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Editor’s Message

Silvio Henrique Barberato

ABC Imagem Cardiovascular Editor-in-Chief

It was a great honor to assume the editor-in-chief role at
ABC Imagem Cardiovascular two years ago after being
honorably invited by Professor Carlos Rochitte. Our scientific
journal is indexed in the LILACS and LATINDEX databases
and aims to be indexed in SciELO. The journal is valued
and has been recognized as a main national scientific
production vehicle in the field of cardiovascular imaging.
The associative and academic community of the Department
of Cardiovascular Imaging helps in this process, sending
contributions from several public and private cardiology
institutions throughout the country.

To increase the number of interesting articles published,
this board has created new manuscript categories that aim
to discuss practical topics in daily cardiovascular imaging
diagnosis. Some of the new categories are the article series
called “My approach to” (written by an author performing
cardiovascular imaging) and “What the cardiologist expects
from an echocardiogram” (written by a clinical cardiologist
requesting and using information from imaging tests).
Our collaboration with the Brazilian Archives of Cardiology
resulted in the effective integration of ABC Imagem
Cardiovascular into the ABC Cardiol scientific family. We
have also achieved increased international collaborations,
broadening our reach in the global scientific community.

Several conditions have been created to establish a
“virtuous circle” to culminate in SciELO indexing. In addition
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to the aforementioned creation of new types of articles, we
undertook active manuscript acquisition, which enabled us
to achieve a record number of articles published annually.
The publication modality is now “continued,” a model
in which articles are published as they are approved by
the editorial board. The new ABC Imagem Cardiovascular
website was planned and created by a company specializing
in scientific journal websites, which will, among other
benefits, increase the visibility of our articles on the internet.
The Publication Rules underwent several changes, such as
the implementation of open science as a scientific practice
model, use of the CC BY (Creative Commons) license, and
elimination of the copyright retention policy for articles
published by the journal. The journal’s editorial policy was
registered on the DIADORIM platform. All of these steps
were necessary to meet the requirements for admission to
the Directory of Open Access Journals, a prerequisite for
future submission to SciELO.

I would like to thank all who have contributed to this
biennium of work, including the DIC Board of Directors,
department staff, editorial support staff, and associate authors,
reviewers, and editors. Going forward, the magazine will be
managed by Dr. Daniela Rassi, whose competence and vision
will undoubtedly continue growing ABC Imagem Cardiovascular.

Best regards,

Arq Bras Cardiol: Imagem cardiovasc. 2021;34(4)
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Editorial

My approach to the diagnosis of congenital coronary anomalies by

transthoracic echocardiography

Como eu Faco o Diagnostico das Anomalias Congénitas das Artérias Coronarias pelo Ecocardiograma Transtoracico?

Labatt Heart Center;' The Hospital for Sick Children;? University of Toronto,* Toronto, Canada.

Vitor Coimbra Guerra®??

“Your vision will become clear, only when you can look into your heart. Who looks outside: dreams, who

Why do we need to assess the anatomy of
the coronary arteries?

Until a few decades ago, coronary artery anatomy
assessment by echocardiogram (ECHO) was considered
a difficult secondary task even if analyzed by other
cardiovascular imaging modalities, such as angiography by
cardiac catheterization. Important changes in this approach in
recent years can be explained by three important aspects:1)
The origin and initial course of coronary artery anomalies can
be a substrate for ischemia and even sudden death in young
adults;22) Transthoracic echocardiography (TTE) is a non-
invasive radiation-free low-cost imaging test in the frontline
of cardiac assessments;3) The anatomical and functional
assessment of coronary arteries is part of a transthoracic test
used to diagnose congenital heart diseases.>*

Which congenital coronary artery anomalies
are relevant and should be identified?

The classification of congenital coronary artery anomalies
can be extensively sub-categorized by their anatomical and

Keywords

coronary artery, congenital, echocardiogram.

Mailing Address: Vitor Coimbra Guerra *

555 University Ave, Toronto ON M5G 1X8

E-mail: vitor.guerra@sickkids.ca

Manuscript received 10/14/2021; revised 10/16/2021; accepted 10/21/2021

DOI: 10.47593/2675-312X/20213403ecom16

looks inside: awakes” (Carl Jung)

hemodynamic presentation. Historically, they were simply
classified as major versus minor anomalies. Currently, a more
comprehensive, broad, and detailed classification covers all
anatomical variation possibilities.®

The first step is to know the normal pattern (Table 1) from
a quantitative and qualitative point of view. Once the normal
pattern is excluded, all findings should be considered for the
definitive diagnosis and classification (Table 2).

The objective of this review is to focus on anomalies
originating from the coronary arteries of the aorta but from a
different Valsalva sinus (from opposite sinuses), which have
challenged pediatric and adult cardiologists.

Table 1 - Coronary artery normal pattern in humans.

Characteristic Variation

Number of ostia

Location Right and left (anterior)

Proximal orientation 45" at 90° in the aortic wall

Left only (anterior descending and circumflex

Proximal trunk )
arteries)

Proximal course Straight from the ostium to the end

Mean course Extramural (subepicardial)

Branches Suitable for dependent myocardium

Right coronary (free wall of the right
ventricle), anterior descending artery (antero-
septal wall), marginal obtuse (free wall of the
left ventricle)

End Capillary bed

Essential territories

<< SUMARIO
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Guerra
Diagnosis of Congenital Coronary Anomalies by Transthoracic Echocardiography

Editorial

Table 2 - Classification of congenital coronary artery anomalies. How should equipment be adjusted to
Anomalias de Origem e trajeto assess coronary anatomy?

1. Absence of the left coronary artery trunk: separate origin from the AD and Cx Advanced equipment has favored the diagnosis of

2. Ostial location anomaly within the Valsalva sinuses: structures such as the coronary arteries. Some equipment
a. High origin comes with specific settings for this assessment that adjust
b. Low origin automatically. However, some tips or basic rules can be very
¢. Commissural useful and improve diagnostic accuracy as follows:

3. Abnormal ostial location outside the Valsalva sinuses: Use tranducers with high-frequency as often as
a. Posterior aortic sinus (non-coronary) possible, even in adult patients (pediatric transducers with
b. Ascending aorta a frequency > 8 MHZ); focus on the coronary arteries in
c. Left ventricle the field near the sector.

d. Right ventricle Decrease compression (to enable more distinct identification
e. Pulmonary artery: of the coronary arteries).
1. LC originating from the posterior sinus Use the long axis/short axis parasternal window possibly
Il. Cx originating from the posterior sinus one intercostal space upward: rotate it clockwise toward
Ill. AD originating from the posterior sinus the left coronary artery and counterclockwise toward the
IV. RC originating from the posterior sinus right coronary artery, pointing toward the right shoulder. All
V. Ectopic origin of the pulmonary artery (outside the posterior sinus of the movements must be very su btle.

Imonary valve): 1 . . .
pumonary valve) Never use still imaging for diagnostic purposes: Due to the

size of the arteries and the possibility of false diagnosis, it is
important to evaluate them very slowly, usually frame by frame.
A real-time assessment is not ideal as an important translation
of the coronary arteries occurs during the cardiac cycle.

1. Anterior sinus
2. Pulmonary trunk
3. Pulmonary branches

f. Origins of the other arteries (aortic arch, innominate artery, right carotid,
mammary, bronchial artery, subclavian)

4. Anomalous origin of different Valsalva sinus coronaries (includes single Color Doppler evaluation is mandatory (with speed

coronary origin): adjustments).
a. RC originating from the left Valsalva sinus with an anomalous course:
|. Posterior course to the atrioventricular junction (retrocardiac) What to assess for anomalies originating from
:Posterio doursefo fhe aera rtro2ort) the coronary arteries of the opposite sinuses?
I1l. Between the aorta and the pulmonary artery (intramural) *
IV. Intraseptal Anomalies originating from opposite sinuses occur in
V. Anterior to the pulmonary outflow tractr around 1% of the general population.” One of the great

challenges is that most patients remain asymptomatic;
when they become symptomatic, most present with a more
serious event. Right coronary anomalies originating from
the left sinus are more frequent; however, left coronary
anomalies originating from the right sinus have the greatest
risk for ischemic events. Anatomical risk factors include: An
interarterial and intramural course, slit ostium, and acute
emergence angle tangent to the vessel wall. All of these
possibilities increase the risk for ischemic events, ventricular
arrhythmias, and sudden death. Exhausting physical exercise

b. AD originating from the right anterior sinus with an anomalous course:
|. Between the aorta and the pulmonary artery (intramural)
II. Intraseptal
1l Anterior to the pulmonary outflow tract
IV. Posterior to the interventricular septum
c. Cx originating from the right anterior sinus with anomalous course:
1. Posterior course to the atrioventricular junction
II. Posterior to the aorta (retroaortic)
d. LC originating from the right anterior sinus with anomalous course:

1. Posterior {o the atrioventricular junction increases the chance of sudden death, making this entity
Il. Posterior to the aorta (retroaortic) the second cause of sudden death in young athletes after
Il Between the aorta and the pulmonary artery hypertrophic cardiomyopathy.?

V. Intraseptal Despite controversies and discussions about athlete

screening protocols, the echocardiographer should be
prepared to make this diagnosis as it is the method of choice

V. Anterior to the pulmonary outflow tract
VI. Posterior to the interventricular septum

End anomalies: for this population. TTE has excellent diagnostic accuracy
1. Coronary fistulas (originating from the RC or LC) for: at detecting the ostium and the proximal course of the
a. Right ventricle coronary arteries.® However, as it is operator-dependent,
b. Right atrium the expertise of this professional makes this cardiovascular
¢. Coronary sinus imaging modality the key piece in an algorithm for diagnosing
d. Superior vena cava this congenital heart disease.
e. Pulmonary artery To assess diagnostic quality and establish guidelines and
f. Pulmonary vein algorithms, a multicenter study reviewed the vulnerable points
g. Left atrium of echocardiographers in recognizing the most important
h. Left ventricle anatomical markers.>”

Arq Bras Cardiol: Imagem cardiovasc. 2021;34(4):ecom16 << SU MAR'O Page 2 of 8



Guerra
Diagnosis of Congenital Coronary Anomalies by Transthoracic Echocardiography

Editorial

Interarterial course of the coronary arteries

When emerging from the left sinus, the initial epicardial
course of the normal left coronary artery is short (in adults
< 4 cm) before dividing into circumflex (Cx) and anterior
descending (AD) arteries. The RC originates from the right
Valsalva sinus and runs behind the pulmonary artery, below
the right atrial appendage, and along the right atrioventricular
groove (Figure 1).

There are several alternative courses anomalous according
to the origin of the coronary arteries (Figure 2). The anomaly
originating from the LC of the right sinus and the RC
originating from the left sinus allow an interarterial course
(between the aorta and the pulmonary artery). In both, the
coronary artery may originate from a single ostium or from
separate ostia. (Figure 3).

The echocardiographic image in the short-axis parasternal
plane, with the transducer pointed at the patient’s left
shoulder, delimits the initial course between the two vessels,
with a space (echogenic) separating it from the arterial
wall (Figure 4). Another very important detail is the ostium
position in relation to the commissure. The ideal position
would be equidistant (in the middle of the Valsalva sinus),
as it would reduce the risk of ostial stenosis and, in cases of
surgical treatment, would facilitate the surgical technique. It
is important to highlight that the visualization of the coronary
commissures and ostia with very subtle movement indirectly
informs that there is no high coronary origin (above the
sinotubular junction [STJ]).

Intramural course

The second anatomical marker, and perhaps the most
important as a predictor of ischemic events, is the proximal
RC or LC intramural course originating from the opposite
sinus. Unfortunately, it is also the most diagnostically
challenging. Histologically, it is defined as sharing of the
tunica media by the coronary artery and the aorta (Figure
5). An ECHO diagnosis is made using the same two-
dimensional image associated with color Doppler, which is

mandatory (Figures 6 and 7). The first characteristic is the
angulation of the proximal portion of the coronary artery at
an acute angle (< 30 degrees) and the diastolic flow in the
proximal course located “inside” the wall of the aorta (Video
1). One of the most remarkable and specific characteristics
is called diastolic “hang-up” (Videos 2 and 3), which means
the final diastolic flow in this portion, practically when it
would no longer have anterograde flow. In addition to
being essential for diagnosis, color Doppler should be
explored and, often, subtle changes in the direction of
the ultrasound beam can enhance the flow tangent to
the aortic wall. Always remember to adjust the speed of
the color flow mapping. A pulsed Doppler pattern is also
valuable despite technical, angulation, and translation of the
heart difficulties. As for anatomical markers, the presence
of separated ostia is related to a higher incidence of an
intramural course.® An origin very close to the commissure
must also be reported, as it would be a non-compliant area
contributing to flow restriction.

High origin of the coronary arteries

The coronary ostia follow a normal pattern, which is usually
equidistant from the commissures below the STJ. A high
origin is identified when the origin is above the STJ (Figure 8).
This anomaly alone would not represent risk of ischemic events;
however, the possibility of an ostial anomaly or compression,
or even of an acute angle at the origin (< 45 degrees) can
be associated with high output. Echocardiographically,
the standard long-axis parasternal plane requires some
modification, with an angle of around 30 degrees toward the
patient’s right shoulder (Video 4).

What is the role of multimodality
cardiovascular imaging in congenital
coronary artery anomalies?

In the current era, multimodality is already well
established and used precisely to complement and

AD: anterior descending artery; AO: aorta; Cx: circumflex artery; LC: left coronary artery; M: mitral valve; RC: right coronary artery; T: tricuspid valve.

Figure 1 - Normal coronary artery anatomy showing the main branches and epicardial distribution.
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AD: anterior descending artery; Cx: circumflex artery; LC: left coronary artery; LCC: left coronary cusp; M: mitral valve.RC: right coronary artery; RCC: right coronary cusp;
NCC: non-coronary cusp; T: tricuspid valve.

Figure 2 - Possible coronary artery courses.
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Figure 3 - Main anomalies originating from the opposite sinuses.

Normal coronary arteries

Left Circumflex
coronary

parasternal short-axis plane

AD: anterior descending artery; Cx: circumflex artery; LC: left coronary artery; RD: right coronary artery.

Figure 4 - Orientation of the ultrasound beam plane used to obtain the echocardiographic image of the coronary arteries. Short-axis echocardiographic image showing
the initial course of the left coronary artery and the bifurcation.
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Figure 5 - Representation of the interarterial and intramural courses of the left coronary artery originating from the right sinus.

Left sinus right coronary
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Parasternal short-axis plane

AD: anterior descending artery; Cx: circumflex artery; LC: left coronary artery; RC: right coronary.

Figure 6 - Orientation of the ultrasound beam plane used to obtain the echocardiographic image of the coronary arteries. Short-axis echocardiographic image showing
the initial course of the right coronary artery originating from the left sinus in the “Color compare” mode. The color Doppler image showed the right coronary artery flow
practically within the aortic wall: interarterial and intramural course.

Right sinus and left coronary artery

Parasternal short-axis plane

AD: anterior descending artery; Cx: circumflex artery; LC: left coronary artery; RD: right coronary artery.

Figure 7 - Orientation of the ultrasound beam plane used to obtain the echocardiographic image of the coronary arteries. Short-axis echocardiographic image showing
the initial course of the left coronary artery originating from the left sinus in the “Color compare” mode.
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Video 1 - Parasternal short axis view , in Color Doppler compare mode: Anomalous origin of the left coronary artery from the right sinus with interarterial and intramural
course. There is an angle < 30 degrees of the coronary artery in relationship with aortic wall. There is a late color demonstration of the intramural and interarterial course
of the coronary artery (“hang-up’).

08/05/2017 09:37:33AM TIS14 MI10
S8-3HSC2

(=1

Video 2 - Parasternal short axis view with Color Doppler: Anomalous origin of the left coronary artery from the right sinus with interarterial and intramural course. There
is an angle < 30 degrees of the coronary artery in relationship with aortic wall, however, there is a shorter course than the case 1. There is a late color demonstration of
the intramural and interarterial course of the coronary artery (“hang-up”).

18/03/2017 09:08:36AM TIS1.4 MIOE
55-1/HSC

Video 3 - Parasternal short axis view with Color Doppler: Anomalous origin of the right coronary artery from the left sinus with interarterial and intramural course. There
is an angle < 30 degrees of the coronary artery in relationship with aortic wall. There is a late color demonstration of the intramural and interarterial course of the coronary
artery (“hang-up’). Also, the ostio of the left coronary artery located very close, both close to the comissure between the right and left cusp of the aortic valve.
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help establish an assessment and definition algorithm
for possible therapeutic decision-making that may even
be surgical.?

The role of the pediatric cardiologist and echocardiographer
is consolidated within the circle of care even for adult
patients, especially young athletes. National and international
guidelines are unanimous in establishing the role of these
professionals as a pillar for an appropriate diagnosis of
these anomalies and adequate conduct, especially for
young athletes whose future depends on cardiovascular
system integrity.’
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Ventricular-arterial junction

Aorta
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Figure 8 - Possible ectopic locations of the coronary artery ostia (in red) versus the usual location (in blue).

Video 4 - Parasternal short axis view with Color Doppler: High-take off of the right coronary artery above of the sinotubular junction.
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My Approach to Assessing Right Ventricular Function After Tetralogy

of Fallot Repair

Como Eu Faco a Avaliacao do Ventriculo Direito no Pés-Operatério de Tetralogia de Fallot

Laura Mercer-Rosa

University of Pennsylvania Perelman School of Medicine; Director, Echolab Research Unit; Co-Director, Fellowship Program Children’s Hospital

Filadelfia, PA, USA

The assessment of right ventricular (RV) function in
patients after surgical repair for tetralogy of Fallot (TOF)
remains challenging. Over the many years of my career as an
echocardiographer, | learned to trust my eyes when inspecting
the RV before | moved on to quantitative parameters. Or as
the saying goes: “The devil knows more because he is old than
because he is the devil!” Here | will give a brief overview of
the tools | use to best assess RV function after TOF repair. It is
worth mentioning that following the recovery of function in the
early post-operative period, RV systolic function is generally
preserved in the first two decades of life when measured by
cardiac magnetic resonance imaging, which remains the gold
standard modality for assessing ejection fraction." > With this
in mind, using more sensitive quantification parameters is
important, as subtle changes in function may not be apparent
on visual inspection or using global parameters (ejection
fraction). Finally, | emphasize that the “tipping” point of the
RV when the it transitions from a state of preserved function to
established dysfunction is unknown and constitutes a greatest
gap in TOF-related knowledge. Hence, sensitive quantification
methods are needed for the follow-up of these patients.

Qualitative assessment

On the apical four-chamber view, | examine the motion of
the tricuspid valve toward the apex (measured as the tricuspid
annular plane systolic excursion [TAPSE] as detailed below) and
the motion of the RV wall toward the septum versus data of
prior studies. Likewise, parasternal long- and short-axis views
are important. In those with favorable acoustic windows, RV
wall shortening can be assessed using M-mode (Figure 1).
It is worth noting that the qualitative assessment of RV function
should not be the sole parameter.> *

Quantitative assessment

Multiple non-invasive measures are used to evaluate RV
systolic function, including tricuspid annular plane systolic
excursion (TAPSE), tissue Doppler—derived tricuspid systolic
velocity (S'), fractional area change (FAC), longitudinal peak
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systolic strain, stress echocardiography, and three-dimensional
echocardiography. >8

a. TAPSE and S' should only be used in the follow-up of TOF
patients because a significant change in the longitudinal
contraction of the RV occurs after TOF repair; therefore, low
TAPSE and S' values do not indicate global RV dysfunction.®
However, these indices can be used longitudinally to detect
changes in longitudinal shortening.

b. RV fractional area change (FAC) is superior to TAPSE and §'
because it measures change in area and, therefore, considers
the contribution of the RV to the overall RV shortening. The FAC
is ideal when the endocardial border is well visualized, which
allows for precise tracing. This can be done at the time of the
study, which is an additional advantage.® First, the area of change
is traced along the RV endocardium during diastole and systole.
Second, the RV diastolic area is subtracted by the RV systolic
area and then divided by the RV diastolic area to produce
the FAC calculation (Figure 2). This is a relatively easy and
reproducible parameter that has at least a modest correlation
with cardiac magnetic resonance imaging data.> * Measurement
of the RV FAC should be utilized more often, especially given
the limitations of TAPSE and S' in patients with TOF.

c. Myocardial deformation: | am a proponent of the wider
use of RV global longitudinal strain and RV free wall strain
as measures of myocardial contractility. Strain calculates
cardiac deformation as a percentage change in length.' It
is quantitative, angle-independent, and less dependent on
loading conditions than other echocardiographic measures,
which is a particularly convenient characteristic when
managing a volume-loaded RV in patients with TOE"" > 12 After
training personnel and achieving adequate reproducibility,
global longitudinal RV strain appears to be a sensitive measure
of ventricular function, as evidence suggests that strain is
affected prior to changes in other more blunt measures of
function." Therefore, strain is a very important parameter
in RV functional assessments after TOF repair. Newer
cardiac ultrasound machines have RV strain built in and take
measurements in a few seconds, with quite good tracking
of the RV wall that requires minimal adjustment (Figure 3).
| propose that it be added to the echocardiography report for
all patients after TOF repair.'> '

In summary, when assessing the RV, | consider every
available parameter. | also ensure that certain parameters
are similar to confirm adequate measurement accuracy. For
example, if the TAPSE is diminished, so is the tricuspid tissue
velocity in systole (S'). Likewise, when the TAPSE is diminished
but the RV wall has better shortening, this is reflected in the
FAC measurement, in which the contribution of the RV wall
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Figure 1 — (A) Demonstration of a dilated right ventricle after tetralogy of Fallot repair. (B) M-mode image demonstrating the shortening of the right ventricular (RV)
anterior wall. Despite the significant RV dilation, the wall shortens significantly. This modality complements the qualitative assessment and is quite useful in adequate
acoustic windows. (C) Antegrade end-diastolic flow is visible in the main pulmonary artery in the presence of severe pulmonary insufficiency. This phenomenon is referred
to as “restrictive physiology of the right ventricle” and indicates diastolic dysfunction. This is only seen in patients with greater than moderate pulmonary insufficiency.

FAC, fractional area change; LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.

Figure 2 - Calculation of fractional area change: Fractional area change measurement obtained during end-diastole (A) and end-systole (B) in the right ventricle of a
patient with tetralogy of Fallot. The arrows demonstrate the measured areas during diastole and systole. The calculated FAC [(34.3-21.97)/34.3] = 35.9%, which is within

normal limits.

Figure 3 - Real-time measurement of right ventricular (RV) global longitudinal strain and RV free wall strain. The figure on the left demonstrates a dilated RV with preserved
RV strain. The figure on the right demonstrates a dilated RV and diminished RV strain. Observe that the RV free wall strain is better than the global strain. Some suggest
limiting the use of strain to the RV free wall strain only, as opposed to the RV global longitudinal strain (which incorporates the septum).
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Septal Wal

Figura 4 - Right ventricular global longitudinal strain (TomTect). The curves demonstrate segmental wall motion of the right ventricular septum and free walls. RA, right

atrium; RV, right ventricle.

to overall shortening is easily identified. Strain is very useful for
identifying moderate versus mild or severe versus moderate
dysfunction. Our eyes are usually able to detect when RV function
is normal or severely diminished, but the nuances in between
are quite challenging. As physicians, we strive to improve TOF
patient outcomes. Thus, our collective goal should be to better
understand RV mechanics, apply the best imaging tools to
accurately measure RV function, identify patients at increased
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Abstract

Background: Chemotherapy for breast cancer is associated with serious cardiovascular complications such as heart failure.
The left ventricular ejection fraction is the main parameter used to assess systolic function in these patients. However, the
occurrence of diastolic dysfunction may precede that of systolic dysfunction.

Objectives: To evaluate left ventricle diastolic and systolic functions in women with breast cancer undergoing chemotherapy
using anthracyclines.

Methods: This observational, longitudinal, analytical, and prospective study included 62 women with breast cancer aged 21—
75 years old who underwent echocardiography at baseline and after three months of treatment. Diastolic function parameters
were evaluated, and the patients were classified as diastolic dysfunction type 1, 2, or 3. Systolic dysfunction was defined as a
left ventricular ejection fraction < 53%.

Results: After three months of treatment, 35 patients (56.4%) had type 1 diastolic dysfunction, while one (1.6%) had type 2.
Diastolic dysfunction was identified in 26 patients at baseline and developed in 10 patients during treatment. Diastolic function
parameters, E wave velocity, and E/A ratio decreased significantly (p < 0.05) with chemotherapy; however, the others showed
no significant variations. Only three patients had systolic dysfunction, but there was a greater reduction in left ventricular
ejection fraction in the group that developed diastolic dysfunction during treatment versus the group with diastolic dysfunction
at baseline (p = 0.04).

Conclusion: Diastolic dysfunction occurs early in women with breast cancer undergoing chemotherapy. Its onset during the
course of treatment is associated with a significantly reduced left ventricular ejection fraction.

Keywords: Breast neoplasms; Cardiotoxicity; Echocardiography; Ventricular dysfunction.

Resumo

Fundamento: A quimioterapia para o cancer de mama estd associada a complicagées cardiovasculares graves, como a insuficiéncia cardiaca.
A fragdo de ejecao do ventriculo esquerdo é o principal pardmetro para avaliar a funcao sistélica nessas pacientes. Todavia, a ocorréncia de
disfuncdo diastélica pode preceder a disfuncao sistélica.

Objetivos: Avaliar as fungdes diastélica e sistélica do ventriculo esquerdo de portadoras de cancer de mama em tratamento quimioterdpico
com antraciclinas.

Meétodos: Trata-se de estudo observacional, longitudinal, analitico e prospectivo. Estudaram-se 62 mulheres com cancer de mama, com idades
de 27 a 75 anos, que realizaram ecocardiogramas basais e apés 3 meses de tratamento. Avaliaram-se pardmetros de func¢do diastélica, e as
pacientes foram classificadas em disfungao diastélica tipos:1, 2 ou 3. Definiu-se a disfungao sistélica como fragdo de ejecao do ventriculo

2

esquerdo < 53%.

Resultados: Decorridos 3 meses de tratamento, 35 pacientes (56,4%) apresentavam disfuncao diastdlica tipo 1, e apenas uma (1,6%) do tipo 2.
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A disfungdo diastdlica ocorreu em 26 pacientes jd na etapa basal e surgiu em dez individuos no decurso do tratamento. Os parametros de funcao
diastélica velocidade de onda E e relagao E/A diminuiram significativamente (p < 0,05) com a quimioterapia, todavia, os demais nao tiveram variagao
significativa. Apenas trés pacientes apresentaram disfuncao sistdlica, porém verificou-se maior reducao da fracdo de ejecao do ventriculo esquerdo
no grupo que desenvolveu disfuncao diastélica durante o tratamento comparativamente ao grupo que apresentava ja disfuncao diastélica no periodo

basal (p = 0,04).

Conclusao: A disfungdo diastélica ocorre precocemente em portadoras de cincer de mama submetidas a quimioterapia. O surgimento de
disfungdo diastdlica no decurso do tratamento se associa a reducao significativa da fracdo de ejecao do ventriculo esquerdo.

Descritores: Cardiotoxicidade; Disfuncao ventricular; Neoplasias da mama; Ecocardiografia

Introduction

Cancer is considered one of the greatest public health problems
worldwide, and breast cancer has remained the most prevalent
cancer in women for three decades.! Most chemotherapy agents
are cardiotoxic, with heart failure (HF) being the most common
complication.? In fact, mortality rates reach 60% among patients
who develop HF during cancer treatment.?

Despite being cardiotoxic, anthracyclines continue to play
an important role in the treatment of solid tumors such as
breast cancers and lymphomas.® Proposed mechanisms for
anthracycline-mediated cardiotoxicity include increased oxidative
stress via redox cycling of the quinone moiety of anthracyclines
and through the formation of iron-anthracycline complexes;
disruption of mitochondrial and cellular calcium homeostasis;
disruption of mitochondrial energetics; deep radiation of
ultrastructural proteins including tinin and dystrophin; direct DNA
damage via the inhibition of 2-beta topoisomerase; the inhibition
of survival pathways such as neuregulin T and Erb B2; and direct
cytotoxic effects on cardiac progenitor cells, decreasing repair
potential after myocardial injury. How exactly these mechanisms
interact and lead to cardiac toxicity remains unknown.?

The frequency of cardiotoxicity in the population varies among
established definitions and tools. The most widely accepted
definition by cardiology and cancer communities is a reduction in
left ventricular ejection fraction (LVEF) of more than ten percentage
points in relation to the baseline value® to a value lower than 53%.°
This definition is used as the standard in this study. The assessment
of LV diastolic function is an important part of echocardiographic
assessment since echocardiographic measurements of diastolic
dysfunction (DD) are associated with an increased risk of HF and
mortality in the general population” and considered fundamental
to the HF pathophysiology.® Isolated DD itself is associated with
an increased risk of morbidity and mortality.’

The prevention and early detection of cardiotoxicity are
paramount in the management of cancer patients' since the
paradigm shift occurred from cancer as a final disease to a chronic
cardiovascular disease condition among survivors after therapy.

Thus, this study aimed to evaluate the LV diastolic and
systolic function of women with breast cancer undergoing
chemotherapy with anthracyclines.

Methods

Study population

This observational, longitudinal, and prospective study
included 62 women with breast cancer aged > 18 years
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who were consecutively selected between November
2016 and July 2018 to reduce sampling bias. The clinical
variables evaluated included age in years; anthropometric
measurements (weight in kilograms and height in meters);
body surface in square meters; vital signs (heart rate [HR],
systolic blood pressure [SBP], diastolic blood pressure
[DBP)); comorbidities (systemic arterial hypertension [SAH],
diabetes mellitus, and dyslipidemia); smoking; family history
of coronary artery disease (CAD); and medications used in
chemotherapy.

All patients signed an informed consent form, and the
Human Ethics Research Committee of the University Hospital
of the Federal University of Sergipe and the boards of the
participating institutions approved the study.

The study population underwent two echocardiographic
tests: the first before the start of chemotherapy and the second
three months later.

All patients used anthracyclines according to one of
the two chemotherapy regimens defined by the attending
oncologist: ACT, which included doxorubicin (60 mg/m?) and
cyclophosphamide (600 mg/m?) administered in four cycles
every 21 days followed by paclitaxel (80 mg/m?) in 12 cycles
once a week for adjuvant and neoadjuvant treatment; and
FEC, which included fluorouracil (600 mg/m?), epirubicin
(90 mg/m?), and cyclophosphamide (600 mg/m?) administered
in four cycles every 21 days, followed by docetaxel (75 mg/m?)
in four cycles every 21 days.

No patient exceeded the maximum recommended
anthracycline dose of doxorubicin (240 m/m?) or epirubicin
(360 mg/mg?)."" In addition, no patient underwent associated
radiotherapy before the three-month evaluation.

Patients who attended the two echocardiography
assessments during the study period were included. The
exclusion criteria were previous structural heart disease,
inadequate acoustic window, and previous chemotherapy
or radiotherapy.

Procedures

All patients were examined using a Philips Epiq 7 ultrasound
device with an X5-1 transducer and installed Automated
Cardiac Motion Quantification (ACMQ); ) software. The same
ultrasound device was used to obtain all echocardiograms
for each patient. Sector and depth were adjusted to acquire
an ideal view of the entire LV myocardium at the highest
possible frame rate. The acquisition was obtained at the end
of expiration. Multiple cardiac cycles from apical longitudinal
three-chamber view (AP3L), four-chamber view (AP4L), and
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two-chamber view (AP2L) were acquired and recorded for
subsequent analysis.

LVEF was calculated using the biplane disk method or
Simpson’s method with the ACMQ software from the AP3L,
APAL, and AP2L acquisitions with automatic border detection
and subsequently corrected manually. The ventricle was
divided into a series of equal-height disks. The volume of
each disk was calculated as the area multiplied by the height,
and the sum of all disk volumes determined the ventricular
volume. An LVEF > 53% was considered normal.®

The following parameters were used to calculate the LV
diastolic function: mitral diastolic flow with evaluation of E and
A wave velocities and E/A ratio with pulsed Doppler; and e”
velocities with the tissue Doppler sample positioned in the septal
and lateral rings. The mean E/e” ratio was calculated (normal
values: septal e” > 7 cm/s, lateral e” > 10 cm/s, and mean E/
e’ < 14); left atrial volume index calculated with acquisition
of AP4L and AP2L views starting before the opening of the
mitral valve, calculated using the disk method, subsequently
indexed by body surface, with the normal value established as
< 34 mL/m?; and tricuspid valve regurgitation velocity, whose
normal value determined as the cutoff point was < 2.8 cm/s.

LV diastolic function was classified as normal if more than
half of the variables were within normal limits and below the
cutoff points. In addition, DD was identified if more than half
of the parameters met the cutoff points. The study would be
inconclusive if half of the parameters met their cutoff points
and the other half of the parameters were normal. In patients
with a preserved or reduced LVEF, when E wave velocity is <
50 cm/s and E/A ratio is < 0.8, and the left atrial (LA) pressure
is normal or low, then DD is classified as type 1. When the
E/A ratio is > 2 and LA pressure is high, the DD is defined as
type 3. When the E wave velocity is > 50 cm/s and the E/A
ratio < 0.8 (or >0.8 but <2), it is necessary to consider other
parameters, such as tricuspid regurgitation (TR) peak velocity
with continuous Doppler, E/e” ratio, and LA volume. The
abnormality cutoff points are TR peak velocity > 2.8 cm/s, E/e”
ratio > 14, and indexed LA volume > 34 mL/m?. When two of
these three parameters meet their cutoff points and the mean
LA pressure is high, the DD is classified as type 2. Conversely,
if two of these three parameters do not meet the cutoff points,
the DD is classified as type 1.* For comparative purposes, the
sample was divided into three groups: Group 1, patients with
DD at baseline; Group 2, patients who developed DD during
the three months of treatment; and Group 3, patients who
presented no DD at the three-month observation.

All tests were performed by a single examiner, the
calculations were repeated, and the mean values of all
measurements were analyzed.

Statistical analysis

Qualitative variables are expressed as frequency
(percentage), while quantitative variables were subjected
to the Shapiro-Wilk test to determine the distribution type.
Those that fulfilled the assumption of normality are presented
as mean and standard deviation. Non-normally distributed
variables are described as median and interquartile ranges or
maximum and minimum values.
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The chi-square or Fisher’s exact test was used to compare
qualitative variables as appropriate. Student’s t-test was used
to compare the two main groups when continuous or discrete
variables were normally distributed. Analysis of variance was
used to compare patients among groups.

Results

Of the 63 patients eligible for the study, a satisfactory
acoustic window for obtaining echocardiographic parameters
was not achieved in only one. Thus, 62 patients were
evaluated. The mean age of the 21 participants was 48.98
+ 11.3 years (range, 46.11-51.85 years). The clinical and
epidemiological characteristics of the study population are
shown in Table 1.

Most of the patients (36 [58.1%]) presented with DD at the
three-month evaluation. However, 26 patients (41.9%; 95%
confidence interval [Cl], 29-54.8%) had DD at baseline that
persisted at the three-month evaluation, 10 (16.1%; 95% Cl,
8.15-25.8%) did not have DD at baseline but developed it
by the three-month evaluation; and the remaining 26 patients
(41.9%; 95% Cl, 29-54.8%) did not present with DD at
baseline or the three-month evaluation. As for DD type, only
one patient had type 2, while the others had type 1.

Of the risk factors, the population that presented with some
DD at the three-month evaluation was older. In addition,
the most prevalent risk factors of the population were SAH,
dyslipidemia, family history of CAD, and obesity, which
were present in 33.9%, 32.3%, 12.9%, and 8.1% of patients,
respectively. There was a significant difference between
SAH and non-SAH patients and dyslipidemic versus non-
dyslipidemic patients who presented with DD. The differences
in obesity and family history of CAD among groups were
insignificant. Data regarding risk factors and their statistical
significance by group are shown in Table 2. No intergroup
differences in symptoms were observed (Table 3).

The analysis of diastolic function parameters showed
intergroup differences in mean variation of the E wave velocity
and the E/A ratio, which significantly decreased by three
months after treatment. The lateral e ” parameter also showed
significant intergroup variation during the study period and
reductions in Groups 2 and 3. The other parameters did not
differ significantly, and the mean values of the parameters, their
variation after three months, and their respective statistical

Table 1 - General clinical characteristics of the sample.

Clinical characteristics Total (n = 62)
Age, years 48.98 + 11.30
Obesity 5(8.1)
SAH 21(33.9)
Diabetes 3(4.8)
Dyslipidemia 20(32.3)
Family history of CAD 8(12.9)
Smoking 3(4.8)
Hormone replacement 5(8.1)

Results are expressed as mean + standard deviation or n (%). CAD: coronary
artery disease; SAH: systemic arterial hypertension.
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significance are shown in Table 4. Furthermore, there was
no significant intergroup difference in HR at the time of the
echocardiographic assessment at three months after treatment.
However, SBP and DBP differed significantly (Table 5).

95% Cl: 95% confidence interval; DBP: diastolic blood
pressure; HR: heart rate; SBP: systolic blood pressure

Only three patients had systolic dysfunction according to
the biplane method after three months of treatment. However,
LVEF showed a greater mean decrease in the group that

Table 2 - Prevalence of risk factors by study group.

Diastolic Diastolic No diastolic
sk Yt dncten - doden g
(n=26)  evaluation (n=10) evaluation (n=26)
Age, years 57.30+8.28 50.90+6.78 39.92+8.23 0.858
Obesity 3(11.5) 1(10) 1(3.8) 0.576
SAH 12 (46.2) 5(50) 4(15.4) 0.03*
Diabetes 3(11.5) 0 0 0.203
Dyslipidemia 14 (53.8) 2(20.0) 4(15.4) 0.01*
Efg‘xth'smry 6(23.1) 1(10.0%) 1(38) 0.107
Smoking 1(3.8) 1(10) 1(3.8) 0.708

Results are expressed as mean + standard deviation or n (%). *Statistically
significant. CAD: coronary artery disease; SAH: systemic arterial hypertension.

Table 3 - Signs and symptoms by study group.

Diastolic Diastolic No diastolic
Sign or dysfunction  dysfunction dysfunction P value
symptom  at baseline at 3-month at 3-month
(n=26)  evaluation (n=10) evaluation (n=26)
Dyspnea 5(19.2) 1(10) 1(3.8) 0213
Edema 5(19.2) 3(30) 1(3.8) 0.091
Palpitations 2(1.7) 3(30) 2(1.7) 0.124
Precordial pain 1(3.8) 1(10.0) 1(3.8) 0.708
Asthenia 5(19.2) 3(30.0) 2(1.7) 0.226
Asymptomatic 16 (61.5) 7(70.0) 22 (84.6) 0.172

Results are expressed as n (%).

developed DD during treatment than in the group with DD
at baseline (p = 0.041); however, there was no significant
intergroup difference at the three-month evaluation (p =
0.255) (Tables 6 and 7).

Discussion

The analysis of LV diastolic and systolic function is an
essential part of the echocardiographic assessment, especially
in cancer patients undergoing breast cancer treatment,
as the observation of early echocardiographic changes
is important for monitoring and starting cardioprotective
medications. The current study presented important findings
about early echocardiographic changes. First, there was a
significant number of patients in whom DD developed during
chemotherapy treatment; of them, 10 (16.1%) developed DD
after three months of treatment. Timothy et al.™ reported a
20% rate of DD similar to that the present study; however, this
was after a longer follow-up (12 months of echocardiographic
evaluation). Furthermore, this early incidence of DD
corroborates the literature since it is known that LV relaxation
changes can be detected after one week of anthracycline
use.” One of the main pathophysiological mechanisms of
DD in the general population may be associated with cardiac
oxidative stress,'* especially in the population being treated
for breast cancer with anthracyclines, which are correlated
with increased cardiac oxidative stress that can result in
mitochondrial dysfunction, apoptosis, and necrosis."

As for LV systolic function, after three months of treatment,
only three patients (4.8%) had systolic dysfunction according
to the biplane method, while 10 developed DD after the three
months of treatment, which suggests that LV DD presents
earlier than LV systolic dysfunction. A longer follow-up period
will be necessary to establish the clinical outcomes of these
patients, but DD abnormalities over time are associated with
subsequent systolic dysfunction and cardiotoxicity.” It was
also possible to observe that patients with baseline DD are
less associated with reduced LVEF than those who develop
DD throughout treatment, suggesting that baseline DD is not
associated with subsequent systolic dysfunction, similarly
to what Timéteo et al.' and Upshaw et al.” reported when
following patients for 12 months and 6.5 years, respectively.

Table 4 - Mean, standard deviation, and statistical significance of diastolic dysfunction at baseline and the three-month examination.

Group 1 Group 2 Group 3
P value*
Baseline 3 months Baseline 3 months Baseline 3 months

E wave velocity 69.67 + 19.56 65.45 + 13.02 86.36 + 12.76 61.17 £ 14.94 93.76 £ 14.83 88.17 £ 13.37 0.0011
A wave velocity 89.44 +22.50 89.77£17.9 67.14 £ 17.62 79.48 £ 16.27 59.63 + 14.1 62.71 £ 1317 0.147
E/A ratio 0.81+0.32 0.76 £0.28 1.34+£0.36 0.78 £0.08 1.55+0.31 1.48+0.27 0.0002t
Indexed left atrial volume 2593 +£6.71 26.55 £ 6.31 2373+4.83 2319+4.76 29.21£29.89 2314 £525 0.514
E/e' ratio 9.21+265 8.63+2.15 8.75+1.91 7.38+1.36 8.63+1.41 8.62 £2.02 0.14
Septal ' 6.35+ 2.1 6.21+£2.03 7.75+1.70 6.30 £ 1.45 8.86 + 2.08 8.51+1.92 0.224
Lateral €' 9.08 +3.22 9.61+3.24 12.35+1.81 1047 £2.87 13.69 £ 2.69 1275+ 2.76 0.035t

*Statistical significance of the mean variation after three months (analysis of variance). 1 The tricuspid regurgitation velocity parameter is not in the table because it was
not calculated in all patients since its use is only necessary when the other parameters are insufficient for classification.
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Table 5 - Mean heart rate and systolic and diastolic blood pressures of the groups on the echocardiographic assessment after three months of
treatment with respective p and confidence intervals.

Group 1 Group 2 Group 3
P value
Mean 95% CI Mean 95% CI Mean 95% CI
HR 86.04 +13.92 80.42-91.66 91.30 £ 14.21 81.13-101.47 81.69 + 15.01 75.63 £ 87.75 0.191
SBP 142.01+ 20.80 133.67-150.47 133.90 + 14.69 123.39-144 41 123.16 + 19.01 115.47-130.83 0.003*
DBP 77.65+8.89 74.06-81.24 77.30 £ 11.11 69.36-85.24 70.65 £ 10.05 66.60-74.71 0.028*

*Statistically significant. 95% CI: 95% confidence interval; DBP: diastolic blood pressure; HR: heart rate; SBP: systolic blood pressure.

Table 6 - Mean reduction and standard deviation of the biplane Table 7 - Mean reduction and standard in biplane ejection fraction

ejection fraction after three months in Groups 1 and 2. after three months in Groups 2 and 3.
Group 1 Group 2 P value Group 1 Group 2 P value
Mean reduction and standard Mean reduction and standard
deviation in BPEF after three months 059£10.1 8.21+831 0.041 deviation in BPEF after three months 821831 4624823 0255

BPEF: biplane ejection fraction. FEBP: fragéo de ejegéo pelo método biplanar.
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Figure 1 - Evaluation of a patient's E wave, A wave, and E/A ratio during the study. (A) Basic parameters: E wave velocity of 89.1 cm/s, A wave velocity of 56.6 cm/s,

E/A ratio of 1.6. (B) Parameters after three months of chemotherapy: E wave velocity of 51.4 cm/s, A wave velocity of 79.3 cm/s, and E/A ratio of 0.6. Note the decreased
E wave and E/A ratio after three months of treatment.
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Figure 2 - Razéo E/e’ de uma paciente durante o estudo. (A) E/e’ de 6,0 basal. (B) E/e’de 8,2 da mesma paciente apos 3 meses de tratamento. Ambos os valores
dentro do limite da normalidade.
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Other important findings were related to diastolic function
parameters. A significantly reduced E wave velocity and E/A
ratio were noted early on, while AE and E/e” indexed volume
parameters showed no significant variation. Similar changes in
mitral inflow (reduced E/A ratio) were reported in other studies,
such as those by Serrano et al.’” and Ho et al.,"® the latter also
reporting a significantly reduced E wave velocity. Despite
being an important tool to assess remodeling and, indirectly,
LA function, the indexed LA volume has low sensitivity in the
early stages." In turn, variations in the E/e” parameter are also
linked to chronic conditions,’? which justifies the absence
of changes in both parameters in the present study. Timéteo
et al."® showed significant indexed LA volume changes, but
not until later — on 12-month echocardiography follow-up.

Factors such as HR and systemic blood pressure should
be considered in the context of assessing diastolic function.?
The present investigation showed no significantly different
intergroup mean HR, suggesting that the observed changes
in mitral inflow were not directly impacted by this parameter.
On the other hand, SBP and DBP differed among the three
groups, with higher mean echocardiographic evaluation values
in Groups 1 and 2 after treatment due to the greater number
of chronic hypertensive patients within them.

One of the limitations of the study was the evaluation time,
which, despite having demonstrated early echocardiographic
changes in the studied population, did not allow the objective
assessment of the long-term behaviors of the systolic and
diastolic function parameters correlated with the occurrence
of cardiovascular outcomes. It would also be interesting to
evaluate the behavior of diastolic and systolic parameters
in patients undergoing additional chemotherapy treatment
with trastuzumab after anthracycline since the patients did
not undergo the former due to the short evaluation time.
Another important limitation stems from the dependence of
mitral inflow parameters on hemodynamic conditions, such
as volume depletion, a side effect related to chemotherapy
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Frequency and Characteristics of Responders to an Educational
Intervention to Reduce Inappropriate Heart Testing: A Sub-study of
the Echo WISELY Trial

Frequéncia e Caracteristicas dos Respondedores a uma Intervencao Educacional para Reducao de Testes
Cardiacos Inapropriados: um Subestudo do Echo WISELY Trial

Joao Ricardo Pinto Lopes’, Cherry Chu?, Sacha Bhatia? Luis Claudio Correia’
"Bahiana School of Medicine and Public Health, Salvador, BA, Brazil; *Women’s College Hospital, Toronto, Ontario, Canada.

Abstract

Introduction: The Echo WISELY Trial is a controlled randomized multicenter investigator-blinded study that evaluated an
educational intervention based on the criteria for appropriate use of echocardiography to reduce the proportion of rarely
appropriate outpatient echocardiograms performed.

Obijective: To describe the prevalence and identify predictors of the responsiveness of responding physicians subjected to an
educational intervention in the Echo WISELY Trial.

Methods: The intervention group physicians received a multifaceted educational program. A responding physician was
defined as one who had a >2.5% reduction in the proportional mean of rarely appropriate tests requested between the first
trimester (baseline) and any of the following trimesters (second to sixth). Physician characteristics (sex, time since graduation,
medical specialty, and workplace) were compared to the echocardiogram ratings (appropriate, maybe appropriate, and rarely
appropriate) and clinical reasons for the requested echocardiograms using the chi-square test. Statistical significance was
indicated by a two-tailed p < 0.05.

Results: A total of 4,605 tests requested at the six participating hospitals in Ontario were analyzed and randomized for the
intervention arm. Of the 36 included physicians, 26 (72%) were classified as responders. Of the variables analyzed, there
was no significant difference in the outcomes of the responders versus non-responders to the educational intervention. The
number of rarely appropriate tests requested by the responders was significantly lower than that of the non-responders (234
[8.67%] versus 261 [13.8%]; p < 0.0001).

Conclusion: The prevalence of responder physicians was high, but predictors of responsiveness to educational intervention
were not identified among the analyzed variables. This may be a result of the psychological aspects and personal characteristics
of the physicians, which were not included in this research.

Keywords: Echocardiography; Prevalence.

Resumo

Introducgao: O Echo WISELY Trial é um estudo controlado, randomizado, multicéntrico, cego pelo investigador, que avaliou uma intervencao
educacional com base nos critérios de uso apropriado para ecocardiografia para reducdo da proporcao de ecocardiogramas raramente
apropriados realizados ambulatorialmente.

Objetivo: Descrever a prevaléncia e identificar preditores de responsividade de médicos respondedores submetidos a intervencao educacional
no Echo WISELY Trial.

Métodos: Médicos do grupo intervencao receberam um programa educacional multifacetado. O médico respondedor foi definido como
aquele que apresentou reducao >2,5% na média proporcional de exames raramente apropriados solicitados entre o primeiro trimestre
(linha de base) e qualquer um dos seguintes trimestres (segundo ao sexto). Foram comparadas as caracteristicas do médico (sexo, tempo de
formacao, especialidade médica e local de trabalho) com as classificagdes dos ecocardiogramas (apropriado, talvez apropriado e raramente
apropriado) e razdes clinicas para ecocardiogramas solicitados utilizando teste do qui-quadrado. A significancia estatistica foi indicada por p
< 0,05 bicaudal.

Mailing Address: Joao Ricardo Pinto Lopes *

Rua Gregério Amancio, 5, Centro, CEP: 48730-000, Conceigao do Coité, BA, Brazil.
E-mail: jrpintolopes@yahoo.com.br

Manuscript received 9/6/2021; revised 9/10/2021; accepted 9/13/2021

DOI: 10.47593/2675-312X/20213404eabc249

Lﬂ: << SUMARIO Page 10f 5



https://orcid.org/0000-0003-3798-0340
https://orcid.org/0000-0002-4072-0083
https://orcid.org/0000-0001-6206-5318
https://orcid.org/0000-0002-6910-1366

Lopes et al.
Reduction of Inappropriate Cardiac Testing: A Sub-study of the Echo WISELY Trial

Original article

Resultados: Foram analisados 4.605 exames solicitados nos seis hospitais participantes de Ontdrio e randomizados para o brago intervengao.
Dentre os 36 médicos incluidos, 26 (72%) foram classificados como respondedores. Entre as varidveis analisadas, nao houve diferenca
significativa entre médicos respondedores e nao respondedores a intervencao educacional. O ndmero de exames raramente apropriados
solicitados pelos respondedores foi significativamente menor que o de nao respondedores (234; 8,67% versus 261; 13,8%; p < 0,0001).

Conclusdo: A prevaléncia de médicos respondedores é alta, porém nao foram identificados preditores de responsividade a intervengao
educacional entre as varidveis analisadas. Isso pode decorrer de aspectos psicoldgicos e caracteristicas pessoais dos médicos, que nao foram

incluidos nesta pesquisa.

Palavras-chave: Ecocardiografia; Prevaléncia.

Introduction

Echocardiography is an important imaging modality for
the diagnosis and treatment of cardiovascular diseases'?,
representing approximately half of all cardiac diagnostic tests
requested.> However, in many cases, it is used as a screening
tool in patients at low risk for cardiovascular disease.* In recent
years, there has been a significant increase in the number
of echocardiogram requests, estimated at 6-8% per year.>*
This trend has contributed to progressively increased public
spending on medical testing.

Appropriate echocardiography use criteria’ were
published by the American Society of Echocardiography
to reduce unnecessary testing, improve care quality,
and optimize cost-effectiveness. Appropriate use criteria
for echocardiography are clinical scenarios classified as
“appropriate,” “maybe appropriate,” or “rarely appropriate”
based on clinical indications. A test can be classified as rarely
appropriate if the indication is not an approved reason for
testing or if the test is unlikely to benefit the patient. Many
efforts have been made to address this issue — most notably,
the development of the Choosing WISELY international
campaign, which strives to raise awareness of and prevent
the overuse of health services.?

The Echo WISELY (Will Inappropriate Scenarios
for Echocardiography Lessen SignificantlY in an education
RCT) Trial evaluated an educational intervention based on the
appropriate use criteria for echocardiography and its ability
to reduce the proportion of rarely appropriate transthoracic
echocardiograms requested by clinicians in outpatient care.
The results demonstrated that the physicians who completed
the intervention over 18 months requested a significantly lower
proportion of rarely appropriate tests than those randomized
to the control arm.? However, there was still notable variation
in the proportion of rarely appropriate tests requested by the
physicians who received the intervention. This exploratory sub-
study of the Echo WISELY Trial had two objectives: describe
the prevalence of physicians responding to an educational
intervention in the Echo WISELY Trial and identify predictors
of responsiveness.

Methods

Study design and participants

The trial protocol was previously published.'® The Echo
WISELY Trial, which was multicenter, randomized, controlled,
and investigator-blinded, demonstrated the effectiveness
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of an educational intervention to reduce the proportion of
rarely appropriate outpatient transthoracic echocardiograms
requested by primary care physicians and cardiologists in
the intervention arm. The intervention involved education
and feedback and was based on appropriate use criteria for
echocardiography.” Between December 2014 and April 2016,
75 cardiologists and primary care physicians were recruited
from eight hospitals in Ontario, Canada, and Massachusetts,
United States. Physicians were randomized 1:1 to receive
the intervention versus the usual care. The study was
registered at ClinicalTrials.gov (NCT02038101), reported in
accordance with the Consolidated Standards of Reposting
Trails (CONSORT) guidelines, and approved by the ethics
committees of the participating hospitals.

The sub-study was descriptive and included only Ontario
physicians from the intervention arm of the study to explore
the response phenomenon. Physicians without a College
of Physicians and Surgeons of Ontario (CPSO) registration
number were excluded from the analysis to ensure that each
physician could be linked to their baseline characteristics.

Intervention

Physicians assigned to the intervention group received a
multifaceted educational approach that included a 20-minute
informational video describing the appropriate use criteria
and key scenarios in which echocardiogram tests should
be requested; detailed instructions on how to access the
educational application on appropriate use criteria for
echocardiography; and individual monthly reports detailing
the test request pattern of each physician versus their peers,
including the total number of appropriate, maybe appropriate,
and rarely appropriate tests ordered.

Echocardiogram appropriate use classification

The echocardiograms requested by the participating
physicians during the study period were evaluated for
adequacy according to the appropriate use criteria for
echocardiography published in 2011.7 The evaluators were
not aware of the treatment allocations. For each requested
echocardiogram, the clinical reasons for the request and
the patient’s chart (including disease history, treatment
plans, and previous requests for medical imaging tests)
were recorded. Each test was rated as appropriate, maybe
appropriate, or rarely appropriate. Tests with insufficient
clinical data for the judgment of appropriate use were not
included in the study. For tests lacking clear classification
information, the principal site investigator was first asked to
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rate their appropriateness. If a decision could not be made,
the test was then evaluated by a committee composed of
three senior study researchers.

Classification of responding physicians

The quarterly frequency of the requested echocardiograms
was plotted for all physicians who requested at least one
echocardiogram in each quarter. Responders were defined
as physicians who demonstrated a reduced number of
rarely appropriate echocardiograms between baseline and
the final period of more than the mean difference between
the intervention and control groups. This mean effect of the
intervention was a 2.5% reduction.? In addition, a physician
was considered a responder if no rarely appropriate tests were
requested in any of the follow-up quarters.

Statistical analysis

The intervention period lasted 18 months and was divided
into six quarters for the analysis. For each individual physician,
the proportions of rarely appropriate tests requested during each
of the following quarters (second through sixth) were subtracted
from the proportion in the first quarter (baseline). The mean of
these deltas for each physician was defined as the mean reduction.
The proportion of those with a delta reduction of at least > 2.5%,
defined as responders, was described and the 95% confidence
interval (Cl) was calculated. Distributions of several basic medical
characteristics between responders and non-responders (sex,
years since graduation from medical school, medical specialty,
and workplace) were compared, as were classifications based on
the appropriate use criteria for echocardiography (appropriate,
maybe appropriate, and rarely appropriate) and clinical reasons for
requesting echocardiograms using chi-square tests of independence
or Fisher’s exact tests for cells, with a frequency of < 5. Statistical
significance was indicated by a two-tailed p < 0.05. All statistical
analyses were performed using SPSS version 17 software.

Results

Of the 14,697 total echocardiograms requested by all
physicians participating in the Echo WISELY Trial, 4,605
were analyzed in this sub-study and requested by clinicians
randomized to the intervention arm of the six participating
hospitals in Ontario. Of the initial sample of 38 physicians, two
were excluded: one for lackinga CPSO registration number and
the other for not having requested any tests during the entire
study period. Of the 36 physicians included in the analysis, 26
(72%; 95% Cl, 55-86%) were classified as responders to the
intervention based on the 2.5% reduction threshold.

During the study, the proportion of rarely appropriate tests
requested by the responders was significantly lower than that
by the non-responders (234 [8.6%] versus 261 [13.8%]; p <
0.0001). There was also a difference in the main reasons for
requesting rarely appropriate tests between the responders and
non-responders (p < 0.0001). The main reason for requests
among the respondents was number 11, routine surveillance
of ventricular function with known coronary artery disease
(CAD) and no change in clinical status or cardiac examination
findings (50 [21.4%]). Of non-responders, the main reason for
requesting tests was number 48, routine surveillance (<3 years
after implantation) of the prosthetic valve without any known
or suspected valvular dysfunction (82 [31.4%)). Table 1 shows
the clinical adequacy and reasons for physician-requested
echocardiograms in the responder and non-responder groups.

Responder predictors

Table 2 compares the baseline physician characteristics
between the responders and non-responders. The main
characteristics of the responders were: 22 (84%) were male, 20
(76.9%) specialized in internal medicine, 24 (92.3%) specialized
in cardiology, 19 (73%) graduated 21-40 years prior, and 18
(69.3%) of the responders worked at the Queen’s University, St.
Michael’s Hospital, or the University Health Network. Among the

Table 1 — Characteristics of echocardiogram tests requested by intervention group physicians.

Echocardiogram Responders 95% CI Non-responders 95% CI P value
g (n=2,713 [59%)]) (55-60%) (n=1,892 [41%)]) (40-43%)
Adequacy <0.001
Appropriate 2335 (86.1) 85-87 1512 (79.9) 78-81.7
Maybe appropriate 144 (5.3) 4.5-6.2 119 (6.3) 5.3-7.5
Rarely appropriate 234 (8.6) 7.6-9.7 261 (13.8) 12-15.4
Reasons for inappropriate requests <0.001
1. Routllne _su_rvelllance for venFncuIar fulnctllon with known CAD; no 50 (21.4) 16,507 52 (19.9) 15.3.95
change in clinical status or cardiac examination
3§. lRoutlne suwelllapce (<3 y_earQ for mlld valve stenosis; change in 16 (6.8) 410.9 17 (6.1) 3.8-10
clinical status or cardiac examination findings
40. Rolut.lne suwelllapce (< 1 year) for moderate or severe val‘ve' 23(9.8) 6.5-14 45(17.2) 13224
stenosis; no change in clinical status or cardiac examination findings
43. Roupne §gwelllance (<3 yefars) for mlld yalve rggurgltatlon; no 14 6) 35:96 16 (6.1) 35.98
change in clinical status or cardiac examination findings
48. R.outlne surveillance (< 3 years after |mplanltat|0n) for prosthetic 24(103) 6.8-15 82 (31.4) 26-37 4
valve; no known or suspected valvular dysfunction
88. Routine surveillance (< 1 year) for known cardiomyopathy; no 27 (115) 8-16.1 20(77) 4711

change in clinical status or cardiac examination findings

Results are expressed as n (%) unless otherwise indicated. 95% CI: 95% confidence interval; CAD: coronary artery disease.
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Table 2 — Characteristics of the intervention group physicians.

Physicians Responders (n =26 [72%])  95% CI (55-86) Responders (n = 10 [28%]) 95% ClI (14-45) P value
Male sex 22 (84.0) 65-96 9(90.0) 56-99 0.68
Time since graduation, years 0.142
0-10
11-20 2(7.7) 1-25 4 (40.0) 12-74
21-30 10 (38.5) 20-59 3(30.0) 6.7-65
31-40 9(34.5) 17-56 1(10.0) 0.3-45
41-50 4(15.4) 4-35 1(10.0) 0.3-45
51-60 1(3.8) 0.1-20 1(10.0) 0.3-45
Specialty
Internal medicine 20 (76.9) 56-91 9(90.0) 56-99 0.37
Cardiology 24(92.3 75-99 10 (100.0) 69-100 0.37
Hospital 0.41
Mount Sinai Hospital 3(11.5) 2.5-30 1(10.0) 0.3-45
Queen’s University 6(23.1) 9-43
St. Michael's Hospital 6(23.1) 9-43 5(50.0) 18.7-81
Sunnybrook Health Sciences Cen 3(11.5) 2.5-30 2(20.0) 2.5-56
University Health Network 6(23.1) 9-43 1(10.0) 0.3-45
Women'’s College Hospital 2(7.77) 1-25 1(10.0) 0.3-45

Results are expressed as n (%) unless otherwise indicated. 95% CI: 95% confidence interval.

non-responders, nine (90%) were male, nine (90%) specialized
in internal medicine, 10 (100%) specialized in cardiology, seven
(70%) graduated 21-40 years prior. Half of the non-responders
worked at St. Michael’s Hospital. There were no statistically
significant intergroup differences in any of the analyzed variables.

Discussion

To the best of our knowledge, the Echo WISELY Trial is the
first multicenter randomized controlled trial of an educational
intervention that aimed to reduce the prevalence of rarely
appropriate transthoracic echocardiograms requested by
outpatient clinicians. Our results demonstrated a significantly
decreased number of rarely appropriate tests requested
by intervention group physicians versus control group
physicians. The results of this sub-study corroborate that the
intervention is effective, as the proportion of physicians who
responded to the intervention was high. Thus, educational
intervention may be a viable strategy to reduce the potential
use of low-value echocardiography and increase adherence
to best medical practices.

There was wide variation in the quarterly frequency of
rarely appropriate echocardiograms requested by physicians
in the Echo WISELY Trial intervention group. However,
it was not possible to predict participant responsiveness
to the educational intervention using the basic physician
characteristics that were studied. This suggests that other
aspects may be involved, such as personal characteristics,
such as personality or behavioral traits intrinsic to physicians
themselves that favor reflection before requesting tests or
making decisions. Future research may test this hypothesis
using personality assessment instruments.

This sub-study presented a significant difference of
5.2% (13.8% versus 8.6%) in the proportion of rarely
appropriate tests ordered between non-responders and
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responders in the intervention group. This value is twice
the difference in the proportion of rarely appropriate tests
found between the intervention and control groups in the
original Echo WISELY Trial. There was also a significant
difference in the reasons cited by responders versus
non-responders for requesting echocardiography. Among
the responders, the most frequent reason was routine
surveillance of ventricular function with known CAD
and no change in clinical status or cardiac examination
findings, while in the non-responders group, the main
reason was routine surveillance < 3 years after prosthetic
valve implantation without known or suspected valvular
dysfunction. Considering that inadequate care can lead to
unwanted patient consequences and unnecessary health
system expenses, efforts should be made to reduce the
number of rarely appropriate echocardiographic tests
through guidelines and interventions directed to physicians
such as the provision of educational interventions or
programs,’-'> publication and continuous updating of
appropriate use criteria, and implementation of authorized
protocols or auditing in laboratories to assess the adequacy
of echocardiogram requests."

Initiatives such as Choosing Wisely® were established to
raise physician and patient awareness of the issue related
to inappropriate use. Some studies identified several factors
that can also contribute to the inappropriate use of tests
in cardiology, such as cultural, clinical, financial or legal
reasons.’>'® Educational audit and feedback interventions
based on the criteria of appropriate use of echocardiography
investigated in previous studies showed benefits of reducing
the number of tests that are rarely appropriate or otherwise
have low value. However, the maintenance of the long-
term effectiveness of these interventions requires ongoing
investments in planning as well as training physicians and
others involved in the decision-making process.
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CONCLUSION

A high proportion of physicians were considered
responders to the educational intervention, and the
prevalence of rarely appropriate tests was significantly
different between responders and non-responders.
However, no predictive characteristics were identified
to differentiate a responder from a non-responder.
Psychological and behavioral aspects of the physicians,
which were not considered in this study, may be more
important predictors of a positive response to educational
interventions; thus, future research including behavioral
variables may be warranted. A greater understanding
of the factors that motivate a physician to respond to
the audit and feedback intervention is important to the
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Abstract

Background: Transthoracic echocardiography (TTE) may play a crucial role in the evaluation of cardiac manifestations of
coronavirus disease 2019 (COVID-19).

Objective: We aimed to report the prevalence of the main echocardiographic abnormalities of hospitalized COVID-19 patients.

Methods: We performed a prospective multicenter observational study in patients with COVID-19 who underwent TTE during
hospitalization. Patients with pre-existing heart failure, coronary artery disease, or atrial fibrillation were categorized as having
previous cardiovascular disease (CVD). Clinical and echocardiographic data about cardiac structure and function were collected.

Results: We evaluated 310 patients with COVID-19 (mean age, 62=16 years; 61% men; 53% with arterial hypertension;
33% with diabetes; and 23% with previous CVD). Overall, 65% of the patients required intensive care unit support. The most
prevalent echocardiographic abnormalities were LV hypertrophy (29%), pulmonary hypertension (25%), left ventricular (LV)
systolic dysfunction (16.5%), right ventricular (RV) systolic dysfunction (15.9%), grade 1I/1l LV diastolic dysfunction (11%), and
LV regional wall motion abnormality (11%). Pericardial effusion was uncommon (7% of cases). LV hypertrophy (25% vs. 45%,
p=0.001), LV systolic dysfunction (11% vs. 36%, p<0.001), regional wall motion abnormalities (6% vs. 29%, p<0.001), grade
II/11 LV diastolic dysfunction (9% vs. 19%, p=0.03), and pulmonary hypertension (22% vs. 36%, p=0.019) were less common
in patients without previous CVD. RV systolic dysfunction occurred at similar frequencies in patients with versus without
previous CVD (13% vs. 25%, p=0.07).

Conclusions: Among patients hospitalized with COVID-19, abnormal echocardiographic findings were common, but less
so among those without previous CVD. RV systolic dysfunction appeared to affect similar proportions of patients with versus
without previous CVD.

Keywords: Cardiac function; Cardiovascular disease; COVID-19; Echocardiography; SARS-CoV-2

Resumo

Fundamento: A ecocardiografia transtoracica (ETT) pode desempenhar um papel crucial na avaliagdo das manifestagoes cardiacas da
COVID-19.

Objetivo: Nosso objetivo foi relatar a prevaléncia das principais anormalidades ecocardiogrdficas em pacientes hospitalizados com COVID-19.
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Métodos: Realizou-se estudo observacional multicéntrico prospectivo com pacientes com COVID-19 submetidos a ETT durante a internagao.
Pacientes com insuficiéncia cardiaca prévia, doenca arterial coronariana ou fibrilagao atrial foram classificados como portadores de doenca
cardiovascular (DCV) prévia. Foram coletados dados clinicos e ecocardiogréficos da estrutura e da funcao cardiaca.

Resultados: Avaliamos 310 pacientes com COVID-19, com 62+16 anos de idade, 61% homens, 53% com hipertensao arterial, 33% com

2

diabetes e 23% com DCV prévia. No total, 65% dos pacientes necessitaram de suporte em unidade de terapia intensiva. As alteracoes

ecocardiogréficas mais prevalentes foram hipertrofia do ventriculo esquerdo (VE) (29%), hipertensao pulmonar (25%), disfuncao sistélida do
VE (16,5%), disfungao sistdlica do ventriculo direito (VD) (15,9%), disfungdo diastdlica do VE grau ll/lll (11%) e alteragdo da contratilidade
regional do VE (11%). Derrame pericardico foi incomum (7%). Hipertrofia do VE (25 vs. 45%, p=0,001), disfuncao sistélica do VE (11 vs. 36%,
p<0,001), alteracées da contratilidade regional (6 vs. 29%, p<0,001), disfuncao diastdlica do VE grau lI/lll (9 vs. 19%, p=0,03) e hipertensdo
pulmonar (22 vs. 36%, p=0,019) foram menos comuns nos pacientes sem do que com DCV prévia. A disfuncado sistélica do VD mostrou-se

semelhante em pacientes sem e com DCV prévia (13 vs. 25%, p=0,07).

Conclusées: Entre os pacientes hospitalizados com COVID-19, os achados ecocardiogréficos anormais foram comuns, porém menos
encontrados naqueles sem DCV. A disfungao sistélica do VD pareceu afetar de forma semelhante pacientes com e sem DCV prévia.

Palavras-chave: COVID-19; SARS-CoV-2; Funcao cardiaca; Ecocardiografia; Doenca cardiovascular.

Introduction

Coronavirus disease 2019 (COVID-19) caused
by severe acute respiratory syndrome coronavirus 2
(SARS-Cov-2) may result in severe respiratory distress
and acute cardiac injury. Impaired cardiac function
and prior cardiovascular disease (CVD) in patients with
COVID-19 are associated with a worse prognosis.'
Transthoracic echocardiography (TTE) plays a central role
in the management of patients with new or worsening
cardiovascular symptoms, hemodynamic instability,
and increased biomarker levels since it provides crucial
information about cardiac structure and function.?On the
other hand, the use of echocardiography should be based
on the critical consideration of the benefits for patients
versus the risk of contamination for healthcare workers.?

TTE findings among COVID-19 patients have
beenconflicting. While some studies reported a high
prevalence of left ventricular (LV) systolic dysfunction,* *
others suggested that it is less common, with LV diastolic
dysfunction and right ventricular (RV) dysfunction being
more prevalent.®’ Referral bias, definitions of abnormal TTE
findings, and differences in population characteristics such
as the proportion of patients with previous cardiovascular
disease (CVD) may partly explain these differences. However,
it remains unclear in what ways and how often COVID-19
affects cardiac function.

Therefore, here we aimed to determine the prevalence
of the main abnormal echocardiographic findings of
hospitalized patients with COVID-19 and compare them
between those with and without a history of previous
CVD through a real-world, multicenter collaborative study
(Brazilian Echocardiography Registry during COVID-19
pandemic [ECOVID]).

Methods

ECOVID is a prospective multicenter national observational
study of hospitalized patients with suspected or confirmed
COVID-19. The registry started in Brazil on April 4, 2020,
with the purpose of collecting epidemiological clinical data
and echocardiographic findings from centers of all five macro-
regions of the country.
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Population

We included consecutive patients older than 18 years
of age with COVID-19 who were referred for TTE during
hospitalization. Patients with clinical symptoms of COVID-19
and positive real-time polymerase chain reaction (RT-PCR) test
results were classified as confirmed cases. Patients with clinical
signs and symptoms of COVID-19 and compatible findings on
chest computed tomography (bilateral ground-glass opacity)
but without a positive RT-PCR test result were considered
highly probable cases. This study was approved by the ethics
committee of the coordinating center (# 4.033.139) and local
ethics committee of each respective site. To reduce the risk
of SARS-CoV-2 cross-infection between healthcare workers
and patients, the ethics committee waived the requirement
to obtain informed consent and approved the entry of
unidentified patient information into the study database.

Data collection

At each participant center, cardiologists completed a case
report form after the TTE. The protocol definitions in the
case report form were discussed with each investigator, who
was asked to follow the same standard protocol to improve
consistency across sites. Data were entered online and
submitted to the coordinating center via a secure website.
The study coordinating center assigned a unique identification
number to each patient to avoid duplicate entries and certify
the security of their protected health information.

Clinical and demographic data

Each investigator reviewed the medical charts and
interviewed the patients or relatives to obtain their clinical
and demographic data including age, sex, weight, height,
and history of arterial hypertension, diabetes mellitus, obesity,
smoking, coronary artery disease (prior myocardial infarction,
percutaneous coronary intervention, and/or coronary artery
bypass graft), heart failure, atrial fibrillation, chronic obstructive
pulmonary disease, cerebrovascular stroke, chronic kidney
disease (serum creatinine level = 1.5 mg/dL), and cancer.
Previous CVD was defined as a history of coronary computed
tomography angiography or coronary angiography showing an
obstruction = 50% in any major coronary artery, percutaneous
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or surgical coronary revascularization, myocardial infarction,
heart failure, or atrial fibrillation. COVID-19-related signs and
symptoms and the need for supportive measures for critically
ill patients (non-invasive ventilation, mechanical ventilation,
and use of vasoactive drugs) were also collected.

Echocardiographic data

A focused protocol was used in the majority of the scans
to mitigate the risk to healthcare professionals.>®° Imaging
acquisition and interpretation were performed by certified
physicians according to international guidelines.’®'" All
procedures followed the respective institutional protocol
regarding the use of personal protective equipment and the
cleaning of equipment after each scan. LV ejection fraction (LVEF)
was assessed by visual estimation and/or tje modified Simpson’s
biplane method. LV systolic dysfunction was defined as an LVEF
< 50% (mild, 40-49%; moderate, 30-39%, and severe, <30%).
The LV diastolic function analysis included measurements of peak
early filling (E-wave) and late diastolic filling (A-wave) velocities,
E/A ratio, early diastolic mitral septal and lateral annular velocities
(€'), and E/e’ ratio. Patients were classified as having normal (E/A
0.8-2.0, E/e’< 10) or abnormal (grade I: E/A < 0.8, E/e” < 10;
grade II: E/A 0.8-2.0, E/e’10-14; or grade lll: E/A = 2; E/e’>
14) diastolic dysfunction.' The diastolic function grade was
considered “unknown” when it was judged as indeterminate
or when the data were not collected. RV systolic dysfunction
was determined by visual estimation and/or semi-quantitatively
(tricuspid annular plane systolic excursion (TAPSE) < 17 mm
and/or tissue Doppler of the free lateral wall [S'] < 9.5 cm/s
indicated RV dysfunction).” Valvular regurgitation was assessed
according to American Heart Association/American College of
Cardiology guidelines." Pulmonary artery systolic pressure (PASP)
was estimated from the peak tricuspid regurgitation velocity
obtained using continuous-wave Doppler echocardiography,
while the right atrial pressure was estimated by inferior vena
cava size.” Pulmonary hypertension was defined as a PASP =
36 mmHg (mild, -36-45 mmHg; severe, =60 mmHg).

Statistical analysis

Continuous variables were assessed for Gaussian distribution
and are presented as mean = standard deviation or median
(25th percentile, 75th percentile). Clinical, demographic,
and echocardiographic parameters were compared between
groups based on the history of CVD using Student’s t-test or
the chi-squared test. For some patients, data were missing on
days since symptom onset, fever, cough, dyspnea, myalgia,
sore throat, diarrhea, headache, anosmia, and chest pain. We
used multiple imputations to account for missing data under
a missing at random assumption. Data were imputed using a
data augmentation algorithm, a Markov Chain Monte Carlo
procedure, assuming a joint multivariate normal distribution
for the entered variables.'® The imputation of 20 datasets was
performed using age, sex, body mass index (BMI), and site
center as predictors. Linear regression was then applied to the
multiple-imputed data to combine the 20 datasets as previously
described for comparison between patients with and those
without previous CVD."” We considered values of p <0.05 as
statistically significant. The statistical analyses were performed
using Stata version 15.1 (Stata Corp, College Station, TX, USA).
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Results

We included 310 hospitalized patients between April 4
and September 9, 2020, of whom 186 (88.4%) had RT-PCR-
confirmed COVID-19, and 36 (11.6%) had highly probable
COVID-19. Table 1 summarizes the demographics, clinical
characteristics, and comorbidities of the study population.
Overall, the mean age of the population was 62 + 16 years
old (range19-94 years), 61% were men, and the mean BMI
was 28 * 8 (range 17.6 48.4) kg/m2. The most prevalent
cardiovascular risk factors were hypertension (53%), diabetes
mellitus (33%), and obesity (30%). Sixty-five percent of the
patients were in intensive care units (ICUs), 46% required
invasive mechanical ventilation, and 19% required vasopressor
drugs. Twenty-three percent of patients had a history of CVD,
including coronary artery disease (14%), heart failure (8%),
and atrial fibrillation (5%). Patients without previous CVD
were younger, had a lower prevalence of cardiovascular risk
factors such as hypertension, diabetes, and smoking, and were
less likely to have chronic obstructive pulmonary disease and
chronic kidney disease than patients with previous CVD (Table
1). COVID-19-related symptoms and supportive measures
were similar between patients with and without previous CVD
(Table 2). The main clinical indications for referral for TTE
were suspected heart failure (50%), suspected acute coronary
syndrome (chest pain, electrocardiography abnormalities, and

Table 1 - Demographics and comorbidities according to history of
previous cardiovascular disease.

No Previous
All patients  previous cVD
cVvD
n=310 n=240 n=70 P

value
Age, years 62+16 59+16 69+14 <0.001
Male sex, n (%) 189 (61.0%) 146 (60.8%) 43 (614%) 093
BMI, kg/m? 282479 28155 286+131 063
Obesity, n (%) 94(30.3%) T76(31.7%) 18(25.7%)  0.34
Hypertension, n (%) 164 (52.9%) 113(47.1%) 51(72.9%) <0.001
Diabetes melitus, n (%) 104 (33.5%) 67 (27.9%) 37 (52.9%) < 0.001
Smoking, n (%) 39(126%)  24(10.0%) 15(214%)  0.011
Previous CAD, n (%) 44(142%)  0(0.0%) 44 (629%) <0.001
Previous HF, n (%) 2584%)  0(00%) 25(357%) <0.001
Previous AF, n (%) 17(65%  0(00%) 17(24.3%) <0.001
s%"naw disease, 30(97%) 17(7A% 13(186%)  0.004
?(“/j)”'c kidney disease,  qg 1160 21(88%) 15(214%)  0.004
Dialysis, n (%) 310%)  3(12%) 0(00% 035
Cerebrovascular o o o
doease, o (%) 1548%)  9(38%) 6(86%  0.10
Cancer, n (%) 10(32%)  7(29%) 3@43% 057

AF, atrial fibrillation; BM, body mass index; CAD, coronary artery disease;
COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease;
HF, heart failure.
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Table 2 - COVID-19-related symptoms and supportive measures
according to history of previous cardiovascular disease*.

. N.° Previous
All patients previous CVD
CcVD
n=310 n=240 n=70 P value
E:sygtsm"esympmm 119493 11974865 11.62+11.44 079
Fever, n (%) 160 (58.2%) 126 (59.4%) 34 (54.0%) 044
Cough, n (%) 167 (60.7%) 133 (62.7%) 34 (54.0%)  0.21
Dyspnea, n (%) 195 (70.9%) 155 (73.1%) 40(635%)  0.14
Myalgia, n (%) 70 (255%) 58 (274%) 12(19.0%)  0.18
Sore throat, n (%) 17(62%)  12(57%) 5(7.9%) 051
Diarrhea, n (%) 29(105%) 24 (113%) 5(7.9%) 044
Headache, n (%) 3B5(127%)  29(137%)  6(95%)  0.38
Anosmia, n (%) 10(36%)  10@47%)  0(0.0%) 008
Chest pain, n (%) 19(6.9%)  15(7.1%) 4(63%) 084
Intensive care, n (%) 202 (65.2%) 158 (65.8%) 44(629%)  0.65
NIV, n (%) 51(165%)  34(14.2%) 17(243%)  0.045
Intubated, n (%) 142 (45.8%) 116 (48.3%) 26(37.1%)  0.10
Xjfz)press‘” drug, 60 (19.4%)  46(192%) 14(200%) 0.8

CVD, cardiovascular disease; NIV, non-invasive mechanical ventilation.
*Multiple imputation was used for 32 patients for whom data were missing
for days since symptom onset, fever, cough, dyspnea, myalgia, sore throat,
diarrhea, headache, anosmia, and chest pain (please see Methods for
details). **Described as mean + standard error.

troponin elevation) (20%), hemodynamic instability (18%),
suspected myocarditis (16%), suspected pulmonary embolism
(6%), clinically relevant arrhythmias (5%), and others (e.g.,
suspected pericardial effusion, endocarditis, syncope, and
cardioembolic source of brain stroke) (5%).

Table 3 shows the main TTE findings of the hospitalized
patients with COVID-19 according to history of previous CVD.
The most prevalent echocardiographic abnormalities were LV
hypertrophy (29%), pulmonary hypertension (25%), LV systolic
dysfunction (16.5%), RV systolic dysfunction (15.9%), grade I/
[l LV diastolic dysfunction (11%), and LV regional wall motion
abnormality (11%). Pericardial effusion (7%) and moderate to
severe valvular regurgitation (9%) were less common. None
of the patients had evidence of wall motion abnormalities
suggestive of stress-induced cardiomyopathy.

As expected, patients without CVD were less likely to
present TTE findings suggestive of abnormal LV structure
and/or function, including LV hypertrophy (25% vs. 45%,
p=0.001), LV systolic dysfunction (13% vs. 36%, p<0.001),
regional wall motion abnormalities (6% vs. 29%, p<0.001),
grade Il or IIl LV diastolic dysfunction (9% vs. 29%, p=0.03),
and pulmonary hypertension (22% vs. 36%, p=0.019), but
only 52% displayed a normal TTE findings. The frequency of
RV systolic dysfunction (13% vs. 25%, p=0.07) was similar
between patients with and those without previous CVD.
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When we analyzed only patients without previous pulmonary
disease, the frequency of RV systolic dysfunction was also
similar for patients with and those without previous CVD
(15% vs. 20%, respectively, p=0.45). Echocardiography
results changed clinical management in 25% of cases, mostly
triggering the initiation of therapy for heart failure, prescription
of anticoagulants, or referral for catheterization.

Discussion

In this multicenter registry, we found that abnormal
findings on TTE were relatively common among hospitalized
patients with COVID-19, even those without previous CVD.
Although individuals without CVD were less likely to present
echocardiographic findings suggestive of abnormal LV
structure and/or function compared to those with previous
CVD, roughly half of them displayed at least one abnormal
finding. LV hypertrophy and pulmonary hypertension were the
most prevalent abnormalities in the group without prevoius
CVD, followed by RV systolic dysfunction and LV systolic
dysfunction. In contrast, only 1 in 13 patients without previous
CVD had severe echocardiographic abnormalities.

Previous studies described echocardiographic findings
in patients with COVID-19, but the results have been
considerably heterogeneous. The prevalence of LV systolic
dysfunction, RV dysfunction, and RV dilation have ranged
from 5.4%'8t0 37.4%,° 3.6%"® to 33%,"° and 0% to 46.9%,?"
respectively. While most studies have identified RV dysfunction
and/or dilation as the most frequent echocardiographic
change,®7#%% others reported that LV systolic dysfunction was
more prevalent.’ 2 The contradictory results regarding the
prevalence and consequences of echocardiographic changes
among patients with COVID-19 have several caveats. Relatively
small samples, referral bias, differences in TTE protocols,
inaccurate definitions of echocardiographic abnormalities,
and differences in population characteristics, such as the
proportion of patients with previous CVD, may have led to
the wide-ranging conclusions about the cardiac manifestations
of COVID-19. Our study sheds light on the contribution of
previous CVD to the prevalence of echocardiographic findings
in patients hospitalized with COVID-19.

To mitigate referral bias, Szekely et al. systematically
performed TTE in 100 consecutive patients hospitalized
for COVID-19, 43% of whom had prior CVD. They found
that the most frequent abnormality was RV dysfunction/
dilation, while only a minority of patients (10%) presented
with LV systolic dysfunction.® In addition, COVID-19 patients
with myocardial injury or a worse clinical condition did
not demonstrate a significantly higher prevalence in LV
systolic function, but they had worse RV function than
patients without myocardial injury or with a better clinical
condition.® The high prevalence of RV dysfunction and small
proportion of LV dysfunction were also reported in other
smaller studies.”?2%* Although these studies did not analyze
differences according to the presence or absence of previous
CVD, our findings expand their research by confirming that
RV involvement is common and seems to affect patients
with versus without previous CVD similarly. As expected, LV
hypertrophy, systolic dysfunction, and diastolic dysfunction
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Table 3 - Echocardiographic findings of hospitalized patients with COVID-19 according to history of previous cardiovascular disease.

All patients No previous CVD Previous CVD

Parameter n=310 n=240 n=70 P value
LV hypertrophy, n (%) 91 (29.5%) 60(25.1%) 31(44.9%) 0.001
LV dilation, n (%) 38 (12.4%) 15(6.3%) 23(33.8%) <0.001
LV systolic dysfunction, n (%) <0.001
None 257 (83.4%) 213 (89.1%) 44(63.8%)
Mild 14 (4.5%) 8 (3.3%) 6 (8.7%)
Moderate 17 (5.5%) 8 (3.3%) 9(13.0%)
Severe 20 (6.5%) 10(4.2%) 10(14.5%)
LV diastolic dysfunction, n (%) <0.001
None 127 (41.0%) 116 (48.3%) 11(15.7%)
Mild 130 (41.9%) 93(38.8%) 37(52.9%)
Moderate 32 (10.3%) 21(8.8%) 11(15.7%)
Severe 3(1.0%) 1(0.4%) 2(2.9%)
Unknown 18 (5.8%) 9 (3.8%) 9(12.9%)
LV regional wall motion abnormality, n (%) 35 (11.4%) 15(6.3%) 20(29.0%) <0.001
RV systolic dysfunction, n (%) 0.07
None 259 (84.1%) 207 (86.6%) 52(75.4%)
Mild 24 (7.8%) 17(7.1%) 7(10.1%)
Moderate 13 (4.2%) 9 (3.8%) 4 (5.8%)
Severe 12 (3.9%) 6 (2.5%) 6 (8.7%)
Pulmonary hypertension 0.019
None 229 (75.1%) 185 (78.4%) 44(63.8%)
Mild 44 (14.4%) 33(14.0%) 11(15.9%)
Moderate 28(9.2%) 16(6.8%) 12(17.4%)
Severe 4 (1.3%) 2(0.8%) 2(2.9%)
Moderate to severe valve regurgitation, n (%)
Aortic 4 (1.3%) 1(0.4%) 3 (4.4%) 0.011
Mitral 13 (4.3%) 6 (2.5%) 7(10.3%) 0.005
Tricuspid 11 (3.6%) 5(2.1%) 6 (8.8%) 0.009
Pericardial effusion, n (%) 22 (7.1%) 16 (6.7%) 6 (8.6%)

CVD, cardiovascular disease; LV, left ventricular; RV, right ventricular.

were more common in patients with previous CVD, partially
reflecting the higher prevalence of cardiovascular risk factors
and pre-existing cardiovascular conditions. In contrast,
nearly 11% of patients without CVD presented LV systolic
dysfunction, which may reflect a COVID-19-related de novo
LV impairment. Echocardiographic parameters that identify
myocardial damage earlier and more accurately than the
traditional parameters, such as two-dimensional LV or RV
global longitudinal strain, have been less used in the context
of COVID-19 due to the recommendations for the use of
focused examination protocols that minimize the healthcare
worker exposure time to infection. Studies that assessed LV
systolic function with global longitudinal strain detected a
higher proportion of patients with LV dysfunction than those
that used LVEF.2*

Pulmonary hypertension was less common in patients
without CVD than in those with prior CVD, but the frequency
of RV systolic dysfunction was similar between the two
groups. Interestingly, when only patients without previous
pulmonary disease were evaluated, the frequency of RV
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systolic dysfunction was also similar for patients with versus
without previous CVD. In addition, RV systolic dysfunction
appeared to be more frequent than LV systolic dysfunction
in patients without previous CVD. The development of RV-
related changes in COVID-19 may be the consequence of a
myriad of phenomena that affect the lungs, such as hypoxia,
inflammation, acute respiratory distress syndrome, pulmonary
microvascular thrombosis, pulmonary thromboembolism, and
mechanical ventilation.

As major efforts by the scientific community aim to
mitigate the severe health consequences of the COVID-19
pandemic, it becomes challenging to balance the use of
echocardiography to provide high-quality medical care
without excessively increasing the risk of cross-infection
between healthcare professionals and patients. There is a
relative lack of prospectively collected data regarding the
prevalence and extent of cardiac findings in patients with
severe COVID-19. Our results increase the understanding
of which parameters of cardiac function are most frequently
abnormal in patients with severe COVID-19 according

Arq Bras Cardiol: Imagem cardiovasc. 2021;34(4):eabc256



Barberato et al.

Results from the Brazilian Echocardiography Registry During the COVID-19 Pandemic (ECOVID)

Original article

to the history of previous CVD using real-world national
registry data. It is important to emphasize that the presence
of cardiac dysfunction is independently associated with
worse prognosis in patients with severe COVID-19.%)
TTE evaluations should be considered in patients with
COVID-19 and suspected cardiovascular complications
to characterize the underlying cardiac substrate, for
risk stratification, and to potentially guide management
strategies.?® In patients with acute clinical deterioration,
focused (or complete, if necessary) TTE may help in clinical
decision-making in a significant proportion of scenarios. On
the other hand, its indications should be based on critical
consideration of the benefits to patients, contamination risk
for healthcare personnel, and use of the limited personal
protective equipment.

Our study has some limitations that deserve attention.
First, the echocardiographic measurements were performed
by local investigators without confirmation by a core
lab. Nevertheless, all echocardiograms were performed
by experienced physicians who followed international
guidelines. Second, abnormal findings may have been
overestimated due to referral bias, as the echocardiograms
were performed at the discretion of the attending physician.
Third, 36 of 310 patients were diagnosed with COVID-19
based on clinical and imaging data, but no RT-PCR testing
was performed. All “probable” cases were included at the
very beginning of the pandemic in Brazil, at which time
many hospitals still did not have sufficient tests. Finally,
although we described the TTE findings in patients without
previous CVD, we still cannot rule out whether these cardiac
abnormalities were pre-existing; thus, our results should be
interpreted with caution.
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Conclusions

Among hospitalized patients with COVID-19,
echocardiographic findings of abnormal cardiac structure
and/or function were less common among those without
previous CVD. RV systolic dysfunction appeared to affect
patients with and those without previous CVD similarly, even
those without previous pulmonary disease. TTE findings were
normal in just over half of the patients without previous CVD. If
properly indicated, TTE can provide useful information for the
clinical management of critically ill patients with COVID-19.
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Abstract

Introduction: Echocardiography is a diagnostic tool that is increasingly used in clinical practice in different medical scenarios;
however, the preventive (PM) or corrective maintenance (CM) care and processes for this equipment are still poorly standardized.
To describe the maintenance process currently implemented for echocardiographic equipment (ECHO) in a medium-sized
laboratory in a tertiary-level public teaching hospital. The description of the process includes damage characterization and MP
and MC implementation.

Methods: This wasa descriptive and exploratory single-center observational study. Data on the maintenance process of echocardiographic
equipment were obtained from electronic files from the hospital’s equipment management system between 2003 and 2018.

Results: Together with the description of the equipment maintenance process, the ten most common types of malfunctions were
identified, including software (23.8%), parts (23.1%), and power outage and accessory damage (13.8%). The implementation of
the PM process significantly decreased the maintenance costs (USD 44,472.10 vs USD 25,807.59, p = 0.029). Even after the MP,
the CM costs related to transesophageal echocardiography equipment (TEE) (USD 7,789.17) were higher than those with other
equipment modalities (USD 3,184.37 for transthoracic echocardiography equipment (TTE) and USD 1,813.00 for stress testing).

Conclusion: The maintenance process for ECHO equipment was described. ECHO equipment damage has high costs,
especially in special modalities such as TEE. PM significantly reduced maintenance costs.

Keywords: Cardiac function; Cardiovascular disease; COVID-19; Echocardiography; SARS-CoV-2

Resumo

Introducao: A ecocardiografia é uma ferramenta diagnéstica de crescente utilizagao na pratica clinica, aplicada a diversos cendrios médicos.
Os cuidados e os processos de manutengao preventiva ou corretiva dos equipamentos sao ainda pouco padronizados. O objetivo do presente

estudo foi descrever o processo de manutencdo atualmente aplicado a equipamentos ecocardiogréficos em um laboratério. Descrever o
processo inclui a caracterizagao de danos e aplicagbes de manutengao preventiva ou corretiva.

Meétodos: Estudo observacional descritivo e exploratério realizado em centro tnico. As informagdes de dados do processo de manutencao de
equipamentos ecocardiogrdficos foram obtidas de arquivos eletrénicos do sistema de gestao de equipamentos de um laboratério de médio
porte de um hospital publico de nivel tercidrio com caracteristicas de ensino, no periodo de 2003 a 2018.

Resultados: Foram identificados dez tipos de avarias mais comuns, como dano a programas (23,8%), pecas (23,1%) e relacionadas a queda
de energia e de acessorios (13,8%). Apbs a implementacao do processo de manutengdo preventiva, houve significativa redugao dos custos de
manutengées (US$ 44.472,70 versus US$ 25.807,59; p= 0,029). Mesmo apds a manutengao preventiva, os custos de manutengao corretiva
em equipamentos aplicados a ecocardiografia transesofdgica (US$ 7.789,17) foram maiores que aqueles a equipamentos aplicados a outras

modalidades (US$ 3.184,37 em ecocardiografia transtordcica e US$7.813,00 em estresse).

Conclusao: O processo de manutencdo de equipamentos ecocardiogréficos foi descrito. Danos a equipamentos ecocardiogréficos estao
relacionados a altos custos, principalmente naqueles aplicados a modalidades especiais, como ecocardiografia transesofagica. As manutengoes
preventivas reduziram significativamente os custos de manutencao.

Descritores: Ecocardiografia; Manutencao de equipamento; Manutencao corretiva; Manutengdo preventiva; Engenharia biomédica.
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Introduction

Echocardiography is an essential noninvasive diagnostic
imaging method, which is widely used in several medical
settings. Clinical applications of echocardiography include
transthoracic, transesophageal, intraoperative, and intracardiac
examination using several techniques, including two- and
three-dimensional imaging, tissue Doppler, myocardial
deformation analysis, and use of microbubble contrast agents.
Echocardiography requires a complex set of skills, not only
clinical but also related to image acquisition and use of
technologies embedded in equipment and software'.

The life cycle of these machines should be monitored
by a Biomedical Engineering (BE) department of the health
service?*. BE actions include maintenance processes
(administrative, preventive, and corrective)>®, as well as
managing costs related to the equipment®'°. Healthcare costs
include those related to medical equipment. Administrative
systems to control equipment costs and their useful life are
essential in health units, especially hospitals'’. The cost
calculation in hospitals is a comprehensive task, which
should consider the diversity of the services provided'?,
and requires cost system delimitation and an efficient
information system. Greater complexity is found in university
hospitals'®, as they are also responsible for training health
professionals. Product life cycle costing'*'* allows managers
to anticipate the costs of a product throughout each phase
of its life cycle, especially in the planning phase. Decision-
making improves in hospitals when based on the product
life cycle concept.

In the current study, we describe the maintenance process
currently implemented for echocardiographic equipment
(ECHO) in a medium-sized laboratory in a tertiary-level public
teaching hospital. The impact of preventive maintenance (PM)
implementation by BE in this health service was also evaluated.

Method

This was a descriptive, observational, exploratory study on
ECHO equipment processes and maintenance costs in the
periods before and after PM implementation.

Study site and sample

The study was conducted at the Echocardiography
Laboratory of the Cardiology Center at HCFMRP-USP Campus,
which is under maintenance care of the BE center from the
same hospital. The sample included all ECHO equipment that
was available at the Cardiology Costs Center and registered
as HCFMRP-USP campus unit assets from 2003 to 2018.
Equipment that, although in use during the study period, was
excluded in the laboratory asset system was excluded because
the lack of records in the BE center made it impossible to track
its maintenance activities.

Ethical aspects

As this study involves medical equipment and administrative
processes and non-human subjects, it was exempt from
submission to the Research Ethics Committee of the institution,
according to resolution 466/12 (Appendix 1).
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Data collection process

The maintenance processes used in the laboratory, as
well as the tools, applied costing system, and equipment life
cycle were retrospectively analyzed from 2003 to 2018. The
data were collected by consulting the operations files of the
hospital’s equipment management system database through
OS documents. Information related to (1) equipment, (2)
maintenance processes, and (3) costing systems were analyzed,
and the variables are described in Table 1.

The study variables were breakdown time (time of
equipment use, even with some restriction); breakdown
time for accessories (time in which the equipment was out
of use due to lack of accessories); application by equipment
(if the equipment was used for transthoracic tests [TTE],
transesophageal tests [TEE], or stress testing); preventive
service orders (SO) (internal maintenance service by the
BE center); corrective SO (maintenance performed by the
manufacturer); and incorporation costs (equipment acquisition
costs, converted into dollars)

Cost analyses considered the US dollar (USD) as base
currency (converted according to the average exchange value
for the year). The analyses were performed at two different
times, pre- and post-implementation of PM for each piece
of equipment.

Statistical analysis

Continuous variables are expressed as the mean and
standard deviation or median and confidence interval, and
categorical variables are expressed as count and percentage.
Comparisons between means or medians between groups
were performed using the paired t-test for normal distributions
or non-parametric tests. Correlation analyses between
continuous variables were performed using the Pearson
correlation test using GraphPad Prism software (v 8.4.3).
Significance was considered when p < 0.005.

Results

Ten pieces of equipment (study group) available in the
equipment park of the hospital’s Echocardiography Laboratory
were analyzed from 2003 to 2018 (15 years). Two pieces of
equipment were excluded from the analysis due to lack of asset

Table 1 - Description of the variables used to measure the equipment
characteristics, maintenance processes, and costing systems.

Equipment SO Costs
List of equipment Total SO Incorporation cost
Portability Total corrective SO Corrective SO costs
Date of acquisition/incorporation Total preventive SO  Preventive SO costs

Costs by type of
failure or application

Time of use (years)

Breakdown time (months)
Downtime for accessories (months)
Type of failure
Equipment application
SO: Service order, BEC: Biomedical engineering center.
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records (equipment acquired with research funds). During the
study period, the Echocardiography Laboratory had 90% of its
routine in TTE, 5.5% in stress tests, and 4.5% in TEE. All pieces
of equipment were used for TTE, three of them were also used
for TEE, and one was also used for stress testing (Figure 1).

The equipment was identified by the name and model
by replacing these characteristics with a simple sequential
numbering from 1 to 8. The equipment characteristic variables
are described in Table 2.

As for the number of SO per equipment, eight pieces had a
higher prevalence of internal OS, with an average of 10.35 per
device compared to external SO (average of 4.12 per device).

Characteristics, such as time of equipment, showed wide
variation (2-16 years), with an average of 7.5 years, while
three pieces of equipment were used for more than 10 years.
Table 3 presents the equipment characteristics by the time of
use until the moment of analysis, downtime, damage costs,
and incorporation value.

The most frequent malfunctions and their respective costs
were software (23.8%, USD 6,356.06), part (23.1%, USD
94,003.95), power outage (USD 557.66), accessory (USD
4,233.24) (both 13.8%), and transducer damages (12.3%,
USD 45,347.40) (Table 4 and Figure 2).

The description of cost percentages by the type of damage
is shown in Figure 3. The CM costs were USD 44,472.10
before PM and USD 25,807.59 after PM, with a significant
difference (p = 0.029). Similar patterns were observed with
regard to equipment downtime, which was 128.31 months
before and 32.23 months after PM (p = 0.048) (Figure 4).

There was a correlation between CM costs and the time of
equipment use (r = 0.84, p = 0.008) (Figure 5).

Even after implementing PM, the CM costs were higher
for the equipment used for TEE (USD 7,789.17) compared
to the other modalities (USD 3,183.37 for TTE and USD
1,813.00 for stress testing) (Figure 6). The analysis of the types
of damage specifically to transducers (both transthoracic and
transesophageal) showed that the most frequent damage was
caused by cable fracture (two events), unknown cause (five
events), membrane damage (two events), damage to color
flow mapping function (one event), and damage to angulation
buttons (one event).

Discussion

The maintenance and life cycle description process of
ECHO equipment involve incorporation, damage detection,
and cost assessment. This process was characterized in
the Echocardiography Laboratory of a tertiary teaching
hospital. ECHO equipment damage is significant, not only
to transducers and internal parts, but also to accessories and
operating software. CM-related cost can be minimized by
implementing PM in the maintenance process.

Medical equipment breakdown is a serious problem
for healthcare institutions. In addition to economic losses,
equipment downtime for repair leads to healthcare loss for a
significant number of patients, negatively impacting their health
whether due to delayed diagnosis or therapeutic actions'.

Public institutions have additional aggravating factors,
such as impact on outpatient testing schedules, which
are often already long. Additionally, equipment repair
procedures can be bureaucratic and involve problems
related to the scarcity of budgetary resources. Additionally,
the characteristics of maintenance companies mean that
often parts or software are not replaced immediately, since
these products may be imported.

This study identified and categorized malfunctions related
to echocardiographic equipment. In current systems, not
only are malfunctions in parts and transducers or accessories
important, but also those related to software malfunction.

Table 2 - Ultrasound equipment characteristics.

Equipment inche:;rZ:ion Application Portability
1 2017 TTE + TEE Yes
2 2017 TTE + TEE No
3 2008 TTE No
4 2007 TTE No
5 2012 TTE + STRESS No
6 2014 TTE + TEE No
7 2014 TTE No
8 2003 TTE Yes

TTE: Transthoracic echocardiography, TEE: Transesophageal echocardiography.

s TTE + TEE
msssm TTE + STRESS

e TTE

Transthoracic echocardiography (TTE),
Transesophageal echocardiography (TEE)

Figure 1 - Number of devices per application.
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Table 3 - Downtime and costs.

Time

Costs

Maintenance until December

Equipment Use (years)  Downtime (months) 2018 (USD) Preventive maintenance (USD) Incorporation value (USD)

1 2 0 0.00 0.00 28618.75

2 2 5 40.53 0.00 79010.63

3 1" 474 22389.46 318.91 36629.38

4 12 1.5 10722.75 417.16 43636.74

5 7 50.7 16026.89 210.00 91050.85

6 5 16.6 10479.70 132.39 43638.99

7 5 9.2 484.25 359.34 40528.81

8 16 20.6 37738.90 0.00 60483.97

Table 4 - Costs by type of damage (units in USD).
Equipment ~ Outage Software Parts Transducer Parts cleaning Software reconfiguration Accessories
1 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0
3 9.78 1352.58 14301.69 48.91 304.60 70.28 1008.75
4 148.35 2663.61 5252.75 17.37 6.25 21.65 682.33
5 0 56.79 31033.53 19855.39 25.80 60.14 1083.66
6 318.30 0 134.18 10849.73 0 11.14 32.25
7 81.23 0 0 14564.87 0 0 494.60
8 0 2283.08 43281.10 11.13 4.49 0 931.65
12.3% : ® Software
y @ Parts

Power outage
@ Accessory
® Transducer
@ Other damages

Figure 2 — Most frequent types of malfunctions to echocardiography devices.

This type of software damage can be related to sudden power
outages. In theory, equipment manufacturers do not usually
provide a “back-up” of their operating software. Thus, the
necessary actions to correct these damages may need to be
external, that is, company calls. Recognizing this dynamic and
its frequency, the hospital’s biomedical engineering center
(BEC) recently opted for backing up some operating systems
when possible. This may have reduced the need for external
SO, and, consequently, decreased costs in an amount that this
study cannot quantify.

Part cleaning malfunctions are related to insufficient
cleaning of the equipment and the air filter used to cool
its internal components which generates heat. The lack
of cleaning can generate other larger and more complex

Arq Bras Cardiol: Imagem cardiovasc. 2021;34(4):eabc258
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malfunctions with higher costs, such as software malfunction.
The use and frequency of cleaning protocols are preventive
actions for this type of damage.

Some of the malfunctions identified in this study were
classified as malfunctions due to “misuse”, i.e., those that
may have been caused by damage resulting from incorrect
use of the equipment, identified by lack of training or lack
of user knowledge. In a teaching hospital with several users
with different experience levels, this type of malfunction
can be significant. Actions such as thorough training and
implementation of usage protocols can reduce this occurrence.
In this study, much of the damage to transducers was either
incorrectly identified or incorrectly recorded in the SO
files. Some important types of damage recognized were
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@ Parts

@ Transducer

® Software

® Accessory

@ Other damages

Figure 3 - Costs (as a percentage of the total) incurred for malfunctions.
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Figure 4 - Costs incurred with CM before and after PM (A) and downtime before and after PM (B).
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Figure 5 - Correlation between maintenance cost and device usage time.

cable fractures and membrane ruptures. The membrane
is the structure that protects the piezoelectric crystals. This
piezoelectric material is delicate, expensive, and not always
repairable. Transducer maintenance is applicable in some
cases of cable, connector, and membrane damage, never with
the manufacturer, but with specific external companies, and
their replacement always generates high costs.

Page 5 of 7

<< SUMARIO

Few previous studies have performed a similar analysis, but
Souza et al.”® analyzed ten pieces of ultrasound equipment of
different brands and models in different departments, and, in
contrast to our findings, concluded that the highest proportion
of failures was in the transducers. The authors concluded that
this was a consequence of higher use in a specific department.
However, only four types of damage were listed in the study
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Transthoracic echocardiography (TTE),
Transesophageal echocardiography (TEE)

Figure 6 - Costs (gross amounts in USD) of corrective maintenance according to the application of echocardiography device per modality.

by Souza et al., including monitor defect, keyboard defect,
transducer defect, and other defects, and they did not consider
defects in operating systems, which, as described above, are
important causes of equipment downtime.

The main limitation of ultrasound equipment, including
echocardiography equipment, is the transducer. As they are
manageable, transducers are subject to repetitive movements
and, in some cases, to falls, and as a consequence, they
are more frequently damaged than other components of
echocardiography equipment.

This study also quantified equipment downtime, which
is proportional to equipment aging, as well as downtime
due to accessories. Accessory downtime specifically isolates
how long the equipment waited for the purchase or repair
of an accessory, such as electrocardiogram (ECG) cables or
transducers, even if it was still in use. The equipment itself may
have a longer downtime in case of other types of malfunctions.

This failure analysis must be interpreted based on the large
volume of procedures performed, many of them with patients
in bed, associated with the characteristic of tertiary-level
hospital and training to which this laboratory is linked. Other
studies, such as the one by Souza et al.'®, have demonstrated
a high breakdown incidence in departments with a high
number of professionals.

Our data show that the PM costs are much lower than CM
costs, as they are performed internally by the BEC itself. Still,
when analyzing the total costs for the group of equipment
analyzed, there is a significant difference before and after
the implementation of the internal PM process. Therefore,
low-cost actions, such as PM by the BEC, can immediately
and significantly impact the maintenance costs of an
Echocardiography Laboratory. CM was decreased after starting
the preventive process. This understanding, although already
applied to other areas of our institution, has not previously
had its impact quantified as in this study.

According to Bonacim'?, who studied the useful life of
radiology equipment, including ultrasound and others, the
analysis of CM costs is fundamental for decision-making regarding
the acquisition of new technologies. Hospital equipment CM
costs generally range between 9% and 11% of the equipment
acquisition cost, highlighting the importance of this analysis'.

Arq Bras Cardiol: Imagem cardiovasc. 2021;34(4):eabc258
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An analysis of equipment maintenance costs can guide the
administrator in making difficult decisions about equipment
deaccessioning, especially in an unfavorable economic
scenario. Deaccessioning decisions are of great importance
for any organization, as they are usually irreversible, and an
inappropriate decision can result in a large amount of money
being spent unnecessarily'.

This study showed high CM costs related to repairing
parts (the second largest cause of damage identified) in
echocardiography equipment. This commonly occurs
because the parts are not manufactured locally, and often
require importation.

Although transducer damage was only the fifth most
prevalent type, transducer damage repair costs rank second
in terms of cost ratio. Since a large part of this damage
to transducers was identified as cable fracture, the use of
transducer cable protectors, commercially available devices
that work as a rigid cover at the origin of the cables, can be
used to prevent this type of damage.

This study also showed that equipment CM costs are reduced
by almost 50% after the first PM. This demonstrates that PM
is important to predict possible problems that the equipment
may present in the future. PM should start with users’ awareness
and training in making the best use of the equipment, followed
by cleaning and care, and ending with PM itself, which is the
verification and testing of the equipment by the BEC.

Our data also showed a direct relationship between CM
costs and time of equipment use. Despite this relationship, there
is no definition of “expiration date” for an echocardiography
device, although some manufacturing companies suggest
5-10 years.

Considering the type of use or examination modality, the
maintenance costs for equipment used for TEE are significantly
higher. This is related to transducer costs in this modality,
which, as discussed above, are higher. Thus, Echocardiography
Laboratories that have this modality should foresee this higher
cost and consider probe redundancy so that the modality is
not frequently unavailable. Such information is important in
planning equipment purchase.

Knowing the CM costs of each piece of equipment allows
the identification of whether a piece of equipment is declining
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its useful life'* and supports the decision to replace them.
According to Manso'’, acquisition costs added to PM and
CM costs provide elements in determining the end of the life
cycle of the equipment.

This study presents some limitations. Although covering a
wide period, this study had a retrospective observational design,
based, therefore, on the collection of information filed in the SO,
which may lead to incorrect information. Additionally, during
the study period, some equipment analyzed was already at the
end of its useful life; therefore, the equipment did not have the
same lifetime. The data were collected from the years 2016—
2019, with some changes in the BEC maintenance flowchart
being added during this period, which may have generates an
analysis bias during the last years of this study.

Conclusion

The maintenance process of echocardiographic equipment
in a general tertiary teaching hospital was described. ECHO
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Non-Compacted Cardiomyopathy in Children and Adolescents: From
the Challenge of Echocardiographic Diagnosis to
Clinical Follow-Up

Miocardiopatia Nao Compactada em Criancas e Adolescentes: do Desafio do Diagnostico Ecocardiografico ao
Acompanhamento Clinico

Ana Flavia Malheiros Torbey "%, Ana Catarina Durdn Bustamante'?, Aurea Lucia Grippa de Souza'?,
Carmen Zampirole Brandao™? Luan Rodrigues Abdallah™?, Yves Pacheco Dias March e Souza'?,
Evandro Tinoco Mesquita’?

"Fluminense Federal University, Rio de Janeiro, RJ, Brazil. ?Ant6nio Pedro University Hospital, Rio de Janeiro, RJ, Brazil.

Abstract

Background: Non-compacted cardiomyopathy (NCCM) is characterized by hypertrabeculations and deep recesses in the left ventricle,
with a heterogeneous clinical presentation, ranging from asymptomatic patients to those with heart failure (HF), thromboembolic
events and arrhythmias with risk of sudden death. As it is rare and does not have well-defined diagnostic criteria, its natural history in
pediatrics is poorly understood. This study describes the clinical presentation and clinical course of patients with NCCM.

Methodology: Observational, longitudinal, prospective study of pediatric patients seen at a pediatric cardiology referral center
from metropolitan region Il in the state of Rio de Janeiro, with NCCM phenotype on echocardiogram (ECHO) during a 2-year
follow-up, from the ChARisMa registry.

Results: 6 patients aged 4 to 14, with NCCM, were analyzed. Mean age 7.5 years (SD: 3.93), 3 males (50%). The patients
presented HF (n=2), cardiac murmur (n=1), cardiac arrhythmia (n=1), were asymptomatic (n=1) or were under investigation
for a genetic syndrome (n=1). Phenotypes on ECHO: NCCM/dilated cardiomyopathy (n=1) and NCCM/restrictive
cardiomyopathy (n=1), isolated phenotype of NCCM (n=4). Cardiac magnetic resonance imaging was performed and
confirmed the diagnosis (n=4). The outcomes observed were thromboembolism, indication for heart transplantation, and
sustained ventricular tachycardia.

Conclusions:This case series provides relevant data for pediatric NCCM as it shows its heterogeneous clinical presentation and
potentially fatal complications. More prospective studies are needed for an accurate diagnosis and to allow its clinical course,
therapeutic response and prognosis to be better known.

Keywords: Cardiomyopathy; Heart failure; Children; Pediatrics.

Resumo

Fundamentos: Miocardiopatia ndo compactada (MCNC) caracteriza-se por hipertrabeculagoes e recessos profundos no ventriculo esquerdo,
com apresentacao clinica heterogénea, desde pacientes assintomaticos a insuficiéncia cardiaca (IC), eventos tromboembdlicos arritmias com
risco de morte subita. Por ser rara e ndo apresentar critérios diagnosticos bem definidos, sua histéria natural na pediatria é pouco conhecida.
Este estudo descreve a apresentacgao e evolugdo clinica de pacientes portadores de MCNC.

Metodologia: Estudo observacional, longitudinal, prospectivo, de pacientes pediétricos atendidos em um centro de referéncia em cardiologia
pedidtrica provenientes da regiao metropolitana Il do Estado do Rio de Janeiro, com fenétipo de MCNC ao ecocardiograma (ECO) no periodo
de 2 anos de acompanhamento, provenientes do Registro ChARisMa.

Resultados: Analisados seis pacientes com MCNC, de 4 a 14 anos de idade, média de idade de 7,5 anos (DP: 3,93), 3 do sexo masculino (50%).
Apresentando-se com IC (n=2), sopro cardiaco (n=1), arritmia cardiaca (n=1), assintomdtico (n=1) ou em investigacao de sindrome genética
(n=1). Fendtipos ao ECO: MCNC/Miocardiopatia dilatada (n=1) e MCNC/Miocardiopatia restritiva (n=1), fenétipo isolado de MCNC (n=4). A
ressondncia magnética cardiaca foi realizada, confirmando o diagnéstico (n=4). Os desfechos observados foram tromboembolismo, indicagao
de transplante cardiaco e taquicardia ventricular sustentada.
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Conclusoées: Esta série de casos proporciona dados relevantes da MCNC pedidtrica, mostrando a heterogeneidade da apresentacao clinica,
bem como a ocorréncia de complicagées potencialmente fatais. Sdo necessdrios mais estudos prospectivos para que seu diagnostico seja
corretamente realizado e sua evolugao clinica, resposta terapéutica e progndstico sejam mais bem conhecidos.

Palavras-chave: Cardiomiopatias; Insuficiéncia cardiaca; Crianca; Pediatria.

Introduction

Cardiomyopathies are a group of rare diseases in
childhood that, once diagnosed, are associated with high
morbidity and mortality rates'. With an estimated incidence
of 0.12 per 100,000 children under ten years of age,
non-compaction cardiomyopathy (NCM) is the third most
common pediatric CM, followed by dilated CM (DCM) and
hypertrophic CM (HCM)?34.

Also called left ventricular (LV) non-compaction, NCM was
first described in 1932 in a necropsy study of a newborn. In
1986, the first echocardiographic report characterized it as
spongy myocardium, and only in 2006 was it classified as a
primary genetic CM by the American Heart Association (AHA).
However, it remains a familial CM not classified by the European
Society of Cardiology (ESC)>*%. NCM is morphologically
characterized by a myocardium with trabeculations and
deep recesses that communicate with the ventricular cavity.
It occurs more frequently in the LV but can affect the right
ventricle and the interventricular septum as an isolated or
mixed phenotype (association with other cardiomyopathies,
congenital heart disease, and neuromuscular diseases)'°.
Its pathophysiology is still not completely understood, but an
embryogenetic failure in the myocardial layer compaction
leads to hypertrabeculation and the characteristic spongy
appearance. Different genetic changes controlling the
sarcomeric, cytoskeletal, and mitochondrial functions have
been described in NCM patients'.

NCM can occur at any age, with a very heterogeneous
clinical presentation ranging from asymptomatic patients to
heart failure (HF), thromboembolic events, arrhythmias, and
sudden death?®°. Different echocardiographic and magnetic
resonance diagnostic criteria have been proposed by different
authors, hindering an accurate diagnosis*®'°.

Given its rarity, heterogeneous etiology and clinical
presentation, and absence of universal diagnostic criteria, NCM
is not well known by pediatricians and causes a diagnostic
challenge for pediatric cardiologists and echocardiographers.
This study aims to describe the clinicodemographic
characteristics and presentation phenotype of pediatric NCM
patients treated at a reference center in pediatric cardiology.

Methods

This was an observational longitudinal prospective study of
pediatric patients seen at a pediatric cardiology referral center
with NCM phenotype on echocardiography (ECHO). These
patients were part of the ChARisMA Study (Children and
Adolescent Registry in Myocardites and CArdiomyopathy),
which consists of a registry of patients with different myocarditis
and CM phenotypes diagnosed before the age of 19 years from
the Metropolitan Region Il of the State of Rio de Janeiro,
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which covers seven municipalities: Itaboraf, Maricd, Niterdi,
Rio Bonito, Sao Gongalo, Silva Jardim, and Tangua.

The echocardiographic criterion for diagnosing the patients
was the one described by Jenni, including a compaction-non-
compaction layer ratio > 2 measured at the end of systole,
with color Doppler showing the presence of blood filling from
the ventricular cavity in the deep recesses, presence of several
trabeculations, and absence of structural cardiac malformations'.
All ECHO images were reviewed by a second experienced
examiner. Cardiac magnetic resonance imaging (CMRI) was used
to confirm the echocardiographic diagnosis of NCM.

The patients underwent the most recent CM classification
endorsed by the World Heart Federation, the MOGE(S)
classification, which stands for Morphofunctional, Organ
involvement, Genetic or familial, Etiology, and Stage, and
was developed to describe the multiple characteristics
of cardiomyopathies'. The variables studied were age at
diagnosis, sex, phenotype on ECHO, clinical presentation,
and family history. The outcomes analyzed were development
of thromboembolic events, arrhythmias, HF development or
worsening, heart transplantation, and death.

This study was approved by the local REC (CAAE:
93874218.2.0000.5243), and guardians and participants
signed an informed consent and assent form as described in
resolution 466/2012.

Results

From March 2019 to September 2021, 32 patients were
included in the ChARisMA registry, six of whom had an
echocardiographic diagnosis of NCM, representing 18.75%
of the cases. These patients are still being followed up.

Of the six NCM patients, three were male (50%) and three
were female. The age at diagnosis was 4-14 years (mean, 7.5
years; median, 7; and standard deviation, 3.93). At the time of
diagnosis, two patients had HF, both with a mixed phenotype
on ECHO, one with NCM and DCM, and the other with NCM
and restrictive CM (RCM). The other cases (n = 4) presented
an isolated NCM phenotype on ECHO (Figure 1). The main
characteristics of this case series are shown in Table 1.

All patients underwent the MOGE(S) classification (Table 2),
which describes the phenotype, family history, etiology, and
clinical condition of the patient by HF functional class and staging.

Diagnosis was based on HF symptoms (n = 2) and physical
examination changes such as heart murmur and cardiac
arrhythmia — ventricular extrasystole (n = 2), one patient
underwent familial screening with the phenotype confirmed
on ECHO, and the other was confirmed in the context of
the possible associated malformations on genetic syndrome
investigation. CMRI performed in four cases confirmed the
ECHO diagnosis.
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Figure 1 - Two-dimensional echocardiogram of a patient with non-compaction cardiomyopathy. The arrows show the non-compaction layer with excess trabeculations

and the characteristic deep recesses at the left ventricular apex and free wall.

Table 1 - Clinical characteristics and progression of NCM patients.

Age at Functional

D Sex diagnosis Reason for class Phenotype 24-hour CMRI Observations Patient condition at the end of
(years) diagnosis (NYHA) on ECHO Holter throughout follow-up follow-up
Heart murmur Asymptomatic, functional class |
1 M 5 o be dlarified | NCM Nochanges  Yes  Absent (NYHA)
Family screening Asymptomatic, functional class |
2 M 9 (case 1's brother) ! NCM No  Absent (NYHA)
Pulmonary
thromboembolism,
3 F g feart i NCMRCM  \ooYT Yes functionalclasslV  Death
(NYHA), included in the
heart transplant list
4 F 14 Heartfailure I NcMRenm  ithout No  Absent Functional dlass || (NYHA),
changes medicated with carvedilol
Irregular rhythm
5 F 4 (ventricular | NCM VT Yes Sustained ventricular ~ Controlled arrhythmia after ablation
extrasystole on tachycardia and use of amiodarone.
ECG)
Screenmgl for Genetic diagnosis of
malformations Without 22913 microdeletion Functional class | (NYHA), hypotonia
6 M 4 associated with | NCM Yes 2% - Typolonta,
; changes confirmed (Phelan- global developmental delay
genetic syndrome .
McDermid Syndrome)

to be clarified

CMRI, cardiac magnetic resonance imaging; ECG, electrocardiogram; ECHO, echocardiogram; F, feminine; ID, identification; M, male; NSSVT, non-sustained
supraventricular tachycardia; NSVT, non-sustained ventricular tachycardia; NYHA, New York Heart Association; VT, sustained ventricular tachycardia.

The outcomes included arrhythmia on 24-hour Holter
monitoring: non-sustained supraventricular tachycardia
and non-sustained ventricular tachycardia and sustained
ventricular tachycardia (Figure 2). In addition to pulmonary
thromboembolism (PTE) in the case of a mixed NCM/RCM
phenotype that progressed with HF worsening, the patient
died after a 27-month follow-up despite drug optimization
and referral for heart transplantation.

Discussion

As a rare disease, little is known about the clinical
progression, prognosis, and treatment of pediatric NCM?23.
Its classification as a distinct CM remains controversial, being
defined as genetic primary CM by the AHA in 2006 but still

Page 30f 6

<< SUMARIO

Table 2 - The MOGES classification (Morphofunctional, Organ
involvement, Genetic or familial, Etiology, Stage).
Id MOGES
NC O H G E 0 S Bl
NC O H G E 0 S Bl
6] G E,S

H+C+Llu ~ U0~ D-IvV

OHGNEOSCfll

Undet

Undet

R+NC

D+NC

(S I N O
===

6 MNCOH+N+KG 2013de\eliunEGSB-\

E , without genetic testing; G ,, negative family history; G ., genetic
heritage undetermined; ID, patient identification;, M N non-compaction
cardiomyopathy; M ., restrictive and non-compaction cardiomyopathy; O,,
heart involvement; O ,,, ¢ heart, skin, and lung involvement; O uner
heart, neurological, and kidney involvement; S, New York Heart Association
functional classification (I-1V) and American College of Cardiology/American

Heart Association staging (A-D).
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Figure 2 — A 24-hour Holter monitor tracing showing sustained ventricular tachycardia in a patient with non-compaction cardiomyopathy.

being a non-classified CM by the ESC**7'3. More recently,
the MOCE(S) classification was developed from the need
to describe CM integrating multiple characteristics of the
disease. In addition to the morphofunctional phenotype (M),
it considers organ involvement (O), family inheritance pattern
or genetic basis (G) and etiology (E) (genetic or acquired), and
functional status (S) based on the ACC/AHA HF staging (A-D)
and the New York Heart Association functional class (I-V)"'*

Both main pediatric CM registries, the Australian one
(1987-1996) and the Pediatric Cardiomyopathies Registry
that included 98 centers in the United States and Canada
(1990-2008), report an NCM incidence of 9.2% and 4.8%
of all CM cases diagnosed in childhood, respectively*'. To
date, the literature has no pediatric records on this CM in Latin
America, only isolated case reports. Therefore, this case series
presents important pediatric NCM data in this environment.

Corroborating the literature, the case series studied shows
pediatric NCM heterogeneity from clinical presentation to
diagnosis ranging from asymptomatic patients to ventricular
arrhythmia and HF or in the context of genetic syndrome
investigation'3413-13,

HF is the most common clinical presentation of NCM'*
141617 50 the recognition of the several HF signs and symptoms
in children essential to its diagnosis'®. HF was also the main
clinical presentation in the described group of patients.

The diagnosis in asymptomatic patients remains debatable
since the presence of hypertrabeculation in the absence
of ventricular dysfunction could be considered only a
morphological characteristic as described in high-performance
athletes, pregnant women, and black people' . There is still
no available imaging method, genetic test, or histopathological
evaluation for the differential diagnosis of NCM and the
presence of physiological hypertrabeculation. In the present
study, 50% of the cases presented no cardiovascular symptoms,
but the fact that two patients had a positive family history and
one had a confirmed genetic disease diagnosis suggests that the
NCM phenotype is not just a physiological hypertrabeculation.
Therefore, the long-term follow-up of this group of patients
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with future assessments and family screening is essential?'2°.

Doppler ECHO is the main method for NCM diagnosis,
which is characterized by a myocardium with two layers,
one external and compact and the other internal and non-
compact, thick and with trabeculations and deep recesses
that communicate with the ventricular cavity and are often
located in the LV apex and free wall>'".

Accurate imaging diagnosis can be quite difficult due to
the overlap with other CM types such as DCM and even the
presence of normal LV trabeculations?'?2. In a prospective
study, Lilje et al. reported that NCM can be underdiagnosed.
Jurko et al. consider that the main reason for the late diagnosis
is the lack of physicians’ experience recognizing NCM'62",

Several authors proposed different diagnostic criteria using
two-dimensional ECHO (Jenni et al., Chin et al., Stollberger
et al.)""#2* or CMRI (Petersen et al. and Jacquier et al.)*?°,
which prevents a universal consensus for diagnosis. In addition,
healthy people may present with increased trabeculations
and meet these criteria, which makes it necessary to clarify
whether asymptomatic patients are in a preclinical phase of
CM or just show a variation of normality*'*%”.

These criteria are based on the relationship between
the compaction and non-compaction layers; however, they
differ regarding the time of the cardiac cycle in which the
measurement must be performed®. The criterion proposed
by Jenni'" consists of a ratio greater than two at the end of
systole, being the most frequently used in studies available in
the literature*?*?°. Neme et al. highlights the importance of
techniques such as real-time 3D ECHO and speckle tracking
in understanding this CM*. CMRI contributes to the diagnosis,
especially when the ECHO is uncertain and the ratio between
the compaction and non-compaction layers greater than 2.3
has a sensitivity of 86% and a specificity of 99% (Petersen
criterion)*?'. In addition to confirming the diagnosis, imaging
studies are essential for phenotype categorization (mixed
or isolated) and the determination of systolic and diastolic
function, providing the physician with necessary information
on its clinical progression and treatment®'.
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In the present case series, two patients could not undergo
CMRI, and only the Jenni’s ECHO criterion was used"
associated with the family history and clinical presentation.
These patients had a positive family history or HF signs and
symptoms, and hypertrabeculation was characterized as NCM,
not just as a physiological condition. As imaging methods do not
determine the NCM pathognomonic sign, the Rotterdam criteria
were proposed to differentiate pathological NCM trabeculations
from the physiological trabeculations found in athletes, Afro-
descendants, and long-term hypertensive patients. This criterion
consists of clinical evaluation combined with ECG, ECHO/
CMRI, family history, and genetic evaluation?.

The most frequent NCM phenotype in children is the non-
isolated form, which presents concomitantly with other CM or
congenital heart disease (mixed phenotype) or associated with
genetic syndrome, neuromuscular disease, or inborn error of
metabolism??. The North American and Australian registries
showed that the most common phenotype was mixed, with
NCM/DCM of 58.7-93%, followed by NCM/HCM (11%). The
association with RCM is very rare*'. An anatomopathological
study by Marques et al."® showed that ventricular septal defect is
the congenital heart disease most commonly associated with NCM.
On the other hand, this case series presented a predominance of
the isolated form, corroborating the study by Jurko et al.".

No specific drug or surgical therapy strategy has been
successfully introduced for NCM. However, the use of a beta-
blocker or an angiotensin-converting enzyme inhibitor can lead
to favorable LV remodeling®'2°. A case report by Redondo et al.
described an important improvement in refractory HF after use
of the phosphodiesterase-5 inhibitor (sildenafil) in a six-year-old
boy32. Patients with a mixed phenotype or associated systemic
condition should undergo targeted therapy?'32%33,

Once NCM is diagnosed, patients should be closely
monitored for possible complications and ventricular function
deterioration. Imaging tests such as ECHO and CMRI, ECG,
24-hour Holter monitoring, and exercise stress testing should
be performed whenever possible to rule out exercise-induced
arrhythmia®?. Arrhythmias should be treated according to the
established clinical protocols®. One of the cases presented here
progressed with sustained ventricular tachycardia for which
the patient underwent ablation and remains free from new
episodes of arrhythmia during the follow-up period.

Effort is needed to determine whether anticoagulation or
prophylactic antiplatelet therapy is justified and beneficial in
children?3. If cardiac function deteriorates despite optimized
drug therapy, the viable option is heart transplantation. In
North America, 4% of pediatric patients listed for heart
transplantation are diagnosed with isolated NCM?2.

A study by Lofiego et al. of a cohort of adult patients
demonstrated that disease presentation at diagnosis can
determine the prognosis*. Asymptomatic patients have a better
prognosis than those with HF or VT, even children with an isolated
NCM phenotype have better clinical progression’*'3141¢_ This
also occurred in this case series, in which patients with mixed
phenotypes (NCM/DCM and NCM/RCM) still required HF
treatment in addition to presenting complications such as PTE,
indication for heart transplantation, and death.

In the study by BRESCIA et al.’®, being less than 12 months of
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age at diagnosis, LV systolic dysfunction, and ventricular arrhythmia
were considered risk factors for death or heart transplantation. A
systematic review by van Waning et al.* reported that children
have a more severe presentation than adults.

Childhood cardiomyopathies have an important and
heterogeneous genetic substrate in their etiology derived
from multiple mutations in several genes. Variants in the same
gene can cause different phenotypes and systemic changes
that commonly affect organs other than the heart. More
than 40 monogenetic and chromosomal defects have been
described in the NCM population, with different inheritance
patterns (autosomal dominant, autosomal recessive, and
X-linked). NCM is a common finding in Barth syndrome, an
autosomal recessive X-linked disease with mutation in the
tafazzin (TAZ) gene on chromosome Xq28; it is also found
in inborn errors of metabolism such as glycogen storage
disease type 1, decarboxylase deficiency, and cobalamin C
deficiency and associated with aneuploidies (Turner syndrome
or trisomy 13, 18, and 21), copy number variations (22q11
and 1p36 deletion), neuromuscular disease (Duchenne and
Becker dystrophy), mitochondrial diseases, and other genetic
syndromes (Soto, Marfan, and RASopathies)*32.

Due to the genetic characteristic of NCM, family screening
must always be performed using ECHO, with a possible
early phenotypic diagnosis in asymptomatic patients.
About 25-50% of patients with NCM have a positive family
history?1415:28:29353¢_Genetic studies should also be encouraged
despite the difficult access and numerous ethical issues
involved in the genetic diagnosis of asymptomatic patients?.
According to a study published by van Waning, genetic causes
have a worse prognosis in pediatric than adult patients, and
NCM more commonly has a genetic cause when diagnosed
in children, especially those younger than one year of age®.
Although genetic investigations were not conducted in all
cases analyzed, family screening identified one case of NCM
(brother) and one of a 22q11 microdeletion.

The use of the MOGE(S) classification in the studied
cases proved useful in gathering fundamental characteristics
requiring addressing in patients with cardiomyopathies, such as
a morphofunctional phenotype, involvement of other organs
and systems, family history, genetic changes, and clinical status
through HF functional and staging classification, providing
better understanding of the disease >33,

Conclusions

This case series provides relevant data on pediatric
NCM, showing heterogeneous clinical presentation and the
occurrence of potentially fatal complications. A limiting factor
of the study is its small number of patients. More prospective
studies are needed to ensure that NCM is correctly diagnosed
and its clinical progression, therapeutic response, and
prognosis are better known.
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Coronary-Cavitary Fistula of the Circumflex Coronary Artery to the
Left Atrium as a Probable Etiology of Heart Failure: A Case Report

Fistula Coronario-Cavitaria da Artéria Coronaria Circunflexa para o Atrio Esquerdo como Provavel Etiologia de
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Abstract

Coronary artery fistulas have a low incidence and are
often diagnosed by echocardiography or coronary computed
tomography angiography, although coronary angiography
is the gold standard. They commonly originate in the right
coronary artery, with drainage to low-pressure chambers
being the most frequent finding. Treatment can be expectant,
surgical, or percutaneous. This report describes a case of a rare
presentation of heart failure due to a fistula of the circumflex
coronary artery with drainage into the left atrium.

Introduction

Coronary fistulas (CF) are direct connections from one or
more coronary arteries to cardiac chambers or great vessels.’
They originate from the right coronary artery in up to 50% of
cases and from the left anterior descending artery in 42% of
cases. Drainage usually occurs into low-pressure chambers,
most commonly the right ventricle (41%), right atrium (26%),
or pulmonary artery (15%-17%).> Congenital anomalies are
more prevalent than acquired anomalies, being found on up
to 0.2% of routine coronary angiographies.’

Most patients are asymptomatic, but they can present
with fatigue, dyspnea on exertion, palpitations, and angina.
Continuous heart murmurs can be heard.'?

The complementary electrocardiography findings are usually
normal, although they may present characteristics of left atrial
overload and ischemic changes. Diagnosis is usually made
by echocardiography, especially when the involved coronary
artery is dilated or in the presence of high-output coronary
flow. Coronary computed tomography angiography and cardiac
magnetic resonance have been increasingly used for anatomical
assessments, but coronary angiography is the gold standard for
diagnosis, showing important anatomical details for treatment.?

Management remains controversial; however, surgical
or percutaneous closure is recommended for symptomatic
patients or cases of significant shunts.>*
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Case report

A previously hypertensive 79-year-old man with
permanent atrial fibrillation and heart failure with a reduced
ejection fraction but no defined etiology was admitted
with unstable bradycardia for permanent pacemaker
implantation. Echocardiography performed to investigate the
heart failure showed a 78-mm left atrium, 10-mm septum,
10-mm posterior wall, 65-mm end diastolic diameter, 40%
left ventricular ejection fraction, mildly hypokinetic right
ventricle, moderate secondary mitral regurgitation, severe
tricuspid regurgitation, and 60 mmHg pulmonary artery
systolic pressure. A thrombus was visualized in the left atrial
appendage. No fistulous tract was evidenced, probably
because a fistula was not suspected at that time.

Coronary angiography revealed non-obstructive lesions
with no indications for intervention. The injection of contrast
into the left coronary artery suggested a mass in the region
corresponding to the left atrium (no contrast uptake inside),
with extravasation of intracavitary contrast medium (“cigarette
smoke” sign) from the circumflex artery (Figures 1 and 2).

Complementary coronary computed tomography
angiography showed a thrombus in the left atrial appendage
in addition to mild left atrial hyperattenuating signs adjacent to
the proximal/middle portion of the circumflex artery (Figure 3).

Discussion

CF was first described in 1886, and the first successful
surgical correction was performed in 1947.# Its incidence
among congenital heart diseases is low, totaling only 0.2%—
0.4%, with the congenital origin being more common than
the acquired one.!

Epidemiologically, right CFs are the most frequent
(50%—70% of cases), but they may also occur in the left
coronary artery or both arteries.” Drainage usually occurs
into low-pressure chambers. Thus, communication with the
right chambers has a higher incidence, 39%-41% for the right
ventricle, 26%-33% for the right atrium, and 15%-20% for
the pulmonary artery. In contrast, fistulas to the left ventricle
are very rare, with an incidence of only 3%."?

A CF can lead to coronary artery dilation due to increased
flow and pulmonary arterial hypertension, blood shifting from
the left to the right, congestive heart failure, and myocardial
ischemia due to coronary steal phenomenon, thrombosis, or
fistula aneurysm.?

The patient’s clinical condition depends on the magnitude
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Figure 1 - Coronary angiogram showing left anterior oblique caudal projection (spider). The arrows indicate the ascending branches in a halo communicating with
the left atrium.

Figure 2 - Coronary angiogram showing a right anterior oblique cranial projection. The arrow indicates the communication of the circumflex artery with the left atrium
(“cigarette smoke” sign in a halo around the thrombus).

AE, left atrium; AO, aorta; CX, circumflex artery .

Figure 3 - Coronary computed tomography angiogram. The arrow indicates the presence of a fistula communicating between the proximal/middle portion of the
circumflex coronary artery and the left atrium.
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of blood flow through the fistula as well as its location.
Most carriers are asymptomatic, but the most common
clinical presentation is heart failure or dyspnea on exertion.
Continuous, superficial, and intense heart murmur in the
classic location of a persistent ductus arteriosus may be a
finding on physical examination. It can also present as clinical
signs of angina due to a decreased coronary flow reserve
caused by “leakage flow.”"?*

The differential diagnosis of coronary arteriovenous fistula
includes conditions that dilate the coronary arteries, the
presence of collateral vessels, and a continuous heart murmur,
such as a patent ductus arteriosus, ruptured sinus of Valsalva
aneurysm, or pulmonary fistula.?

Fistulas can be diagnosed by echocardiography with
the visualization of a dilated coronary artery or by Doppler
evaluation of the fistula itself. Imaging tests such as coronary
computed tomography angiography and cardiac magnetic
resonance imaging can play a significant role in the diagnosis and
definition of the therapeutic strategy for this pathology. However,
coronary angiography is the method of choice for diagnosis,
although some details of the relationship between the fistula
and other structures may not be visualized with this technique.?

Spontaneous fistula closure is very rare, although cases
have been described. Small asymptomatic fistulas require
no treatment and are followed up for complications.
The guidelines of the American College of Cardiology and
the American Heart Association recommend closing fistulas
larger than 250 mm regardless of symptoms and addressing all
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symptomatic fistulas, including cases of myocardial ischemia,
arrhythmia, ventricular dysfunction, and endarteritis. The
fistula can be closed using a percutaneous transcatheter
approach or surgery.®

In the present case, the main etiological hypothesis of heart
failure was defined as the coronary—cavitary fistula, probably of
congenital origin, due to the intracavitary flow that generated
continuous blood volume overload in the left chambers and
subsequent remodeling of the right cavities with consequent
biventricular dysfunction. Surgery was suggested but then
discarded due to the high surgical risk and the patient’s fragile
status. Percutaneous intervention was also discarded due to
the high risk of left atrial thrombus embolization at that time;
thus, oral anticoagulants and subsequent clinical follow-up
was chosen.
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Ecocardiograma com Strain Longitudinal do Ventriculo Esquerdo e Handgrip: Ferramenta Util na Sala de

Emergéncia para Deteccao de Isquemia
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Introduction

Acute coronary syndrome is among the greatest diagnostic
challenges for emergency room physicians. Non-invasive
imaging tests such as echocardiography (ECHO) are useful in
the etiological diagnosis of chest pain. In cases of suspected
ischemia, when electrocardiography (ECG) and myocardial
necrosis markers (MNM) are inconclusive, ECHO can be
performed at the time of pain or immediately after." The use of
advanced techniques such as myocardial deformation analysis
(strain) provides greater accuracy in identifying the coronary
artery disease territory.?

This report describes a case of a patient with chest pain
without segmental changes on initial ECHO in the emergency
room. Significant coronary artery disease (CAD) changes were
evident on additional tools (handgrip, strain, and postsystolic
peak) as showed on the subsequent coronary angiography.

Case report

A 49-year-old hypertensive man with a family history of
early CAD was admitted to the emergency room with tight
chest pain at rest that had started one day prior. ECG showed
sinus rhythm and negative T waves in V2 and V3, a sign
compatible with subepicardial ischemia in the anteroseptal
wall (Figure 1A).

Bedside ECHO showed normal-sized cardiac cavities and
preserved left ventricular (LV) myocardial contractility, an LV
ejection fraction (LVEF) of 63% (Simpson’s method), and an LV
global longitudinal strain (GLS) at rest of -197% with a reference
value < -18% (Figure 2A). After the handgrip maneuver,
LV dilatation, hypocontractility of the apical segments and
anteroseptal wall, and a GLS decrease to -12.8% were noted,
with greater involvement in the hypocontractile segments and
the presence of post-systolic contraction (Figures 2B and 3).

Coronary angiography showed a 70% obstructive lesion in
the proximal third of the anterior descending coronary artery,
which was treated with a pharmacological stent (Figure 1B).
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Discussion

In the context of chest pain, a resting ECHO allows the
assessment of the heart structure, segmental and global function
of the ventricles, cavity size, valve anatomy, and pathologies that
justify the patient’s symptoms, including pericardial effusion,
hypertrophic cardiomyopathy, aortic stenosis, aortic dissection,
deficient segmental changes, and others.?

Ischemia is diagnosed by ECHO through segmental
contractility analysis. However, the method has limitations
when used alone, mainly since it is examiner-dependent,
which requires experience to ensure a more accurate
diagnosis.® Therefore, the 2020 European guideline for acute
coronary syndrome without ST-segment elevation suggests
the use of ECHO associated with more accurate techniques
such as speckle tracking for the diagnosis of ischemia in stable
patients, with non-diagnostic ECG, negative MNM, and the
absence of regional contractility disorders, as it presents
high sensitivity and specificity for the test (86% and 73%,
respectively, for GLS values < -18.8 % - recommendation
class I, evidence level B).2

The analysis of strain by ECHO is used as a quantitative
method for diagnosing ischemia, as it assesses the muscle
fiber deformation of each segment, which is arranged into
three layers: subepicardial, mesocardial, and subendocardial.
The fibers of the subendocardial layer, the most susceptible
to ischemia, are arranged longitudinally, so the GLS here is
expected to be the most sensitive for the evaluation of ischemic
segments as it is the first to change.”** In addition, strain on
ECHO can be a marker of myocardial fibrosis, enabling the
diagnosis of post-ischemic myocardial scarring.* The 2019
positioning on ECHO indications for adults suggests GLS
calculation using the existing diagnostic algorithms and risk
classification in patients with suspected coronary disease as
recommendation class lla, evidence level B.®

In addition to the peak systolic value of the strain, evaluation
of the post-systolic contraction peak, consisting of continued
contraction of the myocardium after aortic valve closure, is
also used. This finding is frequent in conduction disorders
or regional myocardial dysfunction, especially in myocardial
ischemia or stunned myocardium. Itis rarely found in healthy
people, but with a low magnitude and preserved GLS.°

Postsystolic contraction occurs in the isovolumetric relaxation
phase, a metabolically active process dependent on energy use.
An ischemic myocardium presents incompatibility between
reduced production and increased energy consumption, with
overlapping of the late systolic contraction and isovolumetric
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Figure 1-A: Electrocardiogram taken on admission. B: Coronary angiography showing a 70% obstructive lesion in the in the proximal third of the left anterior descending

artery (arrow).

Figure 2 - A: Initial left ventricular global longitudinal strain showing preserved values. B Left ventricular global longitudinal strain after handgrip maneuver showing
reduced values and better definition of the coronary territory of the anterior descending artery.

relaxation. Therefore, strain curve analysis associated with other
post-processing findings improves the diagnosis of CAD.®

In acute coronary syndrome, the strain is highly feasible
and quick to determine, and it can be done before coronary
angiography to aid in more questionable cases of severe
lesions, enabling greater diagnostic accuracy and the
identification of patients who can benefit from reperfusion
therapy. The test can also exclude major coronary lesions
in patients with non-diagnostic ECG findings and negative
biomarkers." The literature also showed that GLS is a better
predictor of adverse cardiovascular events in old infarcts than
the LVEF and LV wall motion score index.”

Stress ECHO aims to diagnose obstructive lesions with
hemodynamic repercussions when the myocardium is
subjected to stress, whether physical or pharmacological,

Arq Bras Cardiol: Imagem cardiovasc. 2021;34(4):eabc238
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with dobutamine being the most commonly used drug in
clinical practice.>® By increasing heart rate (HR), inotropism,
and oxygen demand, hypoperfused areas of the myocardium
become hypocontractile. The method has an established role
in chest pain patients with a low probability of acute CAD
after an observation period without ECG and marker changes,
which also have a prognostic role in the evaluation of ventricular
function at rest and under stress, cavity dilation, development
of dysfunction diastolic, right ventricular dysfunction etc.*

The handgrip is a safe complementary technique to
dobutamine stress ECHO that can also help diagnose ischemia.
Simple to perform, it consists of isometric muscle contraction
and increases systolic blood pressure and HR through
increased peripheral vascular resistance and sympathetic
nervous system activation.®* In CAD, such hemodynamic

Page 20f 4



Freitas et al.
Left Ventricular Longitudinal Strain Echocardiogram and Handgrip

Case Report

Post-systolic index

Figure 3 - Left ventricular global longitudinal strain demonstrating the late post-systolic peak.

changes increase the myocardial oxygen requirement and
can induce ischemia if the coronary flow reserve is reduced.
Therefore, the handgrip test can be associated with diagnostic
methods for ischemia.'®

Data on handgrip applicability in the context of emergency
chest pain and on strain evaluation during the maneuver are scarce
in the literature. Some studies show discrepancies in the method’s
sensitivity when associated with pharmacological stress. Protocols
using handgrip associated with a vasodilator pharmacological
stressor with 50% of the maximum grip strength resulted in an
increase of 25% in the method's sensitivity, while using 25% of the
maximum strength resulted in a 7% sensitivity increase.'

The use of handgrip alone is not routine in our emergency
room service. However, its practical performance and
confirmation with the deformation measures enables a safe
diagnosis and quick referral to interventional treatment.
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Therefore, the incorporation of this technique associated
with strain variables may improve diagnosis due to its early
implementation on emergency room admission and relevant
information for managing this patient profile.
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Importance of Imaging Methods for Diagnosing Constrictive
Pericarditis Versus Restrictive Cardiomyopathy

Importancia dos Métodos de Imagem para o Diagnostico de Pericardite Constritiva Versus Cardiomiopatia Restritiva

Débora Pereira Galvéas Negri*?, Patrick Ventorim Costa'?, Mateus Oliveira Potratz'?, Carina Massariol

Belinassi'?, Fernando Luiz Torres Gomes'

'Cassiano Anténio de Moraes University Hospital, Federal University of Espirito Santo, Vitéria, ES; 2Unimed Vitdria Hospital, Vitéria, ES, Brazil.

Introduction

Constrictive pericarditis (CP) is a challenging differential
diagnosis of chest pain in a cardiac emergency. This is the case
report of a patient who presented with a seven-day history of
chest pain for whom the possibility of calcified pericarditis was
suggested due to changes on chest X-ray. After referral to a
specialized cardiology service, transthoracic echocardiography
(TTE) and cardiac magnetic resonance (CMR) showed that
the case was compatible with CP, which required surgical
management. From chest X-ray to CMR, all imaging tests
proved crucial for confirming the suspected diagnosis and
defining the treatment.

Case report

A 41-year-old woman born in the state of Minas Cerais and
living in Espirito Santo was transferred to the emergency room
of a tertiary hospital with the complaint of a seven-day history
of progressive and continuous stabbing retrosternal chest pain
without irradiation. The patient denied dyspnea, but dyspnea

on exertion began on the fifth day of the pain. She denied any
previous comorbidities or the use of continuous medications.
As arisk factor for cardiovascular diseases, she reported being
a smoker (25 packs per year) and having a positive family
history (her father had a stroke at age 60 years).

In the previous seven days, the patient had visited the
health service four times and was released without a diagnosis
upon receiving treatment for her symptoms. During emergency
room visits, acute coronary syndrome was ruled out due to
the absence of myocardial necrosis marker changes. In the last
evaluation, changes compatible with pericardial calcification
were noted on a chest X-ray (Figure 1) for which the patient
was referred for specialist evaluation at a tertiary hospital. The
patient was admitted with normal vital signs and cardiac and
respiratory auscultation findings. The hypothesis of pericardial
disease was raised after an evaluation of the complaint of chest
pain refractory to the use of dipyrone and tramadol.

During the hospitalization, the patient underwent TTE to
assess the clinical chest pain condition associated with the

Figura 1 - Chest X-ray.
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findings suggestive of pericardial calcification on the chest
X-ray. The test showed biatrial enlargement (indexed left atrial
volume, 37 mL/m2; right atrial volume, 36 mL/m2), respiratory
transmitral flow variation (Figure 2) with an E/A ratio of 1.4, a
septal e” wave at a tissue Doppler of 14.1 cm/s, and a lateral
e” wave of 12.9 cm/s, findings suggestive of annulus reversus
and marked anomalous septal bounce breathing (Video
1). The left ventricular ejection fraction was 69%, but the
longitudinal strain was reduced at -15%, with more negative
values on the septal wall and fewer negative values on the
lateral and anterior walls (possible wall movement restriction
due to possible pericardial adhesion). The right ventricle (RV)
showed dilation and contractile dysfunction (S 8.7 cm/s).
The inferior vena cava was dilated with an estimated size of
2.3 cm and no respiratory variation. Analysis of the hepatic

vein flow evidenced an end-expiratory retrograde/antegrade
flow ratio of 1.04. Thus, the TTE findings corroborated the CP
criteria (Table 1). At the time, no respirometer was available
for the analysis.

In addition to the findings already described, the pericardium
was apparently thickened with several hyperrefringent points
related to the free RV wall and the inferolateral wall, with
posterior acoustic shadowing suggestive of calcification.

CMR was performed to better define the anatomical
calcification and plan the surgical approach by evaluating
the best areas to be resected. We noted asynchronous septal
bounce movement (Video 2), biatrial enlargement, RV
systolic function at the lower limit with signs of external RV
compression, and a pericardial thickness greater than 4 mm.
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Figura 2 — Imagens pré pericardiectomia. (A) Variagdo respiratéria do fluxo mitral de 37%. (B) Variagéo respiratoria do fluxotricispide de - 38%. (C) Relagdo do fluxo
expiratério da veia hepatica no final da diastole sobre o fluxo anterégrado > 0,8. (D) Velocidade de e’ lateral de 12,9 cm/s e e” medial de 14,1 cm/s (Annulus Reversus).
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Video 1 - Ecocardiograma transtoracico com movimentagdo anomala do septo interventricular (septal bounce).

Table 1 — Characteristics of constrictive pericarditis versus restrictive cardiomyopathy (included).

Constrictive pericarditis Restrictive cardiomyopathy
Pericardium Abnormal Normal
Myocardium Normal Abnormal myocardial strain
Atria Normal or augmented Augmented
Septal bounce Present Absent
Mitral valve on TTE Transmitral flow velocity > 25% with respiratory variation Normal mitral valve flow velocity
Tissue Doppler on TTE Normal diastolic relaxation Reduced diastolic relaxation
Annulus reversus on TTE Present Absent
Global strain Globally preserved with lateral reduction versus septal Globally decreased without significant regional
heterogeneity

TTE: transthoracic echocardiography.

Video 2 - Ressonancia magnética cardiaca com presenga de septal bounce.

There was a high amount of calcium around the heart,
especially in the posterior wall.

Laboratory tests were requested to investigate possible
rheumatologic disease, but the results were negative. Due
to the relationship between tuberculosis and calcified
pericarditis, an investigation was conducted with the purified
protein derivative tuberculin test, which was positive (19 mm).

During hospitalization, the patient’s pain continued despite
optimized analgesia. Her condition was resolved when she
underwent pericardiectomy. The material extracted from
the surgical procedure was referred for histopathological
evaluation, which showed moderate chronic inflammatory
infiltrate and chronic fibrosing inflammation with multiple
foci showing dystrophic calcification. Due to the infectious
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condition, the indicated postoperative tuberculous pericarditis
treatment was rifampicin, isoniazid, pyrazinamide, and
ethambutol associated with corticosteroids, and the treatment
was completed after six months.

Unfortunately, echocardiograms performed about one month
and one year after the pericardiectomy showed no reversal of
the pericardial constriction pattern, a persistent prominent

septal bounce, mitral and tricuspid respiratory variations, and
annulus reversus. Strain values worsened compared to the
initial values (-12.8%) (demonstrated in Figure 3), which can
be attributed to endocardial movement restriction, especially in
the lateral LV wall, due to intense pericardial involvement in this
area, although the patient presented no other episodes of chest
pain, hospitalization, or complications and complained only of

ANT-SEp

Figura 3 - Imagens pos pericardiectomia. (A) Manutengéo do " Annulus Reversus". (B) Manutengéo das variagdes respiratorias de 35% do fluxo mitral e -33% do fluxo
tricuspide. (C) Redugéo do strain longitudinal global, principalmente parede lateral. (D) Manutengéo da relagéo do fluxo expiratério da veia hepética no final da diéstole

sobre o fluxo anterogrado > 0,8 e da dilatagéo da veia cava inferior.
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dyspnea on great exertion. Such sustained echocardiographic
finding may occur in cases of pericardiectomy with incomplete
pericardial resection.

Discussion

CP is pericardial hardening that impairs the diastolic filling
of the ventricles with a subsequent increase in systemic venous
pressures and a low cardiac output. It is generally a slow
process that develops over three to 12 months and can occur
after any pericardial disease process: viral infection, post-
cardiac surgery, post-radiotherapy, connective tissue diseases,
other infections (tuberculosis or purulent pericarditis), or even
more uncommon causes (malignancy, trauma, drug induction,
asbestosis, sarcoidosis, or uremic pericarditis)."?

CP rarely develops when acute pericarditis is adequately
and effectively treated. Likewise, the drainage of pericardial
effusions — particularly postoperatively — apparently reduced
the likelihood of chronic CP2

Clinically, the patient may present with right heart failure
(HF), with a predominance of peripheral edema and anasarca.
Chest pain complaints are present in only a small portion
of patients. On physical examination, Kussmaul’s sign,
paradoxical pulse, and cardiac auscultation with pericardial
knock (protodiastolic sound) are common findings.>*

An electrocardiogram reveals no pathognomonic signs for
the diagnosis. It is possible to find nonspecific S-T segment
and T wave changes. Chest X-ray findings are highly suggestive
of CP when correlated with the clinical condition of right HF
and signs of calcification around the heart. Also, CP due to
tuberculosis has a high incidence of calcification.??

Pericardial calcification can occur in the absence of CP,
but it is usually less dense and irregularly distributed on
an X-ray. It is important to differentiate CP from restrictive
cardiomyopathy, as these conditions may present with similar
clinical and hemodynamic findings but require different
treatments. Thus, to define whether there is a constrictive
pattern, additional imaging is needed.?

The echocardiogram is an important test used to define the
CP pattern. Diagnostic findings include interventricular septum
deviation that changes with breathing (septal bounce); diastolic
flow reversal in the hepatic veins during expiration and
normal or increased septal e~ wave velocity on tissue Doppler
(>8 cm/second). These three findings have a sensitivity of
87% and specificity of 91%.>° Other changes are respiratory
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variations greater than 25% in mitral flow velocity and greater
than 40% in tricuspid flow, polar strain map with greater
sidewall, and reduced annulus reversus (transmitral e~ wave
greater than lateral e” wave).>*

CMR is usually the method of choice after echocardiography
for CP assessments. The diagnostic accuracy of magnetic
resonance imaging (MRI) is greater than 90%, but its main
advantage is the ability to differentiate CP from restrictive
cardiomyopathy. The presence of pericardial thickening > 4
mm on MRI differentiates CP from restrictive cardiomyopathy
with 88% sensitivity and 100% specificity. It also shows better
anatomical definition of the calcification, which improves
surgical planning in cases of pericardiectomy.®®

Other CMR findings are biatrial enlargement, dilatation
of the inferior vena cava and hepatic vein, tubular-shaped
ventricles, interventricular reversed septal curvature (RV
diastolic dilatation sign related to its impaired filling), and the
presence of pericardial delayed enhancement (post-contrast
phase) suggestive of inflammation.?

After defining the diagnosis of CP it is essential to assess the
disease stage to determine treatment. In initial cases without
hemodynamic compromise but with early diagnosis, treatment
can be based on the use of anti-inflammatory agents. In cases
refractory to initial treatment, late diagnosis, or the presence
of systemic symptoms with hemodynamic compromise,
pericardiectomy is the indicated treatment.>”

Finally, laboratory tests and electrocardiography have
nonspecific CP findings. On the other hand, the findings
of cardiac calcification on chest X-rays (easily available
in emergency services) associated with signs of right HF
can be considered a starting point for clinical suspicion.
Complementary tests such as TTE and CMR are essential for
differentiating between restrictive cardiomyopathy and CP,
making them important for its differential diagnosis, treatment,
and prognosis.’?
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Case Report

Rare Incidental Finding on Coronary Artery CT Angiography: Left

Main Coronary Artery Atresia

Achado Raro Incidental em Angiotomografia de Artérias Coronarias: Atresia do Tronco da Coronaria Esquerda

Maria Eduarda Menezes de Siqueira’, Mayra Isabel Dias’, Ana Claudia Vincezi Raudan Uski’,

Luciano Figueiredo de Aguiar Filho'
'Santa Catarina Hospital, Sdo Paulo, SF Brazil

Introduction

Congenital left main coronary artery atresia (CLMCAA) is a
coronary anomaly in which the left coronary ostium or trunk
is absent. The anterior descending (AD) and circumflex (CX)
arteries are usually connected and proximally end blindly.’
Left chamber perfusion is provided by the right coronary (RC)
collaterals. It is the rarest coronary anomaly, with fewer than
70 cases described in the literature.? The clinical CLMCAA
spectrum ranges from asymptomatic cases (due to an efficient
collateral system) to symptoms such as angina, tachyarrhythmias,
syncope, and sudden death.>* Surgical revascularization is
recommended in symptomatic patients; however, preventive
surgical treatment is controversial in asymptomatic patients
without inducible myocardial ischemia."

Case report

A 51-year-old man was referred for coronary artery
computed tomography (CT) angiography to investigate atypical

chest pain. The patient denied known cardiovascular risk
factors. The test was performed in a 320-channel CT scanner
(Aquilion One/Prism, Canon) and demonstrated CLMCAA.
The AD and CX arteries were connected at their origin at
the base of a blind fundus (Figure 1A, red arrow). Blood flow
entered the left coronary tree through a collateral branch of
the arterial cone with independent origin in the RC sinus,
which anastomosed in the middle segment of the AD artery
(Figure 1B, white arrow). There was no evidence of coronary
atherosclerotic disease (CAD) or stenosis. Dipyridamole
myocardial resonance showed no show ischemia or fibrosis.
Clinical management was chosen.

Discussion

The CLMCAA clinical diagnosis can be neglected due to the
wide range of symptoms. Pediatric patients show symptoms at
an early age (syncope, dyspnea, sudden death, growth failure,
infarction, ventricular tachycardia) and adults begin to show
symptoms (angina, dyspnea, sudden death) at an older age'.

Figure 1-A. Three-dimensional reconstruction of a coronary artery CT angiogram demonstrating left main coronary artery atresia (red arrow). Figures A and B. Collateral

circulation from the right coronary artery to the left circulation (white arrow).
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Anomalous Left Coronary Artery; Tomography; Abnormality, Heart.
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Symptoms occur when collateral circulation from the right to
the left coronary artery does not meet the cardiac metabolic
needs, thus causing ischemia. Acquired coronary artery
trunk (CAA) atherosclerotic occlusion has similar clinical and
angiographic signs; however, in cases of true CLMCAA, the
coronary arteries usually have no CAD and/or stenoses."

CLMCAA should also be differentiated from single
coronary artery (SCA). Although the RC provides the entire
coronary circulation in both conditions, in CLMCAA, the
left artery perfusion is retrograde and centripetal (from the
periphery to the center); in SCA, the blood flow is centrifugal
from the center to the periphery. Anatomically, CLMCAA is
characterized by the absence of a left main trunk, which
sometimes can be rudimentary, while a normal CAA is
evident in SCA cases.”

CLMCAA is generally an isolated anomaly, but it may be
associated with other congenital defects such as bicuspid
aortic valve, supravalvular aortic stenosis, pulmonary stenosis,
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and ventricular septal defect.® Noninvasive coronary CT
angiography enables the diagnosis with excellent evaluation
of the anatomy, collateral artery network, and associated
coronary disease. As previously described, symptomatic cases
or those with proven ischemia demand surgical management
by myocardial revascularization. Graft patency is uncertain and
requires careful follow-up.? As it is extremely rare, CLMCAA
management guidelines are lacking for it.
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Case Report

Young Patient with Chagas Disease Presenting Initially as Acute
Chest Pain and Treated for Acute Coronary Syndrome

Paciente Jovem com Doenca de Chagas, Apresentando como Sintoma Inicial Dor Toracica Tipica e Aguda,
Entrando em Linha de Cuidado para Sindrome Coronariana Aguda

Jakson Ferreira Neto', Dannyl Roosevelt de Vasconcelos Lima', Pedro Vinicius Amorim de Medeiros Patriota’, Joao
Helbert Costa e Silva’, Anténio Marconi Leandro da Silva’, Anderson da Costa Armstrong’

Federal University of Vale do Sdo Francisco, Petrolina, PE, Brazil.

Introduction

Chagas disease, a chronic and endemic condition in 21
countries within the Americas, affects approximately 6 million
people.” The northeast region has always been particularly
important for the disease. According to data from the
Mortality Information System (Sistema de Informagao sobre
Mortalidade), between 1980 and 2007, Brazil registered
156,224 deaths from Chagas disease; of them, 20,472 were
in the northeast region and 3,144 occurred in Pernambuco.?

Classic symptoms of Chagas disease can include chest
pain, commonly typical for angina. Records of Chagas patients
usually relate typical acute anginal pain to superimposed
coronary artery disease. However, microcirculation disease
has also been suggested as a chest pain trigger.> Despite the
high prevalence of Chagas heart disease in inland northeastern
Brazil, coronary artery disease remains the main cause of heart
failure and acute coronary syndromes.

This report describes a rare presentation of a neglected
disease with a high regional prevalence. Thus, it reports the
clinical condition and complementary tests of a young patient
who presented with typical and acute anginal chest pain who
entered the line of care for acute coronary syndrome.

Case report

Our patient was a 38-year-old man, a high-voltage
electrician commonly working in rural areas inland within
the northeast region and living in an urban area with good
sanitary conditions, with hypertension and type 2 diabetes.
The patient was admitted to the emergency room complaining
of severe oppressive retrosternal pain triggered by exertion
and associated with vertigo that started seven hours before
admission. He reported experiencing a similar condition in
the previous week with lower intensity that was triggered by
exertion and improved with rest. He presented no significant
changes on clinical examination.
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A care line for acute coronary syndrome was defined,
with an electrocardiogram (ECG) on admission showing
no changes and high-sensitivity troponin testing negative
(Figure 1). Transthoracic echocardiography showed a slightly
increased left atrial volume (36 mL/m?), preserved right
ventricular (RV) size and systolic function, tricuspid annular
plane systolic excursion (TAPSE) of 22 mm, borderline left
ventricular (LV) size and function (diastolic, 56 mm:; systolic, 39
mm; indexed LV mass of 104 g/m?; and left ventricular ejection
fraction [LVEF], 56%), and no identifiable contractility changes.

Low-risk unstable angina was suspected. A noninvasive
stratification performed by myocardial perfusion scintigraphy
(Figure 2) showed hypoperfusion in reversible stress at rest in
the anterior (mid and apical), lower (mid and basal), and LV
apex segments. During the physical stress phase, the patient
reported mild intensity retrosternal chest pain at peak effort
and gradual relief during recovery. A subsequent coronary
angiography showed no obstructive lesions in the epicardial
coronary arteries (Video 1 and 2).

Cardiac magnetic resonance (CMR) (Figure 3 and Video 3)
showed left atrial enlargement, an increased LV size, and mild
global dysfunction (LVEF of 48%) with an area of dyskinesia in the
apex and diffuse hypokinesia predominantly in the inferolateral
wall. The presence of trabeculation was noted in the apical region
with an aspect of non-compacted myocardium (NCM) and an
NCM/compacted myocardium (MC) ratio of 3.04 in the lateral
(apical) segment. Perfusion changes were noted at rest in the
inferolateral wall along with an endocardial pattern of delayed
enhancement occupying about 50% of the lateral segment
(apical) and > 50% of the inferolateral segments (mid and basal).

Serology for Chagas disease by the chemiluminescence
method was positive and confirmed by indirect
immunofluorescence at a titration of 1:80. Finally, the patient
was diagnosed with chest pain due to Chagas heart disease.
Medical anamnesis usually attributes epidemiologically
suspected Chagas disease to living in a mud house. However,
in endemic areas, the risk of exposure can be occupational,
as in the case described here.

Discussion

Diabetes and hypertension, as in the case reported here,
significantly increase a patient’s risk of coronary artery
disease due to its potential severity and high prevalence. In
Brazil, ischemic heart disease is the leading cause of death,
accounting for 31% of cardiovascular deaths.* Typical acute
pain as the first presentation of Chagas heart disease is rare.
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Figure 1 - Electrocardiogram performed during emergency care.
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Video 1 - Right Coronary Artery.
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Video 2 - Left Coronary Artery.

Figure 3 — Cardiac magnetic resonance image. (A) Two-chamber steady-state free precession cine image showing trabeculation and apical aneurysm (with a glove
finger appearance); (B) Three-chamber steady-state free precession cine image showing trabeculation in the inferolateral myocardium; (C) Steady-state free precession
cine imaging of the left and right ventricular short axis (apical section) showing trabeculation with a non-compacted myocardium/compacted myocardium ratio > 3.0; (D)
short-axis delayed enhancement showing an area of fibrosis.

Video 3 - Cardiac Magnetic Resonance Imaging (CMR) showing an enlarged LA, increased LV dimensions, mild global dysfunction, with an area of dyskinesia in the
apex and diffuse hypokinesia.
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Cardiac changes in Chagas disease include tapered
ventricular walls, biventricular enlargement, apical aneurysm,
and mural thrombi, which may progress with signs of perfusion
defects. The findings are possibly explained by the occurrence
of microthrombus formation associated with microcirculatory
spasms, endothelial dysfunction, and increased platelet activity.?

Chest pain, commonly atypical, may be present in patients
with Chagas disease. Conditions similar to those of angina pectoris
can occasionally occur, being apparently related to microvascular
changes including microthrombus formation, microcirculatory
spasm, endothelial dysfunction, and increased platelet activity.’
Microcirculatory changes seem to amplify the inflammatory
process and cause myocardial ischemia, although the subepicardial
coronary vessels usually show no significant obstructions as
reported here.> Microcirculation changes commonly cause
myocardial hypoperfusion in some areas naturally irrigated by
fewer coronary branches, which are more prone to aneurysm
formation in the apical and posterior-basal LV walls.®

CMR enables an accurate morphofunctional analysis
that can be very informative, even in cases in which the
echocardiographic image is inconclusive. It has great value in
the detection of changes in ventricular geometry, such as the
glove finger aneurysm (apical ventricular), a typical finding
of Chagas cardiomyopathy.” More recent studies highlight
the potential of CMR to detect myocardial fibrosis regions
in patients with Chagas cardiomyopathy and be a potentially
valuable tool for these patients in the noninvasive risk
prediction of sudden death, even in those with a preserved
LVEF?® The pattern of fibrotic involvement varies, with the
presence of diffusely distributed, focal, and even transmural
involvement simulating an area of fibrosis usually seen in
myocardial infarction due to obstructive coronary disease
as reported here.’
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A pattern similar to that of NCM has been reported for
Chagas heart disease.' Some characteristics are important
to differentiating the etiology of myocardial involvement,
including the presence of apical aneurysm (common in
Chagas cardiomyopathy but unlikely in non-compaction)
and the presence of transmural or epicardial fibrosis
(more common in NCM, while in Chagas disease, the
fibrosis tends to be subendocardial and adjacent to the
trabeculation).

In the case reported here, the presence of this pattern of
fibrosis that lacked a direct correlation with the typical acute
chest pain on admission but was associated with the other
CMR findings (more typical of Chagas heart disease) suggests
that the myriad of findings are, in fact, related to changes
resulting from Chagas disease.

In this case report, a young patient with previously
unknown Chagas heart disease presented with unusual
acute coronary syndrome. These findings confirm the
need to consider the diagnosis of Chagas disease in cases
of chest pain with consideration of the epidemiological
profile of the region.
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Case Report

Third Recurrence of Cardiac Myxoma in a Carney Complex Patient

Terceira Recorréncia de Mixoma Cardiaco em Paciente com Complexo de Carney
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Introduction

Primary cardiac tumors are an uncommon entity with an
incidence of 0.3-0.7%." Most primary cardiac neoplasms are
benign, with cardiac myxoma (CM) being the most prevalent
type.>?® Patients with CM may present symptoms due to
embolic phenomena or intracardiac blood flow obstruction
for which the treatment is surgical resection.** Postoperative
tumor recurrence occurs in up to 3% of cases; however,
when myxomas are part of an underlying genetic syndrome,
the recurrence rate can reach 22%.° The main syndrome
associated with this recurrence is the Carney complex (CNC).”
First described in 1985 by J. Aidan Carney, CNC is defined
as an extremely rare autosomal dominant genetic syndrome
with main clinical characteristics including skin pigmentation,
heart myxomas, and endocrine neoplasms.®

Case report

A 44-year-old woman with a history of adrenalectomy
20 vyears prior for adrenocorticotropic hormone (ACTH)-
independent Cushing’s syndrome in the context of primary

pigmented nodular adrenocortical disease (PPNAD) and total
thyroidectomy for thyroid carcinoma 19 years prior. At that
time, facial lentiginosis lesions were identified; considering the
associated findings described above, CNC was hypothesized.
Transthoracic echocardiography (TTE) showed no evidence of
intracardiac tumors, and her family history was unremarkable.

Ten years after being lost to follow-up, the patient returned
with dyspnea on exertion. TTE showed a mass inside the
right atrium (RA) with characteristics of atrial myxoma (AM)
(Figure 1). The patient underwent surgical resection of the
tumor, and histopathological analysis confirmed AM. Genetic
testing due to the suspected CNC showed germline mutations
in the PRKARTA gene, corroborating the diagnosis.

The patient completed a two-year clinical follow-up,
underwent a control TTE that showed a new AM, this time
in the left atrium (LA), and underwent a new successful
surgery. However, after the hospital discharge, she was lost
to subsequent follow-up.

In February 2020, seven months after the last surgery,
the patient was admitted to the emergency department
for ischemic stroke that resulted in motor aphasia. In the

Figure 1 - Four-chamber transthoracic echocardiogram showing a mass in the right atrium, with heterogeneous content and irregular mobile surface, measuring up to
5.6 x 4.0 cm in its largest diameter and projecting through the tricuspid valve into the right ventricle during diastole.
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etiological investigation, transesophageal echocardiography
(TEE) showed a heterogeneous mass in the LA with irregular
borders measuring approximately 0.8 X 0.7 cm that adhered
to the interatrial septum and was suggestive of AM (Figure 2).

Her case was evaluated and referred for hospital admission
and surgical schedule for excision according to procedural
availability. While waiting for surgery, the patient experienced
a new ischemic stroke, which worsened the aphasia. TTE
showed a significant mass increase in the LA to 3.0 X 2.7 cm
(Figure 3). Cardiac magnetic resonance imaging confirmed that
the mass was located in the fossa ovalis (Figure 4). Therefore,
the patient was referred for cardiac surgery for tumor removal
and concomitant removal of the atrial septum, which was later
reconstructed with a bovine pericardium patch.

The surgical notes reported no thrombi or other structures
adhering to the surface of the tumor suggestive of an aggressive
and fast-growing nature. The anatomical specimen was sent
for anatomopathological analysis, which described a mass of
gelatinous consistency measuring 3.3 X 2.5 X 1.5 cm and
confirmed the diagnosis of AM (Figure 5).

On the fifth postoperative day, control TTE showed a
preserved left ventricle ejection fraction (65%) and no valve
changes, thrombi, or pericardial effusion (Figure 6). The patient
progressed clinically with stable vital signs and was discharged
from the hospital.

Discussion

CM are infrequent, and AM recurrence cases are particularly
rare; thus, in such cases, associated genetic syndromes
should be suspected, especially CNC.? In this patient, it was
possible to identify the CNC due to the presence of three
major criteria (PPNAD, thyroid neoplasm, and CM) and one
supplementary criterion (PRKARTA gene mutation) (Table 1).
Two-dimensional TTE is the ideal method for diagnosing
MC, which classically shows a mobile myxoma connected to
the interatrial septum by a narrow pedicle; this is the most
relevant finding of suspected CM. The main echocardiographic
characteristics are heterogeneous echogenicity and occasional
calcifications. The presence of a fixation pedicle allows the
differentiation of CM from other masses. TTE findings are

+ Dist 0.795 em
% = Dist 0.7 cm

Figure 2 - Transesophageal echocardiogram showing an echogenic heterogeneous mass in the left atrium with irreqular borders measuring approximately 0.8 x 0.7 cm

and adhered to the interatrial septum suggestive of cardiac myxoma.

Figure 3 — Four-chamber transthoracic echocardiogram showing a hyperechogenic image with heterogeneous density located in the left atrium adherent to the interatrial
septum with protrusion into the left ventricular inlet and measuring 3.0 x 2.7 cm compatible with cardiac myxoma.
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Figure 4 - Four-chamber cardiac magnetic resonance showing a left atrial mass implanted in the fossa ovalis region and projecting through the mitral valve measuring
about 4.2 cm in its longest axis. High T1 and T2 signals, heterogeneous perfusion, and delayed enhancement with central low-signal areas are evident.

Figure 5 - Histological section of the tumor characterized by the presence of sparse elongated or stellate cells immersed in a myxoid matrix (slightly purplish). Hematoxylin
and eosin staining (40x magnification).

Figure 6 - Postoperative four-chamber transthoracic echocardiogram showing no masses, thrombi, or pericardial effusion.

Page 3 of 5 << SU MARlO Arq Bras Cardiol: Imagem cardiovasc. 2021;34(4):eabc252



Salazar et al.
Cardiac Myxoma in a Carney Complex Patient

Case Report

Table 1 - Carney complex diagnostic criteria

Skin pigmentation with typical distribution
(lips, conjunctiva, vaginal, and penile
mucosa)

Myxomas (skin and mucosa)?

Diagnostic criteria (major):

Cardiac myxoma?

Breast myxomatosis? or magnetic resonance
image suggestive of this diagnosis

PPNAD?

Acromegaly - growth hormone-producing
adenoma®

Calcified Sertoli cell tumor® or
microcalcifications on testicular US

Thyroid neoplasm or multiple hypoechoic
nodules on US?

Melanotic schwannoma?®

Multiple blue nevi

Ductal breast adenoma (multiple)?
Osteocondromixoma?

Affected first-degree relative

Inactivating PRKAR1a gene
mutation
aHistologically confirmed. PPNAD, primary pigmented nodular adrenocortical
disease; US, ultrasound.

Supplementary criteria (minor):

usually sufficient for diagnosis, but if the results are suboptimal,
TEE should be considered'. Histologically, CM contains
multipotential mesenchymal cells that are able to differentiate
into fibroblasts, smooth muscle cells, endothelial cells, and
neuroendocrine cells, primarily within the atria and atrial
septum." According to Edwards et al., the most frequent
site of AM was the LA (64%)."? Furthermore, high recurrence
rates (approximately 20%) have been described. Madson et
al. reported that 50% of patients with CNC-associated CM
undergo two or more surgeries for tumor recurrence than
sporadic CM." The probable causes of recurrence may be
related to inadequate resection, totipotent multicentricity,
familial type, and metastatic recurrence. CM onset can occur
at any stage of life, but it is usually diagnosed in the third and
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sixth decades of life and more frequently in women.' Systemic
thromboembolism is one of the main clinical characteristics,
being observed in 25-50% of left AM cases. Approximately
half of the embolic events mainly involve the central nervous
system'®, corroborating the several cardioembolic events
presented in this case report. The standard treatment for CM in
CNC is surgical resection, which should be performed as soon
as the CM diagnosis is confirmed to prevent emboli, obstructive
complications, and sudden death.'” Adequate resection with
clear negative margins is the cornerstone of tumor resection
to avoid the risk of recurrence (the tumor should be removed
with a tissue margin of 0.5-1 cm). Extensive resections may
be necessary; in such cases, a remaining interatrial septal
defect may be reconstructed with a pericardium patch as
in the reported case.'® Among CNC patients, approximately
50% of deaths are attributed to CM due to sudden death from
embolism, stroke, or heart failure.’ Early detection through
echocardiography is mandatory, becoming an essential tool
to establishing an effective treatment.

CM related to familial hereditary syndromes are rare.
However, they can cause a wide spectrum of clinical
symptoms, including both heart and neurological diseases.
Thus, embolic events in young adults should be referred for
an echocardiography study to search for an embolic source,
namely myxoma. A multidisciplinary approach with surgical
intervention by an experienced team is recommended to
ensure definitive treatment.
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Incidental Diagnosis of Carotid Body Paraganglioma

Diagnostico Incidental de Paraganglioma do Corpo Carotideo
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Paragangliomas are rare benign neuroendocrine tumors
of extra-adrenal location, but a small proportion may have
a clinical malignant behavior and metastasize. In the neck,
they usually affect the carotid body and are inactive in
the secretion of catecholamines. These tumors are often
asymptomatic but may present as a pulsatile cervical mass or
cause compression in adjacent structures. Surgical excision
is the only potentially curative treatment since histological
evaluations may be limited to provide a definitive diagnosis
of malignancy. Late recurrence can occur. Here we present
the case of a 56-year-old asymptomatic woman who

underwent carotid ultrasound to screen for atherosclerotic
disease in whom a vascularized well-defined hypoechoic
mass was incidentally noted in the carotid bifurcation
(Figures TA and 1B). Contrast computed tomography
confirmed findings compatible with paraganglioma
(Figures 1C-1E). The patient underwent surgery and the
diagnosis was confirmed.
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EC, external carotid artery; IC, internal carotid artery.

Figure 1 - (A) Carotid Doppler shows a hypoechoic mass (red arrows) at the carotid bifurcation between the internal and external carotid arteries. (B) Power Doppler
imaging enhanced the mass boundaries and vascularity. (C and D) Contrast computed tomography showing the small mass (yellow arrows) with well-defined limits and

homogeneous contrast absorption (E) measuring approximately 13 x 10 mm.

Keywords

Ultrasonography, Doppler; Common Carotid Artery; Carotid
body tumor; Paraganglioma.

Mailing Address: Silvio Henrique Barberato *

Avenida Republica Argentina, 1.336, sala 215. CEP 80620-010 — Curitiba,
PR, Brazil.

E-mail: silviohb@cardiol.br

Manuscript received 10/13/2021; revised 10/15/2021; accepted 11/3/2021.

DOI: 10.47593/2675-312X/20213404eabc261

s

Arq Bras Cardiol: Imagem cardiovasc. 2021;34(4):eabc261

<< SUMARIO

1 de 1 paginas


https://orcid.org/0000-0002-0711-7995

Images

Incidental Finding of Retroaortic Renal Vein ‘Posterior Nutcracker
Phenomenon’ Associated with Thrombosis

Achado Incidental de Veia Renal Retroadrtica “Fenémeno de Quebra-Nozes Posterior” Associada a Trombose

Milton Sérgio Bohatch Jdnior', Amanda Fernandes Vidal da Silva®, Carlos Diego Ribeiro Centellas’,

Mauricio Serra Ribeiro?, Edwaldo Edner Joviliano?

'Department of Vascular and Endovascular Surgery, Hospital das Clinicas of the Faculty of Medicine, University of Sdo Paulo, Ribeirdo Preto,
SP, Brazil. 2Department of Vascular and Endovascular Surgery, Hospital de Base, Rio Preto, S, Brazil.

A 56-year-old woman was admitted to the emergency room
with acute obstructive abdomen. She denied comorbidities
or previous surgeries. Abdominal computed tomography
showed cecal volvulus and an incidental finding of chronic
recanalized left renal vein thrombosis with a retroaortic
trajectory (posterior “nutcracker” phenomenon). She underwent
exploratory laparotomy with a right colectomy and transverse
ileum anastomosis. After a gradually progressed diet, she was
discharged from hospital ten days after surgery. In outpatient
follow-up, she denied symptoms of abdominal or flank pain,
and laboratory tests showed no signs of proteinuria or hematuria.
Conservative treatment and periodic follow-up were chosen
considering the incidental finding of nutcracker phenomenon.

Aretroaortic left renal vein is a rare anatomical variation that
is asymptomatic in most cases and called posterior nutcracker
phenomenon. In symptomatic cases, the term posterior
nutcracker syndrome is used.'? Its exact prevalence is unknown,
but itis more commonly diagnosed in female patients between
the third and fourth decades of life." This compressive disorder

can result in venous hypertension with renal vein dilation
and ureteral and renal pelvis varicose veins and present as
macroscopic and microscopic hematuria, flank pain, and
proteinuria.>> Conservative treatment is used for asymptomatic
or oligosymptomatic patients as described in here.?
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Figure 1 - Contrast-enhanced abdominal tomography image. (A) Axial section revealing a dilated left renal vein (arrowhead) with a retroaortic trajectory, causing clamping

(arrow). (B) Coronal section also revealing a dilated left renal vein (arrowhead).
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Unusual Presentation of Takayasu’s Disease

Apresentacao Incomum da Doenca de Takayasu
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Unusual presentation of Takayasu’s disease

A 21-year-old woman was admitted with heart failure
and chest pain. Echocardiography revealed a tricuspid
aortic valve with severe regurgitation (A), a thickened
and deformed right coronary cusp with a linear image
(B), and severe left ventricular dilation. Angio-computed
tomography showed continuous and concentric
thickening of the aortic wall (C) with a penetrating ulcer
and dissection of the descending aorta (D) and superior
mesenteric and left renal arterial occlusion (E). Takayasu

aortitis type V was assumed for which immunosuppression
was commenced. Significant improvement was noted
(F). After achieving remission, the patient underwent
endovascular surgery of the aorta and aortic valve
replacement. No episodes of relapses were seen during
a 3-year follow-up period.
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Figure 1 - A. Apical five-chamber view, color Doppler flow showing severe aortic regurgitation. B. Parasternal short-axis view: thickened and deformed right coronary
aortic cusp with a linear flap raising the suspicion of an aortic dissection. Thoracic angio-computed tomograph. C. Concentric thickening of the aortic wall (arrow). D.
Continuous and concentric thickening of the aortic wall, a penetrating ulcer (red arrow), and dissection of the descending aorta (orange arrow) are visible. E. Wall
thickening with narrowing and occlusion of the superior mesenteric (arrow) and left renal arteries. F. Thoracic angio-computed tomography repeated 1 week after the
start of immunosuppressive therapy revealed significantly reduced aortic wall thickness (arrow).
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Prenatal Diagnosis of Circular Shunt: A Rare Complication of

Ebstein’s Anomaly

Diagnostico Pré-Natal de Shunt Circular: Rara Complicacao da Anomalia de Ebstein

Marcia Ferreira Alves Barberato’, Silvio Henrique Barberato’

'CardioEco Cardiovascular Diagnostic Center, Curitiba, PR, Brazil.

Circular shunt is a condition in which blood from a cardiac
chamber is diverted through the heart to return to the original
chamber without reaching the pulmonary capillary bed.
A 27-year-old pregnant woman, G1, PO, AO, 25 gestational
weeks, was referred for fetal echocardiography due to an
increased cardiac area on morphological obstetric ultrasound
in the second trimester. She had no comorbidities, and early
pregnancy ultrasound findings were normal.

A 25-week fetal echocardiogram showed cardiomegaly,
attachment of the tricuspid valve septal leaflet to the
interventricular septum, and significant tricuspid insufficiency
compatible with Ebstein’s anomaly (Figure 1). A small
pericardial effusion was seen and Huhta cardiovascular
score was 6. An adequate pulmonary artery diameter
(Z-score 1.9) was noted (Figure 2) with no anterograde flow,
only retrograde flow coming from the ductus arteriosus

characteristic of a circular shunt. At 29 gestational weeks,
fetal hydrops was observed, with zero umbilical artery
diastolic flow and a Huhta score of 4 (Figure 3). Fetal death
occurred at 30 gestational weeks.
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Figure 1 - Four-chamber view of a 25-week-old fetus showing (A) attachment of the tricuspid valve septal leaflet (white arrow) with an enlarged right atrium and (B)

tricuspid insufficiency on pulsed Doppler.
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Figure 2 - Right ventricular outflow view showing (A) adequate pulmonary artery diameter and (B) reverse flow in the pulmonary artery on color Doppler and (C)
pulsed Doppler.

LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.

Figure 3 - Two-dimensional and Doppler images of a 29-week fetus showing (A) right atrial enlargement, (B) ascites (white arrow), and (C) zero umbilical diastolic flow.
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