CMR, without compromising accuracy
compared to the latter.
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Prosthetic Valve Endocarditis: A Multidisciplinary Challenge

Ana Beatriz Aisemann Goulart Paiva,’
Norambuena Aulicino,”™ Marcelo Goulart Paiva®
UNILUS," Santos, SP — Brazil
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Clinical case

We report the case of a 55-year-old male patient who
was admitted to the hospital in July 2019 with sudden
left hemiplegia, mitral systolic murmur 4+, and aortic
systolic and diastolic murmurs 2+. He had a history of
aortic valve replacement in 2015, with a mechanical
prosthetic aortic valve (PAV) due to infective endocarditis
(IE). Cranial computed tomography (CT) revealed a right
frontoparietal hematoma (Figure 1C), and blood tests
revealed hyperglycemia and elevated C-reactive protein.
His electrocardiogram (ECG) showed sinus rhythm with
repolarization abnormalities (Figure 1A), and a chest
X-ray showed cardiomegaly +/4 (Figure 1B). Transthoracic
echocardiography (TTE) showed preserved function,
thickening of the mobile elements of the mechanical
PAV, mild double aortic lesion, pseudoaneurysm of the
mitral-aortic intervalvular fibrosa, and important eccentric
mitral regurgitation (Figure 1D). Blood cultures were
requested, and ceftriaxone 4 g/d and teicoplanin 800
mg/d were started. Transesophageal echocardiography
(TEE) showed vegetations on the ventricular side of the
mechanical PAV leaflets and periprosthetic abscess (Figure
2). Group B Streptococcus agalactiae was identified, and
surgical treatment was indicated after 4 weeks due to
cardiovascular stability and hemorrhagic stroke.

On day 22 of hospitalization, the patient presented
pulmonary congestion and respiratory failure. Repeated
TTE revealed partial loosening of the mechanical PAV
and severe periprosthetic leak. Emergency surgery was
performed to clean and replace the mechanical PAV with
a biological PAV, without mitral valve approach. Culture
of the explanted prosthesis revealed no bacterial growth.

The postoperative period was complicated, with
fungemia due to Candida guilliermondii. On postoperative
day 14, TTE and TEE identified a periprosthetic abscess with
the presence of a fistula (Figure 3). CT angiography showed
that the biological PAV had periaortic and perivalvular
contrast extravasation (Figure 4). On postoperative day 18,
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a diastolic murmur appeared, and a new TTE showed a
fistula from the ventricular outflow tract to the right atrium,
with systolic flow, that was 2 mm in diameter (Gerbode
defect), as shown in Figure 5.

The heart team contraindicated further surgery,
maintaining meropenem, teicoplanin and caspofungin for
42 days. After repeat TEE without any change in progression,
inflammatory tests and negative blood cultures normalized,
and the patient was discharged from the hospital.

The patient was readmitted with fever 30 days later,
and the previous antibiotic regimen was restarted, with
no infectious focus and negative blood cultures. Positron
emission tomography with computed tomography (PET/CT)
with 18FDG showed focal glycolytic hypermetabolism in
the biological PAV and abscess surrounding the ascending
aorta (Figure 6). Surgery was again contraindicated, and
amoxicillin 3 g/day was chosen for an indefinite period.

In November 2019, 18FDG PET/CT showed no uptake,
suggesting resolution of prosthetic valve endocarditis (PVE).
At the last evaluation, in July 2023, the patient was stable,
without infectious complications. ETT showed dilation of
the left cavities, periprosthetic fistula, Gerbode defect,
moderate pulmonary hypertension, and biological PAV
with maintained gradients.

Discussion

The incidence of PVE varies from 1% to 6% per year; it
is more common in biological prostheses, and it represents
20% to 30% of IE cases.” The diagnosis of PVE still poses
challenges, leading to delays in management, which is
sometimes decided on an almost individual basis.?

Asymptomatic neurological symptoms or neuroimaging
findings may indicate embolism, and they can be the
first manifestation of IE, associated with higher mortality
and indication for early surgery."** Blood cultures were
collected and, because it was a case of late PVE (1 year
after the first surgery), coverage against Gram-positive
pathogens was considered."?

The reported case was diagnosed by the modified Duke
criteria," with nonspecific ECG, but PVE can manifest with
atrioventricular block. Laboratory findings assisted in risk
stratification and evaluation of therapeutic response. The
most frequent agents in late PVE are as follows: S. aureus,
22.9%; coagulase negative staphylococci, 17.2%; and
viridans streptococci, 16%.> S agalactiae was isolated,
which rarely causes PVE and, unlike cases of late PVE,
progresses rapidly with valve destruction, embolism, 20%
mortality, and need for surgery in 40% to 50% of cases.®
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Figure 1 - (A) ECG; (B) Posteroanterior chest X-ray; (C) Cranial CT; (D) Transthoracic echocardiogram. LA: left atrium; LV: left ventricle; MI: mitral insufficiency;
RA: right atrium; RV: right ventricle.
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Figure 3 - (A, B, and C) Transthoracic echocardiogram; (D) Transesophageal echocardiogram. BPAV: biological prosthetic aortic valve; LA: left atrium; LV: left ventricle.
Asterisk (*) indicates abscess.
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Figure 4 - T angiography of the aorta. Ao: ascending aorta; BPAV: biological prosthetic aortic valve; LV: left ventricle. Asterisk (*) indicates perivalvular leak.
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The specificity of TTE for PVS is 96%, and the sensitivity
ranges from 40% to 50%, lower than in native valve IE, most
often involving the prosthetic ring (mainly in mechanical
prostheses)."” The European guideline indicates TEE
when TTE is inconclusive or in suspected complications,
whereas the United States guideline advises that it should
always be performed."® The sensitivity of TEE ranges
from 82% to 96%, and the specificity is 86%."7* On day
3 of hospitalization, TEE revealed a pseudoaneurysm
of the mitral-aortic intervalvular fibrosa, which can
lead to coronary compression, pericardial effusion, and
fistulization. The sensitivity on TEE and TTE is 90% and
43%, respectively, with indication for surgery.®

On day 22 of hospitalization, the patient presented a
mechanical complication, which is responsible for 30% of urgent
surgeries, as well as congestive heart failure, abscess and persistent
fever. Failure to perform surgery is a marker of worse prognosis.">*

Postoperative mortality ranges from 6% to 29% in
observational studies, and it is associated with age, urgent
or emergency surgery, prior cardiac surgery, prosthetic
valve, multivalvular involvement, perivalvular abscess, and
kidney failure.’®™

Figure 6- 18FDG PET/CT. BPAV: Biological prosthetic aortic valve. Asterisk (*) indicates glycolytic hypermetabolism with maximum standardized uptake value (SUVmax) = 11.2.
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After fungemia, TEE and CT showed a periaortic abscess
with fistula and Gerbode defect, which can be found rarely
in complications after cardiac surgery or IE.”'* Since the
prosthesis culture was negative, a new PVE was suspected,
given that fungi are a cause of acute PVE."*

CT became more important in the latest revision of the
Duke criteria and in the European guideline, going on to be
considered a major criterion for diagnosis, with a sensitivity
of 88% and a specificity of 93%, surpassing TEE in the
identification of paravalvular abscess." TEE, on the other
hand, has a specificity of 100% for paravalvular leak. Nuclear
magnetic resonance imaging has limited use compared to CT,
since prosthetic valves impair assessment.

In spite of the indication for reoperation, the patient
improved and was discharged, being readmitted after 4 weeks.
Patients with surgical indication who did not undergo surgery,
usually due to clinical complications, present reinfection and
recurrence of 5% during 1-year follow-up. When comparing
mortality between operated and non-operated patients,
recurrence is 9% and 34%, respectively.”

In cases of inconclusive diagnosis, 18FDG PET/CT can be
requested. Positive findings are predictors of complications,
recurrence of IE, and new embolic events. It is important to
differentiate uptake in the recent postoperative period (diffuse
and homogeneous) from PVE (intense, heterogeneous, focal,
or multifocal), with sensitivity of 54% to 87% and specificity of
56% to 93%, reclassifying the Duke criteria on admission and
increasing sensitivity to 82% to 96% without loss of specificity.

Prolonged antibiotic therapy is recommended in cases
of IE caused by Candida or as an alternative in patients with
surgical indications who did not undergo surgery.” In a study
with 31 patients who did not undergo surgery and received
prolonged oral antibiotic therapy, the event-free survival rate at
1 year was 74%; the overall survival rate was 84.3%; and the
recurrence rate was 12% (mean after 111 days)."” The absence
of uptake on the control PET/CT allows for safe suspension of
treatment with a low risk of complications.™

The following are associated with worse prognosis in IE:
advanced age, diabetes mellitus, S. aureus, fungi, acute PVE,
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Introduction

The Aortopulmonary Window (APW) is a rare congenital
malformation, representing approximately 0.2% of all
congenital heart diseases. It is typically nonrestrictive and
requires early surgical intervention to prevent complications
such as pulmonary congestion, respiratory infections, and
obstructive pulmonary vascular disease. In cases like ours,
where the surgical risk is exceedingly high, percutaneous
closure may present a viable alternative.

Case Report

A 1.5-month-old male infant, born with a weight of
2180 g, presented with multiple comorbidities, including
esophageal atresia, congenital chylothorax, and Meckel’s
diverticulum. The patient underwent several surgeries
within the first few days of life. He also experienced
recurrent infections and required prolonged mechanical
ventilation. During evaluation, cardiomegaly was noted
alongside a continuous murmur at the upper left sternal
border. The echocardiogram revealed a 5.0 mm APW
(Figures 1 and 2). The echocardiogram revealed a large
left-to-right shunt, resulting in left chamber enlargement.
Following a multidisciplinary discussion with the cardiology
team and given the high surgical risk, percutaneous closure
of the APW was chosen as the best approach. The procedure
was performed after informed consent was obtained.

Cardiac catheterization was performed under general
anesthesia using ultrasound-guided puncture of the right
carotid artery and right femoral vein, with a 4F sheath
in the artery and a 5F sheath in the vein. Heparin was
administered at 100 1U/kg. Mean aortic and pulmonary
pressures were measured at 44 and 29 mmHg, respectively.
The ascending aortogram confirmed a 5.0 mm APW located
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distant from the left aortic cusp (Figure 3). The defect was
crossed via the aorta using a 4F Judkins catheter with a
3.5 bend and a 0.0035 Terumo guidewire. The guidewire
was captured and exteriorized through the femoral vein,
forming a venoarterial loop. A long 5F sheath and a
delivery system were then advanced from the femoral vein,
through the APW, and into the descending aorta. Initially,
an Amplatzer Duct Occluder Il (ADOII 6/6) prosthesis (St.
Jude Medical, St. Paul, MN, USA) was advanced; the aortic
disc was delivered followed by the pulmonary disc, which
did not fix properly. The device was then replaced by an
ADO Il 4/4. After confirming proper device positioning
using transthoracic echocardiography and fluoroscopy,
ensuring no interference with aortic and pulmonary flows
or proximity to the coronary arteries, the device was
successfully implanted (Fig. 4). Two weeks post-procedure,
the patient showed no signs of heart failure, and the
echocardiogram confirmed the device was well-positioned,
with no significant vessel obstruction or residual shunt. The
patient remained in the ICU due to other comorbidities.

Discussion

APW is a defect resulting from incomplete separation of the
aorta and pulmonary trunk walls at the conotruncal septum
during early embryogenesis. APW is classified into three
morphological types. Type | defects (60-70%) are located
proximally, in the aorta above the sinus of Valsalva. Type Il
defects (20-25%) are distal, situated in the upper ascending
aorta before the emergence of the aortic branches. Type IlI
defects, which are less common, are extensive and combine
features of types | and Il, involving most of the ascending
aorta, the pulmonary trunk, and the right pulmonary artery.
The Type Il defect reported in this case accounts for 20%
of APW cases and is particularly amenable to percutaneous
correction due to its location. Surgery is the gold standard
treatment and has been performed for many years. However,
when a patient’s clinical condition is critical, with a
prohibitively high surgical risk, as the case presented. In these
cases, percutaneous closure becomes a valuable alternative
when the defect allows for it. Reports in the literature on
transcatheter closure of APW are limited, especially for
patients weighing less than 3 kg, and they describe various
vascular access methods and devices.""* Table 1 presents a
summary of the literature review. The defect’s position was
conducive to percutaneous intervention, while the infant’s
multiple comorbidities made surgery exceedingly high-risk.

CONTENTS


https://orcid.org/0000-0002-3478-9105
https://orcid.org/0000-0003-4693-9550
https://orcid.org/0000-0001-6030-0927
https://orcid.org/0000-0003-1376-4694
https://orcid.org/0000-0001-8801-1828
mailto:jalmeidabarbosa@uol.com.br

Oliveira et al.
Aortopulmonary window, percutaneous closure

Case Report

The optimal device choice remains unclear. Device selection
depends on the hemodynamicist’s experience with different
types of devices designed for closing cardiac and extracardiac
shunts. Given the patient’s low weight, arterial access via the
internal carotid artery was selected, which is our preferred
approach for infants under 3.0 kg. In this specific case, we
anticipated that crossing the window would be relatively
straightforward, as it ultimately proved to be.

Conclusion

Although cardiac surgery is the gold standard for
APW closure, high-risk patients with anatomy favorable
to percutaneous closure should be considered for this
approach, as a viable and effective alternative in the
management of such cases.
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Figure 1 - Echocardiogram showed a large 5.0 mm APW (white arrow). APW: Aortopulmonary Window.
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Figure 2 - Echocardiogram with Color Doppler revealed a significant left-to-right shunt. APW: Aortopulmonary Window
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Figure 3 - Ascending aortogram confirmed an APW.
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Figure 4 - Confirmation of the position by fluoroscopy, without interfering in the aorta and pulmonary flow (white arrow).

Table 1 - Overview of percutaneous closure of the APW as described in the literature.

Stamato et al.! 1995 Canada 3y

Sivakumar et al.? 2006  Sri Lanka s
y
5m
Trehan et al.® 2008 India 9m
55y

11m

Zhao-feng et al.¢ 2011 China A1

14y
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Modified Double Umbrella Occluder System
Amplatzer Duct Occluder 12/10
Amplatzer Duct Occluder 10/8

Blockaid PDA occluder (12/10mm)
Amplatzer muscular VSD occluder (12mm)
Blockaid VSD occluder perimembane (9mm)
A 6-8 mm Amplatzer duct occluder

An 18 mm HeartR muscular ventricular septal defect
occluder (Lifetech Scientific Co, China)

An 18-20 mm HeartR Duct Occluder
(Lifetech Scientific Co, China)
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Kosmac B.* 2013 German 25m 3.9 F
Fiszer et al.® 2017 Poland 45y 6 NI
Sabnis et al.” 2018 India 27d 2.6 M
9m 6.3 NI
15y 45 NI
_Quintei 1y7m 8.4 NI
Can'llgos Quinteiro 2019 Wi
etal. 22d 3.1 NI
4y7m 15 NI
1y5m 14.2 NI
Ucar et al.? 2020 Tirkiye 9m NI F
Giordano et al.” 2020 Italy 25y 51 7
1m 35 M
Guzeltas A." 2021 Tirkiye
6m 5.3
Yildirim et al." 2021 Turkiye 3m 4 M
Abdelrazek Ali et al.™ 2022 Egipt 12m 7 M

Amplatzer perimembranous VSD occluder (5mm) 4/6
Amplatzer Duct Occluder 4/2 2.3
ADOI (St. Jude Medical, USA) 5
Amplatzer Duct Occluder 5/4 25
Amplatzer Duct Occluder 10/8 30
Amplatzer Duct Occluder 8/6 30
Amplatzer Duct Occluder Il 6/4 80
Amplatzer Duct Occluder 14/12 80
Cera 16/18 60
Amplatzer Duct Occluder AS 5/2 3.7
Amplatzer Muscular Septal occluder device 16mm 912
(Abbot)
8/6 Amplatzer Muscular Septal occluder (Abbot) 47
10/8 Amplatzer Muscular Septal occluder (Abbot) 4.7

A 7-mm symmetric membranous VSD occlude

(Lifetech Scientific Co, China) i

A multifunctional occluder device 12 x 10 mm

(Lifetech Scientific Co, China) 78
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Atrial Myxoma as a Rare Cause of Stroke: Case Report

Mauricio Angelo de Almeida Junior,”™ Ana Flavia Parreira de Morais,”™ Jamil Alli Murad Junior’

FAMERP' Sdo José do Rio Preto, SP — Brazil

Introduction

Atrial myxoma (AM) is the most common primary benign
tumor affecting the heart. Its prevalence is rare, estimated at
0.03% in the general population. Surgical intervention should
be introduced as soon as diagnosed due to the increased risk
of cardiac complications, such as intracardiac obstructions or
systemic embolizations."

Cardiac myxomas are commonly observed in the left atrium
in >75% of cases, predominantly attached with a stalk to
the fossa ovalis (>90%). However, they can be seen in other
locations (left ventricle, right atrium, and, though quite rarely,
the right ventricle).?

Approximately 7% of all cardiac myxomas are associated
with Carney complex, an autosomal dominant disease
characterized by the presence of cardiac and cutaneous
lesions, myxomas, skin hyperpigmentation and primary
pigmented nodules, with adrenocortical disease leading to
Cushing’s syndrome.?

In up to one third of the cases of myxomas, there is
evidence of systemic embolism, even in the brain, which
may be silent or cause neurological symptoms. Neurological
deficits may often be the first sign of the manifestation of a
cardiac myxoma.?

Following surgical removal, myxomas may recur, and wide
excision of the tumor with adjacent cardiac tissue is necessary
to prevent recurrence. Surgery is usually recommended
when the diagnosis of cardiac myxoma is made, regardless
of whether or not systemic embolism has already occurred.*

The present case report demonstrates a case of AM in an
elderly patient with stroke as the first symptom, diagnosed with
transthoracic echocardiography (TTE) and transesophageal
echocardiography (TEE), and with a favorable clinical outcome
after surgical removal of a benign tumor.

Case report

A 72-year-old male patient with a history of systemic
arterial hypertension and type 2 diabetes mellitus

Keywords
Myxoma; Heart Neoplasms; Stroke.

Mailling Address: Mauricio Angelo de Almeida Junior

FAMERP. Avenida Brigadeiro Faria Lima, 5544. Postal code: 15090-000. Sao
José do Rio Preto, SP — Brazil

E-mail: mauricio_bh@hotmail.com

Manuscript received October 15, 2024; revised October 29, 2024; accepted
October 31, 2024

Editor responsible for the review: Marcelo Tavares

DOI: https://doi.org/10.36660/abcimg.20240099i

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240099

was admitted to the emergency room three months
ago with vertigo, left hemiparesis, rhyme deviation,
spatial disorientation, and ataxia. He was referred for
neurological evaluation with a diagnostic hypothesis of
ischemic stroke (acidente vascular encefalico isquémico
— AVEi), of probable cardioembolic origin, confirmed by
magnetic resonance imaging of the skull. The findings in
the aforementioned imaging exam that describe this
hypothesis of cardioembolic origin were described as
a small hyperintense lesion on T2 weighting and with
restriction in the diffusion study used to examine the
right thalamus, suggesting acute ischemic vascular injury
and small lesions with the same characteristics in the
dorsal region of the midbrain and in the right cerebral
peduncle. During the investigation of the neurological
condition, the electrocardiogram showed sinus rhythm
and nonspecific ventricular repolarization alteration, while
the TTE (Figure 1) showed a mobile echogenic image
measuring 1.4 x 1.6 cm near the opening of the mitral
valve in the region of the anterior leaflet and interatrial
septum. Continuing the investigation with TEE (Figures 2
and 3), an echogenic image was confirmed, attached to
the septal portion of the mitral annulus, interatrial septum,
and anterior leaflet of the mitral valve, measuring 22 x 13
mm, with contrast enhancement within a lesion compatible
with vascularization, suggesting AM.

The patient was referred for outpatient cardiovascular
surgery, and tumor resection was recommended. During
the preoperative period, a multivessel lesion was identified
by cardiac catheterization, and therefore a combined
procedure of intracardiac tumor resection and coronary
artery bypass grafting was recommended, which was
performed without complications. The material was sent for
anatomopathological examination, which confirmed AM.

Following the surgery, the patient showed clinical
improvement, with no new cardioembolic events. Upon
hospital discharge, he was asymptomatic and was referred
for outpatient follow-up with clinical cardiology.

Discussion

AM is responsible for less than 0.5% of cases of ischemic
stroke.® Recent studies report that 9% to 22% of patients
with MA suffer from cardioembolic stroke. Its incidence is
higher in females, at a ratio of 2:1, which most commonly
appears between the third and sixth decades of life.

AM s increasingly diagnosed in the elderly and its
predominance in females disappears after the age of 65.
Its most frequent location is in the left atrium (75 to 80%),
inserted in the interatrial septum around the fossa ovalis.”

The main etiology of AM is unknown, with approximately
10% of the cases presenting an autosomal dominant
genetic component. The classic clinical triad of AM
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Figure 1 - Left longitudinal parasternal TTE demonstrating left interatrial myxoma.
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Figure 2 - TEE in mid-esophagus at 0 degrees. (left interatrial myxoma visible — with largest diameters of 2.5 cm x 1.5 ¢cm).

includes obstructive symptoms, such as valve obstruction
and ventricular failure; embolic manifestations in any
arterial territory, with the cerebral artery being the most
frequently involved; and constitutional symptoms, such
as fever, asthenia, myalgias, arthralgias, and weight loss.
Approximately 20% of all cases are asymptomatic, with
the diagnosis being made incidentally through imaging
exams. Obstructive (40% to 60%) and constitutional (30%
to 90%) cardiac symptoms are the most frequent in clinical
presentation, and embolic manifestations may occur in
30% to 40% of all patients.®

Patients with AM who present neurological complications
are mostly young, and stroke or transient ischemic attack
are the most common neurological manifestations (82%),
occurring due to embolization of tumor fragments,
thrombus formation, or both.?

AMs are usually solitary, with sizes ranging from 0.4 to
6.5 cm. Morphologically, they are divided into two types:
type 1, with an irregular or villous surface and long pedicle,
which are associated with a higher risk of embolization,
and type 2, with a smooth surface and soft consistency.”

TTE is the initial examination used to detect cardiac
masses, with a sensitivity of 90% and a specificity of
95%. TEE enables a more detailed visualization of the
anatomical structures, which is useful in determining
the size, location, adhesion, relationship with adjacent
structures, and mobility of the tumor.?

Differential diagnoses of AM include vegetations,
intracardiac thrombi, or artifacts."

Surgical resection is considered curative and is
recommended whenever AM is diagnosed, regardless of

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240099
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Figure 3 - Three-dimensional (3D) TEE (3D zoom of the left atrium with visualization of myxoma attached to the membrane in the oval fossa).

previous embolization. It should be performed as early as
possible due to the risk of recurrence of embolism or valve
obstruction. The postoperative prognosis is variable and
depends on the patient’s age, comorbidities, preoperative
clinical status, and possible need to perform other surgical
procedures associated with AM resection.”

Most AM recurrences occur in the first 4 years after
tumor resection, although the risk is low. For this reason,
regular follow-up with echocardiography should be
performed.”

Conclusion

AM is a rare cause of AVEi, which, although it has a low
population prevalence, has important clinical relevance
for early surgical intervention in an attempt to reduce
morbidity and mortality due to systemic embolisms caused
by the tumor.
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Successful Occlusion of a Giant Subclavian Artery Aneurysm Sac

with a Vascular Plug: A Case Report

Fuat Polat,”™ Osman Eren Karpuzoglu'

Health Sciences University Dr. Siyami Ersek Thoracic and Cardiovascular Surgery Education and Research Hospital," Istanbul — Turkey

Abstract

Subclavian artery aneurysms are rare vascular anomalies
that carry significant risks, including thromboembolism,
ischemia, and rupture. This case report describes a 71-year-
old female patient presenting with left arm ischemia,
including pain, numbness, and weakness, caused by a
left subclavian artery aneurysm complicated by distal
thrombosis. Imaging revealed a 65 X 55 mm aneurysm
with a 2.5 cm thrombotic occlusion. The aneurysm was
treated with an endovascular approach, utilizing a vascular
plug deployed via femoral access. This was preceded by
failed attempts to access the lesion through the radial
approach due to the presence of thrombotic occlusion
and complex vascular anatomy. After the procedure, the
patient experienced significant symptom relief, and follow-
up imaging confirmed thrombosis of the aneurysm sac. This
case highlights the effectiveness of endovascular techniques
in managing complex subclavian artery aneurysms and
emphasizes the importance of individualized treatment
strategies and close follow-up.

Introduction

Subclavian artery aneurysms are rare, accounting for
less than 1% of peripheral artery aneurysms." They may
be associated with trauma, atherosclerosis, thoracic outlet
syndrome, or congenital abnormalities.? While many
remain asymptomatic, symptomatic cases can present
with ischemic symptoms due to arterial compression,
thromboembolism, or aneurysmal rupture.® These
symptoms often include pain, numbness, weakness,
or diminished pulses in the affected arm, along with
differential blood pressures between the upper limbs.
Given the risk of severe complications such as embolization
or rupture, early diagnosis and treatment are crucial.
Endovascular repair has emerged as the preferred
treatment for subclavian artery aneurysms, offering a
minimally invasive alternative to open surgery with
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lower perioperative risk.* However, challenges may
arise, particularly when aneurysms are complicated by
thrombotic occlusion or extensive collateralization. This
report presents a 71-year-old woman with symptomatic left
arm ischemia caused by a subclavian artery aneurysm with
distal thrombosis, successfully treated with endovascular
intervention.

Case report

A 71-year-old woman with hypertension presented
with pain, numbness, and weakness in her left arm,
which had worsened over the past few months. Her
heart rate was 80 beats per minute, regular, with no
murmurs. Electrocardiogram showed sinus rhythm and
incomplete right bundle branch block. Transthoracic
echocardiography revealed a left ventricular ejection
fraction of 60%, interventricular septal thickness of 12 mm,
stage 1 diastolic dysfunction, and mild aortic regurgitation.
Physical examination revealed a weak right radial pulse.
Blood pressure was 130/70 mmHg in the right arm
and 105/65 mmHg in the left arm. A posterior-anterior
chest X-ray showed a well-circumscribed round mass
in the left hemithorax (Figure 1). Subsequent computed
tomographic angiography (CTA) of the thoracic aorta and
upper extremities revealed a 65 X 55 mm aneurysm
of the left subclavian artery, located just distal to the
origin of the vertebral artery. The occluded segment,
measuring approximately 2.5 cm, exhibited non-calcified
thrombotic material filling the lumen, without evidence of
significant extrinsic compression or surrounding soft tissue
abnormalities. The mechanism of occlusion appeared to
be thrombus formation within the aneurysmal sac, likely
due to stasis of blood flow. The aneurysm'’s etiology was
suspected to be degenerative in nature, potentially related
to chronic hypertension and atherosclerotic changes, as no
history of trauma or congenital abnormality was reported.
Collateral vessels reconstructed the left axillary artery, and
both the left vertebral artery and the left internal mammary
artery (LIMA) demonstrated normal flow (Figure 2).
Endovascular repair was planned using stent-graft
placement. Access was obtained via the right femoral
artery and the left radial artery. However, despite advanced
guidewires, the aneurysm could not be reached from
the radial approach. An Amplatzer Vascular Plug Il (AVP
I1; Abbott, Plymouth, MN, USA), measuring 10 mm in
diameter, was deployed in the left subclavian artery
near the aneurysm via the femoral route. The device
was delivered using a 6 French guiding catheter, which
provided sufficient support for precise positioning of
the vascular plug, while preserving access to the left
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Figure 1 - Posterior-anterior chest X-ray showing a well-circumscribed round mass in the left hemithorax.

vertebral artery and LIMA. Post-procedural angiography
confirmed cessation of aneurysmal flow with preserved
flow in the left vertebral artery and LIMA (Figure 3).
Following the procedure, the patient was initiated on dual
antiplatelet therapy (aspirin 100 mg daily and clopidogrel
75 mg daily) to prevent thromboembolic complications
associated with the vascular plug and to maintain patency

of critical collateral vessels. The antithrombotic strategy was
selected based on the patient’s risk profile and the nature
of the intervention. At a 1-month follow-up, the patient
reported significant improvement in her left arm symptoms,
and repeat CTA demonstrated complete thrombosis of the
aneurysm sac with cessation of flow (Figure 4). Continued
follow-up at 3 and 6 months, including clinical evaluations

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240101
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Figure 2 - Computed tomography angiography of the thoracic aorta and upper extremities shows a left subclavian artery aneurysm distal to the origin of the

vertebral artery.

and imaging, was scheduled to monitor for complications
such as migration of the vascular plug, residual flow, or
recurrence of ischemic symptoms.

Discussion

Subclavian artery aneurysms, although rare, carry
significant risks, including embolization, thrombosis,
and rupture.® In this case, the patient presented
with upper extremity ischemia, which is typical of
symptomatic subclavian aneurysms, manifesting as pain,
numbness, weakness, and differential blood pressure.
These clinical findings were pivotal in diagnosing a left

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240101

subclavian artery aneurysm with thrombotic occlusion.
Endovascular repair is increasingly preferred due to its
minimally invasive nature, reduced morbidity, and faster
recovery compared to open surgery.® However, this
case illustrates the technical difficulties that can arise,
particularly in navigating complex vascular anatomy
complicated by thrombosis and collateralization. In this
case, despite initial challenges accessing the aneurysm
via the radial route, a vascular plug was successfully
deployed via the femoral approach, achieving cessation
of aneurysmal flow while preserving perfusion in critical
vessels such as the left vertebral artery and LIMA.
The patient’s favorable outcome, with significant symptom



Polat & Karpuzoglu
Occlusion of giant subclavian aneurysm

Case Report

Figure 3 - A Destination sheath and vertebral catheter were positioned in the proximal subclavian artery via the femoral artery, while a right Judkins catheter
was advanced into the distal subclavian artery through the radial approach (top left). Despite using stiff guidewires, access to the aneurysmal region from the
distal end was unsuccessful (bottom left). A 10 mm vascular plug was placed proximal to the aneurysm sac through the vertebral catheter via the femoral
route (top right). Post-procedural cine angiography confirmed preserved flow in both the left vertebral artery and the LIMA, with near-complete occlusion of

flow within the aneurysm sac (bottom right).

improvement and imaging-confirmed thrombosis of
the aneurysm, underscores the efficacy of endovascular
management. This case also highlights the importance
of thorough imaging assessment and individualized
intervention strategies for complex vascular lesions.”
While the outcome in this case was successful, it serves as a
reminder of the potential complications of subclavian artery
aneurysms and the need for timely diagnosis and intervention

to prevent more severe consequences, such as rupture or
embolization. Continued follow-up is essential to monitor
for recurrence or complications related to the vascular plug.

Conclusion

This case demonstrates the successful endovascular
treatment of a rare subclavian artery aneurysm complicated

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):20240101
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Figure 4 - Computed tomography angiography performed 1 month after vascular plug placement in the subclavian artery revealed complete cessation of flow

within the aneurysm sac.

by thrombosis and presenting with upper extremity ischemia.
Despite procedural challenges, the deployment of a vascular
plug effectively halted aneurysmal flow while preserving
critical vessel patency. Early diagnosis, tailored intervention,
and ongoing follow-up are crucial to achieving optimal
outcomes in such complex cases.
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Introduction

Transcatheter aortic valve implantation (TAVI) is
recognized as a first-line treatment for symptomatic patients
with advanced aortic stenosis who are at high surgical risk.
In inoperable patients with poor prognosis, it carries a risk
for complications, such as myocardial infarction due to
coronary occlusion, stroke, annular rupture, etc.! Takotsubo
Cardiomyopathy (TTC) is a syndrome that usually develops
in the absence of overt coronary occlusion and signs of
alternative diagnosis, including myocarditis. It presents
with electrocardiographic changes, increased cardiac
biomarkers, and typical echocardiographic findings.?* In
this article, we describe a patient with TTC who previously
underwent TAVI and subsequent implantable cardiac
defibrillator (ICD) implantation.

Case report

A 77-year-old woman was admitted with symptoms of
shortness of breath and wheezing. Physical examination
demonstrated a blood pressure value of 111/76 mmHg,
respiratory rate of 28/min, pulse rate of 70 bpm, and oxygen
saturation of 88%. Cardiovascular examination exhibited a
pattern of left-sided apical impulse, 2-3/6 systolic murmur,
and bilateral 2 + pitting edema of lower limbs. Examination of
the lungs revealed bilateral rales up to the middle zones. Left
ventricular ejection fraction (LVEF) value was 42%. The left
ventricular apex was akinetic, suggesting a pattern of apical
ballooning. High sensitive-troponin and brain natriuretic
peptide (BNP) levels on admission were 256 ng/l (normal
range: 0-19 ng/l) and 114.3 pg/ml (normal range: 0-100 pg/ml),
respectively. The patient’s detailed anamnesis included
hypertension and TAVI performed due to aortic stenosis four
months ago. After TAVI, a complete atrioventricular block
persisted in the patient, and non-sustained VT was observed
in the follow-up. For this reason, the patient was implanted
with an ICD instead of a permanent pacemaker. In the
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transthoracic echocardiography performed after TAVI, LVEF
was calculated as 55% and left ventricular systolic functions
were normal. No pericardial effusion or paravalvular leakage
was observed in the implanted aortic valve. The patient, who
had no complaints, no physical examination findings, and
no deterioration in laboratory parameters, was called for
a cardiology outpatient clinic control and then discharged.
After detailed evaluation, the patient was hospitalized
with the prediagnoses of acute coronary syndrome and
decompensated heart failure. Coronary angiography
performed after urgent stabilization of the patient revealed no
critical stenosis in the coronary arteries (Figure 1). Subsequent
cardiac magnetic resonance imaging excluded acute
myocarditis and revealed a pattern of global hypokinesia with
severe apical and mid-ventricular involvement (Figure 2).
Based on these findings, TTC was considered as the most
likely diagnosis. Following successful management, she was
discharged uneventfully under acute coronary syndrome and
heart failure medications. An outpatient visit was planned
for the patient following one month. During the scheduled
cardiology outpatient clinic visit, the patient’s complaints
related to heart failure disappeared after medical treatment.
In the transthoracic echocardiography, it was seen that the
left ventricular contractions returned to normal, and LVEF was
calculated as 50%. The patient continues to be followed up
with medical treatment.

Discussion

TC was first described in 1991, and it was generally
considered to occur due to emotional or physical
triggers, including mourning, trauma, sepsis or metabolic
abnormalities.>* It is known that high catecholamine levels
associated with these triggers play a pivotal role in its
pathogenesis.>* The findings that prompted us to make the
diagnosis of TTC, in this case, were the presence of specific
abnormalities in left ventricular wall motion beyond a single
arterial perfusion zone, absence of occlusive coronary artery
disease, increased cardiac troponin levels, and absence of
findings in favor of myocarditis.?

Acute coronary syndromes and arrhythmias may develop
frequently after TAVL" Most of the acute cardiomyopathies
occurring after TAVI may be due to occlusive coronary
artery disease." TAVI is a less invasive procedure compared
to cardiac surgery but may cause severe emotional and/or
physical stress in high-risk patients, potentially leading to
TTC evolution. However, in the present case, TTC emerged
long after TAVI, potentially indicating the null impact of
procedure-related stress on TTC evolution. However,
TTC (in the form of apical ballooning) was also previously
suggested to occur as a consequence of mechanical factors,
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Figure 1 - Non-occlusive coronary arteries, TAVI device, and ICD leads on coronary angiogram.

Figure 2 - A-B: Transthoracic echocardiogram demonstrating left ventricular apical ballooning and lead image in the right chambers on apical four-chamber
view C: Apical ballooning on cardiac MRI.
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including acute intraventricular gradient, possibly due to
afterload mismatch in patients with a modest degree of
pre-existing left ventricular hypertrophy.*® Accordingly, our
case might have possibly incurred acute midventricular or
outflow tract gradient due to certain mechanical factors,
including enhanced contractility and reduced preload
or afterload,® most of which might, to some extent, be
associated with the relief of aortic valve stenosis following
TAVI. However, this notion remains speculative, and certain
tests, including dobutamine stress echocardiogram, are
required to reveal provoked intraventricular gradient® in
our patient. To date, TTC, regardless of the underlying
actual trigger, has been rarely reported following TAVI.”
The present case might be regarded as an epitome of late
TTC evolution following TAVI.
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ATTRwt Cardiac Amyloidosis and Aortic Regurgitation in a Patient
with Acute Myelomonocytic Leukemia: an Unusual Combination

Diego Chemello,’® Patricia Chagas,’
Universidade Federal de Santa Maria," Santa Maria, RS — Brazil
Universidade Federal da Paraiba,? Jodo Pessoa, PB — Brazil

Introduction

Systemic amyloidosis is a relatively rare multisystem
disease caused by the deposition of misfolded protein in
various tissues and organs. Cardiac amyloidosis (CA) is
recognized as an underlying cause of left ventricular wall
thickening, heart failure, and arrhythmia with variable
clinical presentation. The clinical diagnosis of cardiac
involvement in amyloidosis is challenging, requiring a
patient-centered diagnostic work-up that ensures an
appropriate diagnosis.'?

Although amyloidosis has been associated with multiple
malignant disorders, its association with leukemia is rather
uncommon.?* Also, there is a relationship between CA and
valvular heart disease, particularly aortic stenosis (AS).° The
association of ATTRwt CA and aortic regurgitation (AR) in
a patient with acute myelomonocytic leukemia (MML) is
unique and has not been described so far.

Description

A 72-year-old hypertensive male patient diagnosed with
acute AML was referred to the emergency department
with a recent onset of chest discomfort at rest and signs
of mild pulmonary congestion. At presentation, physical
examination revealed blood pressure of 195/62 mmHg,
heart rate of 96 beats per minute, respiratory rate of 26
movements per minute, and oxygen saturation of 90%.
There were jugular venous distention and bilateral rales. The
cardiac auscultation revealed an S3-gallop and a diastolic
murmur in the aortic position. The electrocardiogram (ECG)
revealed sinus rhythm, with no signs of ST segment changes
or T-wave abnormalities (Figure 1A). The cardiac troponin
was 2,025 ng/L (reference of 58 ng/L). The patient was
started on treatment for non-ST elevation acute coronary
syndrome (ACS). After clinical stabilization, a coronary
angiogram was performed, revealing a critical lesion in
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the proximal aspect of the left anterior descending artery
and the left trunk (Figure 1B, Supplementary Video 1). The
patient was then treated with drug-eluting stents in the
left trunk and left anterior descending artery (LAD) with
success (Figure 1C, Supplementary Video 2).

The patient’s past medical history was characterized by
acute MML, which had been treated with decitabine for 18
months with a good clinical response. Other medications
included losartan 50 mg twice a day, hydrochlorothiazide
25 mg once a day, and rosuvastatin 10 mg once a
day. During his admission, laboratory exams showed
hemoglobin of 9.5 g/dL, platelets of 172,000 /mm?, and
leucocyte count of 6,560/mm?* with 9% immature forms.
A transthoracic echocardiogram was performed for risk
stratification post-ACS, showing findings suggestive of CA:
there was concentric thickening of the cardiac chambers,
with grade 2 diastolic impairment function. The ejection
fraction was 53%, and the global longitudinal strain (GLS)
was -15.9% with strain magnitude preserved exclusively
at the apex (apical sparring pattern) (Figure 2A). There
was also aortic valvular thickening with moderate AR
(Figure 2B).

A work-up for amyloidosis was then started. There was
no evidence of monoclonal protein. The serum free light
chain (sFLC) assay revealed a normal ratio of kappa and
lambda free light chain (0.77, considering a glomerular
filtration rate of 52 ml/min). The serum (SIFE) and urine
immunofixation electrophoresis (UIFE) revealed the
absence of monoclonal protein.

A technetium-pyrophosphate cardiac single-photon
emission computed tomography (Tc-PYP SPECT) was
performed, revealing heart uptake equal to rub uptake
(grade 2 visual scale, as described by Perugini et al.).” The
quantitative analysis revealed a heart-to-contralateral lung
uptake ratio (H/CL) of 1.5 in the first hour and 1.3 in the
third hour (Figure 2C).

A cardiac magnetic resonance imaging (MRI) revealed
biventricular function within normal limits, with a left
ventricular ejection fraction (LVEF) of 56% and a right
ventricular ejection fraction (RVEF) of 38.5%. The was
increased thickening of the LV walls, particularly in the
mid septum (1.6 cm). There were mild irregular and diffuse
areas of late gadolinium enhancement within basal and
mid segments of LV (Figure 2D).

Genetic testing for transthyretin (TTR) gene mutation was
negative for TTR variants known to cause CA. A diagnosis of
wild-type transthyretin amyloidosis (ATTRwt) was performed.
Despite this diagnosis, tafamidis was not utilized, based
on the decision made by the National Committee for the
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Figure 1 - (1A): The 12-lead ECG at the presentation showed no significant ST/T abnormalities. (1B): Coronary angiogram showing severe lesion in the left
coronary trunk (yellow arrow) and left anterior descending artery (blue arrow). (1C): coronary angiogram after drug-eluting stents in the left coronary trunk

(vellow arrow) and left anterior descending artery (blue arrow).

GLS_Endo_Pea
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GLS_Endo

HTE/HTD=1,3

Figure 2 - (2A): Echocardiogram showing GLS of 15.9% with apical sparring pattern. (2B): Echocardiogram (5-chamber view) with color Doppler showing AR
(orange arrow). (2C): Technetium-pyrophosphate cardiac single-photon emission computed tomography (Tc-PYP SPECT) revealing heart uptake equal to rub
uptake (grade 2 visual scale) and quantitative analysis with heart-to-contralateral lung uptake ration (H/CL) of 1.3 in the third hour. (2D): Cardiac MRI reveals
mild irreqular and diffuse areas of late gadolinium enhancement within basal and mid segments of the LV (yellow arrows).

Incorporation of Technologies (Conitec), an institution to
assist the Brazilian Ministry of Health in decision-making
(Conitec, Brazilian Ministry of Health, 2022)".

The patient continued hematological treatment for
MML and control of other cardiac risk factors with good
clinical evolution. His pharmacological treatment consisted
of losartan, hydrochlorothiazide, amlodipine, hydralazine,
spironolactone, bisoprolol, and dapagliflozin. After two years
of good cardiac evolution and no further complications,
the patient experienced a hematological progression of his
disease and died after an episode of respiratory sepsis.

Discussion

Systemic amyloidoses consist of protein misfolding
disorders that form insoluble amyloid fibrils, which, in
turn, are deposited in the tissues leading to organ damage.
Two types of amyloid account for 95% of CA: light-chain
amyloid (AL), due to immunoglobin light-chain deposition,
and TTR cardiac amyloidosis (ATTR-CM), which can be
due to hereditary mutation (ATTRh) or ATTRwt. Hereditary
transthyretin cardiac amyloidosis (hATTR-CM) is caused by
one of the known heritable mutations in the TTR gene. In
contrast, ATTRwt is caused by age-related changes in the

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240127
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wild-type TTR."? According to the most recent guidelines,
AL can be excluded by obtaining a monoclonal protein
screen comprising three laboratory tests: sFLC, SIFE, and
UIFE. Additionally, the combined finding of positive bone
radiotracer scintigraphy in patients with no evidence of
detectable monoclonal protein in urine or serum was found
to be 100% specific for ATTR-CM."#

Although systemic amyloidosis has been associated with
multiple malignant disorders, its association with leukemia
is rather uncommon. In 1970, Kyle et al. described a
rapidly progressive acute MML development in a patient
with systemic amyloidosis of five years’ duration who
had received a prolonged course of melphalan.? Chronic
lymphocytic leukemia can also be related to AL amyloidosis
involving the heart. Cases of chronic MML were described
in association with primary systemic amyloidosis by Cohen
et al.> and Okuda et al.* As far as we are concerned, this
is the first report of the coexistence of acute MML and
ATTRwt amyloidosis. Although a non-biopsy diagnosis of
ATTRwt can be obtained when certain diagnostic criteria
are fulfilled, tissue characterization still represents the
gold standard for the diagnosis and typing of CA. In this
case, however, financial constraints and limitations of
cardiac biopsy in our health system made this procedure
unsuitable.’?

Among valvular heart diseases, AS is the most prevalent
disease in amyloidosis, with a prevalence of 16% in
patients with severe AS planned to undergo transcatheter
aortic valve replacement (TAVR).® Treibel et al. described
that approximately 1 in 7 patients undergoing TAVR has
occult CA.® Cases of mitral and tricuspid regurgitation
seem to be increased in patients with CA.'° The presence
of AR has not been associated with CA. As far as we are
concerned, this is the first description of CA in a patient
with aortic insufficiency. Higher quality treatment of
hematological and cardiological conditions has possibly
led to an improvement in this patient’s survival, which
reinforces the role of cardio-oncology specialists in regular
monitoring of these patients.
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Conclusion

CA is an infiltrative disease that requires a high clinical
suspicion for an appropriate diagnosis. In this case, we
describe a very unusual association between ATTRwt
CA and AR in a patient with acute MML. The increasing
knowledge of CA and the improved prognosis of oncology
diseases are possible causes for such association.
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Diagnosis of Pancreatic Cancer
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Introduction

Non-bacterial thrombotic endocarditis (NBTE) isa phenomenon
associated with sterile vegetations composed of fibrin and platelets
aggregating on healthy heart valves. Most cases are diagnosed after
death or in patients experiencing systemic embolization. Diagnosis
relies on clinical suspicion and a compatible echocardiographic
image. The correct treatment is long-term systemic anticoagulation
to avoid arterial embolization, which often presents as multiple
and recurrent ischemic strokes.'

The first antemortem report of NBTE as the initial presentation
of underlying pancreatic cancer was published in 2008.2
However, incidental diagnosis of uncomplicated NBTE that leads
to a subsequent discovery of carcinoma is rare.

Description

A 72-year-old male patient with a previous history of valvular
heart disease presented for an elective consultation due to
weight loss, fatigue, and depressive symptoms. His past medical
history was characterized by biologic aortic valve replacement in
2014 due to severe aortic insufficiency. He also had mild mitral
stenosis, without valvular replacement. There were no signs of
coronary artery disease. He had recently received a diagnosis
of major depressive disorder and was started on escitalopram
15 mg with minor improvement after 2 months. His other
medications included enalapril 20 mg/day, metoprolol succinate
50 mg/day, and rosuvastatin 10 mg/day. Physical examination
revealed blood pressure of 143/73 mmHg, heart rate of 62 beats
per minute, and no fever. His weight was 78 kg, compared to
the previous consultation of 88 kg, registered 6 months prior.
Cardiac auscultation revealed regular rhythm, a systolic ejection
murmur (grade 2/6) in aortic focus, and a diastolic murmur
(grade 2/6) at the apex. Laboratory exams showed hemoglobin
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of 10.1 g/dL, platelets of 365,000/mm? and normal leucocyte
count (8,120/mm?* with 4% immature forms).

A transthoracic echocardiogram was performed, showing
a 10 mm filamentous mobile echodense mass implanted on
the anterior leaflet of the native mitral valve (Figure 1, Video 1).
This valve also presented signs of moderate regurgitation and
moderate stenosis (effective regurgitant orifice area of 0.29 cm?).
The aortic bioprosthetic valve mobility was normal, and there
was mild perivalvular posterior leak. There was also concentric
left ventricular hypertrophy (septum and posterior wall of
14 mm), severe left atrial enlargement (volume of 77 ml/mm?)
and left ventricular ejection fraction of 58%.

The patient was admitted for investigation with the main
clinical suspicion of infective endocarditis. Multiple blood
cultures were collected. The rheumatoid factor was negative,
and there were no abnormalities in the urine analysis.
The workup for bacterial endocarditis was negative. As a
consequence, anticoagulation with low-molecular weight
heparin was initiated. An abdominal computed tomography
was also performed for additional investigation, revealing a
large mass in the pancreas head, with extension to the superior
mesenteric artery. The CA19-9 levels were 54.3 U/ml (normal
values < 37 U/ml). A needle biopsy by echoendoscopy revealed
the diagnosis of pancreatic adenocarcinoma. Complementary
evaluation revealed absence of metastasis but an unresectable
tumor. Anticoagulation was maintained despite the bleeding
risks, considering the diagnosis of marantic endocarditis.
After 4 weeks, echocardiogram was repeated, with complete
disappearance of the filamentous mass in the mitral valve (Figure 2,
Video 2). No signs of embolization were observed.

The patient received 5 cycles of chemotherapy with nab-
paclitaxel (Abraxane©) and gemcitabine.® There was significant
clinical improvement, with tumor size reduction. At this point,
anticoagulation was switched to apixaban 5 mg twice daily. The
oncology team also opted for complementary treatment with local
radiotherapy (45 Gy x 25 cycles) with capecitabine (Xeloda®©).*
During chemotherapy treatment, all cardiac medications were
temporarily interrupted due to hypotension. In the following
months, there was significant clinical improvement in his
depressive symptoms, with weight maintenance and reduction of
tumor dimensions. Progressive pancreatic and peritoneal disease
was identified 13 months after chemoradiation. Chemotherapy
was performed first with rechallenge of nab-paclitaxel and
gemcitabine* and after with modified FOLFIRINOX.® The patient
had poor response to treatments and died 24 months after the
diagnosis of unresectable pancreatic adenocarcinoma.
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Figure 1 - Transthoracic echocardiogram (apical 4-chamber view) showing a 10 mm filamentous mobile echodense mass implanted on the anterior leaflet of
the native mitral valve (A and B).

Video 1 - Transthoracic echocardiogram (apical 4-chamber view) showing a 10 mm filamentous mobile echodense mass implanted on the anterior leaflet of
the native mitral valve.
http://abcimaging.org/supplementary-material/2025/3801/2024-0126_video_01.mp4
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Video 2 - New transthoracic echocardiogram (apical four-chamber view) after systemic anticoagulation showing complete disappearance of the filamentous

mass on the mitral valve.

http://abcimaging.org/supplementary-material/2025/3801/2024-0126_video_02.mp4

Figure 2 - New transthoracic echocardiogram (apical 4-chamber view) after systemic anticoagulation showing complete disappearance of the filamentous mass

in the mitral valve.

Discussion

NBTE, also known as marantic or Libman-Sacks endocarditis,
refers to a rare condition characterized by cardiac valve thickening
or vegetation formation due to non-infective mechanisms."
Although the exact pathogenesis is unknown, these lesions are not
associated with an inflammatory response or bacteremia, and they
commonly happen as the result of fibrin deposition and platelet
aggregation. Several conditions are related to the formation of
sterile vegetations, including hypercoagulable states, autoimmune
diseases, and malignancy. Potential mechanisms responsible for

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240126

this association are increased production of circulation cytokines
and clotting factors, which cause endothelial damage and
hypercoagulable state.>” According to contemporary reports,
NBTE is more prevalent in females. Embolic complications are the
most common presentation (up to 79%), with stroke representing
the most common embolic event.

The diagnosis is currently based on echocardiographic image
in association with a low index of clinical suspicion. Once the
valvular lesion has been identified, investigation should be aimed
at differentiating NBTE from infective endocarditis." Treatment
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consists of reducing the risk of systemic embolism, as well as
identification and treatment of underlying conditions. Unless
there is a clear contraindication, all patients with clinical
diagnosis of NBTE should receive systemic anticoagulation.'®

There is a well-known association of NBTE with malignancy,
particularly adenocarcinomas of the pancreas and lung.>'
Most reports are usually associated with advanced or
metastatic disease, or they are diagnosed during a postmortem
examination.”"3 The first antemortem report of NBTE as
the initial presentation of underlying pancreatic cancer was
published in 2008 by Smeglin et al.? Since then, several case
reports have been described, all in patients with advanced
disease or embolic phenomena.’ ' The incidental finding of a
sterile vegetation in a patient with depression and recent-onset
weight loss makes our case report unique.

The incidence of depression is 2 to 3 times higher in patients
with cancer compared to their healthy counterparts.' The
strikingly closed relationship between pancreatic cancer and
major depression has been known since 1931, when Yaskin
reported the association between this cancer and the triad of
anxiety, depression, and “sense of impending doom.”"® One
of the largest studies published in this field found a significantly
increased risk of psychiatric diseases nearly a year before the
cancer was diagnosed."” Interestingly, our case presented a
similar timeline, potentially contributing to an early diagnosis.

Regarding the echocardiographic image, there were
potential differential diagnosis with NBTE, including
papillary fibroelastoma, vegetations due to subacute
bacterial endocarditis, or multiple large Lambl excrescences.
Transthoracic echocardiography is the mainstay imaging
modality to describe the vegetation. Cardiac imaging workup
for papillary fibroelastoma, bacterial endocarditis, and NBTE is
somewhat similar. Papillary fibroelastoma is being recognized as
the most common primary tumor to arise in cardiac valves. It
has a typical form of pedunculated mass with small fronds and
a stalk. On the other hand, vegetations of infective and non-
infective endocarditis are usually small (< 1 cm), broad-based,
and irregular in shape.”" In the present report, although the
image was not conclusive for differential diagnosis, the complete
disappearance of the lesion with systemic anticoagulation and
the absence of positive cultures and signs of embolization
confirmed NBTE as the diagnosis.

The present case highlights the importance of correct
diagnosis and investigation after diagnosis of NBTE without
an underlying cause. It also emphasizes the management by a
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Abstract

Background

Cardiac tumors are rare, and most are secondary
(metastatic) lesions. Primary tumors, though uncommon,
are typically benign, with myxomas being the most frequent
and occasionally displaying unique features. Diagnosis often
requires multimodality imaging.

Case summary

A 41-year-old man with a history of ischemic stroke and
resection of an apical left ventricular myxoma presented for
evaluation after a follow-up transthoracic echocardiogram
(TTE) revealed a mobile, ovoid apical lesion with high
embolic risk, despite being asymptomatic. Cardiac
magnetic resonance (CMR) imaging suggested recurrence
of the ventricular myxoma. Surgical resection was
performed, and histopathology confirmed the diagnosis
of cardiac myxoma (CM).

Discussion

CMs are the most common primary benign cardiac
tumors, typically located in the left atrium and attached to
the interatrial septum. They are less frequently found in the
ventricular cavities. About half of cases are asymptomatic, and
recurrence is possible after resection. This case highlights a rare
instance of late recurrence in an atypical location.

Introduction

Cardiac tumors are rare, and mostly secondary (metastatic),
benign (90%) lesions."” Among these, CMs are the most
common, representing 50-60% of benign cases.** Myxomas
predominantly occur in the left atrium (75-85%), with fewer
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cases in the right atrium, ventricles, or valve structures.**
Once resected, tumor recurrence is possible, highlighting
the need for proper postoperative follow-up. We report
a case of a rapidly growing, late recurrent myxoma in an
uncommon location.

Clinical case

A 41-year-old man with a history of ischemic stroke
and resected left ventricular myxoma presented to the
emergency room following a follow-up TTE that revealed
a mobile, ovoid lesion in the left ventricular apex with high
embolic risk, despite being asymptomatic. His stroke in
2014 had led to the diagnosis of a 20x15 mm pedunculated
mass in the ventricular apex, which was resected via a
transapical approach. Histology confirmed the lesion as
a CM. The patient had no personal or family history of
malignancy or primary cardiac tumors.

After the initial resection, serial TTEs were performed
every two years to monitor for recurrence. In January 2023,
a TTE revealed apical akinesia and a poorly characterized,
linear, mobile structure. Due to the lack of ultrasound
contrast, CMR was performed, showing apical scarring with
akinesia, mild systolic dysfunction, and a 20x8 mm linear
structure adherent to the apex, consistent with thrombus
(Figure.1). Warfarin therapy was initiated, but the patient
did not achieve adequate anticoagulation (INR: 1.5).

In March 2023, follow-up TTE revealed a large
(40x20 mm), highly mobile, pedunculated lesion with
a heterogeneous appearance (Video.1). A repeat CMR
confirmed a 36x20 mm lesion at the apex with heterogeneous
T2 hyperintensity, mild gadolinium perfusion, and peripheral
late enhancement, suggesting CM recurrence with possible
thrombus (Figures.2-3 and Video.2).

The patient underwent surgical resection of the lesion,
which was identified as a fibrotic lesion with a thrombotic
component. Histopathology confirmed the diagnosis
of recurrent CM (Figure.4). Postoperative recovery was
uneventful, and the patient remains under regular follow-
up without complications or further hospitalizations.

Discussion

Myxomas are the most frequent benign primary cardiac
tumors, generally diagnosed in patients aged 40-70 years, with
a female predominance. Left ventricular involvement is rare,
accounting for 0.7-3.6% of cases.® Up to half of patients are
asymptomatic, while symptomatic presentations depend on the
lesion’s location and its effect on adjacent structures. Obstructive
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Cardiac Myxomas
Location

T
75-80% 2014

( ]

Embolic Stroke.

March 2023

March 2023 CMR: 36x20mm lesion attached to the left
. ventricular apex. Suspected recurrence of
cardiac myxoma.

Surgery for lesion resection

TTE: 40x20mm mobile pedunculated
lesion with heteroneous apperance and
regular borders at the ventricular apex

January 2023

TTE: Apical akinesia with a small filiform image.

CMR: 20x 8mm linear structure adherent to the apex with low
signal, no perfusion, or LGE.

Apical thrombus diagnosed; Warfarin 5mg daily initiated.

Detection of LV-apex pedunculated mass

mass
Cardiac Myxomas:

v Most common primary benign cardiac tumor.

v" Asymptomatic in over half of the cases.

v Recurrence rate: 5-15%

and diffuse LGE.

and ic Dx of Myxoma

v" CMR: Hypointense on T1-weighted sequences, hperintense on T2-weighted sequences, with heterogeneous first-pass perfusion

Figure 1 - Graphical Abstract. LV: left ventricle; RA: right atrium; LA: left atrium; CMR: cardiac magnetic resonance; LGE: late gadolinium enhancement;

TTE: transthoracic echocardiogram.

Video 1 - TTE (A-B): Mobile, ovoid lesion in the left ventricular apex with a small pedicle, smooth edges, and heterogeneous content.
http://abcimaging.org/supplementary-material/2025/3801/2024-0123_video_01.mp4

symptoms (dyspnea, syncope, palpitations, lower extremity
edema) occur in about two-thirds of symptomatic patients,
especially with larger tumors, whereas the remaining third
experience systemic or pulmonary embolism (depending on
tumor location), particularly when lesions are small and friable.

Rarely, systemic symptoms (anemia, fever, weight loss, fatigue,
arthralgia, myalgia, Raynaud’s phenomenon) occur, linked to
elevated cytokine (particularly IL-6) secretion by the tumor.”

Echocardiography is essential for diagnosing CM, offering
a 90-96% sensitivity ® During evaluation, key features such as

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240123
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Figure 2 - CMR. A-B: Four-chamber and three-chamber cine showing a low-intensity lesion at the left ventricular apex; C: no late enhancement with gadolinium;
LGE: late gadolinium enhancement.

Figure 3 - CMR (four-chamber and two-chamber, short-axis images) showing a low-intensity lesion at the left ventricular apex

Video 2 - CMR perfusion revealing mild, heterogeneous perfusion of the lesion.
http://abcimaging.org/supplementary-material/2025/3801/2024-0123_video_02.mp4
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Figure 4 - CMR. A-B: T2W sequences showing heterogeneous hyperintensity at the apical lesion; C-D: LGE around the lesion’s periphery. LGE: late gadolinium
enhancement; T2W: T2-weighted.
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Figure 5 - Cardiac mass specimen. A: Ovoid lesion resected from the ventricular apex (dotted red line). B: Hematoxylin-eosin revealing myxomatous
tissue with spindle-shaped cells (Myxoma Cells). Histology image includes a watermark from the pathology laboratory of Hospital Internacional de

Colombia (HIC).
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the lesion’s location and impact should be noted. Myxomas
exhibit two main morphologies: polypoid and papillary.
Polypoid tumors are larger, with a smooth surface, small
pedicle, and heterogeneous interior (including cystic or
hemorrhagic areas), whereas papillary tumors are smaller,
have a villous surface, and are more prone to embolic
events.’ In this case, a polypoid CM was identified.

One of the primary differential diagnoses of CM is
intracavitary thrombus, especially in the ventricles. In some
cases, both may coexist. Additional imaging techniques,
such as cardiac computed tomography and CMR, refine
lesion characterization. On CMR, myxomas typically appear
hypointense on T1-weighted sequences and hyperintense on
T2-weighted sequences, reflecting their high extracellular
water content.” With gadolinium, they often show variable
first-pass perfusion due to poor vascularity and display
heterogeneous late enhancement with possible necrosis, as
observed in our patient.

An important aspect with CMs is the recurrence rate,
which range from 5% to 15% in retrospective studies and
case series.'" Recurrences typically occur at the same
location but may also appear elsewhere. Proposed causes
include incomplete resection, metastatic spread, totipotent
multicentricity, and familial inheritance." In a registry of 207
CMs followed for 9.5 + 6.6 years, only multicentric myxomas
were independently associated with recurrence."

Another consideration is the recurrence-free interval after
resection. In our case, the late recurrence was unexpected.
Data from long-term registries indicate that most recurrences
occur within the first five years, although there are isolated
reports of recurrences 5-10 years after resection.""?

Finally, the lesion’s rapid progression was striking,
doubling in size (from 20X8mm to 40X20mm) over 2.5
months, indicating a growth rate of about 8mm/month.
Some studies, based on echocardiography, report a growth
rate of 4,9mm/month, while tomographic analyses suggest
1,2-2,2 mm/month.”> Notably, echocardiography often
underestimates tumor size compared to surgical specimens.
This case not only underscores the high growth potential of
CM, but also its characteristics, including unusual location,
recurrence, and complications.
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Highlights

CMs are the most frequent benign tumors of the heart. The
ventricular location of these is infrequent.

The main differential diagnosis for myxoma is the presence
of thrombi. CMR is very useful for lesion characterization and
differentiation. CMs have a significant recurrence rate as well
as high growth rates.

Conclusion

CMs are the most common benign primary cardiac
tumors. Their features can vary markedly in size, location,
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frequent patterns are well described, it is essential to recognize
and understand the possibilities of less common presentations.
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Introduction

The Carotid Web (CW) consists of an intraluminal
projection of the carotid artery’s intima, forming either as
a membrane or tissue fold, and may cause arterial lumen
stenosis, disrupt blood flow patterns, leading to vascular
embolic events such as a Cerebrovascular Accident (CVA).!
The Carotid Web can be asymptomatic or symptomatic,
with symptoms most often presenting as persistent
cephalgia (headache). CW is a congenital anomaly of
embryological development at the carotid bifurcation level.
Currently, due to technological advances, CW is more
easily diagnosed through the following diagnostic methods:
Color Doppler Echocardiography (CDE), Computed
Tomography Angiography (CTA), Magnetic Resonance
Angiography (MRA) and Angiography (AGP). CDE is a
highly accurate exam, demonstrating high sensitivity (94%)
and specificity (92%). However, its positive and negative
predictive values can be influenced by the disease’s low
prevalence, making the exam highly reliant on a qualified,
experienced examiner.*'°

Case Report

Patient PFA., a 33-year-old female, consulted a
neurologist on December 6, 2023, with a primary complaint
of intense, pulsating headaches, typically lasting long
periods and predominantly affecting the left side of her
head, suggesting possible vasospasm. Physical examination
showed no apparent abnormalities, leading to a referral to a
vascular surgeon for further investigation of possible vascular-
related headache. A Color Doppler exam of the bilateral
carotid and vertebral arteries was performed, diagnosing
a Carotid Web in the left carotid artery (Figure 1 and 7).
Imaging revealed a focal, triangular thickening of the intimal-
media layer with parietal irregularities and a small fibrotic
area within the intimal layer, where a thin, mobile membrane
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was observed projecting into the lumen, intermittently
contacting the vessel wall. The membrane’s proximal and
distal ends were anchored in the internal carotid artery’s
proximal segment (Figure 2 and Video 2), which maintained
a normal diameter but showed slight bulging and altered
flow patterns consistent with the characteristics of a
Carotid Membrane. (Figure 3 and Video 2). Additionally,
an anatomical variation related to the left vertebral artery,
originating directly from the aortic arch was also observed
in the CDE (Figure 7 and 8 and Video 1).

The carotid system on the right side showed normal
calibers and preserved flows.

Angiography (AGP) (Figure 12 and Video 3) confirmed the
presence of the Carotid Web (CW), showing local flow pattern
alterations without significant stenosis. Treatment options
included clinical, open surgery and endovascular approaches
with stent implantation, from which the patient decided on
the endovascular therapeutic intervention with placement
of a stent? in the left carotid, supported by the justification of
minimizing the risks for cerebrovascular events, which was
performed without angioplasty, having no complications or
other relevant findings. At the end of the procedure, a control
AGP was performed, still intraoperative (Figure 13 and Video 5),
where it was possible to note the absence of the aforementioned
alterations, presenting only an episode of vasospasm. One
month post-procedure, follow-up CDE confirmed that the stent
was well-positioned at the site of the CW, with normal, low-
resistance anterograde flow and no abnormalities or structural
changes (Figures 9, 10 and 11 and Video 4). At follow-ups one
and five months later, the patient reported no recurrence of the
pulsating headache experienced pre-intervention.

Literature Review

The Carotid Web has a 1-7%* prevalence, representing up
to 37% of cryptogenic ischemic CVAs, that is, of unidentified
cause. It is responsible for thrombogenic hemodynamic
changes distal to it, which can eventually cause embolization
and consequent stroke.* Histopathologically, this variation
(CW) represents a form of fibromuscular dysplasia
characterized by intimal fibroelastic hyperplasia in the
vascular endothelium, which forms a triangular intraluminal
projection, possibly resulting in stenosis, aneurysm, or arterial
dissection, and being most commonly found in the renal
and carotid arteries.® In cases involving cervical arteries,
typical symptoms include headache, vertigo, and pulsatile
tinnitus, with presentation varying based on the CW pattern
and degree of arterial narrowing. The carotid murmur may
also be noted.® As described in other cases, distinctive
changes have been observed in various blood flow imaging
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Figure 1 - Cross-section in two-dimensional mode showing a thin membrane Figure 2 - Longitudinal section in two-dimensional mode showing a triangular

crossing the lumen with insertion into the wall of the left proximal internal shape with a fibrosis point in the intimal layer where the thin membrane

carotid artery. projecting into the lumen of the left proximal internal carotid artery is inserted.
WEB: Carotid Web; CIE: Left Internal Carotid; CCE: Left Common Carotid.
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Figure 3 - Longitudinal section with color Doppler showing a thin membrane inside the lumen of the left proximal internal carotid artery. CIE: Left Internal Carotid;
CCE: Left Common Carotid; CEE: Left External Carotid; TS: Superior Thyroid.CEE: Left External Carotid; TS: Superior Thyroid.
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Figure 4 - Longitudinal section with spectral pulsed Doppler showing the anterograde flow pattern and no significant increase in velocity in the left proximal
internal carotid artery. CIE: Left Internal Carotid.
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Figure 5 - Longitudinal section with two-dimensional mode showing intimal thickening and slight bulging of the proximal left internal carotid artery wall.
CIE: Left Internal Carotid; CCE: Left Common Carotid.
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Figure 6 - Longitudinal section with color Doppler showing the reverse flow division pattern through the presence of the membrane, and slight bulging of the
proximal left internal carotid artery wall. CIE: Left Internal Carotid; CCE: Left Common Carotid; CEE: Left External Carotid.
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Figure 7 - Cartographic drawing showing the site of the carotid web in the left carotid artery. CED: Right External Carotid; CID: Right Internal Carotid; CCD: Right
Common Carotid; CIE: Left Internal Carotid; CCE: Left Common Carotid; CEE: Left External Carotid; TBC: Brachiocephalic Trunk.
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Figure 8 - Longitudinal section with convex transducer and color Doppler demonstrating the anatomical variation of the left vertebral artery origin in the aortic arch,
and the origins of the other supra-aortic trunk vessels. TBC: Brachiocephalic Trunk; AVE: Left Vertebral Artery; ASCE: Left Subclavian Artery; CEE: Left External Carotid.

Figure 9 - Longitudinal section with color Doppler showing a patent stent and normal anterograde flow within the left distal common carotid artery, without
abnormalities. CCE: Left Common Carotid.
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Figure 10 - Longitudinal section with color Doppler showing a patent stent and normal anterograde flow supporting the carotid web within the left proximal
internal carotid artery, without abnormalities. CIE: Left Internal Carotid.
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Figure 11 - Cartographic drawing showing the stent site in the left carotid artery. CED: Right External Carotid; CID: Right Internal Carotid; CCD: Right
Common Carotid; CIE: Left Internal Carotid; CEE: Left External Carotid; CCE: Left Common Carotid; TBC: Brachiocephalic Trunk.
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Figure 12 - Preoperative AGP with carotid web (red and black arrow).

techniques, which may show a triangular isohypoechoic
lesion that protrudes, with or without an accompanying
membrane, appearing as a punctiform spicule, short or
long trabeculae, or web-like structures seen in both axial
and longitudinal ultrasound scans. At the same time, color-
coded Doppler typically reveals areas of turbulence and
reduced flow velocities behind the membrane.® Though
often asymptomatic, this membrane can be redundant and
mobile, causing hemodynamic disruptions that may exceed
those associated with atherosclerotic disease.* The main
differential diagnosis should consider segmental carotid
dissection. Therapeutic follow-up should be tailored to each
patient, as no standardized treatment approach is widely
accepted in clinical practice. One potential therapeutic
strategy includes the use of anticoagulant or antiplatelet
medications, recommended for both symptomatic and
asymptomatic patients when the goal is to lower the risk of
cerebrovascular events, combined with healthier lifestyle
changes.® In patients with a history of CVA, intervention in the

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240080

Figure 13 - Trans-operative AGP of the carotid web stent (black arrow), with
a slight final vasospasm (red arrow).

affected carotid artery is recommended by the endovascular
technique with stent?, or open surgery.

Remarks

The patient mentioned in this report did not experience
thrombotic events, and her symptoms were limited to
intense, pulsating, and persistent headaches. The diagnosis
was established with Color Doppler Echocardiography (CDE),
which detected structural changes, including a mobile and
redundant membrane and alterations in the local flow
pattern, later confirmed with Carotid Angiography.

Conclusion

CDE is a non-invasive and cost-effective method,
comprising a valuable and accurate diagnostic tool for
identifying the Carotid Web, and it plays an essential role in
treatment planning, directly contributing to improved survival
and quality of life for individuals with this condition.
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Video 1 - Longitudinal section with convex transducer and color Doppler
demonstrating the anatomical variation of the left vertebral artery origin in the aortic
arch, and the origins of the other supra-aortic trunk vessels. Em: https://abcimaging.
org/supplementary-material/2025/3801/2024_0080_video_01.mp4

Video 2 - CDE showing the redundant membrane and flow alteration. Em:
https://abcimaging.org/supplementary-material/2025/3801/2024_0080_
video_02.mp4

15495/ 24 S5 1
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Video 3 - Trans-operative AGP showing the intra-carotid web (Black arrow)
and rarefaction of contrast at the site of blood turbulence (Red arrow). Em:
https://abcimaging.org/supplementary-material/2025/3801/2024_0080_
video_03.mp4
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Video 4 - CDE showing normal flow in the stent. Em: https://abcimaging.org/
supplementary-material/2025/3801/2024_0080_video_04.mp4

Zoom: 2489 ABIEH0)
Im: 10/15
Uncompressed] 15/95

Position: HFS | |

Video 5 - Trans-operative AGP showing well positioned Wallstent Carotid/
Boston stent, with disappearance of the mobile membrane (Black
arrow). Note the spasm induced by the presence of the stent - “rosary
beads” aspect (Red arrow). Em: https://abcimaging.org/supplementary-
material/2025/3801/2024_0080_video_05.mp4
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Study Association

This study is not associated with any thesis or
dissertation work.
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A Prosthetic Dysfunction Earlier Than Expected
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Prosthetic Heart Valves, despite their improvements
over the last few decades, can be subject to complications
and dysfunction. Mechanical prosthetic valves have an
expected lifespan of approximately 10 to 20 years, with
many lasting longer. For biological valves, the lifespan is
generally shorter (5 to 15 years). However, the durability
varies according to individual factors, valve type, and patient
health. Although their greater durability, Mechanical Heart
Valves are more pro-thrombotic than biological valves, and
their dysfunction may be associated, for example, with
thrombotic events and the formation of pannus.” Pannus
is an inflammatory tissue composed of inflammatory cells,
fibroblasts, and blood vessels, and its presence can lead to
dysfunction or other complications such as valve obstruction
or endocarditis. The prevalence of pannus in cardiac valve
prostheses varies depending on several factors, such as
the type of prosthesis (biological or mechanical) and the
patients’ clinical conditions. It is estimated that the formation
of pannus occurs in about 1% to 5% of patients with valve
prostheses, although it may be more common in biological
ones. The annual rate of thrombus formation can reach 5.7-
8%, being higher in tricuspid and mitral valve prostheses.'?
A multimodality-based approach can provide useful data
for differential diagnosis, complementing clinical assessment
and offering an appropriate and optimized therapeutic
approach. Valve dysfunction, in case of delayed diagnosis,
can progress to cardiogenic shock." Valvular dysfunctions can
be structural (valve dysfunction due to changes related to the
valve itself) or non-structural (dysfunctions not related to the
valve resulting in stenosis or regurgitation, which include the
formation of pannus), which arises from the accumulation of
fibrous tissue in the valve, causing its dysfunction. It forms
less frequently than thrombi and its risk is higher in the mitral
position compared to the tricuspid.

The authors present a case of mechanical mitral valve
prosthesis dysfunction due to pannus. A Caucasian 43
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years-old woman, with dyslipidaemia and hypertension
with a history of infectious endocarditis of the mitral valve
in 04/2022, presented with signs of infectious infiltration
of both leaflets and severe mitral regurgitation. At this
point, a cycle of antibiotic therapy was performed with
ampicillin and flucloxacillin, with no agent being isolated
(neither in blood cultures nor microbiological examination
of the explanted valve). A double-disc mechanical valve
prosthesis was implanted in the mitral position. The
patients were hypocoagulated with a vitamin K antagonist
(warfarin, with target INR levels of 2.5-3.5) and discharged
from the hospital for outpatient follow-up.

About a year after the intervention, she reported fatigue
with moderate exertion. The INR value was 4.56, with
adequate hypocoagulation in previous evaluations. A
transthoracic echocardiogram was performed showing signs
of prosthesis obstruction (transprosthetic mean gradient
of 8 mmHg), due to a fixed disc in a closed position, and
preserved Left Ventricular Ejection Fraction (58%). Faced with
an abnormally high gradient, fluoroscopy was performed to
assess valve function. Fluoroscopy, despite not being able to
distinguish whether the valve dysfunction is due to pannus
or thrombus, is extremely important because it allows us
to understand that the valve movement is anomalous.?
Fluoroscopy was performed confirming immobility of one
of the discs (Figure 1). The histological examination of the
surgical material was compatible with pannus.

Pannus formation is usually indolent, occurring several
years later. In this case, the authors present a case in which
pannus formation occurred with significant obstruction
shortly after surgery. In the case of hemodynamically
significant pannus, the only therapeutic choice is surgery,
and a differential diagnosis with thrombosis must be made.
In this case, although the INR was at supra-therapeutic
values, it was not expected that a pannus dysfunction
would occur so early. The timely mechanism evaluation and
its contextualization are essential, in order to personalize
and optimize potential interventions. The use of an
integrated strategy (clinical, laboratory, and imaging) is
essential for the adequate guidance of these complex cases.
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Figure 1 - Fluoroscopy with evidence of immobility of one of the discs of the mitral valve prosthesis (arrows).
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Video 1 - In: http://abcimaging.org/supplementary-material/2025/3801/2024-0078_IM_video 1_fluoroscopia.mp4
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Video 2 - In: http://abcimaging.org/supplementary-material/2025/3801/2024-0078_IM_video2_reconstrucao_da_valvula.mp4
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Crawford 2 Thoracoabdominal Aneurysm Associated with Bicarotid
Trunk and Aberrant Right Subclavian Artery
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A 73-year-old woman with a history of hypertension
was referred to the vascular surgery department for severe
chest pain and signs of shock, including tachycardia and a
tendency toward hypotension. An angiotomography revealed
a thoracoabdominal aneurysm (Crawford Classification type
2 — Figure 1) with rupture signs (Figures 2A and 2B) and
anatomical variations in the supra-aortic trunks, including an
aberrant right subclavian artery (ARSA) (Figures 3A and 3B) and
a bicarotid trunk (Figure 4). She underwent emergency surgery
with a hybrid approach, which included visceral branching
via laparotomy and endovascular repair of the aneurysm.
Unfortunately, she developed hemodynamic instability and
refractory shock during the procedure, resulting in death. Her
family authorized the publication and signed the consent form.

An ARSA is a rare anomaly with a 0.2% to 13.3%
prevalence."? It is more common among females, individuals
with congenital anomalies (up to 3%), and those with Down
syndrome (up to 35%).> ARSA may be associated with a
bicarotid trunk in 0.8% to 20% of cases, where common
carotid arteries originate from the same point on the aortic
arch.? Thoracoabdominal Aortic Aneurysms (TAAAs) represent
10% of all aortic aneurysms. These aneurysms are potentially
fatal if not treated early, as they may progress to rupture or
dissection.* In a Sdo Paulo epidemiological study, the mortality
rate for emergency TAAA repairs was nearly double that
of elective repairs (42.10% vs. 26.78%). This difference is
often attributed to the hemodynamic instability of ruptured
aneurysms and the lack of timely preoperative preparation in
urgent cases.” Anatomical assessment is essential for treating
TAAAs, whether through open surgery, endovascular surgery,
or hybrid techniques. Anatomical variations in the supra-aortic
trunks increase surgical complexity, regardless of the chosen
technique.®

This “hybrid” approach, was first proposed by Quinones-
Baldrich et al. in 1999 and involves a sequential revascularization
of the visceral vessels, followed by endovascular aortic repair.
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Blood supply to the visceral organs is maintained by connecting
an uncovered donor artery (often the iliac arteries).” This
approach limits open surgery time to laparotomy, theoretically
reducing the physiological stress associated with a larger
thoracoabdominal incision and repair. By sparing patients from
some disadvantages of open surgeries, such as thoracotomy,
one-lung ventilation, extracorporeal pump perfusion, aortic
cross-clamping, and ischemia of the visceral organs, spine,
and limbs, it can be a valuable option.® In emergencies, there
is insufficient time to customize stents for a fully endovascular
repair in complex cases. Therefore, one alternative is surgeon-
modified stents to create scallops or fenestrae. Yang et al.
compared outcomes for TAAA patients treated with surgeon-
modified stents and the hybrid technique, and reported low
overall mortality (3.4% at 30 days) but a higher reintervention
rate in patients who underwent endovascular surgery (13% vs.
0%).° Here, we report a rare case of anatomic variations in the
supra-aortic trunks associated with a ruptured Crawford type
2 thoracoabdominal aneurysm.
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Image

Figure 1 - Angiotomography with 3D reconstruction. Overview of the thoracoabdominal aneurysm and variations of the supra-aortic trunks in anteroposterior
(A) and lateral (B) views.

Figure 2 - Axial angiotomography. A — Rupture of a Crawford 2 aneurysm with contrast extravasation (red arrow) and hemothorax (*); B — Rupture of a Crawford
2 aneurysm with retroperitoneal hematoma (*).
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Image

Figure 4 - Intraoperative angiography with the highlighted bicarotid trunk.
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