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Message from the President

André L. C. Almeida
President, DIC 2022-2023

Dear associates of the Cardiovascular Imaging
Department of the Brazilian Society of Cardiology
(Departamento de Imagem Cardiovascular da Sociedade
Brasileira de Cardiologia - DIC/SBC)

I have been a member of DIC/SBC since 1991, at the time
called the SBC Department of Echocardiography. | had the
opportunity and pleasure to contribute to the administrations
of presidents Dr. Samira Saady Morhy (2016-17), Dr. Marcelo
Luiz Campos Vieira (2018-19), and Dr. Carlos Eduardo
Rochitte (2020-21). I learned a significant amount, especially
as a managing director (2018-19) and vice president of
echocardiography (2020-21).

In January 2022, | was honored to become DIC president
for the 2022-23 year. However, | am not alone in this mission!
Several brilliant young people and other amazing colleagues
who had already provided important and relevant service to
our department formed a determined, hardworking board full
of new and great ideas and committed to generating benefits
for DIC associates.

Our Executive Committee is in charge of managing this
conglomerate of more than 3,500 associates. This board meets
every Thursday to discuss the department’s issues, analyze
associates’ suggestions, organize the strategic planning and
the administrative and financial aspects, debate with partners,
listen to SBC management, and discuss many other subjects
and themes that may be of interest to DIC associates. This
Executive Committee is formed by the president (Dr. André LC
Almeida — BA); the experienced and excellent administrative
director (Dr. Silvio Henrique Barberato — PR); the insightful,
skillful, and faithful chief financial officer (Dr. Mohamed
Hassan Saleh — SP); and the tireless and extremely intelligent
vice president of the adult echocardiography area (Dr. Alex
Santos Felix — R)).

We always count on the assistance of our Deliberative
Council, chaired by Dr. Fabio Villaga Guimaraes Filho (SP), an
experienced, sensible, and balanced person with an above-
average sense of justice, who has actively participated in the
Board’s decisions. The Deliberative Council is also formed
by other experienced colleagues, along with some young
people who have already acquired important recognition
in the field of echocardiography and cardiovascular imaging
in Brazil, namely Dr. José Luiz Barros Pena (MC), Dr. David
Costa de Souza Le Bihan (SP), Dr. Jorge Andion Torredo (BA),
Dr. Afonso Akio Shiozaki (PR), Dr. Bruna Morhy Borges L
Assungao (SP), Dr. José Olimpio Dias Janior (MG), and Dr.
Rafael Willin Lopes (SP).
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As you know, DIC’s administrative organization chart
has always allowed for the allocation of five vice-presidents
(VP), one from each area of activity. Here once again, young
colleagues are working together with other experienced
professionals, who are available to listen to our associates’
suggestions and work to forward the mission, namely Dr. Alex
Santos Felix — R) (VP of Adult Echocardiography), Dr. Otavio
Rizzi Coelho — SP (VP of MRI), Dr. Simone Cristina Soares
Brandao — PE (VP of Nuclear Medicine), Dr. Marcio Sommer
Bittencourt — SP (VP of Computed Tomography), and Dr. José
Aldo Ribeiro Teodoro — SP (VP of the Vascular area). As a
novelty, we have one more VP, Dr. Adriana Mello Rodrigues
dos Santos — MG, the VP of Congenital Heart Disease and
Pediatric Cardiology, an area that has shown significant growth
within our department. These VP are also the members of the
DIC Scientific Committee.

One of DIC’s greatest gems is our journal, the Brazilian
Archives of Cardiology Cardiovascular Imaging, whose
Editor-in-Chief is the brilliant Dr. Daniela do Carmo Rassi
Frota, a young cardiologist from the state of Goias. This
journal demands unceasing work! Dr. Daniela counts on
the indispensable help of eight excellent associate editors,
namely Dr. Alexandre Costa Souza — BA (Professional Defense
and Echocardiographer Training), Dr. Karen Saori Shiraishi
Sawamura — SP (Pediatric Echocardiography), Dr. Leonardo
Sara da Silva — GO (MRI), Dr. Marco S. Lofrano Alves — PR
(Innovation and Atrtificial Intelligence), Dr. Rafael Lopes - SP
(Nuclear Medicine), Dr. Simone Nascimento dos Santos —
DF (Vascular Echocardiography), Dr. Tiago Senra Garcia dos
Santos — SP (MRI and Tomography), and Dr. Viviane Tiemi
Hotta — SP (Adult Echocardiography). Former editors-in-
chief, especially Dr. Silvio Barberato, editor-in-chief in the
management of Dr. Carlos Rochitte, did such a great job that
the Brazilian Archives of Cardiology Cardiovascular Imaging
will soon be indexed to the Scielo and Medline databases.
It is important to remind you that the journal is already
indexed in the Latindex and Lilacs databases. Dr. Daniela
Rassi is continuing this work, aiming to reach the set goal,
which will be a remarkable achievement for all professionals
working with cardiovascular imaging in Brazil. Nevertheless,
it is worth remembering that some previous objectives still
must be reached. These administrative goals were managed
by our former Boards, and the current Board has also been
committed, attentive, and active with them. Other goals,
though, are directly related with the active participation of DIC
associates. And you, DIC associate, can help a lot! Send your
article, in the most diverse formats, for publication in Brazilian
Archives of Cardiology Cardiovascular Imaging. The journal will
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never make an impact without good publications; otherwise,
Brazil will be a country of great researchers but weak journals.
As an extra stimulus, DIC will exempt the next annual fee
charge for the associate who becomes the first author to have
an article published in ABC Cardiovascular Imaging.

DIC webinars are still going strong! They are part of our
platform for continuing medical education. After a great
job done by Drs. Ronaldo Ledo and Marly Uellendahl, the
current coordination is under the responsibility of Dr. Silvio
Barberato, who is dynamically organizing activities with the
other VPs. As you may have noticed, we have changed the
format somewhat. The current format focuses on clinical cases
of interest to imaging professionals and clinicians. We have
invited several young associates from different states who
gained recognition for CV imaging to participate, and they
have brilliantly contributed to this. Another novelty is the
implementation of webinars with the participation of other
societies, such as ASE, SISIAC, EACVI, and others. We believe
that clinician participation will add value to the sessions; thus,
it is on our radar.

Our Qualification Commission is another chapter. After
the great job of the previous commissions highlighting the
last three projects coordinated by our dear Dr. Claudia G
Monaco (2016-17), Dr. Adenalva Beck (2018-19), and Dr.
Marco S. Lofrano Alves (2020-21), the current Qualification
Commission is under the coordination of another brilliant
young woman, Dr. Andrea de Andrade Vilela (SP). This
commission also performs an intensive job. Dr. Andrade has
formed a team of exceptional young people who help her
with the most substantial tasks. They must remain updated, as
they are responsible for preparing the DIC/SBC Qualification
Certificate in Echocardiography. These are very capricious
data, as all questions must be updated with their respective
references. In addition to preparing the questions, they are
responsible for reviewing and responding to applicants’
appeals based on the references concerning each question. It
is humanly impossible to do this work alone. But Dr. Andrade
relies on the assistance of a fantastic group that helps her with
the Adult Echo issues: Dr. Rafael Modesto Fernandes (BA), Dr.
Eliza de Almeida Grippi (R)), Dr. Sandra Nivea Saraiva dos
Reis Falcao (CE), Dr. Rudyney de Azevedo Uchoa (SP), Dr.
Anténio Amador Calvilho Jdnior (SP), Dr. Jodo Saes Braga (SP),
and Dr. Candice Machado Porto (BA). She has another great
team that helps her with congenital Echo issues consisting of
Dr. Daniela Lago Kreuzig (SP), Dr. Marcio Miranda Brito (TO),
Dr. Carlos Henrique de March (SP), and Dr. Halsted Alarcao
Gomes Pereira da Silva (SP). The entire group is supported by
three excellent senior colleagues: Dr. Fabio Villaga Guimaraes
Filho (SP), Dr. Maria Estefania Bosco Otto (DF), and Dr. Solange
Bernades Tatani (SP).

We created DIC’s Guidelines and Positioning Committee,
which is responsible for coordinating and supporting projects
aimed at preparing official documents for our department
for subsequent publication. This commission is under the
coordination of another young man, who | consider an
exception within the reality of Brazilian doctors: Dr. Marcelo
Tavares de Melo Dantas (PB), who has postulated amazing
ideas which are already being implemented with the help
of several colleagues. One such idea is the Positioning of the
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DIC-SBC on Noninvasive Assessment of Coronary Syndromes,
which is coordinated by the vibrant Dr. Maria Estefania Bosco
Otto (DF). Other ideas are welcome, such as the Positioning
of the DIC/SBC on Stress Echocardiography, under the
coordination of the no less vibrant and always active Dr. Ana
Cristina Camarozano (PR). Moreover, some of these projects
will be developed in partnership with some international
societies, such as the ASE, SIAC/SISIAC, EACVI, and others.
The Guidelines and Positioning Committee relies on the
advice of none other than our fantastic and experienced Dr.
José Luiz Barros Pena (MG), former DIC president, author of
several international publications, and editor of a few books.

The proximity and partnership with the various
international CV imaging societies are in full swing due to
the consistent performance of the magnanimous Dr. Marcelo
Luiz Campos Vieira (SP), another former DIC president and
coordinator of the Inter-Corporate Commission. Dr. Vieira
has enviable interpersonal relationships in addition to being
a friend and associate of many leaders of international
societies. He counts on the expressive support of Dr. Ana
Cristina Camarozano, DIC representative to the SISIAC, Dr.
José Luiz Barros Pena, DIC representative to the ASE, and
Dr. Alex Santos Felix, DIC representative to the EACVI. In
short, we are very well represented.

DIC continues to offer several continuing medical
education courses. The Echocardiography Retraining Course
assembles some of the greatest experts in the field and is very
useful for those who want to obtain the DIC/SBC Certificate
of Performance in Echocardiography. This course, launched in
2021, has been updated with 25% new lessons to complement
the already excellent ones. We formed a commission with
Dr. Alex Santos Felix, Dr. Marcelo Tavares de Melo Dantas,
Dr. Ménica Alcantara (R)), Dr. Marcelo Miglioranza (RS), and
Dr. Rodrigo Bellio Barreto (SP), who is already working on
new courses (POCUS, Strain, Eco 3D, Contrast, and others).
Another course focused on pediatric cardiology imaging is
also under development, coordinated by Dr. Adriana Mello
Rodrigues dos Santos, the VP of Congenital Heart Diseases and
Pediatric Cardiology. Likewise, the course Echocardiography
in Interventions is being developed with the coordination of
Dr. David Costa de Souza Le Bihan. Other courses covering
CT, MRI, and Nuclear Medicine were launched under the
management of Dr. Carlos Rochette in 2021. These courses are
still being updated but will be renewed as soon as necessary.

The DIC website requires redevelopment. We are aware
of this and have already started working on the design of a
new and modern Portal to provide a better and easier contact
with our associates. Stay tuned!

The important Fees and Professional Defense Committee,
continuing the great work of the remarkable and determined
Dr. Marcos Valério Resende, is now under the coordination
of the always active and unique Dr. Marcelo Miglioranza (RS)
with the support of the tireless and helpful Dr. Wagner Pires de
Oliveira Janior (DF), who has deep knowledge of the subject
since, in addition to being a diligent and helpful doctor, he
is also a lawyer. At their suggestion, we are encouraging the
presence of representatives of this commission in the different
states of the Federation. If you are a DIC associate who wants
to contribute to this area, please contact us.
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DIC has made a great investment, under the management of
Dr. Marcelo Vieira and Dr. Carlos Rochitte, to hire a specialized
company to place the Strain, 3D Echo, and Calcium Score on
the ANS Procedures List. We have not achieved the expected
success yet, but our management keeps fighting and, | believe,
has a good chance of achieving victory with Strain (a great
job under the coordination of the Dr. Marcelo Miglioranza)
and with the Calcium Score (another brilliant job under the
coordination of Dr. Marcio Sommer Bittencourt).

The Teaching and Accreditation Commission, under the
coordination of the ever-present and active Dr. Edgar Bezerra
Lira (SP), is continuing the great job of the Accreditation of
Echo Services, with the development of two pilot projects at
the Echocardiography Laboratories of the Messejana Hospital
(CE) and the Hospital of the Federal University of Uberlandia
(MQ). These pilot projects are already in the advanced
stages and will release results soon. When they are ready, we
will start the process of Accreditation of Echocardiography
Laboratories spread across Brazil. | believe it could become
a key differentiator when negotiating with companies that sell
health insurance and group medicine.

It is also important to mention that the Assessment of
Normality Pattern of Echocardiographic Variables in the
Brazilian Population study is still in progress after some
difficulties faced due to the COVID-19 pandemic. The
coordination of this study is under the excellent Dr. Ana Clara
Tude Rodrigues (SP) and counts on the participation of several
participants spread across the five regions of Brazil.

Later this year, probably at our Congress in Sao Paulo, the
DIC will be launching an exceptional Atlas of Multimodality
Imaging in Cardiology. This fantastic material has been
developed since the management of Dr. Carlos Rochitte, and
it currently relies on the participation of about 200 colleagues
working in all states of the Federation. It is worth mentioning
the fundamental collaboration of the Young DIC, under the
coordination of the young stars Dr. Elisa de Almeida Gripp (R))
and Dr. Isabela Bispo Santos da Silva Costa (SP). Reserve your
copy of this beautiful project that contains more than 2,000
images, including photos and videos. It is fantastic!

Do not forget that DIC associates have free access to
the Clinical Key on our website. There you can find several
excellent books on echocardiography and cardiovascular
imaging as well as practically all of the good journals of this
field worldwide. All of this material is yours, DIC associate,
to download anytime you want.

Last but not least, | would like to tell you about our greatest
scientific event: the annual DIC Congress, which will take
place at the Frei Caneca Convention Center in Sdo Paulo.
This year, under the presidency of the fantastic Dr. Marly
Uellendahl (SP) and scientific coordination of the no less
brilliant Dr. Marcio Lima (SP), the Congress will be of hybrid
format. Thus, the event will have many face-to-face activities
and online sessions. Hands-on activities will be offered face-
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to-face only, of course. Join us and your friends! Submit your
studies. The abstract submission deadline is 05/05/2022.
Submission results will be published on 06/13/2022.

The DIC Board and the Congress organizing committee
are working tirelessly to make this the best DIC Congress ever.
For that to happen, we need your presence. In addition to
super up-to-date classes and presentations, we will offer many
unique activities, including events scheduled for reunions
with former residents of various echocardiography training
centers, private conversations with specialists on the most
diverse subjects, unique opportunities to conduct business
and take advantage of industry promotions that negotiate
the equipment, among other novelties. For extra motivation,
DIC will offer a special discount to those who wish to become
members at the time of registration. Take this opportunity
for early bird registration offered by DIC. We have already
confirmed the presence of international speakers Dr. Stephen
Little (USA), Dr. Jodo Lima (USA), Dr. Nuno Cardim (Portugal),
Dr. Salvador Spina (Argentina), and Dr. Viviane Taqueti (USA).
The main exponents of the Brazilian Echocardiography and CV
Imaging will also be present. Do not miss the opportunity to
take part and embrace Brazilian cardiovascular imaging with
us. It has been a long time since the last Congress in 2019.

Asyou can see, DIC is quite busy. This is only possible because
we have an amazing group of partners who dedicate themselves
to assisting you, our associates. As you know, none of them
receive remuneration for their time and dedication to the DIC.

Allactions described in the text above must be communicated
to DIC associates, the reason our department exists. To this
end, we have created a very special Communication,
Information, and Internet Commission. The coordination
of this commission is under the responsibility of a special
person: Dr. José Roberto Souza (SP), known to all as the dear
Beto from EchoTalk. With his experience and communication
skills, he is bringing great new developments to DIC and is
directly involved in some important projects, particularly with
the design of the new DIC Portal. This will soon be the true
channel of communication among Brazilian echocardiography
and cardiovascular imaging professionals.

I apologize for the long message, but | aimed to be as
transparent as possible and show you the current reality
of the DIC. You are the real reason for the existence of the
Cardiovascular Imaging Department of the Brazilian Society
of Cardiology.

Thank you so much for your attention and support — let’s
keep going together!

Regards,
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Daniela do Carmo Rassi Frota
Editor-in-chief, Arquivos Brasileiros de
Cardiologia Imagem Cardiovascular

Dear colleagues,

With great honor, | assume the position of editor-in-
chief of Arquivos Brasileiros de Cardiologia (ABC) Imagem
Cardiovascular, the official publication of the Cardiovascular
Imaging Department of the Brazilian Society of Cardiology, for
the next biennium. The journal is part of the ABC Family and
indexed in the Lilacs and Latindex databases. Our mission is
to publish high-quality material in all areas of cardiovascular
imaging, including echocardiography, magnetic resonance
imaging, computed tomography, and nuclear imaging.

In recent years, thanks to the efforts of my predecessors —
particularly the brilliant performance of my predecessor,
Dr. Silvio Henrique Barberato — the journal underwent
important transformations, gaining visibility and consolidating
the path toward indexing in the main databases, such as the
Scientific Electronic Library Online (SciELO), and, in the
future, PubMed®.

For this progress to continue, we rely on the continuous
support and effort of all associates and the academic
community to maintain consistent high-quality submissions,
especially original articles.

Our journal publishes the following types of manuscripts:
original research article, review articles (“What do cardiologists
expect from the echocardiogram...?” and “My approach
to”), point of view, brief communication, letter to the editor,
editorial, mini-editorial, and systematic analysis and meta-
analysis. Case reports and cardiovascular images are also
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encouraged for publication, as they provide information on
the basic mechanisms responsible for cardiovascular disease
and highlight the potential role of noninvasive imaging.

We have a wide national and international editorial
board consisting of members of recognized competence in
addition to a qualified team of associate editors, including
Alexandre Costa Souza (professional defense and training
of the echocardiographer), Karen Saori Shiraishi Sawamura
(pediatric echocardiography), Leonardo Sara da Silva (MRI),
Marco S. Lofrano Alves (innovation and artificial intelligence),
Rafael Lopes (nuclear medicine), Simone Nascimento dos
Santos (vascular echocardiography), Tiago Senra Garcia dos
Santos (MRI and computed tomography), and Viviane Tiemi
Hotta (adult echocardiography).

Online publication is permanent, and a new issue is
released every 3 months. No fees are charged for submission
or publication. Authors who wish to submit their articles
to ABC Imagem Cardiovascular must follow its publication
guidelines and submit their manuscripts through its online
submission system.

The site is completely redesigned, uses research tools,
enables immediate publication, and provides direct links to
social media.

I end this message with my special thanks to our current
president of the Department of Cardiovascular Imaging,
Dr. André Almeida, for his trust, and | invite all colleagues
in the area to send their contributions and studies to
ABC Imagem Cardiovascular.
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My Approach to Aortic Stenosis Assessment with Discrepant

Quantification

Como eu Faco: Avaliacao da Estenose Adrtica com Discordancia em sua Quantificacao

'Institute of Cardiology and Transplantation of the Federal District, University Foundation of Cardiology (ICTDF/FUC), Federal District, DF,

Brasilia, Brazil. ?Hospital Sirio-Libanés, Federal District, DF, Brasilia, Brazil.

Adenalva Lima de Souza Beck'?

Introduction

Aortic stenosis (AS) is the most common primary valve
disease and an important cause of morbidity and mortality
worldwide." Echocardiography is the first-line method
for its diagnosis, quantification of severity, prognosis, and
determination of intervention timing.>

The association of maximum velocity (Vmax) = 4m/s,
aortic valve area (AVA) < 1.0 cm?, and mean gradient (MG)
= 40 mmHg defines the diagnosis of classic severe AS.?
However, MG and AVA are discrepant (AVA < 1.0 cm?,
MG < 40 mmHg) in 30-40% of the population with severe
AS, leading to low-gradient AS (LGAS),* the focus of this
article. Less frequently, high-gradient AS can also occur in
cases of MG = 40 mmHg and AVA > 1.0 cm? due to high
flow situations.®

Understanding the factors that lead to this discrepancy
is essential to avoiding misdiagnosis and classifying different
severe AS phenotypes.

Understanding the discrepancy
phenomenon and classifying aortic stenosis

AS with a discrepant valve area and gradient may be
due to measurement errors, physiological reasons (small
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body surface, flow states, and arterial hypertension), and
guideline inconsistencies in AVA/MG criteria. Thus, it is
important to first correct physiological factors and confirm
measurements. If the discrepancy persists, the phenotype
must be classified according to the flow state; if the severity
remains uncertain, it must be confirmed by other methods.’
Classically, the flow is evaluated by the ejection fraction
and stroke volume index (SVi). All of these aspects are
discussed below.

Aortic valve area, stroke volume, or mean aortic
transvalvular gradient calculation errors

Measuring errors are usually the main cause of discordant
aortic stenosis. The most common error is related to
underestimation in left ventricular outflow tract diameter
(LVOTd), either due to imaging difficulties, especially if
severe calcification is present, or because it is not clear
where to measure LVOTd, or a circular LVOT geometry is
assumed, whereas it is mostly elliptical. Errors involving just
a few millimeters of LVOTd lead to exponential errors in
stroke volume (SV) and aortic valve area (AVA) calculation
using the continuity equation, leading to misdiagnosis of
severe LGAS. To minimize these limitations, AOS grading
recommendations (Table 1) also include calculating the
ratio between the velocity time integral (VTI) on pulsed
Doppler (PW) of the left ventricular outflow tract (LVOT)
and on continuous Doppler (CW) of the aortic valve (AOV),
which is a dimensionless index. Also, if the patient has a
small body surface and is not obese, it is recommended to
index AVA to body surface (AVAI)', although this indexation
method is controversial.®

Errors can also occur when obtaining Doppler velocities.
According to the Doppler equation, angles greater than 20
degrees between the ultrasound beam and the analyzed
jet underestimate the velocity and, consequently, the
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gradient. Doppler alignment can be challenging and
require multiple windows.

Strict attention to the measurement technique is the
first step to reducing errors and avoiding discrepancies
(Table 2). Testing measurement reliability involves
calculating the predicted LVOT and comparing it with the
measured diameter. If the measured LVOT is 2 mm greater
or less than the predicted value, measurement error or
elliptical geometry is possible. Another measurement that
shows an error is an AVAi < 0.6 cm?/m? with a VTI ratio
> 0.25. In such cases, complementary measurements
and other imaging methods are required to confirm
measurement accuracy.

Inconsistent guidelines in the definition of severity by
AVA/gradient

Some studies suggested that a gradient = 40 mmHg is
related to an area < 0.8 cm?; thus, areas of 0.8-1.0 cm?2
may be in a gray zone, with intermediate gradients of 30-40
mmHg, which would justify the discrepancy between valve
area and gradient.’

Table 1 - Aortic stenosis grading recommendations.

Aortic

Parameter . Mild Moderate Severe
sclerosis
Vmax, m/s <25 26-2.9 3-3.9 24
Mean gradient (mmHg) <20 20-39 240
Valve area (cm?) >15 1.0-1.5 <1.0
AVA index (cm?/m?) >085  0.61-0.85 <06
DVI >05 0.26-0.50 <025

AVA, aortic valve area; Vmax, maximum aortic valve velocity on continuous Doppler;
DV, ratio between Doppler velocity index integralobtained by pulsed Doppler of the
left ventricular outflow tract and continuous Doppler of the aortic valve.!

Table 2 - Technical measurement aspects for AVA calculation.

Flow state

Low-flow states can also justify AVA-MG discrepancies for
underestimating the gradient even in the presence of severe
stenosis. The fluid dynamics principle states that the pressure
gradient is directly proportional to the square of the flow and
inversely proportional to the square of the valve area.” That is, a
small flow reduction can lead to large gradient reductions. In this
case, two situations are already well described:'**® classic low-
flow LCAS (LFLGAS) due to a reduced LV ejection fraction (LVEF)
< 50%;? and paradoxical LFLGAS with a preserved LVEF (=50%)
but small and remodeled/hypertrophic LV and SVi < 35 mL/m2.

Another situation representing almost half the cases of
“discrepant” AS but still generating much debate is low-gradient
stenosis with normal flow LGAS (NFLGAS), where LVEF is also
preserved and SViis > 35 mL/m2. As it does not seem plausible
from a fluid dynamics perspective, it is usually attributed to
measurement errors, a small BSA, or inconsistent guidelines.
However, some studies showed that when these factors are
excluded, up to 50% of such patients have true severe AS,
suggesting that it is a real entity.>'° Other studies reported that
NFLGAS represents an “intermediate” stage between moderate
and severe with faster progression and requiring vigilant
observation."" Assessing transvalvular flow rate (Q) (in addition
to SVi) and systemic arterial compliance (SAC) may help explain
this entity and refine the LGAS diagnosis and prognosis.'?

The transvalvular flow rate (Q) is the volume ejected per unit
time through the aortic valve during the ejection period and
it is measured as SV/ejection time (ET). Q expresses the true
energy required to open the valve, making it a more accurate
flow parameter.'>'* In NFLGAS, Q may be low despite a normal
SV due to an increased ET. This increased ET is due to increased
valve resistance or reduced SAC. On the other hand, a reduced
SAC can also reduce the MG under normal flow conditions.*'

Some studies demonstrated that, under normal Q
conditions, AVA measured at rest should be considered

Pay strict attention to the LVOT measurement technique

Longitudinal paraesternal
Zoom the image
Inner edge to inner edge

Use the same LVOT for all tests.

Measure at mid-systole, parallel and preferably adjacent to the aortic valve
LVOT measurements at ring level or less than 2 mm from the ring are more most accurate for SV and AVA calculations

If the measurement is not feasible or the LVOT differs from the predicted diameter” (by > or <2 mm), do not use the continuity
equation?; rather, use the dimension index and other methods

Pay attention when obtaining velocities

Position the PW sample volume in the same place where the LVOT was measured and ensure the best envelope.

Obtain unforced expiratory apnea velocities to avoid changing the sample volume location.

Interrogate aortic transvalvular velocity with CW using multiple windows.

Report the incidence where the highest velocity and gradient was obtained for serial comparison and prognostic assessment.

If LVOT PW velocity is >1.5 m/s (fixed subvalvular acceleration®), MG, SV, and AVA are not reliable.

Always average three measurements in cases of sinus rhythm and five measurements in cases of arrhythmia

AVA, aortic valve area; CW, continuous wave Doppler; LVOT, left ventricular outflow tract; MG, mean gradient; PW, pulsed wave Doppler; SV, stroke volume; V, velocity.
APredicted LVOT = (5.7 x BSA) + 12.1 (do not use in obese patients). BVTI: velocity time integral. The continuity equation is calculated as: SV/VTI CW, where SV = (0.785
x LVOT?2). ¢Sigmoid septum, subvalvular membrane, or obstructive hypertrophic cardiomyopathy can lead to subvalvular acceleration and MG and SV overestimation,
with AVA underestimation of AVA even in the absence of significant stenosis (correlate with valve anatomy).
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“true” and reflect AS severity rather than SVi or LVEE'" So,
in classic LGAS, differently from what is recommended, flow
normalization with echo under stress would only be necessary

Considering the complexity of “discrepant” AS, AVA,
MG, and Vmax are insufficient. As seen above, an integrated
approach is needed (Figure 1).

at a value of Q < 200 mL/s."

!ortlc valve wn! suggestive ’! anatomy

[ T
— —

BP > 140/90 mmHg AVAi > 0.6 cm?/m?

reasons

SVi = 54 mL/m2(H), 51 mL/m2 (M)

w

moment

-

and calculate 3D LVOT area
Stroke volume = 35 mL/m?: confirm by 3D (volumetric method)

AVA =< 1.0 cm?: corroborate VTls ratio (<0.25), AT > 100 ms, and AT/ET =
0.35, 3D planimetry, fusion methods® (Doppler + LVOT area on CT)

efine flow sl
T
\2 Y
Q = 200 mL/m? Q =200 mL/m? Q > 200 mlL/m?2
LVEF < 50% LVEF = 50% LVEF > 50%

; symptoms with no other explanation®
Yes
on CT"
No
-/

Source: adapted from Vahanian et al.’. LVEF: left ventricular ejection fraction; AVAproj = projected aortic valve area; MG: mean gradient; BS: body surface; AVAi: aortic valve area index; SVi: stroke volume index;
LVOT: left ventricular outflow tract; VTI: velocity time integral; AT: acceleration time: ET: Ejection time; CT: computed tomography; Vmax: maximum speed; VTI: velocity time integral; Q: flow rate. 3D: three-dimensional;
A - Do not index in obese individuals (BMI 230 kg/m? B - Predicted diameter = (5.7 x Body surface) +12.1; C — 3D SV cannot be measured if mitral regurgitation is greater than mild. D - High flow situations may
be reversible in patients with anemia, fever, hyperthyroidism or arteriovenous fistula and irreversible in significant aortic regurgitation. E - Use higher limits to define severe AOS: Svi 242 mi/m? and AVA <1.2 cm?
F - Flow reserve = >20% increase in SV or Q in response to low-dose dobutamine. Pseudosevere aortic stenosis = AVA >1.0 cm2 with increased flow. G - LV hypertrophy (in the ab. of coexisting hyp ion),
LV longitudinal global strain < 16% (no other cause) (if apical sparing pattern, consider associated amyloidosis), Zva (or arterial impedance = MG + systolic blood pressure/SVi) > 4.5 mmHg/mi/m? arterial vascular
compliance (SVi/systolic blood pressure - diastolic blood pressure) <0.6 mi/m¥mmHg). H - Thresholds for severe aortic stenosis assessed by aortic valve calcification on CT (Agatston units): men >3,000, women
>1,600 = highly likely; men >2000, women >1200 = likely; men < 1600, women < 800 = unlikely. | - Maximum AVA obtained when Q = 250 mi/s calculated as resting AVA +(AAVA/AQ) x (250-Qrest). SA: aortic stenosis.

Figure 1 - Adapted “discrepant” AS diagnostic algorithm?.
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Conclusion

Discrepant AS is a challenging entity that can present
as multiple phenotypes and requires an echocardiographic
approach integrated with other imaging modalities. The most
appropriate combination of methods should be used for each
patient with consideration of the clinical context.
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My Approach to the Echocardiographic Assessment of Mitral Annular
Calcification: Challenges and Particularities

Como eu Faco Avaliacao Ecocardiografica da Calcificacao do Anel Mitral: Desafios e Particularidades

'Cardiology Center of the School of Medicine of Ribeirao Preto, University of Sdo Paulo-USP, Sao Paulo, SP Brazil.

Antonio Carlos Leite de
Barros Filho!

Introduction

Mitral annular calcification (MAC) is a chronic degenerative
process that affects the fibrous structure supporting the mitral
valve. Itis presentin 8—15% of the general population; however,
its prevalence can reach 40% in older people and 50% in
patients with chronic kidney disease. Although it was previously
classified as a degenerative pathophysiology associated with
age or calcium metabolism, other etiological factors have
been suggested, such as atherosclerotic disease and its risk
factors (hypertension, obesity, dyslipidemia, diabetes mellitus,
smoking), exposure to radiation therapy, and conditions that
increase mitral valve stress, such as aortic valve stenosis,
hypertrophic cardiomyopathy, and mitral valve prolapse.’>

MAC is related to an increased risk of a number of adverse
cardiac events, such as acute myocardial infarction, stroke,
arrhythmias (conduction disorders and atrial fibrillation), and
mitral valve disease (mitral stenosis, mitral regurgitation, and
infective endocarditis).®® It is also associated with a higher risk
of complications and mortality in patients undergoing mitral
valve surgery. Although most cases are not associated with
mitral valve dysfunction, some may progress with an increased
mitral transvalvular gradient.**

Normal mitral annulus anatomy and function

The mitral valve apparatus is a complex three-dimensional
unit formed by different structures dynamically interacting
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throughout the cardiac cycle, including the left ventricle (LV),
papillary muscles, chordae tendineae, leaflets, and mitral
valve annulus. Itis not histologically uniform. Its anteromedial
portion, called the mitral-aortic curtain, is more rigid and
formed by a curved band of connective tissue that connects
the aortic annulus at the level of the left and non-coronary
leaflet and the junction of the left atrium wall with the anterior
leaflet. On the other hand, the posterior portion of the annulus
is formed by a semicircle of fibrous tissue connected with the
muscular walls (atrial and left ventricular), the mitral leaflets
at the level of the hinges, and the epicardial adipose tissue.
The mitral annulus is shaped like a bean or a “D”; however,
its three-dimensional evaluation appears as a horse saddle,
the ideal configuration to minimize leaflet stress and ensure
adequate coaptation. In this saddle, the “highest” points
correspond to the most anterior portion, visualized on the two-
dimensional echocardiogram in the parasternal longitudinal
window. Its nadir corresponds to the portion visualized in
the apical four-chamber view. The posterior portion of the
annulus, which is less fibrotic, shifts during left ventricular
systole, increasing the saddle height and decreasing the
circumferential area.**!!

The quantitative analysis of the mitral annulus through linear
measurements obtained using tomographic techniques such
as two-dimensional echocardiography may not adequately
represent its complex non-planar structure, underestimating
these measurements; moreover, it is examiner-dependent
due to the need for adequate plane alignment for image
acquisition.’>' In contrast, measurements obtained with the
three-dimensional method are not dependent on geometric
assumptions and can be obtained even using transthoracic
echocardiography; however, this method is less available,
expensive, and dependent on a software-dedicated analysis.'
Important measurements for understanding the mitral annulus,
such as its anteroposterior and inter-commissural diameters
(Figure 1) or even its circumference and height, are easily
quantified by three-dimensional echocardiography and should
ideally be acquired transesophageally.
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Echocardiographic evaluation of MAC

MAC can be identified on echocardiography as an irregular
hyperechoic structure involving the mitral valve annulus
with the formation of a posterior acoustic shadow that most
commonly affects its posterior portion (Figure 2).*

Calcifications identified on two-dimensional
echocardiography are usually already extended beyond the
thin portion corresponding to the mitral valve annulus itself;
their location must be described in detail as it has prognostic
and therapeutic implications. Calcifications involving the
base of the valve leaflets can result in calcium mitral stenosis.
Unlike rheumatic stenosis, mitral stenosis does not progress
with commissural fusion, as it is unresponsive to percutaneous
intervention with a balloon catheter. Furthermore, in MAC
stenosis, the valve apparatus usually appears more tubular, with
the area at the tip of the leaflets closer to the basal portion area;
in rheumatic stenosis, the valve apparatus has a funnel-shaped
appearance, with the area at the tip of the leaflets smaller than
the basal area.’'® On the other hand, involvement of the
atrial surface of the leaflets can result in valve failure due to

reduced mobility and consequent difficult leaflet coaptation.
Some patients with LV basal wall involvement (Figure 3) may
have mobile deposits that must be described due to the risk of
embolization. Finally, patients with calcifications extending to
the right fibrous trigone are at increased risk of atrioventricular
conduction disorders.**

MAC is subjectively graded according to the extent of
mitral annulus surface calcification. It is considered severe
when more than 4 mm thick (measured on the short axis in
the anteroposterior direction) (Figure 2), when involving more
than 50% of the mitral annulus, or if it reaches the LV inlet.
Calcium deposition in less than s of the annulus is considered
mild MAC, while that affecting %5 to 2 of the annulus is
considered moderate.*>'7

Three-dimensional echocardiography may be useful in
the study of annulus dynamics in MAC patients. The annulus
is more extended during diastole; however, it is flatter (i.e.
loses its height) with an increased anteroposterior dimension.
During systole, there is a reduction in saddle conformation
and annular contraction (annulus area variation), mainly

Figure 1 — Three-dimensional rendering of the mitral valve annulus (yellow outline), which enables measurements such as the inter-commissural (thick arrow) and

anteroposterior diameter (thin arrow).

ECUADULTO
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Figure 2 - Two-dimensional evaluation of mitral annular calcification, which can be identified on the parasternal longitudinal projection as increased brightness intensity
in the two-dimensional image (Panel A, yellow arrow). It can be quantified by its extension or its thickness on the parasternal short-axis projection (Panel B, yellow arrow

and measurement line).
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Figure 3 — Patient with mitral valve prolapse and calcification of part of the posterior portion of the valve annulus. A. The parasternal longitudinal plane showing mitral
valve prolapse (thin arrow) and calcification of the valve annulus with formation of posterior acoustic shadow (thick arrows). B. The apical three-chamber plane showing

calcification of the valve annulus (thin arrow).

due to a reduced anteroposterior diameter variation
and increased leaflet tenting length and volume without
significant inter-commissural diameter variations."*'®

Estimating the mitral valve area in such patients can
be challenging. The continuity equation can be used as
long as mild mitral or aortic regurgitation is not greater
than mild. Even so, the estimate may be less accurate
due to difficulties in measuring the diameter of the LV
outflow tract (due to associated aortic or mitral-aortic
curtain calcification). In addition, the LV outflow tract and
mitral valve flows are not obtained simultaneously and
temporally in the cardiac cycle, which can be even more
challenging in patients with an irregular heart rhythm. On
the other hand, Doppler estimation using pressure half-
time may overestimate the valve area (underestimating
stenosis severity) due to decreased LV compliance and
increased LV diastolic pressure, which are common in older
patients.>'®" Planimetry by two- and three-dimensional
echocardiography may be inaccurate due to acoustic
shadow formation.’

The dimensionless index of the mitral valve can be useful
for grading stenosis. It can be obtained by dividing the time-
velocity integral value obtained by pulsed-wave Doppler in the
LV outflow tract by the time-velocity integral value obtained
by continuous-wave Doppler of the mitral inflow. Values lower
than 0.35 are correlated with very severe stenosis (mitral valve
area < 1 cm?), while those 0.35-0.50 suggest severe stenosis
(<1.5 cm?) (Figure 4).9"

The mitral transvalvular gradient should also be
cautiously interpreted. In rheumatic mitral stenosis, the
relationship between the mean gradient (MG) and the
mitral valve area (MVA) is predictable, i.e., when the
MG is > 10 mmHg, the MVA is < 1.0 cm2. In MAC, this
relationship is unpredictable due to a series of confounders.
The high flow often present in renal failure and mitral
regurgitation may overestimate the MG. On the other hand,
the increased LV diastolic pressure caused by advanced age,
significant aortic valve disease, or LV systolic dysfunction
may underestimate the MG.°
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These are the predictors of a worse one-year prognosis:
MG > 8 mmHg, MVA < 1.5 cm2, RV systolic pressure > 50
mmHg, and the presence of atrial fibrillation.®

It is important to remember that the transthoracic
echocardiogram may underestimate the degree of mitral
regurgitation due to the formation of an acoustic shadow
posterior to the valve annulus. The regurgitant jet should be
analyzed by color Doppler in multiple views, and the power
of the subcostal window for this purpose should not be
underestimated since it is complemented by transesophageal
echocardiography.

In symptomatic patients, interventional procedures may
be indicated when symptom control fails after optimized
drug treatment; however, the results are dubious and the
perioperative risk is often high. Mitral valve replacement
surgery with calcium removal is technically challenging
due to difficulty obtaining adequate cleavage planes,
especially in patients with calcification extending to the LV
wall.? On the other hand, mitral valve replacement with
calcium maintenance can result in paravalvular leak and
prosthesis—patient mismatch, common complications in this
scenario. In recent years, percutaneous intervention with
aortic prosthesis implantation in the mitral position (valve
in MAC) has become an alternative in selected cases.?? The
major complications of this procedure involve LV outflow
obstruction, atrial embolization of the prosthesis, and
paravalvular leak.?'

Conclusion

MAC is a progressive process with several risk factors and
related to a series of adverse cardiovascular events such as
arrhythmias, valvular heart disease, heart rhythm disorders,
and stroke. In the presence of calcium valve stenosis,
stenosis degree grading has some particularities related
to rheumatic mitral valve stenosis. The complex anatomy
of the mitral valve apparatus can be assessed by two- and
three-dimensional echocardiography, and its detailed
characterization can add prognostic information that aids
the cardiologist with clinical decision-making.

Arq Bras Cardiol: Imagem cardiovasc. 2022;35(1):ecom19



Barros Filho et al.
Mitral Annular Calcification: Challenges and Particularities

My Approach To

Vmax 157 cmis
Vmean 88.5 cmis
Max PG 10 mmHg
Mean PG 4 mmHg
il &:
VR
AVA (VTI)

g Svwon
AVA (Vmax) 2.03 cm?

--80

-120

160
U
L —

R e

se65h

75mmis

Adult Echo

3D Beats 1 X7-2t

3D Beats 1
9Hz
7.0cm
3D Zoom

o 9m

2D/3D
% 50144
C 50/30
Gen

4
E || F
T
wLuE oAt
221

Figure 4 - Patient with mitral annular calcification (MAC) and a double valve lesion. A. The parasternal short-axis plane at the level of the mitral valve showing calcification
of the posterior valve annulus (thick arrow) with formation of a posterior acoustic shadow (thin arrow). B. The apical four-chamber plane with color Doppler showing mitral
insufficiency (thick arrow) and the formation of posterior acoustic shadow (thin arrow). C. The time-velocity integral obtained with continuous-wave Doppler of the mitral
inflow. D. The time-velocity integral obtained with pulsed-wave Doppler of the LV outflow tract. E. Three-dimensional (3D) transesophageal echocardiogram from the left
atrium perspective showing asymmetric MAC distribution (thick arrow). F. The 3D transesophageal echocardiogram from the LV perspective showing a slightly reduced
valve opening without commissural involvement (thin arrows).
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My Approach to the Echocardiographic Assessment of Anderson-Fabry Disease

Como Eu Faco Avaliacao Ecocardiografica da Doenca de Fabry

Hospital de Base do Distrito Federal (HBDF)', DF. Brazil

Sandra Marques e Silva’

Echocardiographic assessment of anderson-
fabry disease

Anderson-Fabry disease (AFD) is a rare lysosomal inborn
metabolism error due to changes to the long arm of the
X chromosome that result in deficiencies of the alpha-
galactosidase enzyme, which is responsible for metabolizing
glycosphingolipids. Systemic presentations result from the
accumulation of these substances in the cells of organs such
as the heart, central and peripheral nervous system, kidneys,
eyes, skin, and others." This heart disease, which resembles
a sarcomeric hypertrophic cardiomyopathy phenocopy, is a
main cause of mortality due to heart failure, arrhythmia, and/or
myocardial ischemia in this population in Brazil.? The natural
disease progression can be changed by an accurate and early
diagnosis and the availability of specific intravenous enzyme
replacement or oral chaperone therapy, thereby increasing
quality of life and life expectancy.® Thus, echocardiography
plays an essential role as a diagnostic and risk stratification tool
in the assessment of therapeutic efficacy and the investigation
of cardiac complications.

My approach

A quick anamnesis and precordium auscultation can aid the
echocardiographic investigation prior to the test. A detailed
history is not always possible, but complaints of intolerance to
exertion, chest pain, and palpitations in a young person with
no known pathologies should be highlighted. Adolescents and
young adults with a history of physical exercise problems in
childhood, hypohidrosis, neuropathic pain in the extremities,
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and/or the presence of reddish nodular lesions on the
mucous membranes or in a swimsuit distribution pattern
(angiokeratomas) may indicate carriers of the classic form of
the disease. Some patients report a family history of AFD and
heart disease, chronic kidney disease, and/or cerebral ischemia
atan early age; these data are valuable. If an electrocardiogram
is available, the presence of ventricular overload signs
associated with a short PR interval, arrhythmias, and/or a QTc
< 440 ms may help confirm the suspected diagnosis.*

The flagship of AFD cardiomyopathy on conventional two-
dimensional echocardiography is the presence of hypertrophy.
However, it may not be present in the early stages of the
disease or might assume unusual aspects. The increased
wall thickness is typically concentric, and values greater
than 11 mm in women and 12 mm in men are considered
pathological by the main international guidelines.® Such
measures are valid for phenocopy situations and would not
work for true hypertrophies such as those in sarcomeric heart
diseases, whose values are considered diagnostic if greater
than 15 mm in index cases and greater than13 mm in family
screening situations.® Isolated asymmetric and apical forms
are also described; in all cases, left ventricular (LV) outflow
tract obstruction is not usually present. More severe cases of
hypertrophy are observed concomitantly with chronic renal
failure or other outflow tract obstructions, such as rheumatic
disease. The right ventricle may be affected by deposits
and present 50-70% increased parietal thickness, usually
associated with LV hypertrophy.”

Papillary muscle hypertrophy is visible even in the first
ultrasound sections, but it is not a determinant of the onset
of significant intraventricular gradients or severe valvular
dysfunction. The latter is often discrete to moderate, and it
usually does not progress to severe forms that require correction.®

The binaryssign, histological correspondent of glycosphingolipid
deposits in the endocardium, is visible on two-dimensional
images but not currently considered a pathognomonic finding
of the disease. It is present in 20-30% of cases, being usually
associated with increased ventricular thickness.’

The presence of diastolic function changes is usually
the earliest AFD cardiomyopathy finding. Cases of patients
younger than 40 years of age without underlying diseases
such as renal disorders, systemic arterial hypertension, or heart
valve disease and presenting decreased tissue Doppler mitral
annulus propagation velocities or transmitral flow should be
highlighted even if the ventricle is not hypertrophic. Left atrial
dilatation indicates advanced disease and is usually present
in the final stages of the heart disease progression. This is also
true for the development of diastolic dysfunction above grade
Il and for patterns with restrictive physiology.'*"

Systolic function, on the other hand, remains normal over
most of the disease course unless other comorbidities such
as coronary artery disease, kidney disease, or uncontrolled
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Figure 1 - Longitudinal parasternal image of the left ventricle showing increased wall thickness, a granulated myocardium (suggestive of deposit disease), increased
mitral and aortic valve thickness, and increased endocardial refringence (binary sign).

Figure 2 - Five-chamber apical image of the left ventricle demonstrating increased papillary muscle thickness.
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Figure 3 — Doppler images of the left ventricle of a patient with advanced fabry cardiomyopathy. A. transmitral flow pulsed wave doppler showing an increased e/a
ratio. B. mitral ring tissue doppler in the septal position with a decreased propagation velocity and increased e/e' ratio. both changes are compatible with a left ventricle
diastolic dysfunction pattern.
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hypertension are present. New assessment techniques such
as myocardial strain have detected subclinical changes,
even in the presence of preserved ejection fraction. An LV
assessment shows a reduced AFD global longitudinal strain
due to a characteristic strain change in the basal region of
the lower lateral wall. Dysfunction may be more diffuse over
the natural course of the disease without adequate clinical
treatment. The right ventricle and left atrium may also present
decreased strain. These findings add prognostic value and
may predict future clinical decompensation with heart failure
and arrhythmias, which worsen in the presence of underlying
myocardial fibrosis. Although the gold-standard method for
this diagnosis is magnetic resonance imaging, this technique
may suggest this change.'®"

The aorta may present increased proximal portion
dimensions determined by the deposits. However, the
progression to aneurysmal forms requiring specific treatment
is very rare and usually associated with other pathologies.
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All of the findings described above should be investigated
by the echocardiographer as a possible AFD cardiomyopathy.
In many cases, the clinician treating the patient must be
informed of this diagnostic hypothesis in the patient’s final
report. However, echocardiography alone is insufficient
to confirm the diagnosis, which requires complementary
investigation with magnetic resonance or other diagnostic
methods. Genotyping is essential to determining the point of
genome change and classifying the disease as classic or late
presentation (late onset or cardiac form)'*'. The progression
of these variants is dissimilar and the findings may have an
earlier onset and be more severe in the former than the latter
situation. Finally, the process to access the specific treatment
(judicially in Brazil) depends on this information.
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My Approach To Echocardiographic Assessment In Pulmonary Hypertension

Como eu Faco a Avaliagao Ecocardiografica na Hipertensao Pulmonar

Hospital das Clinicas da Universidade Federal de Goids," Coiania, GO, Brazil.

Jodo Batista Masson-Silva’

Pulmonary hypertension (PH) is a syndrome with a high
worldwide prevalence characterized by increased pulmonary
circulation pressure that progressively leads to vascular bed
and right ventricle component remodeling.’

The PH diagnosis is suspected based on clinical signs/
symptoms and echocardiographic findings, but it is confirmed
only by direct and invasive measurements during right heart
catheterization showing a mean pulmonary artery pressure
(mPAP) > 20 mmHg. Treatment aims to alleviate symptoms

Cloves Geraldino da Silva
Janior!

and delay progression to the final disease stage, which presents
irreversible micro- and macrovascular changes and right
ventricular dysfunction. A delayed diagnosis changes the natural
course of the disease, increasing morbidity and mortality.>?

From clinical and hemodynamic points of view, PH can be
classified into five groups (Figure 1 e Table 1):%°
Echocardiography plays a fundamental role in the

diagnostic screening of PH and in the assessment of right
ventricular systolic function.

PH

Group 1 Group 2 Group 3

Group 4 Group 5

PAH Lung disease

Left heart disease and/or hypoxia

Pulmonary arterial
obstruction

Multifactorial

| Idiopathic PH I |W|
] disease

| Complex systemic or congenital disease

| COPD | PTE
Precapillary Pre- or
hemodynamic Postcapillary Precapillary Precapillary postcapillary
pattern hemodynamic hemodynamic hemodynamic hemodynamic
pattern pattern pattern pattern

COPD, chronic obstructive pulmonary disease; HF, heart failure; PH, pulmonary hypertension; PTE, pulmonary thromboendarterectomy.

Figure 1 - Haemodynamic classification of PH Classificagdo hemodindmica da Hipertenséo pulmonar.
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Table 1 - Clinical and hemodynamic classification of pulmonary hypertension groups.

Grup Sub-group Clinical presentation Hemodynamics
Idiopathic PAH
Hereditary PAH ) )
PAH associated with connective tissue disease, Egrsigrq:?élsey; ecr(;ge, Jugular stasis, Precapillary PH:
| PAH ?g;l/{s;t)g;garln?ayspisertenmon, congenital heart disease, Specific signs of connective tissue, liver, mPAP > 20 mmHg
PAH CCB responders and HIV d_isease. ) o PAOP < 15 mmHg.
Pulmonary capillary hemangiomatosis, pulmonary Ecﬂ:)gﬁ;cri:%%rrasphlc signals limited to the  PVR 2= 3 Wood units
veno-occlusive disease 9
Persistent PH of the newborn
Isolated postcapillary PH:
mPAP > 20 mmHg
E: gﬂg tg :Efglf Left heart and/or valve disease signs EC%F;Z:S 1\,3 orgdmﬂr?its
Il Eya?tegigggzgy toleft Valvar disease E@H%Tgﬁm; amber + left chamber Combined pre- and postcapillary
Congenital disease or cardiovascular condition and /or'valvular chandes PH:
leading to postcapillary PH g mPAP > 20 mmHg
PAOP = 15 mmHg
PVR 2 3 Wood units
COPD g:erginoltr:] hypoxia at rest and/or on Precapillary PH:
1l sil;lezz?ggg/royrtg Iuggi a Restrictive lung disease Specific lung function and/or lung ';APég : %(5) mm:g
VP Hypoxia without pulmonary disease imaging test changes PVR >‘3 Wood ur?its
Changed polysomnography =
Dyspnea, edema Precapillary PH:
v Pmrzgﬁg?dg?{eto Chronic PTE Ventilation/perfusion scintigraphy and/or  mPAP > 20 mmHg
gbstru cti o);m vy chest CT angiography changes PAOP < 15 mmHg
Association with neoplasia PVR = 3 Wood units

v Multifactorial and/or
uncertain mechanisms

Hematologic disease

Metabolic and systemic disorder (pulmonary
histiocytosis, Gaucher disease, sarcoidosis,
neurofibromatosis, glycogen storage disease)
Others (chronic kidney disease with or without

Signs and symptoms of underlying

disease (anemia, metabolic disease)

Precapillary PH:
mPAP > 20 mmHg
PAOP < 15 mmHg
PVR 2 3 Wood units
Or

Postcapillary PH:

hemodialysis, fibrosing mediastinitis)
Complex congenital heart disease

mPAP > 20 mmHg
PAOP = 15 mmHg
PVR < 3 Wood units

CCB, calcium channel blockers; COPD, chronic obstructive pulmonary disease; CT, computed tomography; ECHO, echocardiography; HFpEF, heart failure with preserved
ejection fraction; HFrEF, heart failure with reduced ejection fraction; HIV, human immunodeficiency virus; mPAP, mean pulmonary artery pressure; PAH, pulmonary arterial
hypertension; PAOP, pulmonary artery occluded pressure; PH, pulmonary hypertension; PVR, pulmonary vascular resistance; PTE, pulmonary thromboembolism.

Clinically suspected patients (symptoms and signs on
physical examination suggestive of PH) should be referred
for echocardiography to assess the echocardiographic
probability of PH, right ventricular function, and the presence
of severity criteria.*®

Echocardiographic assessment of PH
probability

Echocardiographic PH probability can be classified as low,
intermediate, or high. This categorization is based on the
assessment of peak tricuspid regurgitation (TR) velocity and the
presence of indirect signs suggestive of increased pulmonary
vascular bed pressure (Table 2).4¢

Peak TR velocity is the key criterion and should
be measured by continuous-wave Doppler during
smooth respiration according to the following
recommendations:*¢® (Table 2).

Indirect echocardiographic signs suggestive of PH may be
related to the ventricles (group A), pulmonary artery (group B),
inferior vena cava, and RA (group C) and should be evaluated
according to the following recommendations (Table 3):46-8
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Assessment of RV systolic function

Due to its anatomical complexity, the RV is the most difficult
cardiac chamber to analyze. The architecture of its thin walls
(triangular morphology on the long axis, crescent on the short
axis) consists of many trabeculations, intertwined longitudinal
muscle fibers in the sub-endocardium, and superficial
circumferential subepicardial fibers. Its contraction movement
resembles a bellows, has a complex mechanism, and occurs
predominantly longitudinally from the base to the apex, where
the shortening of minor and major axes pulls the tricuspid
valve toward the apex. Its thickness does not exceed 5 mm.”

Due to this complexity, the functional analysis of the
RV has been neglected or evaluated subjectively for years.
Studies from the last decade consolidated the importance
of the RV in maintaining hemodynamic stability, showing
significantly increased morbidity and mortality regardless of
the underlying disease in the progression to an advanced
stage of RV dysfunction. The clinical need for an accurate RV
assessment and the technological advancement of software
favored the study of numerous parameters in the search for
an earlier diagnosis to delay the disease’s natural course.’

Cardiac resonance, the gold standard for functional analysis
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Peak TR velocity

1

( |

)
| < 2.8 mis or no TR | | 29-3.4mis |

1
Presence of indirect
signs of PH in 22
groups/

PH, pulmonary hypertension; TR, tricuspid regurgitation.

1
Presence of indirect
signs of PH in 22
groups

Intermediate PH (/Int;;n:im\
probability / probability y

‘x)'/ > \¥r g

[
No indirect signs
of PH

[
No indirect signs
of PH

Low PH
probability
4

Figure 2 - Estimated echocardiographic PH probability based on peak TR velocity and indirect signs of PH.

Table 2 - Tricuspid regurgitation analysis.

+ Vol d0domis
PG 65mmHg

1. Use several windows (apical four-chamber, short-axis, subcostal, or other modified positions) to obtain the
best regurgitant jet envelope.

2. Avoid eccentric jets as they may underestimate measurements.

3. Use high scan velocities (100 mm/s) to better differentiate true velocity from artifacts.

4. Report that the velocities may be underestimated in severe regurgitation, especially when associated with
annulus dilation and valve leaflet coaptation failure (there is no gradient between the right atrium and the right
ventricle; similar to a single chamber)

5. Average five beats in atrial fibrillation.

6. Right ventricular systolic pressure estimation is not recommended due to the high right atrial pressure
variability subjectively caused by inferior vena cava variations.

1obmmts ' " Bbpm

Table 3 - Indirect echocardiographic signs.

Group A - Ventricles

Ratio of right (RV) and left ventricle (LV) basal diameter
measurements
X5-1 \

+ Dist 38Tcm g
= Dist 552cm

Apical four-chamber plane (avoid shortening)
Measure LV and RV basal diameters at end-diastole
Consider the ratio of basal RV/LV diameter as an indirect criterion for PH, with a value of >1 indicating RV dilation

Parasternal short-axis plane — mid-region between papillary muscles and top of mitral valve leaflets
End-systole — moment of visualization of the smallest cavity

End-diastole - R wave peak

Measurement location — D1 is the LV diameter perpendicular to the interventricular septum (IVS), D2 is the LV
diameter parallel to the IVS

LVEI = D2/D1

Volume overload: changes LVEI only in diastole

Pressure overload: changes LVE! in systole and/or diastole

Consider as an indirect PH criterion: LVEI > 1.1 in systole or both systole and diastole
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Group B - Pulmonary artery

Pulmonary artery acceleration time

Parasternal short-axis plane

Place pulsed Doppler sample volume sample in the RV outflow tract (RVOT) - ventricular face (below the
pulmonary valve cusps)

Measure time from the beginning to peak pulmonary artery velocity

Measure at the end of expiration

R | Use a five-beat average in atrial fibrillation

Heart rate (HR) < 70 bpm or > 100 bpm may reduce accuracy — correct with the formula: acceleration time x 75/HR
HR does not interfere with acceleration time in patients with an invasive mPAP > 25 mmHg

Systolic notching suggests a pattern of high pulmonary circulation resistance

Consider as an indirect PH criterion: AT < 105 ms

L emis

" &, AV \Mm
w

A

Parasternal short-axis or RVOT plane

Align continuous-wave Doppler with the pulmonary reflux jet
Measure initial peak velocity

Consider as an indirect PH criterion: iPRV > 2.2 m/s

diameter (PAD

Parasternal short-axis plane

Place frame at end-diastole

Measure the lung diameter at the midpoint between the pulmonary valve and the bifurcation point (right and left
branch emergence)

Consider as an indirect PH criterion: PAD > 25 mm

Group C - Inferior vena cava and RA

Inferior vena cava diameter and respiratory variation

Subcostal plane

Measure the diameter 1-2 cm from the junction with the RA

Measure at the end of expiration

Consider as an indirect PH criterion: diameter > 21 mm with reduced respiratory variability (<50% with deep
inspiration or <20% with shallow respiration)

Apical four-chamber plane
Measure at the end of ventricular systole (frame before tricuspid valve opening)
Consider as an indirect PH criterion: RAA > 18 cm?

|A—n 67bpm

LV: left ventricle; RV: right ventricle; LVEI - LV: eccentricity Index; IVS: interventricular septum; RVOT: right ventricle outflow tract; HR: Heart rate; AT: acceleration time;
mPAP: mean pulmonary artery pressure; iPRV: Initial diastolic pulmonary regurgitant velocity; PAD: Pulmonary artery diameter; r - IVC: Inferior vena cava; RA: Right
atrial; RAA: Right atrial area.
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of the RV, is not influenced by technical image acquisition
limitations, but its lower availability, impossible portability,
time-consuming performance, and high cost hinder its use as
a first-choice method for such purposes. On the other hand,
echocardiography, which features low cost and no radiation
exposure, has become the most attractive method for the initial
assessment of global RV function, being the gold standard
method for selected cases.™

Echocardiography analyzes RV segments by acquiring
multiple echocardiographic windows using all the features
offered by ultrasound (M-mode, Doppler, 2D, 3D, strain).
The first quantitative parameters are derived from basic
echocardiography and called classic, conventional, or
traditional (Tabela 4). These quantitative parameters aim
to detect changes in RV function at an earlier stage but
have been criticized for being extremely dependent on
pre- and post-load states and inferring that the assessment
of a small RV segment may reflect the global function of a
highly complex anatomical structure. Despite criticisms and
technical difficulties, these parameters are used in clinical
practice, being established by both general consensus on
chamber quantification and the specific quantification

of the right chambers. Technology has brought advanced
parameters derived from myocardial deformation and 3D
imaging with the advantages of evaluating more than one RV
segment and of not being so influenced by hemodynamic
conditions. The low availability of software in devices and
the few studies of its standardization among manufacturers
are real limitations in daily practice.®"

The presence of pericardial effusion and measurements
of right ventricular diameters and thickness are additional
parameters useful in analyzing the severity of pulmonary
hypertension and its hemodynamic repercussion on the right
chambers (Table 5).

Final considerations
PH is invasively diagnosed only by right heart catheterization
(mPAP > 20 mmHg).

Echocardiography is the main test used to screen patients
with suspected PH. It aims to estimate echocardiographic
PH probability and assess the morph functionality of the right
chambers.

It should not be used to grade PH severity.

Table 4 - Echocardiographic parameters for analysis of right ventricular function.

Classical echocardiographic parameters

Technique:

Tricuspid annular plane systolic excursion
TAPSE

chamber plane.

Advantages:
- Easy to perform

Disadvantages and limitations:
- Regional segmental changes
- Hemodynamic conditions

- Angle of insonation

- Cardiac translational movement

Consider that the measurement of a basal segment represents the global function of a cavity with complex anatomy.
It may be normal in patients with cardiac dysfunction (PH)

It may be reduced in patients with preserved right ventricular function (post-cardiac surgery)

Consider as dysfunction: TAPSE < 17 mm

- Position the unidimensional mode cursor (M) in the basal region of the lateral tricuspid annulus in the apical four-

- Measure from the systolic displacement of the tricuspid annulus

- Good correlation with cardiac magnetic resonance imaging data

S'—TDI - Tissue Doppler tricuspid annular
systolic velocit

X5-1
111Hz
o —

Technique:

plane

Advantages: Easy to perform
Disadvantages and limitations:

- Dependent on insonation angle

- Varies greatly with global cardiac motion

- Dependent on correct alignment (as parallel as possible) of the Doppler with the tricuspid annular motion
Assesses only the basal segment of the RV free wall

Consider as dysfunction: S’- TDI < 9.5 cm/s

- Position the tissue Doppler sample volume in the basal region of the lateral tricuspid annulus in the apical four-chamber

- Measure the peak systolic velocity of lateral tricuspid annular motion

Fractional area change
» ® +RVEDA 226 cm*
RV EOA i cmr

Technique:

Disadvantages and limitations:

- Definition of endocardial borders
- Does not consider RV outflow in functional analysis
Consider as dysfunction: MAF/FAC < 35%

- Four-chamber apical plane - two-dimensional mode

- Trace the endocardial borders of the RV by estimating the area in systole and diastole

- Calculate variation using the formula: MAF/FAC = 100 x (RV area in diastole - RV area in systole)/RV area in diastole
Advantage: Enables evaluation of a greater number of RV segments
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MPI/TEI - myocardial performance index or
TEl index

Technique:

+ Pulsed Doppler:

- In 4C apical plane, position the sample volume atop the tricuspid valve leaflets and measure the time between two
tricuspid flows (IVRT + ET + IVCT) — Time A

- In the short-axis plane, position the sample volume in the RVOT (close to the pulmonary valve leaflets) and measure
the pulmonary ejection time - Time B

+ Tissue Doppler:

- In 4C apical plane, position the sample volume in the basal region of the lateral tricuspid annulus

- Measure the time between two tricuspid flows (IVRT + ET + IVCT) — Time A

- Measure the pulmonary ejection time — Time B

Calculated by dividing the sum of isovolumetric contraction and relaxation times by the RV ejection time (MPI = A - B/B).
Advantage: Tissue Doppler technique acquires A and B times in a single beat of the cardiac cycle

+ Disadvantages and limitations:

- Pulsed Doppler technique requires beats at different times to acquire A and B times - it can change the results,
especially with heart rate variability

Itis a global index that assesses RV systolic and diastolic function (not possible to distinguish between them)
Consider as dysfunction: MPI/TEI > 0.43 on pulsed Doppler and > 0.55 on tissue Doppler

Advanced echocardiographic parameters:

RV free wall strain (RVFWS

Strain is defined as the change in the length (deformation) of the myocardium under the action of a force (fractional
change of a myocardial segment in relation to the initial length after the action of a contraction force)

The most common method is speckle tracking using the block matching (region of interest or kernel tracking; Philips and
GE) or optical flow techniques (derived from vector velocity; Esaote and Siemens)

It can be evaluated globally by left ventricular global strain or only on the RV free wall (RVFWS) - the latter being more
specific by excluding interventricular septum analysis (LV fiber interference)

Technique:

Apical four-chamber plane with optimized image and focused on the RV

Frame rate > 50-60 Hz

Visualize RV apex throughout the cardiac cycle (request apnea if necessary)

Calculate deformation using each manufacturer’s own algorithm

Automatic methods using artificial intelligence have gained more space due to their agility and good correlation with the
gold standard method.

Advantages: Reproducible and independent of the angle of insonation and translational movement

Disadvantages: Does not consider RVOT, variability between manufacturers, image quality

Consider as dysfunction: RVFWS < -20% correlates with a reduced RV ejection fraction

3D RVEF-RV ejection fraction by the 3D method

Apical four-chamber plane focused on the RV

Use a 3D transducer and acquire the RV full volume encompassing the tricuspid and pulmonary valves
Acquire it at the highest possible frame rate — preferably > 20 Hz

Reconstruct with specific software (according to the manufacturer) to calculate volumes and ejection fraction
Advantages:

- Enables better anatomical assessment (includes all RV segments)

- Assesses RV longitudinal and radial contraction

- Assesses anteroposterior shortening

Limitations:

- Dependent on pre- and post-load states

- Image must be of good quality to enable endocardial border identification

- Artifacts produced by arrhythmias

- Acquisition and processing time

- Availability (of the 3D transducer and quantification software)

- Consider as dysfunction: 3D RVEF < 45%

TAPSE = Tricuspid annular plane systolic excursion; TDI - Tissue Doppler; RV = Right ventricle; FAC = Fractional area change; RIMP or Tei index = Right ventricular
index of myocardial performance; IVRT = Isovolumic relaxation time; ET = Ejection time; IVCT = Isovolumic contraction time; RVFWS — RV free wall strain; RVGS - RV
global strain; 3D RVEF - 3D Right ventricule Ejection fraction; RVOT = Right ventricular outflow tract.
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Table 5 - Additional echocardiographic parameters for RV assessment.

Pericardial effusion

iPerrame pericirdico s = =

.

Related to the natural disease course and its prognosis
Absence of stroke indicates better prognosis
Presence of stroke associated with advanced disease and worse prognosis

+ Dist 383em
= Dist 211 em
> Dist 815cm

A166pm

PH increases pre- and post-load with progressive RV dilation

RV inflow tract plane:

Modified apical four-chamber window for RV

Visualize RV apex

Avoid RV shortening (can be technically difficult due to crescent shape)

Measure the RV at end-diastole

Basal diameter of the RV (BRV)

- Maximum transverse diameter at the base of the RV

- Consider as increased: BRV > 41 mm

Mean RV diameter (MRV)

- Transverse diameter measured at LV papillary muscle level

- Consider increased: MRV > 35 mm

Longitudinal RV diameter (LRV)

- Longitudinal length from the tricuspid annular plane to the RV apex

- Consider increased: LRV > 83 mm

RVOT plane:

RVOT proximal diameter (RVOTPD):

-- Linear measurement taken at end-diastole from the RV anterior wall to the septum-aortic interventricular
junction in long-axis parasternal window. Consider as increased: RVOTPD long axis > 30 mm

-- Linear measurement taken at end-diastole from the anterior wall of the RV to the aortic valve in sternal
short-axis window. Consider increased: RVOTPD short axis > 35 mm

RVOT distal diameter (RVOTDD):

Linear measurement taken at the close proximal end pulmonary valve diastole in sternal short-axis
window. Consider increased: RVOTDD > 27 mm

« Dist 0.505cm

5
sobom

PH causes RV hypertrophy

Method:

Subcostal or apical four-chamber plane

Measure RV thickness using 2D or M-mode at end-diastole

Measurement location: RV free wall below the tricuspid annulus (distance from valve plane equivalent to
the point at the top of the fully open anterior leaflet and parallel to the free wall)
Limitations:

Single point measurement

Harmonic imaging and angled M-mode may overestimate thickness

Technical difficulty in cases of pericardial thickening

Consider hypertrophy: thickness > 5 mm

PH: Pulmonary hypertension; RV: right ventricle; BRV: basal diameter of the RV; MRV: mean RV diameter; LV left ventricle; LRV: longitudinal RV diameter; RVOTPD:
right ventricle outflow tract proximal diameter; RVOTDD: right ventricle outflow tract distal diameter.
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My approach to diagnosis of and echocardiographic follow-up for

muscular dystrophies

Como Eu Faco Diagndstico e Seguimento Ecocardiografico nas Distrofias Musculares
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"Hospital das Clinicas of the Federal University of Parand — Department of Clinical Medicine — Cardiology Service, Curitiba, PR, Brazil. *Hospital
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Introduction

Muscular dystrophies (MD) are a group of heterogeneous
diseases genetically determined and characterized by
progressive muscle atrophy and weakness. Mutations
in genes encoding muscle fiber proteins lead to the
development of MD. MD types vary by deficient protein,
each with its natural history and characteristic clinical
presentation. As with other clinical aspects, cardiac
involvement is also quite variable.'2

This article will review the most important aspects of
the clinical-echocardiographic follow-up of MD types
frequently associated with cardiomyopathies, including
dystrophinopathy, limb-girdle muscular dystrophy (LGMD),
myotonic dystrophy, and Emery-Dreifuss muscular
dystrophy (EDMD).

General aspects related to the clinical and
echocardiographic diagnosis of MD

The clinical diagnosis of MD considers symptom
progression, family history, and, in most cases, a genetic study
and/or immunohistochemical analysis for its confirmation and
classification (Table 1)."? These patients usually present no
cardiomyopathy-related symptoms and signs due to functional
limitations caused by muscle weakness. In this context,
echocardiography is an essential tool in MD management
because, in addition to being widely available and of low cost,
it assesses anatomic-functional characteristics of the heart and
detects preclinical changes.

Due to the development of new specific therapies, the
increased survival of patients with some types of MD has made
cardiological complications the leading cause of morbidity
and mortality. For this reason, the early detection of cardiac
changes and the introduction of cardiomyopathy-directed
therapy have become essential.>*

Keywords

Muscular dystrophies; Cardiomyopathy, dilated;
Echocardiography.

Mailing Address: Raphael Henrique Déa Cirino

Rua Herculano Carlos Franco de Souza, 550, apto. 204-A, Agua Verde.
CEP 80240-290 — Curitiba, PR, Brazil.

E-mail: rapha_cirino@yahoo.com.br

Manuscript received 2/13/2022; revised 2/14/2022; accepted 2/16/2022.

DOI: 10.47593/2675-312X/20223501eabc292

O

<< CONTENTS

Dystrophinopathy cardiac presentation and
echocardiographic findings

Duchenne MD (DMD) is the most common neuromuscular
disease in children and reflects the most severe spectrum
of dystrophinopathies, which also include Becker MD and
asymptomatic female carriers of the DMD gene mutation®.
Clinical cardiological presentations are characterized by
dilated cardiomyopathy (DCM) and its complications and
can occur in any spectrum of dystrophinopathy without a
correlation with peripheral muscle involvement severity.**

In recent years, the role of echocardiography in assessing
dystrophinopathies has been questioned, as some studies
demonstrated the superiority of cardiac magnetic resonance
imaging (cMRI).® Despite this, and considering the limitations
inherent to cMRI, echocardiography remains valuable in the
routine evaluation of these patients for being widely available,
being of low cost, and presenting no severe adverse effects.”*
Studies comparing echocardiography with cMRI show that left
ventricular (LV) fractional shortening®® and LV ejection fraction
(LVEF) by the area-length method® are the echocardiographic
parameters used to assess LV systolic function that best
correlate with cMRI.

Typical echocardiographic findings are LV dilation and
systolic dysfunction, which define the DCM phenotype
(Figure 1).** Characteristic dystrophinopathy changes include
segmental contractility changes with a predilection for LV
inferolateral wall involvement.** Myocardial strain evaluated
by speckle tracking also shows changes versus healthy
individuals, with reduced global longitudinal (GLS) (Figures 2
and 3),471%1" global circumferential,”'" and global radial
strains, especially the basal segments of the inferior,
inferolateral, anterolateral and anterior walls.”!" One study
also demonstrated reduced three-dimensional myocardial
strain in the longitudinal, circumferential, or radial axis.'? A
recent meta-analysis determined that GLS, the most studied
and most reliable echocardiographic parameter for the early
detection of LV systolic dysfunction,’® can be reduced in up
to to 50% of DMD patients with a normal LVEE® As for LV
diastolic dysfunction, DMD patients present lower septal and
lateral e waves values and higher E/e' ratios than controls'
but do not meet echocardiographic criteria for significant LV
diastolic dysfunction. The functions of the right chambers are
usually preserved.”

Electrocardiography and transthoracic echocardiography
are recommended at diagnosis, every two years before
10 years of age, and annually thereafter. Thus, cMRI
should always be considered, especially in older patients
with poorer echocardiographic image quality, and
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Table 1 - Genetic aspects, pathogenesis and typical echocardiographic findings typical of muscular dystrophies most often associated with

cardiomyopathy.
. - Typical
Classification Inheritance Gene Pathogenesis Non _Card|gc Clinical Echocardiographic
Manifestations -
Findings
Delayed walking o
Proximal lower limb muscle Lv dllatat_|on functi
weakness with onset before Lv SYStO','C dysfunction
Duchenne Muscular  X-linked DMD Total dvstrophin deficienc 5 years of age and rapid _Predﬂectlon t?wards
Dystrophy recessive ystrop Y progression to walking disability !mfpaljnlentlo ﬂllle Lv
Dystrophinopathies (usually before 12 years of age) gLesro aderatl wa all
Proximal upper limb muscle reduction, especially
weakness of the basal segments of
. ) the inferior, inferolateral,
Becker Muscular ~ X-linked . N Simiar to DMD, but with onset. gterojateral, and anterior
: DMD Partial dystrophin deficiency  around 10 years of age and
Dystrophy recessive A walls
slower progression
Distal muscular weakness
associated with facial muscular
weakness, with eyelid ptosis
Autosomal and myotonic phenomenon LV systolic function
Type 1 dominant DMPK CTG repeat expansion Systemic manifestations: Decreased GLS,
cataract, insulin resistance, especially apical
Myotonic gonadal failure and baldness.  ongitudinal strain
Dystrophies It may start at birth (congenital), LV diastolic dysfunction
in childhood or in adulthood with normal LA
Proximal muscle weakness Mitral valve prolapse
Autosomal Less intense symptoms and Pericardial effusion
Type 2 domi CNBP/ZNF9  CCTG repeat expansion slower progression than in
ominant :
myotonic dystrophy type 1.
It does not start in childhood
Laminopathy Autosomal . .
(LGMD1) dominant LMNA Lamin A/C deficiency
Limb-girdle S6ee Limb-girdle muscle weakness LV dilatation
g Sarcoglycanopathies  Autosomal SGCA Beta-sarcoglycan/gamma- p-girle mus ) .
Muscular ; - beginning in childhood through LV systolic and diastolic
) (LGMD2C-F) recessive SGCB sarcoglycan deficiency . .
Dystrophies SGCD the fourth decade of life dysfunction
Fukutinopathy Autosomal FKRP Fukutin-related protein
(LGMD2I) recessive deficiency
Type 1 Xlinked EMD/FHL!  Emerin/FHL1 deficiency Predominance of biatral
recessive Humerus-peroneal muscle dilatation over LV
Emerv-Dreifuss weakness associated with early ~ dilatation
Musxlar Autosomal prominent joint contractures Atrial standstill and
A : ) (neck extension, elbow flexion increased cardioembolic
Dystrophy Type 2 ?;crzlslai:g LMNA Lamin A/C deficiency and ankle flexion) with onsetin  risk

childhood

LV systolic and diastolic
dysfunction

CNBP/ZNF9: Cellular Nucleic Acid-binding Protein/Zinc Finger Protein 9; CTG: Cytosine-Thymine-Guanine; DMD: Duchenne Muscular Dystrophy; DMPK: Myotonic
Dystrophy Protein Kinase; FHL1: Four And A Half LIM Domains 1; FKRP: Fukutin Related Protein LGMD: Limb-girdle Muscular Dystrophy; GLS: Global longitudinal

strain; CNS: Central Nervous System.

many clinicians advocate annual cMRI, especially in
patients who already have dystrophinopathy-related
cardiomyopathy.**

Cardiac presentation and echocardiographic
findings in myotonic dystrophy

Myotonic dystrophies are the most common hereditary MD in
adults, being characterized by multisystem involvement."'> The
most characteristic cardiac presentation is arrhythmia, including
conduction disorders, atrial and ventricular tachyarrhythmias, sudden
cardiac death, and less frequently DCM."*'® These complications are
more common in type 1 than in type 2,"'>'” accounting for about
30% of deaths in myotonic dystrophy type 1 patients.™

Arq Bras Cardiol: Imagem cardiovasc. 2022;35(1):eabc292
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Echocardiographic changes vary and may include LV
dilation, systolic dysfunction, and excessive trabeculation;
LV hypertrophy and diastolic dysfunction; and mitral valve
prolapse.'* Mitral, aortic, and tricuspid valve sclerosis may
also be observed in addition to pericardial effusion.'*'
The prevalence of LV systolic dysfunction is 13.8% in type
1 myotonic dystrophy.™> LV systolic dysfunction presence
and severity help in the decision to implant intracardiac
devices, such as a pacemaker and implantable cardioverter-
defibrillator as they are predictors of conduction disorders
and severe tachyarrhythmias." LV GLS is the most reliable
parameter for the early detection of systolic dysfunction,
with a reduced apical longitudinal strain being the most
characteristic finding."

Page 20f 6



Cirino et al.
Echocardiographic Diagnosis of And Follow-up for Muscular Dystrophies

My approach to

-LVIDs 6.38 cm
- LVPWd 0.477 cm
-LVIDd 7.30 cm
-Ivsd 0.733 cm
EDV (MM-Teich) 281 mi
IVSILVPW (MM) 1.54
ESV (MM-Teich) 207 ml

FS (MM-Teich) 126%
EF (MM-Teich) 263

w | FR 50Hz

Figure 2 - Left ventricular (LV) longitudinal strain analysis in apical four- (A), two- (B), and three-chamber (C) views, and LV global longitudinal strain (D) of a patient with
Duchenne muscular dystrophy with a normal LV ejection fraction and a reduced global longitudinal strain (-17%).

Due to the scarcity of symptoms, the high prevalence
of subclinical electrocardiographic and echocardiographic
changes and the worse prognosis due to these changes, we
recommend assessment at the time of diagnosis followed
by an annual routine assessment with ECG, 24-hour Holter
monitoring, and transthoracic echocardiography and
consider early primary prevention with the implantation of
intracardiac devices such as a pacemaker and implantable
cardioverter-defibrillator."”"

Cardiac presentation and echocardiographic
findings in LGMD

LGMD is a group of diseases characterized by pelvic
and scapular girdle atrophy and weakness.""®'” Those
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most frequently associated with cardiomyopathy are
laminopathy (LGMD1B), sarcoglycanopathy (LGMD2C-F), and
fukutinopathy (LGMD2I).""72° Cardiac clinical presentations
resemble those of other MD, including DCM, cardiac
arrhythmias, and sudden cardiac death.""”

DCM is the most characteristic echocardiographic pattern,
featuring LV dilation and systolic and diastolic dysfunction,
with an LVEF < 50% occurring in about 80%, 50%, and
39-45% of patients with LGMD2E (beta-sarcoglycanopathy),
LGMD2C (gamma-sarcoglycanopathy), and LGMD?2l,
respectively,'”21,2223

Recommendations aboutthe frequency of echocardiographic
assessment in LGMD are based on expert consensus.” In our
practice, we perform ECG and transthoracic echocardiography

Arq Bras Cardiol: Imagem cardiovasc. 2022;35(1):eabc292
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Peak systolic strain

HR = 104 bpm

AP2 L. Slrain=-20 %
AP4 L. Strain=-19%
AP3 L. Slrain =-20 %
G.L. Strain (Avg.) =-20 %

HR =81 bpm

AP2 L. Slrain =-6 %
AP4 L.Strain=-18 %
AP3 L. Slrain=-18%
G.L. Strain (Avg.) =-14 %

HR = 90 bpm
AP2L.Slrain=-15%
AP4L.Strain=-13 %
AP3L.Slrain=-13%
G.L. Strain (Avg.) =-14 %

Figure 3 - Global longitudinal strain (GLS) study of three Duchenne muscular dystrophy patients: (1) Male 10-year-old patient, symptom onset 5 years previous, ambulatory,
preserved left ventricular (LV) systolic function, LV ejection fraction (LVEF) of 65%, and GLS of -20%; (2) male 12-year-old patient, symptom onset 10 years previous,
wheelchair user, early LV systolic dysfunction, LVEF of 58%, and GLS of -14%; and (3) male 17-year-old patient, symptom onset 15 years prior, wheelchair user, overt

LV systolic dysfunction, LVEF of 34%, and GLS of -14%.

at diagnosis and annually thereafter. More studies are needed
to investigate the benefits of myocardial strain and other recent
echocardiographic techniques in LGMD.

Cardiac presentation and echocardiographic
findings in EDMD

EDMD is a rare disease characterized by a high frequency
of cardiac involvement that usually presents as supraventricular
and ventricular arrhythmias, conduction disorders, chamber
dilation, and systolic dysfunction.'->16:2425

The most common echocardiographic findings in EDMD
patients characterize the DCM phenotype and include LV
dilatation and systolic dysfunction, LV diastolic dysfunction,

Arq Bras Cardiol: Imagem cardiovasc. 2022;35(1):eabc292
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and bi-atrial enlargement. Atrial standstill and an increased
risk of embolic phenomena may also occur.’ Marchel et al.
demonstrated that up to 41% of EDMD patients (median age,
43 years) had LV dilation and 32% had an LVEF lower than
50%. Atrial enlargement is present in more than 2/3 of cases
and predominates over ventricular dilation. Echocardiographic
changes are similar in EDMD types 1 and 2 despite LMNA gene
mutations being more frequently associated with DCM, heart
failure and sudden cardiac death, regardless of the presence
of peripheral skeletal muscle involvement.?*

The frequency of echocardiographic assessment is not
well established, but in our clinical practice, we recommend
ECG, 24-hour Holter monitoring, and transthoracic
echocardiography at diagnosis and annually thereafter. The

Page 4of 6



Cirino et al.
Echocardiographic Diagnosis of And Follow-up for Muscular Dystrophies

My approach to

literature is scarce on the use of new echocardiographic
techniques such as myocardial strain in EDMD. Due to the
high risk of conduction disorders, ventricular arrhythmias,
and sudden cardiac death associated with EDMD, cardiac
screening of first-degree relatives and asymptomatic carriers
should be performed routinely. For the same reason, an
implantable cardioverter-defibrillator should be considered
for primary prevention in EDMD type 2."
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Tricuspid Annular Plane Systolic Excursion and Mitral Annular Systolic
Excursion: Correlation with Left Ventricular Diastolic Function

Excursao Sistolica do Anel Trictispide e do Anel Mitral: Correlacdo com Funcao Diastolica Ventricular Esquerda

André Américo Bedenko Martins', Leonardo Yoshida Osaku’, Ana Cristina Camarozano’, Cintia Rocha Fortes
de Sa', Daniela de Castro Carmo’, Jerbnimo Antonio Fortunato’, Rubens Zenébio Darwich’,

Liz Andréa Villela Baroncini’

'Red Cross Hospital, Curitiba, Parand, Brazil.

Abstract

Introduction: Tricuspid annular plane systolic excursion and mitral annular systolic excursion are parameters used to assess the
systolic function of the right ventricle and left ventricle, respectively. Little is known about its relationship with left ventricular
diastolic function.

Objective: To assess whether the values of mitral annular systolic excursion and tricuspid annular plane systolic excursion
correlate with parameters used in the evaluation of left ventricular diastolic function.

Method: Observational cross-sectional study. Two hundred nine individuals were selected, 116 women, with both ventricles
normal systolic function. The analyzes were performed for men and women, through Pearson correlation coefficient and
Sperman correlation coefficient. Tricuspid annular plane systolic excursion, mitral annular systolic excursion, atrial volumes
and left ventricular diastolic function parameters on transthoracic echocardiogram were obtained.

Results: In women, mitral annular systolic excursion was positively correlated with lateral e ‘(Sperman correlation coefficient
of 0.22; p=0.016) and tricuspid annular plane systolic excursion was positively correlated with E / A ratio (Sperman correlation
coefficient of 0.23; p=0.037), lateral e’ (Sperman correlation coefficient of 0.28; p=0.012), and septal e’ (Sperman correlation
coefficient of 0.28; p=0.012), and negatively with the E/e’ ratio (Pearson correlation coefficient of -0.27; p=0.018), and A
wave (Pearson correlation coefficient of -0.29; p=0.009). In men, only mitral annular systolic excursion correlated positively
with E wave (Pearson correlation coefficient of 0.21; p=0.037), lateral ¢’ (Sperman correlation coefficient of 0.34; p <0.001)
and the septal e’ (Sperman correlation coefficient of 0.26; p=0.008). There was no correlation between mitral annular systolic
excursion and tricuspid annular plane systolic excursion and atrial volumes. Hypertension and diabetes mellitus influenced
tricuspid annular plane systolic excursion and mitral annular systolic excursion values correlated to E and A waves, E/A ratio,
septal and lateral e’ waves, and E/e’ ratio.

Conclusion: In the present study, mitral annular systolic excursion and tricuspid annular plane systolic excursion values showed
a significant correlation with some parameters of left ventricular diastolic function, with stronger evidence on female sex.

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

Resumo

Introducao: A excursao sistélica do anel trictspide e a do anel mitral sdo pardmetros utilizados para se avaliar a funcao contratil do ventriculo
direito e do ventriculo esquerdo, respectivamente. Pouco se conhece sobre sua relacdo com a fungdo diastdlica ventricular esquerda.

Objetivo: Avaliar se os valores de excursao sistélica do anel trictspide e do anel mitral se correlacionam com pardmetros utilizados na avaliagao
da fungao diastélica ventricular esquerda.

Métodos: Estudo observacional transversal. Foram selecionados 219 individuos, sendo 116 mulheres, com fungao sistdlica preservada de
ambos os ventriculos. As andlises foram feitas separadamente para os sexos masculino e feminino, por meio dos coeficientes de correlagao
de Pearson e de Sperman. Foram obtidos: excursao sistélica do anel trictspide, excursdo sistdlica do anel mitral, volumes atriais e medidas
relacionadas a avaliagao da funcao diastdlica do ventriculo esquerdo ao ecocardiograma transtordcico.

Resultados: No sexo feminino, a excursao sistélica do anel mitral se correlacionou positivamente com o e’ lateral (coeficiente de correlagdo de
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Sperman de 0,22; p=0,016) e a excursdo sistdlica do anel tricispide se correlacionou positivamente com a relacdo E/A (coeficiente de correlagao
de Sperman de 0,23, p=0,037), com o e’ lateral (coeficiente de correlagao de Sperman de 0,28; p=0,012), com o e’ septal (coeficiente de
correlagao de Sperman de 0,28; p=0,012) e negativamente com a relacao E/e’ (coeficiente de correlagao de Pearson de -0,27; p=0,018) e onda
A (coeficiente de correlacdo de Pearson de -0,29; p= 0,009). No sexo masculino, apenas a excursao sistélica do anel mitral se correlacionou
positivamente com a onda E (coeficiente de correlacao de Pearson de 0,21; p=0,037), e’ lateral (coeficiente de correlacdo de Sperman de 0,34; p
<0,001) e e’ septal (coeficiente de correlagao de Sperman de 0,26; p=0,008). Nao houve correlagdo entre excursdo sistdlica do anel mitral e do
anel tricaspide e volumes atriais. A presenca de hipertensao arterial sistémica e diabetes melito influenciou nos valores de excursao sistdlica do anel
tricaspide e do anel mitral correlacionados a ondas E e A, relacao E/A, ondas e’ septal e lateral e relagao E/e’.

Conclusdo: No presente estudo, os valores da excursao sistdlica do anel mitral e do anel tricispide apresentaram correlacao significativa com

algumas varidveis da fungdo diastdlica ventricular esquerda com maior evidéncia no sexo feminino.

Palavras-chave: Ecocardiografia; Ventriculos do coragao; Fungao ventricular.

Introduction

The cardiac cycle encompasses several phases and
corresponds to interdependent movements between several
cardiac structures that determine its efficiency. A quick
and accurate analysis is not possible.” Therefore, cardiac
assessment by transthoracic echocardiography (TTE) is based
on the acquisition of static and dynamic images associated
with measurements and comparisons predetermined in
uni- and multicentric studies and arranged in tables to
define normality."

In particular, two measurements stand out due to their
correlation with and dependence on cardiac structures, the
tricuspid annular plane systolic excursion (TAPSE) and the mitral
annular plane systolic excursion (MAPSE), which are used to
assess right ventricular (RV) and left ventricular (LV) contractile
function, respectively.®* Both TAPSE and MAPSE are evaluated
in the apical four-chamber window by placing the M-mode
on the lateral tricuspid or mitral annulus, respectively, and
measuring the distance from the “lowest” to the “highest” point
it reaches (Figure 1).” Thus, the M-mode angulation with other
adjacent cardiac structures, especially the left and right atria,
may interfere with these two measurements.®’

Myocardial performance is directly related to ventricular
architecture. Circumferential and longitudinal myocardial

fibers, in addition to improving systole and diastole through
shortening/widening, help displace the mitral and tricuspid
annuli in the cardiac cycle.®® Thus, any systolic or diastolic
dysfunction would theoretically change these movements,
which could be quantitatively assessed by MAPSE and TAPSE
measurements. Previous studies confirmed the relationship
between MAPSE and LV systolic function® even with sensitivity
similar to the longitudinal strain®; however, little is known
about its relationship with left ventricular diastolic function
(LVDF). The same happens with TAPSE.>#

Therefore, the present study aimed to assess whether
MAPSE and TAPSE correlate with parameters used to assess
LVDF and whether the behaviors of these variables differ
between the sexes.'"?

Methods

Study population

This observational cross-sectional study enrolled a total of
219 patients (116 women [53%)], 103 men [47%)) regardless of
ethnicity who were referred by the assistant physician for TTE
for any clinical indication from the cardiology outpatient clinic
of the Red Cross Hospital of Curitiba, PR, Brazil. The patients
were selected by convenience without statistical criteria

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

Figure 1 - Tricuspid annular plane systolic excursion image.
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according to each subject’s availability to participate in the
research. A protocol form with clinical and echocardiographic
parameters was completed for each patient. The clinical data
collected included age, sex, weight, height, body mass index
(BMI), and the presence of systemic arterial hypertension
(SAH), diabetes mellitus (DM), coronary artery disease
(CAD), smoking (current or previous), and dyslipidemia.
Information on SAH, DM, dyslipidemia, and smoking were
collected from the patients’ medical records and/or reported
by them (referred information). CAD was confirmed by the
medical record and the patient through a reported history of
non-fatal myocardial infarction and surgical or percutaneous
myocardial revascularization. Regularly used medications
were also recorded.

The exclusion criteria were a) significant valvular disease
(moderate and severe); b) valve prostheses; c) segmental LV
contraction changes due to ischemic heart disease or other
cardiomyopathies; d) declared pulmonary emphysema or
chronic obstructive pulmonary disease;,,,,, €) moderate to
severe pulmonary arterial hypertension (pulmonary artery
systolic pressure [PASP] > 50 mmHg); f) LV contractile
dysfunction (ejection fraction < 52% for men and < 54%
for women); g) infiltrative and pericardial diseases; h)
congenital heart disease with increased pulmonary blood
flow with or without surgical correction; i) pacemakers or
atrial fibrillation; and j) advanced-degree (Il and Ill) LV
diastolic dysfunction. Patients with any of the conditions
described above were automatically excluded from the
study. Only patients who met the selection criteria were
invited to participate.

The patients underwent a complete two-dimensional
TTE using Phillips IE 33, Envisor, or General Electric Vivid E
echocardiography equipment. All acoustic windows and all
standard echocardiographic measurements and analyses were
performed on each patient. Sonographic measurements were
performed by two experienced echocardiographers qualified
in echocardiography by the Department of Cardiovascular
Imaging of the Brazilian Society of Cardiology.

All patients signed an informed consent form. The study
was approved by the institution’s research ethics committee.

Main echocardiographic parameters analyzed in this study

The analyzed parameters included: RA indexed volume
(normal up to 27 mL/m? in women, up to 32 mL/m2 in
men) measured in the apical four-chamber window; TAPSE
measured in the apical four-chamber window (normal, =17
mm) (Figure 1); LA indexed volume (normal up to 34 mL/m?
for women and men) measured in the apical four-chamber
window; MAPSE measured in the apical four-chamber
window (normal, =12 mm) on the lateral wall of the valve
annulus. Measurements of the anterior, posterior, and septal
walls of the annulus were excluded due to a greater possibility
of errors and changes caused by pressure overload, ischemia,
necrosis, and ventricular interdependence through the
interventricular septum (Figure 2)%; E wave velocity, A wave
velocity, and E/A ratio on transmitral spectral Doppler; e’ septal
wave velocity, e’ lateral wave velocity, mean e’ septal and €’
lateral velocity, E/e’ ratio (E wave velocity/mean e’ septal and
e’ lateral velocity) on tissue Doppler of the mitral annulus; and
PASP (mmHg) through the maximum tricuspid regurgitation
velocity (m/s), when present, on continuous spectral wave
Doppler, and inferior vena cava diameter (mm).

All quantifications and values considered in the present
study were based on American Society of Echocardiography
and the European Society of Cardiovascular Imaging
guidelines.'>°

Statistical analysis

The results of this study are described as means, medians,
minimum and maximum values, and standard deviations
(quantitative variables) or as frequencies and percentages
(categorical variables). The association between two
quantitative variables was estimated by the Pearson (PCC) or
Spearman (SCC) correlation coefficient. Quantitative variables
were compared between two groups using the Student’s
t-test for independent samples or the non-parametric Mann-
Whitney test. More than two groups were compared using
one-way analysis of variance and the least significant difference
test for multiple comparisons or the non-parametric Kruskal-
Wallis test. The association between MAPSE (or TAPSE) and

(10.0:10.08)]

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

Figure 2 - Mitral annular plane systolic excursion image.
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diastolic function variables was assessed thought three linear
regression models adjusted for MAPSE (or TAPSE) regardless
of SAH, DM, BMI, and DSLP. The first included SAH and the
diastolic function variable, the second included DM and the
diastolic function variable, and the third included SAH, DM,
BMI, DSLP, and the diastolic function variable. The normality
of the variables was evaluated by the Kolmogorov-Smirnov
test. P values < 0.05 were considered statistically significant.

The data were analyzed using SPSS Statistics software v.20.0
(IBM Corp., Armonk, NY, USA)

Results

A total of 140 patients were excluded from the final
analysis for not meeting the inclusion criteria. Table 1 shows
the clinical characteristics of the studied 116 women (62.8
+ 13.4 years; BMI, 28.8 = 5.4 kg/m?) and 101 men (60.9
= 16.5 years; BMI, 27.4 = 5.5 kg/m?). The prevalence of
cardiovascular comorbidities was similar between the sexes,
with a predominance of SAH and grade | diastolic dysfunction
(75% of women vs 70% of men) over the other studied
comorbidities, with women having a higher incidence of SAH.
Table 2 shows the baseline echocardiographic parameters of
the studied population by sex.

In women (Table 3), MAPSE was positively correlated with
lateral e’ (SCC, 0.22; p = 0.016), while TAPSE was positively
correlated with E/A ratio (SCC, 0.23; p = 0.037), lateral e’
(SCC, 0.28; p = 0.012), and septal e’ (SCC, 0.28; p = 0.012)
and negatively correlated with E/e’ ratio (PCC, -0.27; p =
0.018) and A wave (PCC, -0.29; p = 0.009). In men (Table
3), only MAPSE was positively correlated with E wave (PCC,
0.21; p = 0.037), lateral e’ wave (SCC, 0.34; p < 0.001),
and septal e’ wave (SCC, 0.26; p = 0.008). TAPSE did not
correlate with any variables in men. There was no correlation
between MAPSE and TAPSE and atrial volumes in either sex
(Table 3). There was no significant difference in TAPSE and/or
MAPSE values by classification of grade I diastolic dysfunction
and preserved LVDF (considered a categorical variable)
(data not shown). Age showed a negative correlation with A
wave, E/A ratio, septal e’, and lateral e’ wave and a positive
correlation with A wave, E wave deceleration, and left atrial
volume (LAV) in both sexes (Table 4). There was no correlation
between age and TAPSE or MAPSE for either sex (Table 4).
In women with SAH, MAPSE was positively and significantly
correlated with E/A ratio, septal e’ wave, and lateral e’ wave
when analyzed alone or with the other categorical variables.
Likewise, in women, TAPSE was positively correlated with
E/A ratio, septal e’ wave, and lateral e’ wave and negatively
correlated with A wave and E/e’ ratio. In women with DM,
MAPSE was positively correlated with the septal and lateral
e’ waves, while TAPSE was negatively correlated with A wave
and E/e’ ratio and positively correlated with the septal and
lateral e’ waves (Tables 5 and 6).

In men with SAH and/or DM, MAPSE was positively
correlated with E wave, septal e’ wave, and lateral e’ wave
(Table 7). However, TAPSE values were not influenced by the
presence of SAH and/or DM (data not shown). The presence
of dyslipidemia, CAD, smoking, and BMI did not influence
TAPSE or MAPSE values for either sex (data not shown).

Arq Bras Cardiol: Imagem cardiovasc. 2022;35(1):eabc245

Table 1 - Clinical characteristics of the study population.

Women Men
Variable Classification
n % n %
No 31 26.7% 43  42.6%
Systemic arterial hypertension
Yes 85 733% 58 57.4%
No 89 76.7% 73 72.3%
Diabetes mellitus
Yes 27 233% 28 27.7%
No 70 603% 68 67.3%
Dyslipidemia
Yes 46 39.7% 33 327%
Smoki No 28 718% 27 794%
mokin:
¢ Yes 1M1 282% 7 20.6%
No 101 871% 70 69.3%
Coronary artery disease
Yes 15 129% 31 30.7%
No 9 243% 10 294%

Degree of diastolic dysfunction
Grade | 28 757% 24 70.6%

Table 2 - Baseline echocardiographic parameters of the studied
population.

Women Men

Mean + SD Mean % SD
E wave (m/s) 116  069+0.18 103 0.65+0.21
Awave (m/s) 116  079+020 103 0.77+0.19
E/A ratio 16 0.94+040 103 0.90+0.41
Septal €' (m/s) 116 0.08+£0.03 102 0.08+0.03
Lateral €' (m/s) 16 0.10+£0.04 102 0.10+0.04
E/e' ratio 116  858+274 102 76+22
PASP (mmHg) 7 282+6.7 46 26.8+58
Left atrial volume (mL/m?) 16  309+107 102 31292
MAPSE (mm) 116 156+2.5 103 16.3+28
Tricuspid velocity (m/s) 77 234041 45 23+03
TAPSE (mm) 79 23.8+3.0 70 235+3.0
Right atrial volume (mL/m?) 79 21270 69 214+76

<< CONTENTS

MAPSE, mitral annular plane systolic excursion; PASP, pulmonary artery
systolic pressure; TAPSE, tricuspid annular plane systolic excursion NOTE:
p non-significant for all variables.

Discussion

In the present study, a significant correlation was found
between TAPSE and MAPSE and some of the main LVDF
parameters. Women presented a greater correlation, especially
in the TAPSE assessment. Modin D et al."”” demonstrated that
TAPSE has an inverse correlation with age, hypertension, and
E/e’ ratio and that lower TAPSE values are associated with
higher cardiovascular mortality regardless of sex. The studied
population demonstrated a higher prevalence of SAH in women
(73%) than in men (57%), and the E/e’ ratio (corroborating the
study findings of Modin D et al.””) and A wave increased as
TAPSE decreased. Concomitantly, the E/A ratio and lateral and
septal e’ waves showed a positive correlation with TAPSE, with
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Table 3 - Correlation between MAPSE and TAPSE and LV diastolic lower TAPSE values corresponding to lower E/A ratio, lateral
function indices. e’, and septal e’ values. These findings indicate progressive
or worsened LVDF associated with a lower TAPSE value,

Variable Women Men i.e., RV systolic dysfunction is associated with progressive LV
norp nor o p diastolic dysfunction, especially in women. However, previous

MAPSE % LA volums 116 004 0685 102 008 U378 studies'*"2 demonst.rated amore pronpynced effect and higher

prevalence of SAH in women. In addition, the data presented
MAPSE x RA volume 79 005 0684 69 013 0.293 here show more evident independent correlations between
TAPSE x LA volume 79 -006 0621 70 0.8  0.130 SAH, TAPSE, MAPSE, and diastolic variables in women, with
TAPSE x RA volume 79 010 0383 69 006 0608 only MAPSE being influenced by SAH in men. Therefore, we
MAPSE x Ewave (ms) 116 046 0086 103 021 0037 cannot rule out that the higher prevalence of SAH in the female

population studied here influenced the results. As for DM, a
MAPSE xAwave (mis) 116 -0.04 0671 103 0.15  0.131 correlation was also observed between MAPSE and septal and

MAPSE x E/A ratio 16 013 0164 103 040  0.303 lateral €” waves in both sexes and with E wave in men only.
MAPSE x septal e’ (m/s) 116 0.10 0310 102 026  0.008 DM was correlated with preclinical LV diastolic dysfunction,
MPASE x lateral ¢ (mis) 116 022 0016 102 034  <0.001 which significantly worsens over the years regardless of the

presence of SAH or CAD.

Other studies'2° demonstrated significant ventricular
structural and functional differences between men and

MAPSE x E/e' 16 -007 0475 102 -0.1 0.257
TAPSE x E wave (m/s) 79 010 0.395 70 0.04 0.738

TAPSE xAwave (m/s) 79 -0.29 0009 70 009 0455 women, which are mainly related to the RV and have greater
TAPSE x E/A ratio 79 023 0037 70 -004 0743 impact on the prognosis of cardiovascular morbidity and
TAPSE xseptale’ (ms) 79 028 0012 69 0.1 0.957 mortality in women. In addition, women have a higher

prevalence of heart failure (HF) with preserved LV ejection
fraction (HFpEF) than men, indicating diastolic dysfunction
TAPSE x Efef 79 027 0018 69 047 0161 as the predominant cause of HF in women.?"?2 Lundorff
LA, left atrium; LV, left ventricle; MAPSE, mitral annular plane systolic et al.?? identified higher E/e’ ratios in women and lower lateral
excursion; RA, right atrium; TAPSE, tricuspid annular plane systolic excursion. and septal e’ waves on tissue Doppler of the mitral annulus

in a population of patients with HF with reduced LV ejection

TAPSE x lateral €' (m/s) 79 0.28 0.012 69 -0.13 0.291

Table 4 - Correlation between age (years) and echocardiographic

variables.
Table 5 - Association between categorical variables and MAPSE in
Women Men women.
Variable
nor P n ' P Independent variable Estimated 95% Cl "
Age x E wave (m/s) 116 -0,39 <0,001 101 -0,49 <0,001 (n=116) coefficient 0 P
Age x Awave (ms) 16 056 <0001 101 045  <0,001 Model 1 SAH 080 026,187 0.140
) E/A ratio 1.39 0.20; 2.58 0.024
Age x E/Aratio 116 -0,63 <0,001 101 -0,51 <0,001 DM 032 139:0.76 0.565
Age x septal ' (ms) 16 -033 <0001 101 -037  <0,001 Model 2 Lo atio 1.01 014216 0.087
Age x lateral &' (m/s) 116 -046 <0,001 101 0,52  <0,001 DM -0.48 -1.60;0.64  0.404
Age x Ele’ 16 017 0070 101 048 0,069 Model 3 SAH . 0.84 -0.28; 1.96 0.144
E/A ratio 1.34 0.11;2.58 0.035
Age x Edecel T (S) 116 0,23 0,012 100 0,28 0,005 SAH 048 -0.52:1.48 0.347
Model 1 L ’
Age x PASP (mmHg) 77 0,34 0,003 45 -0,01 0970 Septal €' (m/s) 20.53 4.39; 36.7 0.014
Age x LAvolume (mL/m2) 116 028 0,002 100 033 0,001 Model 2 DM 02 435077 058
Septal €' (m/s) 19.15 2.78;35.5 0.024
Age x MAPSE (mm) 116 -0,15 0,102 101 -0,05 0,608 DM 042 A.54:0.70 0.460
Age x Tric R vel (m/s) 77 028 0015 45 010 0,533 Model 3 SAH 0.54 -0.53; 1.60 0.325
Age x TAPSE 79 015 0,194 68 006 0,630 Septal €' (m/s) 20.60 3.54;37.6 0.020
Age x RA volume 79 019 0,101 67 023 0,064 Model 1 SAH 0.86 047,188 0.104
g ' ' ' ' Lateral €' (m/s) 20.03 742:326  0.002
Age x RV baseline s' 79 -011 0314 67 -021 0,081 DM 014 1.22:0.93 0.793
1, Pearson correlation coefficient (E wave, A wave, E/e', E accel T, E decel T, Model 2 Lateral ' (m/s) 16.52 3.90; 29.1 0.012
PASR LA volume, MAPSE, Tric R Vel, ’VC, TAPSE, RA volume, RA area),' DM 033 1.44:0.78 0.560
Spearman correlation coefficient (E/A ratio, septal €', lateral €', RV lateral
s', RV baseline s'). E decel T, E wave deceleration time; IVC, inferior vena Model 3 SAH . 0.84 0.24;1.91 0.130
cava; LA, left atrium; MAPSE, mitral annular plane systolic excursion; PASP, Lateral e' (m/s) 20.02 6.69; 33.3 0.004
pulmonary arterial systolic pressure; RA, right atrium; RV, right ventricle; Cl, confidence interval; DM, diabetes mellitus; MAPSE, mitral annular plane
TAPSE, tricuspid annular plane systolic excursion; Tric R vel, tricuspid systolic excursion; SAH, systemic arterial hypertension. *Linear regression

regurgitation velocity. model, p < 0.05.
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Table 6 - Association between categorical variables and TAPSE in
women.

Table 7 - Association between categorical variables and MAPSE
in men.

Independent variable Estimated

(n=79) coefficient 227 C! P
Model 1 SAH 0.35 -1.13;1.84 0.641
Awave (m/s) -4.91 -8.5;-1.33 0.009
DM -0.14 -1.78;1.49 0.864
Model 2 Awave (m/s) 466 825107 0013
DM -0.14 -1.89; 1.62 0.879
Model 3 SAH 0.42 -1.15;1.99 0.599
Awave (m/s) -4.43 -8.43;-0.43 0.033
SAH 0.35 -1.19; 1.89 0.657
Model 1 .
E/A ratio 1.80 0.05; 3.54 0.047
DM -0.28 -1.94;1.39 0.746
Model 2 E/A ratio 163 009,335  0.067
DM -0.24 -2.01;1.53 0.791
Model 3 SAH 0.42 -1.19; 2.03 0.611
Rel. E/A 1.56 -0.31;3.42 0.107
SAH -0.07 -1.5;1.37 0.929
Model 1
Septal e' (m/s) 34.79 11.87;57.7 0.004
Model 2 DM -0.18 -1.79; 1.42 0.826
Septal &' (m/s) 34.32 11.0; 57.6 0.005
DM -0.13 -1.85; 1.60 0.886
Model 3 SAH 0.06 -1.46; 1.58 0.942
Septal €' (m/s) 34.02 8.94;59.1 0.010
Model 1 SAH 0.41 -1.08; 1.91 0.590
Lateral €' (m/s) 26.50 6.87;46.1 0.010
DM -0.05 -1.71;1.61 0.952
Model 2
Lateral &’ (m/s) 25.01 5.23;44.8 0.015
DM -0.05 -1.80; 1.70 0.955
Model 3 SAH 0.48 -1.08; 2.05 0.547
Lateral €' (m/s) 25.76 4.55;47.0 0.020
Mode! 1 SAH 0.08 -1.39; 1.55 0.916
Ele' -0.27 -0.49;-0.05  0.018
DM -0.30 -1.93;1.33 0.720
Model 2 Ele’ 026 048004 0023
DM -0.24 -1.99; 1.50 0.784
Model 3 SAH 0.18 -1.37,1.73 0.820
Ele' -0.25 -0.48;-0.02  0.038

Cl, confidence interval; DM, diabetes mellitus; SAH, systemic arterial
hypertension; TAPSE, tricuspid annular plane systolic excursion. *Linear
regression model, p < 0.05.

fraction (HFrEF), with TAPSE and LV isovolumetric relaxation
time (IVRT) indicating a worse cardiovascular prognosis.
Therefore, the findings of this study corroborate those in the
current literature, which identifies a strong correlation between
RV systolic function, assessed mainly through TAPSE, and LVDF
in women. Corroborating these findings, uni- and multivariate
analyses identified that the presence of SAH influenced TAPSE
in women only.

The MAPSE analysis evidenced a positive correlation with
lateral e’ values in both sexes and a positive correlation with
septal e’ and E wave in men. MAPSE values correlate with
better LVDF. However, atrioventricular annulus plane motion
has a well-known correlation with LV systolic function. Lower
MAPSE values are associated with adverse events in several
cardiovascular diseases.?> However, no studies significantly and

Arq Bras Cardiol: Imagem cardiovasc. 2022;35(1):eabc245
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Independent variable Estimated

(n=101) coefficient 95% CI P

Jodel 1 SAH 028 084141 0625
E wave (ms) 285 023,546 0036

Vodel 2 DM 1.01 020,223 04105
E wave (m/s) 291 035,547 0028

DM 012 128151 0872

Model 3 SAH 063 189062 0324
E wave (m/s) 282 028,536 0032

Vodel 1 SAH 037 I7;151 052
ode Septal &' (mis) 157 185413 0034
DM 112 041,234 0.076

Model 2 Septal &' (m/s) 265 355418 0022
DM 013 125150 0855

Model 3 SAH 058 182,066  0.361
Septal ¢ (ms) 2626 7494533 0.008

Vodel 1 SAH 042 072156 0472
Lateral €' (m/s) 16.42 3.00;29.8 0.018

Vodel 2 DM 143 009,234 0.072
Lateral ' (m/s) 16.91 3.95;29.9 0.012

DM 020 147,158 0772

Model 3 SAH 048 173077 0451
Lateral ¢’ (mis) 1834 533313 0007

Cl, confidence interval; DM, diabetes mellitus; MAPSE, mitral annular plane
systolic excursion; SAH, systemic arterial hypertension. *Linear regression
model, p < 0.05.

definitively correlating MAPSE values with LVDF indices were
found in the current literature. On the contrary, the few existing
studies failed to find such an association,?** unanimously
identifying the need for further studies in this area.

Another relevant finding presented here was the association
between LVDF parameters with age, with TAPSE and MAPSE
values not being influenced by age. The prevalence of
LV diastolic dysfunction increases with age, especially in
hypertensive women,?*? indicating progressive LV relaxation
worsening. However, no study has consistently correlated TAPSE
and MAPSE values with advancing age. Once again, the findings
of the present study corroborate those of the current literature.

Some limitations should be mentioned. First, the relatively
small number of participants and the higher prevalence of SAH
in women may have influenced the results. The small number
of participants may also have corroborated the fact that no
significant differences were found in TAPSE and MAPSE when
the diastolic function was classified as a categorical variable.
Finally, the exclusion criteria were strict, excluding patients
with advanced degrees (Il and 1) of diastolic and LV systolic
dysfunction, making it impossible to assess the behaviors of
the MAPSE and TAPSE values in these cases.

Conclusions

In the present study, MAPSE and TAPSE values showed a
significant correlation with some LVDF variables, especially
in women. More studies are needed in this area to validate
our findings.
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Factors Associated With Abnormalities On Myocardial Perfusion
Scintigraphy In Diabetic Patients

Fatores Associados a Anormalidades na Cintilografia de Perfusao Miocardica de Pacientes Diabéticos

Alfredo Lirio da Cruz1; Alisson Carvalho de Freitas'; Bianca Naomi Sada Watanabe'; Helena Bigarella
Nascimento'; Heloisa Porath?; Luiz Antonio Fruet Bettini'*; Luciane Moreira®**; Marcos Germano Dopheide’
"Positivo University, Curitiba, Parand, Brazil. *Faculdade Evangélica do Parand, Curitiba, Parand, Brazil. *Universidade Federal do Parand, Curitiba,
Parand, Brazil. *Hospital Universitdrio Evangélico de Curitiba, Curitiba, Parand, Brazil. *Universidade Federal de Sao Paulo, Sao Paulo, Brazil.

Abstract

Diabetes mellitus (DM) is the greatest risk factor for coronary artery disease. In addition to a long duration of diabetes, the
presence of peripheral arterial disease and smoking are strong predictors of abnormalities on myocardial perfusion scintigraphy
(MPS). This study aimed to assess the impact of risk factors in diabetic patients on MPS results and compare them with
those of non-diabetic patients in a nuclear medicine clinic. A retrospective cross-sectional study was performed through
the analysis of the medical records of patients who underwent MPS in 2010-2019. A total of 34,736 medical records were
evaluated. Analyzing the stress phase of MPS, DM patients required two-fold more pharmacological stimulation than non-
diabetic patients for MPS. Factors that negatively impact the MPS results were also evaluated, and DM (33.6%), insulin therapy
(18.1%), systemic arterial hypertension (69.9%), dyslipidemia (53%), sedentary lifestyle (83.1%), use of pharmacological stress
(50.6%), typical chest pain (8.5%), and limiting angina during the test (1.7%) were significantly associated (p < 0.001) with
test abnormalities.

Keywords: Diabetes Mellitus; Ventilation-Perfusion Scan; Pharmacological Stress.

Resumo

O diabetes melito é o maior fator de risco para doenga arterial coronariana. Além da longa duracao de diabetes, outros fatores, como presenca
de doenca arterial periférica e tabagismo sao fortes preditores para anormalidades na cintilografia de perfusao do miocérdio. O objetivo deste
estudo foi avaliar o impacto dos fatores de risco de pacientes diabéticos nos resultados da cintilografia de perfusao do miocardio e comparar
com os resultados de pacientes ndo diabéticos em uma clinica de medicina nuclear. Foi realizado um estudo transversal retrospectivo por meio
da andlise de prontudrios de pacientes que realizaram cintilografia miocdrdica no periodo de 2070 a 2019. Foram avaliados 34.736 prontudrios.
Analisando a fase de estresse da cintilografia de perfusdo do miocdrdio, os portadores de diabetes melito precisaram receber estimulo
farmacoldgico duas vezes mais que os ndo diabéticos para sua realizacdo. Também foram avaliados fatores que tivessem impacto negativo no
resultado da cintilografia de perfusao do miocérdio, e foi visto que o diabetes melito (33,6%), a insulinoterapia (18,1%), a hipertensao arterial
sistémica (69,9%), a dislipidemia (53%), o sedentarismo (83,1%), o uso de estresse farmacoldgico (50,6%), a dor tordcica tipica (8,5%) e a
angina limitante durante o teste (1,7%) estiveram associados significativamente (p<0,001) a anormalidades neste exame.

Palavras-chave: Diabetes mellitus; Cintilografia de ventilagdo/perfusao; Fatores de risco.

Introduction cases in Brazil.? About 5.1 million people died from DM

Diabetes mellitus (DM) has become a disease of high
prevalence, morbidity, and mortality worldwide, causing
serious public health problems, especially in underdeveloped
or developing countries.” An estimated 382 million people
currently live with DM, a figure that is projected to grow
to 592 million people by 2035, with around 11 million

complications in 2013.%* This increased incidence is mainly
due to population aging and new eating habits, obesity,
and sedentary lifestyles, which have become common in
today’s society."

DM is a major disease that has both early and late
complications, all of which have poor prognosis if left untreated.>®
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The Framingham study pointed out that DM patients have
a two- to four-fold greater risk of developing coronary heart
disease than individuals without DM.” This happens because
the atherosclerotic process progresses earlier and more rapidly
in DM patients than in the general population.?®

The main causes of death in patients with DM are acute
myocardial infarction (AMI) and stroke, but they do not always
show clinical signs and symptoms compatible with these acute
arterial events, which greatly delays the start of cardiovascular
treatment.>* Haffner et al. estimated that patients with
coronary artery disease (CAD) and DM have a greater than
70% higher risk of death within 10 years and reported that
the mortality rate from cardiovascular diseases in DM patients
without a history of AMI was similar to that of patients without
type 2 DM and a history of AMI. In addition, the association
of DM and CAD is already seen in the early stages of glucose
intolerance and abnormal fasting glucose levels.®?

Thus, the early diagnosis of these patients is relevant to
avoiding negative outcomes. In addition to investigating
traditional risk factors, cardiovascular disease screening in DM
patients should also be complemented by other tests, such as
electrocardiography (ECC), echocardiography, exercise stress
testing, myocardial perfusion scintigraphy (MPS), and magnetic
resonance imaging."

The American Diabetes Association recommends that DM
patients with typical or atypical symptoms of CAD or a resting
ECG showing changes suggestive of AMI should undergo
echocardiography or MPS under physical or pharmacological
stress. The exercise test is the most indicated for asymptomatic
patients aged over 35 years who are sedentary and planning
to start physical activity or patients with arteriopathy
(peripheral, carotid) or at least two risk factors (systemic arterial
hypertension [SAH], dyslipidemia, smoking, family history of
AMI, and albuminuria).”

MPS presents a specificity of 74% and sensitivity of 88% in
CAD assessments . Nevertheless, the 2020 Brazilian Nuclear
Cardiology Guideline highlights that patients at intermediate
risk of ischemic heart disease benefit more from MPS than
patients at low risk.'?"3

The Basel Asymptomatic High-Risk Diabetics’ Outcome
Trial multicenter study of 400 DM patients without CAD
history or symptoms revealed that male sex, long-term DM,
peripheral arterial disease, smoking, and high systolic blood
pressure were strong predictors of MPS abnormalities. When
more than three factors were present, 47% of patients had
abnormal scan findings. The study also showed that 22% of
evaluated patients had silent CAD.®

In contrast, the Detection of Ischemia in Asymptomatic
Diabetics clinical trial questioned the usefulness of MPS
as a screening test. The study assessed 1,123 patients with
type 2 DM without symptoms of coronary heart disease and
previously recognized coronary disease, reporting a small
rate of cardiac events not significantly reduced by myocardial
ischemia screening with adenosine perfusion scintigraphy
during a follow-up of 4.8 years.”

Thus, this study aimed to compare the impact of
cardiovascular risk factors on MPS results between diabetic
and non-diabetic patients.
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Methods

This clinical, retrospective, cross-sectional, and
observational study analyzed the medical records of patients
undergoing MPS between February 2010 and May 2019 in
a private nuclear medicine service in the city of Curitiba,
Parand, Brazil.

In this interval, 44,584 patients underwent MPS. Of
them, 9,848 were removed for meeting the exclusion criteria
(history of previous CAD, congenital heart disease, being
younger than 18 years, and unknown DM status). The final
sample consisted of 34,736 patients, who were divided into
two groups: 7,968 (22.9%) were diabetic and 26,768 (77.1%)
were non-diabetic.

The collected and analyzed variables included imaging
test results (fibrosis and ischemia), age, body mass index
(BMI), presence of SAH (previous documentation of blood
pressure > 140/90 mmHg in two or more occasions and/
or history of antihypertensive drug use), DM (previous
documentation of fasting blood glucose > 126 mg/dL,
blood glucose > 200 mg/dL after oral glucose tolerance
test, glycated hemoglobin higher than 6.5%, and/or
history of hypoglycemic drug use), dyslipidemia (low-
density lipoprotein cholesterol > 100 mg/dL, triglycerides
> 150 mg/dL, and/or high-density lipoprotein cholesterol
< 45 mg/dL), smoking, sedentary lifestyle (aerobic
physical activity for less than 30 min three times a
week), chest pain (typical or atypical), positive family
history of CAD, use of insulin, need for pharmacological
stimulation in the stress phase of the test, and presence
of angina (according to the angina index, which assesses
the presence of angina during exercise testing and its
test limitations).

MPS was performed by single photon emission computed
tomography, in which three-dimensional and tomographic
images of the heart were obtained (in the long horizontal,
long vertical, and short axis views) after isotonic exercise
on a treadmill or pharmacological stress in cases of patients
who were unable to perform exercise; and at rest, 60 min
after intravenous administration of the 99mTc-SESTAMIBI
radiotracer. Transient or persistent perfusion defects were
considered criteria for the diagnosis of myocardial ischemic
disease, and the presence of these defects categorized the
MPS findings as positive.

The data were stored in a database and subsequently
analyzed using Stata software. The qualitative variables are
expressed as absolute (n) and relative (%) frequencies, while
quantitative variables are expressed as mean and standard
deviation. Differences between quantitative variables were
calculated using Student’s t-test. Differences between
qualitative variables were calculated using the chi-square or
Fisher’s exact test when indicated. The significance level was
setatp < 0.05 (5%).

This study was authorized by the Research Ethics
Committee of Positivo University (Plataforma Brasil: 4316693),
which waived the need for informed consent because of its
retrospective nature of data collection from medical records,
lack of patient risk, and lack of directly or indirectly interfering
with treatment.
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Results

Of the 34,736 evaluated patients, 7,968 (22.9%) had DM;
of those, 2,602 (32.6%) showed MPS changes (fibrosis and/or
ischemia). As for the 26,768 (77.1%) non-diabetic evaluated
patients, 19.2% underwent MPS (Table 1).

Mean age and BMI were significantly higher in patients
with DM (p < 0.001). DM patients had a higher prevalence
of SAH, dyslipidemia, and sedentary lifestyle (p < 0.001) and
needed pharmacologically induced stress during the test. In
addition, smokers (p < 0.001) and male subjects (p = 0.047)
showed a higher prevalence of non-DM (Table 2).

Most participants were asymptomatic, and atypical chest
pain was more prevalent than typical chest pain in both
groups (Table 3). Among our population, 33,328 (95.9%)
patients experienced no pain during cardiovascular stress
testing (95.8% of non-diabetic versus 96% of diabetic
participants). In both groups, 0.5% of the patients had angina
with test limitations and just over 3% had angina without test
limitations (p = 0.88).

The group of patients with changes on MPS had a higher
rate of DM and insulin dependency, older age, higher BMI,
SAH, dyslipidemia, sedentary lifestyle, use of pharmacological
stress testing, chest pain, and angina during exercise testing

Table 1 - Myocardial perfusion scintigraphy results by study group.

Results Changed Unchanged p value
o Non- e Non-
Diabetic diabetic Diabetic diabetic
2,602 5,144 3,089 21,624
(32.7%)  (19.2%)  (67.3%) (80.8%)
Changes p<0.001
Fibrosis + 97 203
ischemia (1.2%) (0.8%)
I 129 331
Fibrosis (1.6%) (1.2%)
Ischemia 2,376 4,610
(29.8%)  (17.2%)
Table 2 - Profiles of diabetic versus non-diabetic patients
undergoing myocardial perfusion scintigraphy.
Variable Non-diabetic Diabetic Valor
(n=26,798 [77.1%)]) (n = 7,968 [22.9%)]) P
Age (years) 60.03+12.91 64.92+10.58 <0.001
Men o o
(Overall: 16,564 [47.68%) 12,842 (48.0%) 3,722 (46.7%) 0.047
Body mass index 27.62 +4.82 29.60 +5.28 <0.001
ﬁyS‘em'C arterial 14,368 (53.7%) 6,206 (79.0%)  <0.001
ypertension
Dyslipidemia 12,277 (45.9%) 5,000 (62.8%) <0.001
Family history of CAD 4,769 (17.8%) 1,370 (17.2%) 0.2
Sedentary lifestyle 20,315 (75.9%) 6,385 (80.1%) <0.001
Current smoking 2,663 (9.9%) 681 (8.5%) <0.001
Pharmacological stress <0.001

7,202 (26.9%) 3,089 (38.8%)
Insulin therapy 1,125 (14,1%)
CAD, coronary artery disease.
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(Table 4; p < 0.001). Male patients were more prevalent in
the group without changes on MPS (p < 0.001), while smoking
and a family history of CAD showed no statistically significant
intergroup differences.

Discussion

DM and its effect on the cardiovascular system are
associated with risk factors, with atherosclerosis being ascribed
a central role in the etiology of cardiac ischemic events. The
hypothesis for the initial atherosclerotic lesion is based on
endothelial dysfunction, which presents as an early marker
of cardiovascular disease."

Traditional cardiovascular risk factors include those disrupting
or attacking the oxidative metabolism of this tissue, which

Table 3 - Symptoms of diabetic versus non-diabetic patients
undergoing myocardial perfusion scintigraphy.

Variable Non-diabetic Diabetic P value
(n=26,798 [77.1%]) (n=7,968 [22.9%)])

Chest pain 0.002

Absent 18.221 (68.3%) 5.511 (69.5%)

Atypical 7.011 (26.3%) 1.947 (24.5%)

Typical 1.439 (5.4%) 474 (6.0%)

Angina index 0.88

Absence of pain 25.654 (95.8%) 7.647 (96.0%)

Non-limiting angina 969 (3.6%) 280 (3.5%)

Limiting angina 144 (0.5%) 41(0.5%)

Table 4 - Myocardial perfusion scintigraphy results by risk factors.

Myocardial perfusion scintigraphy result

Changed Unchanged

Variables (n; %) (N=7,746 [22.2%]) (N = 26,990 [77.7%]) U
Diabetes 2,602 (33.6%) 5366 (19.9%)  <0.001
Insulin therapy 471 (18.1%) 654 (12.2%) <0.001
Age 66.21 % 11.92 59.70+1239 <0001
Men 3.251 (42.0%) 13.313(49.3%)  <0.001
Body mass index 28.50+5.17 27.95+4.94 <0.001
ﬁVStemiC arterial 5.414 (69.9%) 15.250 (56.5%)  <0.001
ypertension
Dyslipidemia 4.109 (53.0%) 13.168 (48.8%)  <0.001

Family history of

0,
coronary artery disease 1504 (17:5%)

4.785 (17.7%) 0.61

Sedentary lifestyle 6.438 (83.1%) 20.262 (75.1%) <0.001
Smoking 776 (10.0%) 2.568 (9.5%) 0.19
Pharmacological stress 3.907 (50.6%) 6.384 (23.7%) <0.001
Chest pain <0.001
Absent 4.960 (64.5%) 18.772 (69.8%)

Atypical 2.080 (27.0%) 6.878 (25.6%)

Typical 654 (8.5%) 1.259 (4.7%)

Angina index <0.001
Absence of pain 7.077 (91.4%) 26.224 (97.2%)
Non-limiting angina 536 (6.9%) 713 (2.6%)

Limiting angina 133 (1.7%) 52 (0.2%)
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were also seen in this study: age, male sex, SAH, dyslipidemia,
hyperglycemia, sedentary lifestyle, and overweight.'**

Although smoking and a family history of CAD are
established risk factors in the literature, they were not
statistically significant in this study. The lack of information
on smoking history and on diseases affecting family members
interfered with the research results.

Endothelial dysfunction has been documented in patients
with DM, insulin resistance, or a high risk for the development
of type 2 DM. Such patients require multidisciplinary follow-
up to stop the progression of DM complications and assess
the prognosis.'

Our sample demonstrated that DM is such an important
risk factor that it stands out compared to others. Of all
variables analyzed, DM is an alarming risk factor, alone or
in combination.

During examination, patients are subjected to exercise
stress testing or pharmacological stress testing to assess the
cardiac response to exertion. DM patients may be unable
to complete a symptom-limited exercise test due to obesity,
peripheral vascular disease, or peripheral neuropathy, thus
requiring pharmacological stress testing. In this study, the use
of pharmacological stress and the presence of chest pain were
higher in DM patients, being linked to more MPS changes than
in non-diabetic patients.”

Studies by Caobelli F et al and Bourque JM et al also
discussed the relationship between these factors. Both stated
that a greater need for pharmacological stress is related to
the presence of more comorbidities and physical limitations,
consequently leading to a worse prognosis. Caobelli reinforced
that diabetic patients tend to have worse health conditions
(presence of peripheral arterial disease, lower aerobic capacity,
reduced strength compared to healthy patients, and others).
The author also emphasized that the longer the DM duration,
the greater the limitations and risk of complications.®'”

The present study has some biases that limit its objectivity.
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The first is its sample, since the participants undergoing MPS
had clinical indications and were not randomly selected
from the general population. Another challenge was the
scarcity of data on continuous-use medications, time of DM
progression, smoking history, complete lipid profile, and
adequate comorbidity and symptom control related to the
MPS results. We emphasize that the patient profiles involved
healthcare bias due to the presence of multiple comorbidities
and the need for increased health care. DM patients more
commonly require frequent medical appointments and greater
attention to their health, which could have caused statistically
significant changes.

Conclusion

Diabetic patients had a higher prevalence of risk factors
and abnormal MPS results than non-diabetic patients. Thus,
DM, physical inactivity, arterial hypertension, dyslipidemia,
typical chest pain, limiting angina during pharmacological
stress, need for pharmacological stress testing, and
insulin therapy significantly influenced the test results.
In addition, DM patients have a greater need for
pharmacological stimulation to undergo MPS testing than
non-diabetic patients.
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Right Ventricular Outflow Tract Acceleration Time: Correlation with
Left Ventricular Diastolic Function, Sex, And Age

Tempo de Aceleracao na Via de Saida do Ventriculo Direito: Correlagdo com a Funcao Diastolica do Ventriculo
Esquerdo, Sexo e Idade

Renan Macedo Coimbra’, Ana Cristina Camarozano', Cintia Rocha Fortes de Sa', Daniela de Castro Carmo’,
Jer6nimo Antonio Fortunato’, Rubens Zendbio Darwich’, Liz Andréa Villela Baroncini’
'Red Cross Hospital — Brazilian Red Cross, Curitiba, Parand, Brazil.

Abstract

Background: Pulmonary artery acceleration time (PAAT) can be used as a parameter in the evaluation of pulmonary
hypertension and aids left ventricular diastolic function (LVDF) analyses.

Objective: To assess whether there is a correlation between PAAT and LVDF parameters in individuals with a preserved left
ventricular systolic function and by sex, age, and cardiovascular risk factors.

Method: Observational cross-sectional study. One hundred nineteen patients were selected (59 women [49.6%]). The subjects
underwent transthoracic echocardiography including measurements of PAAT, E and A waves and E/A ratio, e’ septal and e’
lateral waves and E/e’ ratio, pulmonary artery systolic pressure (PASP), and left atrial volume.

Results: In female patients, a positive correlation (Spearman’s correlation coefficient — Spearman correlation coefficient [SCC])
was found between the PAAT value and the lateral e’ (SCC, 0.47; p = 0.002), with the E/A ratio (SCC, 0.32; p = 0.04), and
with septal e’ (SCC, 0.36; p = 0.023), and a negative correlation between PAAT and PASP (SCC, -0.43; p = 0.034). In men,
no correlation was found between PAAT and any parameters. Lower PAAT values were found in women with systemic arterial
hypertension (hypertension) than in women without hypertension (0.13 % 0.03 s versus 0.16 + 0.03 s; p = 0.015).

Conclusion: The present study showed a significant correlation between PAAT and some LVDF parameters in female patients
only. Hypertension was correlated with lower PAAT values in women.

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

Resumo

Fundamento: O tempo de aceleracao na artéria pulmonar (TAP) pode ser utilizado para avaliagao da hipertensao pulmonar na andlise da
fungao diastdlica do ventriculo esquerdo.

Objetivo: Avaliar se existe correlagdo entre o valor do tempo de aceleragdo na artéria pulmonar e pardmetros da fungao diastélica do ventriculo
esquerdo em individuos com funcdo sistélica do ventriculo esquerdo preservada e de acordo com sexo, idade e fatores de risco cardiovasculares.

Meétodos: Estudo observacional, transversal. Foram selecionados 119 pacientes (59 mulheres; 49,6%). Os individuos foram submetidos ao
ecocardiograma transtordcico incluindo os valores de tempo de aceleracao na artéria pulmonar; ondas E e A e relacao E/A ao Doppler espectral do
influxo mitral; ondas e’ septal, e’ lateral e relagao E/e” ao Doppler tecidual do anel mitral; pressao sistdlica na artéria pulmonar e volume atrial esquerdo.

Resultados: No sexo feminino, foi encontrada correlagao positiva (coeficiente de correlacdo de Spearman) entre o valor do tempo de aceleracao
na artéria pulmonar e e’ lateral (coeficiente de correlagao de Spearman de 0,47; p=0,002), relagao E/A (coeficiente de correlagdo de Spearman
de 0,32; p=0,04) e e’ septal (coeficiente de correlagao de Spearman de 0,36, p=0,023) e uma correlagao negativa entre o valor do tempo de
aceleracao na artéria pulmonar e pressao sistélica na artéria pulmonar (coeficiente de correlagao de Spearman de -0,43; p=0,034). No sexo
masculino, nao foi encontrada correlacao significativa. Foram encontrados menores valores de tempo de aceleracao na artéria pulmonar em
mulheres com hipertensao arterial sistémica quando comparadas a mulheres sem hipertensao arterial sistémica (0,13+0,03 segundos versus
0,16+0,03 segundos; p = 0,015).

Conclusao: O presente estudo mostrou correlagao significativa dos valores do TAP com alguns pardmetros da funcdo diastdlica do ventriculo
esquerdo apenas no sexo feminino, sendo que mulheres hipertensas apresentaram menores valores de TAR

Palavras-chave: Artéria pulmonar; Hipertensao pulmonar; Ecocardiografia.
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Introduction

Transthoracic echocardiography (TTE) is an important
tool in the investigation of several pathologies affecting the
heart that analyzes the interdependence between various
cardiac structures with noninvasive precision, particularly the
correlation between the systolic function of the left (LV) and
right ventricles (RV)." However, the blood flow to the lungs and
its correlation with the parameters that determine LV diastolic
function (LVDF) have been poorly investigated.

The RV outflow tract acceleration time, also called
pulmonary artery acceleration time (PAAT), corresponds
to the time the flow through the pulmonary valve takes
to reach its maximum peak velocity estimated by spectral
pulsed-wave Doppler in the RV outflow tract. This value is
considered normal when >120 ms and abnormal when <105
ms,> suggesting the presence but not severity of pulmonary
hypertension (PH). Although it is not as reliable as tricuspid
regurgitation velocity, which more accurately estimates
pulmonary artery systolic pressure (PASP), PAAT can also be
used in this assessment.®

Assessing left ventricular diastolic dysfunction is
a complex task based on several echocardiographic
measurements and parameters, including PASP. This
value cannot be estimated without adequate tricuspid
regurgitation.®” Therefore, the present study aimed to assess
whether there is a correlation between PAAT and LVDF
parameters in subjects with preserved LV systolic function
in the absence of advanced LV diastolic dysfunction and
by sex, age, and cardiovascular risk factors.

Methods

Study population

This was an observational cross-sectional study. A total
of 119 patients aged over 18 years, including 59 women
(49.6%), were selected regardless of ethnicity from the
cardiology outpatient clinic of the Red Cross Hospital of
Curitiba after being referred for TTE by the assistant physician
for any clinical indication.

The patients were selected by convenience, without
statistical criteria, according to their availability to participate
in the research. A protocol form with clinical and
echocardiographic parameters was completed for each
patient. The clinical data collected were age, sex, weight,
height, body mass index (BMI), and presence of systemic
arterial hypertension (SAH), diabetes mellitus (DM), coronary
artery disease (CAD), smoking (current or previous), and
dyslipidemia. SAH, DM, dyslipidemia, and smoking were
listed in the patients’ medical records and/or reported
by them. CAD was confirmed by the medical record
review and the patient through a reported history of non-
fatal myocardial infarction and surgical or percutaneous
myocardial revascularization. Regularly used medications
were also recorded.

The exclusion criteria were a) significant valvular disease
(moderate or severe); b) valve prostheses; c) segmental LV
contraction changes due to ischemic heart disease or other
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cardiomyopathies; d) pulmonary emphysema or chronic
obstructive pulmonary disease; e) moderate to severe
pulmonary arterial hypertension (PASP > 50 mmHg); f)
left ventricular contractile dysfunction (ejection fraction
< 52% for men and < 54% for women); g) infiltrative
and pericardial diseases; h) congenital heart disease with
increased pulmonary blood flow with or without surgical
correction; i) pacemaker; j) atrial fibrillation; and k) advanced
(Il'and 1) LV diastolic dysfunction.

The patients underwent complete two-dimensional
TTE using Phillips IE 33, Envisor or General Electric Vivid E
echocardiography equipment. All acoustic windows and all
standard echocardiographic measurements and analyses were
performed for each patient. Sonographic measurements were
performed by two experienced echocardiographers qualified
in echocardiography by the Department of Cardiovascular
Imaging of the Brazilian Society of Cardiology.

All patients signed an informed consent form. The study
was approved by the institution’s research ethics committee.

Main echocardiographic parameters analyzed in this study

The following parameters were examined: E and A waves
and E/A ratio on spectral pulsed-wave Doppler of the mitral
inflow; Septal and lateral e’ waves and E/e’ ratio (E wave/
average between septal and lateral e’ velocities) on pulsed
tissue Doppler of the mitral annulus; PASP (mmHg) through
the maximum tricuspid regurgitation velocity (m/s), when
present, on continuous spectral wave Doppler of tricuspid
regurgitation, and inferior vena cava diameter (mm); PAAT
measured immediately above the pulmonary valve leaflets
on spectral pulsed-wave Doppler of the RV outflow tract
(Figures 1 and 2); Indexed left atrial volume (normal up to
34 mL/m2 for women and men) measured using the modified
biplane Simpson’s method in four- and two-chamber
orthogonal projections.

All quantifications and values considered in the present
study were based on American Society of Echocardiography
and European Society of Cardiovascular Imaging guidelines.®°

Statistical analysis

The women and men were analyzed separately. The
study results are described as mean, median, minimum and
maximum value, and standard deviation for quantitative
variables or as frequency and percentage for categorical
variables. The association between two quantitative variables
was estimated by the Pearson or Spearman correlation
coefficient (PCC and SCC, respectively). Quantitative
variables were compared using Student’s t-test for
independent samples or the non-parametric Mann-Whitney
test. More than two groups were compared using one-way
analysis of variance and the least significant difference test for
multiple comparisons or the non-parametric Kruskal-Wallis
test. The normality of the variables was evaluated by the
Kolmogorov-Smirnov test. P values < 0.05 were considered
statistically significant.

The data were analyzed using SPSS Statistics software v.20.0
(IBM Corp., Armonk, NY, USA).
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Figure 1 - Parasternal cross-sectional view at the level of the base vessels. The figure shows the pulsed-wave Doppler cursor positioned on the right ventricular outflow

tract used to obtain the PAAT.

e

1 PV AccT= 119.3 mseg

Figure 2 - Pulsed-wave Doppler PAAT scan.

Results

The final analysis included 119 subjects, 59 (49.6%)
women (62.6 + 16.5 years) and 60 (50.4%) men (65.1 =
11.2 years). The clinical and epidemiological characteristics
of the studied population are shown in Table 1. The baseline
echocardiographic parameters of the studied population
agreed with the literature.®°

Women showed a positive and significant correlation
between PAAT and lateral e’ (SCC, 0.47; p = 0.002), E/A ratio
(SCC, 0.32; p = 0.04), and septal e’ (SCC, 0.36; p = 0.023);
and a negative correlation between PAAT and PASP (SCC
-0.43; p = 0.034), (Figures 3 and 4). The other variables were
not correlated with PAAT, and the male participants showed no
significant correlation with the analyzed parameters (Table 3).

PAAT was not influenced by sex, BMI, DM, dyslipidemia,
CAD, or smoking (data not shown). However, lower PAAT
values were found in women with versus without SAH
(0.13 = 0.03 versus 0.16 = 0.03 s, respectively; p = 0.015).

Age was not significantly correlated with PAAT in
either sex (SCC, -0.27, p = 0.068 for women; SCC, -0.31,
p = 0.065 for men).
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Discussion

The present study found a significant positive correlation
between PAAT and LVDF parameters (septal and lateral e’
waves and E/A ratio) in women only, in whom the presence of
SAH was associated with a lower PAAT. However, the general
analysis of the studied population showed no significant PAAT
differences in sex, age, or BMI.

PASP is currently the most commonly used PH data in LVDF
assessments. PH degree is usually assessed by PASP estimated
by tricuspid valve regurgitation. PAAT has a negative correlation
with PASP (data also found in the present study). According to
Granstam et al.,"" tricuspid regurgitation may not be present
or be unreliable for the correct estimation of PASP during TTE
examinations. Considering this, they estimated pulmonary
vascular resistance invasively, correlating it with PAAT values as
a possible alternative for identifying PH. Therefore, considering
those findings, it is important to have more than one method
available to estimate PH in an LVDF study, especially when
it is not possible to reliably estimate tricuspid regurgitation or
in early cases of diastolic dysfunction that lack a significantly
increased pulmonary pressure. In cases of preserved LV systolic

Arq Bras Cardiol: Imagem cardiovasc. 2022;35(1):eabc242
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function, the differentiation between normal and abnormal
diastolic function becomes complicated due to overlapped
indices obtained by Doppler. Although age structurally changes
the heart and the vessels, the analysis of healthy older people
by Doppler showed similar values to those of younger age
groups (40-60 years of age)."? Considering the mean age of
the studied population (relatively young subjects) and that all
had preserved LV systolic function, no significant differences
were expected in the parameters evaluated by Doppler.
However, we expected that the inclusion of PAAT values could
differentiate between early stages of diastolic dysfunction
when PASP is not extremely high.

A study by Baroncini et al.’® of 87 participants also
showed a negative correlation between PAAT and age
and a positive correlation between PAAT and E/A ratio
with no significance between other variables or the sexes.
This study demonstrated that PAAT values < 0.135 s were

Table 1 - Basic characteristics of the study population.

Variable n Women n Men
Age, years 59 62.6 £16.5 60 65.1+£11.2
BMI
<30 41 72 41 68
230 16 28 19 32
SAH
Yes 37 68 39 70
No 17 32 17 30
Dyslipidemia
Yes 24 44 15 27
No 30 56 41 73
DM
Yes 20 37 16 29
No 34 63 40 71
CAD
Yes 1 20 21 37
No 43 80 35 62

BMI, body mass index; CAD, coronary artery disease; DM, diabetes mellitus;
SAH, systemic arterial hypertension; SD, standard deviation.

associated with grade | diastolic dysfunction, while those >
0.135 s were associated with normal diastole. These studies
suggest that PAAT correlates with parameters used to assess
LVDF, even in the early stages when there are no signs of
significant pulmonary arterial hypertension. At this stage,

Table 2 - Echocardiographic and hemodynamic parameters of the

study population.

Variable n Mean SD p*
E wave
Female 45 0.75 0.27 0.070
Male 43 0.65 0.27
A wave
Female 41 0.80 0.20 0.484
Male 39 0.77 0.24
E/A ratio
Female 41 0.97 0.44 0.234
Male 39 0.92 0.65
Lateral e' wave
Female 43 0.10 0.04 0.835
Male 42 0.09 0.03
Septal ' wave
Female 43 0.08 0.03 0.509
Male 42 0.07 0.03
Ele' ratio
Female 43 10.0 47 0.150
Male 41 8.6 2.7
PASP
Female 31 28.8 1.7 0.346
Male 29 29.7 9.0
AE volume
Female 35 36.7 19.3 0.772
Male 42 35.1 14.0
PAAT
Female 45 0.15 0.04 0.404
Male 37 0,14 0,03

*Student’s t-test for independent samples or non-parametric Mann-Whitney
test, p < 0.05. LA, left atrium; PAAT, pulmonary artery acceleration time; PASP,
pulmonary artery systolic pressure; SD, standard deviation.
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Figure 3 - Correlation between pulmonary artery acceleration time (PAAT) and lateral E' and medial e' waves in women.
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Figure 4 - Correlation between pulmonary artery acceleration time (PAAT), E/A ratio, and pulmonary artery systolic pressure (PASP).

Table 3 - Correlation between PAAT and diastolic function
parameters.

Variable n r p
PAAT x E/A ratio
Female 41 0.32 0.040
Male 35 0.32 0.061
PAAT x septal e' wave
Female 40 0.36 0.023
Male 35 0.30 0.081
PAAT x E/e' ratio
Female 40 -0.13 0.436
Male 35 -0.04 0.822
PAAT x PASP
Female 25 -0.43 0.034
Male 19 -0.21 0.380
PAAT x LAV
Female 28 -0.08 0.701
Male 29 -0.11 0.577

the E/e’ ratio is still low and the PAAT values are within the
normal range (>120 ms)."*"

In a study of a larger number of participants, Marra et al.’®
analyzed 1,029 healthy subjects and reported no differences in
PAAT values between men and women. However, they noticed a
small reduction in this parameter with advancing age, increasing
BMI, and higher systolic and diastolic systemic blood pressure.
Similar to our findings, they also found a positive correlation
between PAAT and E/A ratio; however, they did not discuss this
last finding, suggesting the need for further studies in the area.

A study by Zabalgoitia et al.’” prospectively analyzed
LV mass, relative wall thickness, and systolic and diastolic
interaction in 508 hypertensive patients aged 50-80 years
according to age and sex. In men, most measures were
similarly distributed. Nevertheless, women aged 65 years
and older presented smaller LV systolic dimensions, greater
ventricular thicknesses, greater fractional shortening, and less
end-systolic wall stress, i.e., structural and functional changes
were more pronounced in women.
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In the present study, statistically significant findings,
particularly in women, correlated with the findings by
Zabalgoitia et al.,"” indicating the importance of further
studies on systolic ventricular function, diastolic function,
possible hormonal influence, and SAH behavior in the
female heart. Previous studies already reported hormonal
influence in pre- and postmenopausal women and a higher
incidence of heart failure with preserved ejection fraction
in women."®" Likewise, SAH causes different structural
changes in ventricular geometric patterns in men and
women, with possible deleterious effects that are more
pronounced in women.?

A study by Alecrin et al.?’ with postmenopausal
hypertensive women showed that hormone replacement
therapy with oral estradiol for 12 weeks significantly
improved LVDF on TTE. Mohamed et al.?? correlated
diastolic dysfunction with age and arterial hypertension and
concluded that arterial hypertension duration, systolic and
diastolic arterial hypertension level, and age are important
prognostic indicators for predicting the development of
diastolic dysfunction in hypertensive patients. A better
understanding of these particularities may improve the
treatment of hypertension and congestive heart failure.

Liebson et al.” evaluated a large population of men (n=511)
and women (n=333) with mild primary hypertension and found
a substantial percentage of participants with left ventricular
hypertrophy diagnosed on echocardiography. In that study, left
ventricular mass indices were positively correlated with systolic
blood pressure, BMI, urinary sodium excretion, and smoking,
with no significant difference between the sexes. Also, similar
to findings presented here, they found a positive correlation
between the PAAT and E/A ratio, without, however, discussing
the later finding, suggesting further studies in this area.

The main limitation of the present study is the small number
of participants (N=119), especially compared to other studies,
thus increasing the chances of outliers that may have influenced
the final results presented here. Another relevant factor was
the exclusion of patients with more advanced degrees of
diastolic dysfunction (DD), hindering the assessment of PAAT
behavior in these situations. However, the main objective was
to evaluate PAAT behavior in the initial stages of left ventricular

Arq Bras Cardiol: Imagem cardiovasc. 2022;35(1):eabc242
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DD. Echocardiographic measurement intra- and inter-observer
variability is also possible,* but this analysis was not performed
in the parameters evaluated here. However, none of the
studies cited in the discussion presented this PAAT analysis.
Likewise, heart rate and blood pressure were also not measured
concomitantly. According to Marra et al.,'®who analyzed eight
previous studies with 1,029 healthy subjects, PAAT values were
weakly influenced by both heart rate and blood pressure.

Conclusions

The present study correlated PAAT with signs of early left
ventricular DD in women only. Among the cardiovascular risk
factors, the presence of SAH influenced PAAT in women only.
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Myocardial Involvement in Chagas Disease: From the Perspective of
Cardiovascular Magnetic Ressonance Assessment

Acometimento Miocardico na Doenca de Chagas: Uma Perspectiva a partir da Avaliagao pela Ressonancia

Magnética Cardiovascular

Henrique Turin Moreira’, Gustavo Jardim Volpe', André Schmidt’
Hospital das Clinicas, School of Medicine of Ribeirdo Preto’, University of Sdo Paulo, Ribeirao Preto, SP Brazil.

Abstract

Chagas disease represents an important public health
problem, especially in endemic countries in Latin America.
Chronic cardiomyopathy is its most frequent clinical
presentation. Myocardial involvement has a multifactorial
pathogenesis and can lead to heart failure, thromboembolic
events, arrhythmias, and sudden death. In this context,
cardiovascular magnetic resonance imaging (CMR) is an
excellent noninvasive method for investigating myocardial
damage and understanding the mechanisms and consequences
of these injuries. CMR has high spatial resolution and
tissue characterization capacity, enabling a highly reliable
morphofunctional analysis and the identification of risk
markers for adverse events in patients with Chagas disease.
This exam is very useful for the diagnosis and follow-up of
these patients in the routine clinical setting.

Introduction

Despite efforts to reduce new cases of Chagas disease,
especially by interrupting its transmission by domiciled
triatomines and serological screening in blood banks, its
prevalence remains high worldwide. A recent estimate by
the World Health Organization points to 67 million people
infected by the protozoa Trypanosoma cruzi worldwide, most
of them residing in one of the 21 Latin American countries
where Chagas disease is considered endemic, in addition to
approximately 70 million people at risk of contracting it in
this region.! An estimated 30-40% of infected individuals
will develop clinical presentations in the chronic phase of
the disease, with cardiomyopathy being the most frequent
and severe presentation.? Cardiac impairment have a
multifactorial pathogenesis and include silent myocarditis
related to parasite persistence and autoimmune reactions
after the infection, in addition to microvascular disorders and
autonomic denervation, which lead to heterogeneous cases
of dilated heart disease and changes in the cardiac electrical-
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conduction system.*> After almost 30 years since the first
clinical studies on chronic Chagas disease cardiomyopathy
(CCDCQ) by cardiovascular magnetic resonance imaging
(CMR), this method has helped increase our understanding
of the pathology and improved staging and risk stratification
in routine clinical practice.**

This study aimed to revisit myocardial involvement in
patients with Chagas disease from the perspective of CMR
findings. It focused on morphofunctional changes in the left
and right ventricles, including the characterization of myocardial
fibrosis and its relationship with functional changes and cardiac
arrhythmias, also addressing the prognostic value of CMR
findings in cardiovascular risk stratification in CCDC patients.

Regional changes, aneurysms, and thrombi
in the left ventricle

CMR is a reference method for cardiac morphofunctional
assessment. Its high spatial resolution provides high-quality
heart images, enabling very reliable and reproducible
measurements. Furthermore, the assessment of ventricular
systolic performance by CMR, particularly the calculation
of ejection fraction, is based on the measurement of cavity
volumes without the need for geometric assumptions.”
These properties improve the assessment of patients with
Chagas disease, especially considering the peculiarities of
this clinical condition.?

Regional left ventricular (LV) systolic function changes
are relatively common in patients with Chagas disease, thus
limiting volumetric estimates either from linear measurements
or by endocardial measurements based on only two two-
dimensional cardiac image projections. Clinical studies using
CMR to assess LV wall motion show that the inferolateral and
apical regions are the most frequently affected in patients
with Chagas disease, corroborating the knowledge obtained
over time using other diagnostic methods.”'® Although the
reason for this segmentally distributed myocardial damage
is not fully understood, evidences suggest that mechanisms
related to microvascular ischemia caused by Chagas disease
are involved in its pathogenesis."'?

Another particularity of CCDC is the onset of ventricular
aneurysms, more frequently in the apical region.” These
changes can range from small aneurysms with a narrow
neck, to large aneurysmal dilatations with a wide neck
and dyskinetic walls. The noninvasive assessment of these
abnormalities can be challenging using other imaging
methods such as echocardiography. On the one hand,
small lesions may not be easily perceived, especially in
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conventional echocardiographic imaging planes, which often
shorten the visualized apical region (Figure 1).

On the other hand, in cases of large lesions, it may
not be possible to analyze the entire aneurysmal region
in the same image plane due to the smaller extension of
the echocardiographic near field. Such obstacles can be
overcome by CMR, which routinely includes the acquisition
of planes transverse to the long LV axis encompassing the
entire apical region and the complete visualization of apical
aneurysms (Figure 2).

In CCDC patients, the prevalence of LV apical aneurysms on
CMR is 20-28%, with no sex-based difference.'® Ventricular
aneurysms are risk factors for intracavitary thrombosis,
especially when located in the apical region in patients with
areduced LV ejection fraction.'” Myocardial lesions associated
with blood stasis resulting from reduced ventricular systolic
function predispose an individual to thrombus formation,
which can provoke thromboembolic phenomena in CCDC."
The presence of prominent apical myocardial trabeculae
commonly causes differential diagnostic difficulties. The
avascularity of the thrombi is easily noticeable on CMR images

obtained by myocardial perfusion sequences with infusion
of a paramagnetic gadolinium-based contrast agent. The
images acquired by this technique show thrombi as low-
intensity signal structures surrounded by areas of increased
signal generated by intracavitary blood content and adjacent
viable myocardium. Non-viable myocardium and sessile
thrombi can be differentiated by delayed enhancement
present in scar regions but absent in thrombotic structures.
Despite these attributes, the use of CMR to investigate
ventricular aneurysms and thrombi has not been the focus
of clinical studies of patients with Chagas disease. In this
context, the use of CMR is noteworthy for risk stratification
of thromboembolic events, but its use in CCDC patients has
not been well established.”

Right ventricle in Chagas disease

The cardiac form of Chagas disease can affect both
ventricles. Experimental T. cruzi infection models demonstrated
prominent right ventricular (RV) lesions with inflammatory
infiltrate, edema, parasitism, and myocardial fiber degeneration

Figure 1 - Narrow neck aneurysm at the apex of the left ventricle. Two-chamber tomographic sections obtained by cine-magnetic resonance imaging in ventricular
diastole (A) and systole (B) showing a small apical aneurysm region. Myocardial scar evidenced by hypersignal intensity in the region of the aneurysm in a delayed

gadolinium enhancement sequence (C).

Figure 2 — Wide neck aneurysm at the apex of the left ventricle. Two-chamber tomographic sections obtained in cine-magnetic resonance imaging in diastole showing
parietal thinning and cavity enlargement in the apical region (A). Delayed gadolinium enhancement sequence showing an extensive hypersignal region compatible with

transmural fibrosis in the aneurysmal area (C).

Arq Bras Cardiol: Imagem cardiovasc. 2022;35(1):eabc285

<< CONTENTS

Page 20f 9



Moreira et al.
ing in Chagas di

M tic r ei

5 5

Review Article

in the acute phase in addition to RV dilatation progressively
developing over the chronic phase.?*?? RV dilatation and
parietal thinning are common findings in necropsy studies
of CCDC patients. On the other hand, histological analysis
shows the replacement of RV muscle fibers by fibro-adipose
tissue, more frequently in the apical region, that may show
aneurysmal conformation.?

The first detailed descriptions of clinical presentations of
CCDC were highlighted by a remarkable and predominant
right heart failure with signs and symptoms of intense
systemic congestion.?* Seminal studies using radionuclide
ventriculography supported the hypothesis of early and
predominant RV involvement in CCDC.?> 2* More recent
studies associated RV systolic dysfunction with a worse
prognosis in patients with heart failure due to Chagas
disease, who are at a higher risk of death and require urgent
heart transplantation.?”

Thus, it is essential to examine the RV of patients with
Chagas disease during clinical follow-up. However, the
peculiar characteristics of this chamber, particularly its thin
walls and complex geometry, may be obstacles to its analysis.
Nevertheless, CMR presents a spatial resolution of the RV
endocardial borders that is relatively superior to other imaging
methods used in clinical routine, providing reliable and
reproducible volumetric estimates.?® In addition, RV ejection
fraction calculation requires no geometric assumptions
similarly to the analysis of this parameter in the LV.?°

A clinical study using CMR to calculate RV ejection fraction
in the chronic phase of Chagas disease reported RV systolic
dysfunction in 37% of the 158 evaluated patients.>* Most
patients with right ventricular dysfunction in the investigation
had a concomitantly reduced LV ejection fraction. However,
RV systolic dysfunction was observed alone in approximately
4% of the studied population, including patients with the
indeterminate form of the disease (Figure 3). Although the
RV presents histopathological changes early after T. cruzi
infection, the signs of its systolic dysfunction usually appear
late in the disease course, when the LV ejection fraction
is reduced with a subsequent pulmonary arterial pressure

increase. In this condition, RV structural lesions prevent it
from adapting to the increased afterload, ultimately leading
to right heart failure.*'

Myocardial fibrosis and LV systolic dysfunction

Chagas disease myocardial fibrosis results from a
multifactorial pathogenic mechanism that includes myocarditis
related to parasite persistence, an autoimmune reaction
triggered by the parasitic infection, and microvascular
ischemia.’> Delayed gadolinium enhancement shows areas of
myocardial necrosis and fibrosis usually at 10 min after the
intravenous infusion. This technique has high sensitivity and
specificity for myocardial scar investigation and is the current
method of choice for this purpose.”

In the chronic phase of Chagas disease, delayed enhancement
can identify scar areas early in the indeterminate form of the
disease.’? However, the prevalence of fibrosis identified
by CMR at this disease stage is not well established since
most populations studied to date are relatively small. The
combined analysis of studies reporting delayed enhancement
in patients with the indeterminate form shows the occurrence
of myocardial scar in 19% of the pooled population (Table
1).910.32:39 Myocardial fibrosis progressively increases with
disease progression, being considered a marker of CCDC
severity.” The higher the proportion of delayed enhancement
in relation to the LV mass, the lower the ejection fraction of
this chamber and the worse the estimated functional class.”
0 However, the correlation between fibrosis extent and LV
systolic function appears nonlinear. Small scar areas are seen in
ventricles with normal systolic function, even when ventricular
function is examined by more sensitive methods (Figure 4).%
Patients with Chagas disease and a fibrotic mass on CMR greater
than 10% present significantly lower LV systolic function than
those with less extensive fibrosis.>

The most frequent areas of delayed myocardial
enhancement in Chagas disease are the inferolateral and
apical regions of the LV. Although there is an association
between fibrosis and myocardial wall motion abnormalities,

® |solated global RV systolic dysfunction

RV assessment by CMR in Chagas
disease (n = 158 patients)

Normal LV and RV systolic performance

29% 35%

Isolated global LV systolic dysfunction

Global LV and RV systolic dysfunction
32%

Adapted from: Moreira HT et al. Circ Cardiovasc Imaging (2017). 10:e005571 (30) under permission of Wolters Kluwer Health Inc. (license number 5235470656058).

Figure 3 - Right ventricular assessment in patients with Chagas disease. RV scan limits shown in a four-chamber cine-magnetic resonance section (A). Short-axis
sections from the basal to the apical region for RV endocardial border delineation (yellow lines), thus allowing the calculation of end-diastolic and systolic volumes and
gjection fraction (B). A cohort of 158 patients with Chagas disease evaluated by magnetic resonance imaging showed global RV systolic dysfunction commonly associated
with concomitant depressed LV systolic function, although isolated RV dysfunction has also been identified, even in cases of the indeterminate form of the disease.
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small areas of delayed enhancement may be seen in
myocardial segments with normal mobility. However, more
extensive scars, particularly those affecting at least 50% of the
myocardial wall, are usually related to areas of LV hypokinesia
and akinesia. The distribution of LV fibrosis in Chagas disease
varies. Subendocardial and transmural patterns are the
most common, being indistinguishable from sequelae of
infarction caused by coronary artery disease. Mesocardial and
subepicardial patterns are also common.® '* While myocardial
scars present a homogeneously and localized pattern in some
individuals, diffuse fibrosis of varied patterns are seen in others.
In both cases, the presence of speckled pattern scars can be
an obstacle to their quantification (Figure 5).

Recently, a serial cardiac assessment of CCDC patients

Table 1 - Prevalence of delayed myocardial enhancement by CMR in
patients with the indeterminate form of Chagas disease.

by CMR associated myocardial fibrosis with a decreased LV
ejection fraction.* The percentage of LV mass with signs of
delayed enhancement significantly increased from 13+8%
to 18+14% in subjects evaluated over a mean 5-year follow-
up. However, the prognostic value of this finding remains
uncertain. Issues related to the reproducibility of delayed
myocardial enhancement measurements represent a limitation
in the interpretation of serial assessment results. In this context,
investigating factors related to the onset of myocardial scars
in patients not previously presenting this finding can improve
our understanding of the progression of myocardial damage
in Chagas disease.

Myocardial fibrosis and ventricular
arrhythmias

CCDC is considered an arrhythmogenic cardiomyopathy
due to frequent cardiac electrical conduction system
abnormalities and arrhythmias.*' Sudden cardiac death
can occur at any stage of the disease, especially as a result
of malignant ventricular arrhythmias such as sustained
ventricular tachycardia.*> Myocardial fibrosis foci are
the main arrhythmogenic substrates in the chronic form
of Chagas disease, although other mechanisms such as
microvascular disorders and sympathetic denervation also
play a role in the pathogenesis of ventricular arrhythmias in
this clinical condition.**

The high spatial resolution of CMR to detect, characterize,
and quantify myocardial fibrosis is a major advantage for the
noninvasive risk stratification of adverse events in patients with
Chagas disease, including malignant ventricular arrhythmias.
Cross-sectional and case-control studies showed that areas of
delayed myocardial enhancement on CMR are highly prevalent
findings in patients with Chagas disease and a clinical history
of concomitant sustained ventricular tachycardia.” * Notably,

Patients with the Presence of
Authors indeterminate form delayed myocardial
evaluated by CMR enhancement
Rochitte et al.® 15 3(20)
Regueiro et al.” 27 2(7)
Noya-Rabelo et al.2 17 6 (35)
Tassi et al.® 26 5(19)
Torredo et al.* 16 2(13)
Lee-Felker et al.® 50 4(8)
Uellendahl et al.® " 3(27)
Melendez-Ramirez et al.>” 8 4 (50)
Pinheiro et al.*®® 16 7(44)
Romano et al.* 19 2(1M)
Total 205 38(19)
CMR, cardiac magnetic resonance.
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Figure 4 - Correlation between extent of myocardial fibrosis assessed by delayed enhancement on magnetic resonance imaging and LV systolic function assessed by
speckle tracking echocardiography is nonlinear in Chagas disease. Patients with small fibrotic areas (generally smaller than 10% of the myocardial mass) may have normal
global LV systolic function (to the left of the dashed line, which represents the normal limit of global longitudinal myocardial deformation). A systolic global longitudinal strain
lower than 15% (specific value for the software used for analysis) is usually associated with the presence of myocardial fibrosis. Additionally, the presence of myocardial

scars is shown in two patients with the indeterminate form of the disease.
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Figure 5 — Myocardial LV scars evidenced in short-axis tomographic sections using the delayed gadolinium enhancement technique. Subendocardial fibrosis in
the inferolateral region of the LV (A) and transmural fibrosis involving the anterolateral, inferolateral, and inferior LV regions (B). Diffuse and mixed myocardial
fibrosis pattern with an area of transmural scar (yellow arrows) in the inferolateral region and the foci of diffuse mesocardial scars (green arrows) involving

other LV regions (C).

fibrosis identified by CMR may be the only myocardial
abnormality found in Chagas patients presenting electrical
instability, defined by frequent ventricular premature beats or
episodes of sustained or non-sustained ventricular tachycardia.
In addition, myocardial scars identified by CMR are anatomically
correlated with regions showing signs of autonomic denervation
and ischemia assessed by myocardial perfusion scintigraphy,
suggesting an inextricable participation of these factors in the
pathogenesis of ventricular arrhythmias in CCDC.*

A transmural myocardial fibrosis pattern is more
frequently noted on CMR in Chagas patients with sustained
ventricular tachycardia than in those without this clinical
sign. The presence of two or more continuous myocardial
segments with transmural delayed enhancement is
associated with a history of sustained ventricular tachycardia
regardless of age, sex, LV ejection fraction, and the
percentage of delayed enhancement.*

In addition, myocardial scar characterization by CMR can
be an auxiliary tool in ventricular tachycardia ablation in
patients with CCDC.*” Scar patterns that are transmural or have
subepicardial involvement, usually present in the inferolateral
segments of the LV, often lead to predominantly epicardial
reentrant circuits.*® Under these conditions, combined
endocardial and epicardial ablation is more effective at
stopping malignant ventricular arrhythmias in CCDC patients
in the short and long term.*

New CMR techniques seem promising for assessing
interstitial fibrosis in patients with Chagas disease. A cross-
sectional study of 47 Chagas patients demonstrated that
higher interstitial fibrosis by its CMR-derived extracellular
volume is associated with non-sustained ventricular
tachycardia regardless of ejection fraction and delayed
LV myocardial enhancement quantification.®

Prognostic value of myocardial fibrosis in
chronic Chagas heart disease

In Chagas disease patients, prognostic assessments can
identify individuals at greater risk of cardiovascular events
throughout the disease course, thus helping decision-
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making regarding the need for specialized follow-up and
therapeutic planning. LV systolic dysfunction is the most
consistent predictor of death in patients with Chagas
disease.’® However, other factors, such as male sex, New
York Heart Association functional class Ill/IV, low-voltage
QRS complexes on an electrocardiogram, cardiomegaly on
chest radiography, and non-sustained ventricular tachycardia
identified on 24-hour electrocardiographic monitoring also
indicate higher risk of adverse events and high mortality in
this clinical setting. These predictors are gathered in the
score proposed by Rassi et al. that was originally developed
and validated for the risk stratification of death in patients
with CCDC.*" In a cross-sectional study, the greater extent of
myocardial fibrosis assessed by CMR was positively correlated
with Rassi score.*

Two recent longitudinal studies demonstrated the role
of myocardial fibrosis identification and quantification by
CMR in the risk stratification of this clinical condition.™ '
In a prospective cohort of 140 CCDC patients, myocardial
scar was related with the occurrence of combined sustained
ventricular tachycardia and cardiovascular death at a median
3-year follow-up period. A significant association was also
reported between myocardial fibrosis and the combined
outcome including hospital admission for heart failure.
Also, the greater the extent of myocardial scar, the greater
the risk of these combined events regardless of age and LV
ejection fraction (Figure 6). '* In another retrospective cohort
of 130 CCDC patients, the presence and greater extent of
delayed myocardial enhancement were related to a high
incidence of the combined outcome of overall mortality,
heart transplantation, appropriate implantable cardioverter-
defibrillator therapy, and aborted sudden death in a median
5-year follow-up period. In that study, the presence of a
fibrotic mass equal to or greater than 12.3 g was significantly
and independently associated with the combined outcome
studied. Additionally, a bivariate analysis including fibrotic
mass and the Rassi risk score as predictive variables showed
the association of both with the composite outcome.’
Remarkably, the absence of fibrosis in these studies was an
excellent marker of the non-occurrence of adverse events in
patients with CCDC. However, the question remains about the
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role of myocardial fibrosis in prognostic reclassification after
use of the Rassi score, especially in individuals initially stratified
by this classification system as being at low or intermediate
risk.>? Nevertheless, these recent studies demonstrated the
potential benefits of myocardial scar assessment by CMR in
the stratification of cardiovascular risk in Chagas patients, while
the role of this evaluation in clinical decision-making may be
demonstrated in future clinical trials.

Myocarditis assessment of Chagas patients

Myocarditis due to parasitic persistence is considered one
of the main pathogenic mechanisms of myocardial injury
by Chagas disease.>® In the acute phase, severe myocarditis
can lead to death, although this has been noted in only
a small number of symptomatic patients. However, the
prevalence of myocardial inflammation in the acute phase
of the disease is probably underestimated due to diagnostic
difficulty. In the chronic phase, low-intensity myocarditis is
recognized as a key pathological mechanism in the genesis
of myocardial lesions in Chagas disease. Exacerbations can
occur in immunosuppressed patients, reactivating parasite
replication and causing severe myocarditis, acute heart
failure, and death.

Despite the outstanding role of CMR in the noninvasive
assessment of myocarditis, its use in patients with Chagas
disease has been scarcely reported in the scientific
literature. A cross-sectional study of 54 patients with Chagas
disease using conventional CMR techniques showed that
myocardial hyperemia and edema, considered criteria for the
noninvasive diagnosis of myocarditis, can occur in all phases
of CCDC, even early in patients with preserved LV systolic
function or with the indeterminate form.** As highlighted by
the authors, these subclinical abnormalities show the risk of
more severe conditions and can increase our understanding
of the natural history of the disease.

In addition to traditional strategies for investigating
suspected myocarditis, the CMR myocardial mapping

technique provides a quantitative and more objective analysis
of areas of myocardial edema. A case of Chagas myocarditis in
an adult patient reported that this technique helped diagnose
myocarditis in the acute phase and over the follow-up period,
showing progressive regression of the edematous myocardial
areas in serial CMR tests.** The use of myocardial mapping in
the chronic phase of Chagas disease is promising, as it may
reveal subclinical changes and identify individuals at high risk
of progressing to more advanced CCDC stages.

Conclusions

CMR assesses myocardial involvement in Chagas disease
with highly reliable and reproducible cardiac morphofunctional
characterization, especially in the presence of regional LV
systolic function changes and RV dysfunction. CMR has high
sensitivity for detecting myocardial scars, proving a valuable
tool for cardiovascular risk stratification in CCDC patients. The
presence and greater extent of myocardial fibrosis areas on CMR
are associated with LV systolic dysfunction and the occurrence
of ventricular arrhythmias in these patients. In addition, clinical
cohorts have recently demonstrated the prognostic value of
delayed myocardial gadolinium enhancement areas with adverse
cardiovascular events such as hospital admissions for heart
failure, sustained ventricular tachycardia, and sudden cardiac
death. More advanced CMR techniques, such as myocardial
mapping for the assessment of myocardial edema and diffuse
fibrosis, were recently used in the clinical evaluation of patients
with Chagas disease with very promising preliminary results.
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Figure 6 —Association between myocardial fibrosis and the occurrence of the combined outcome of cardiovascular death, sustained ventricular tachycardia, or hospitalization
for heart failure in patients with chronic Chagas heart disease. The presence of delayed myocardial enhancement by CMR is a risk predictor of the combined outcome

compared with the absence of myocardial scar.
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Libman-Sacks endocarditis in a male patient with systemic lupus

erythematosus

Endocardite de Libman-Sacks em Paciente Masculino com Lipus Eritematoso Sistémico

Alvaro Augusto Vedana Filho', Vivien Ritchie Bittencourt!, Thaissa Antunes Mattar Valente', Fernando Silva

Botelho', Marco Stephan Lofrano Alves’

Hospital de Clinicas Complex of the Federal University of Parand’, Curitiba, Parand, Brazil.

Introduction

Libman-Sacks endocarditis (LSE), also known as marantic or
verrucous endocarditis, is a form of non-bacterial thrombotic
endocarditis (NBTE) that involves the presence of sterile
vegetations in the heart valves. These vegetations may be
associated with malignancy, systemic lupus erythematosus
(SLE), or antiphospholipid syndrome (APS), and although they
are more commonly found in the mitral and aortic valves,
other valves may be involved. Diagnosis requires high clinical
suspicion when evaluating specific populations.”

Clinical case

A young 21-year-old illicit drug user diagnosed with
SLE was admitted to the emergency unit with continuous
non-traumatic epistaxis over the previous six hours. The

patient reported episodes of melena and the onset of
macular, erythematous, diffuse lesions on the soles of the
feet over the previous two weeks (Figure 1). The patient
denied fever or chills associated with the condition. Physical
examination identified tachycardia (heart rate, 115 beats
per minute) and cardiac auscultation with a regular rhythm,
normal heart sounds, and a 3+/6+ systolic murmur in
the mitral focus radiating to the axilla. Admission tests
suggested active SLE and showed reduced complements
C3 and C4; thrombocytopenia (2,000 U/uL); anti-double
stranded DNA, 1:640; and hemoglobin, 8.8 mg/dL.
Exams collected 10 months earlier showed negative lupus
anticoagulant and positive anticardiolipin antibodies at low
titers. Pulse therapy with methylprednisolone and intravenous
human immunoglobulin was indicated and started by the
rheumatology team. Transthoracic echocardiography was also

Figure 1 — Macular, erythematous, and painless lesions with a two-week progression compatible with an embolic phenomenon. Description similar to Janeway lesions

in infective endocarditis.
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requested to assess the cardiac involvement.

Transthoracic echocardiography showed an enlarged
left ventricle with eccentric hypertrophy and a preserved
ejection fraction. The mitral valve with diffusely thickened
leaflets and amorphous isoechoic vegetation with irregular
surface adhered to the ventricular face of the posterior leaflet
(Video 1) measured 1.0 X 1.2 cm (Figure 2), restricting its
mobility and causing important eccentric reflux (Video 2)
directed to the posterior atrial wall. In addition, an enlarged
left atrium was noted with a volume indexed by the body
surface of 67 mL/m? and normal right chambers.

Due to the vegetation identified in the mitral valve,
associated with the clinical context of the patient, the following
were listed as possible differential diagnoses: 1) NBTE; and 2)
infective endocarditis (IE). For better elucidation of the case,
transesophageal echocardiography was requested and three
blood cultures were collected. Empirical antibiotic therapy was
not started due to a lack of evidence of infection.

Transesophageal echocardiography complemented the
transthoracic examination by better delimiting the mitral valve
lesions. Thickened leaflets were observed (Videos 3 and 4,

Figure 3), with an echogenic sessile well-delimited image in
the posterior portion of the valve annulus and ventricular face
of the posterior leaflet (maximum thickness, 1.56 cm; Figure 4)
encompassing all of their segments and part of the subvalvular
apparatus, reducing the mobility of the posterior leaflet and
causing moderate to severe reflux.

Blood cultures were negative after three days. Three other
samples were collected that also showed negative bacterial
growth results.

Considering complementary test findings, the patient’s
characteristics, and the absence of infectious evidence, the
diagnosis of NBTE remained. The patient completed pulse
therapy with methylprednisolone, underwent a course of
intravenous immunoglobulin, and started therapy with
cyclophosphamide.

Discussion

LSE is a rare condition, mostly found postmortem, with a
prevalence of 0.9-1.6%. It commonly affects patients aged
40-80 years, but it can occur in any age group. NBTE is often

Video 1 - Long-axis transthoracic echocardiography of the left parasternal window showing an amorphous image of the irreqular surface on the ventricular surface of

the posterior mitral valve leaflet without independent mobile echoes.

Figure 2 - A: Apical window, three chambers showing amorphous image measuring 1.29 x 0.92 cm on the posterior mitral valve leaflet. B: Long-axis parasternal window

showing important mitral regurgitation occupying almost the entire left atrium.

Arq Bras Cardiol: Imagem cardiovasc. 2022;35(1):eabc224

<< CONTENTS

Page 2of 5



Vedana Filho et al.
Libman-Sacks Endocarditis and Lupus Erythematosus

Case Report

Video 2 - Long-axis transthoracic echocardiography of the left parasternal window showing significant mitral valve reflux directed to the posterior wall of the left atrium.

Video 3 - Two-chamber transesophageal echocardiography (approximately 90°) demonstrating posterior mitral valve leaflet thickening.

Video 4 - Four-chamber transesophageal echocardiography (approximately 0°) showing a homogeneous echogenic, sessile, well-delimited image on the ventricular
face of the posterior leaflet.
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Figure 4 - Transesophageal echocardiography A: four-chamber view at 0° showing a sessile image in the posterior mitral valve leaflet measuring 1.56 x 2.31 cm. B:
two-chamber view at 90° demonstrating moderate to severe reflux toward the posterior wall of the left atrium.

associated with hypercoagulable states such as malignant
neoplasms, SLE, and APS. It is correlated with disease activity
and duration and its prevalence increases in the overlap of
these pathologies." Studies do not show a sex predilection;
however, SLE and APS, causes associated with LSE, occur five-
to nine-fold more often in women of childbearing age than in
men and are more prevalent in Black and Hispanic women.??

Patients are usually asymptomatic; findings are often
incidental in the investigations of other cardiac conditions by
imaging or on postmortem examination. The most common
clinical presentations are secondary to valve embolism, such
as stroke, transient ischemic attacks, or symptoms of peripheral
embolization in the lower limbs. They also include symptoms
related to the activity of underlying diseases, such as fever,
malar rash, renal, hematological, or immunological changes,
among others.’

High clinical suspicion is required for the diagnosis of NBTE.
No laboratory tests can confirm this diagnosis. Patients with
suspected NBTE should be screened for blood cell count,
metabolic profile, and blood cultures for the differentiation
from other etiologies such as IE. Hypercoagulability

Arq Bras Cardiol: Imagem cardiovasc. 2022;35(1):eabc224
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should be investigated, including lupus anticoagulant and
antiphospholipid antibodies. Three blood culture samples
should be tested before starting any empirical antibiotic
therapy. The absence of typical or atypical endocarditis-
causing agents may strengthen the NBTE suspicion.’

However, the primary screening test for LSE is
echocardiography. Transesophageal echocardiography
has greater sensitivity and specificity than transthoracic
echocardiography. Irregular borders, heterogeneous
echogenicity, and the absence of independent mobile echoes
are characteristic of the masses (verrucous vegetation) found
in the heart valves and endocardium. These are usually small
sessile masses, but they can be larger than 10 mm. The basal
and middle portion of the mitral and aortic valves are the
most affected. Diffuse or focal thickening of the mitral and
aortic valves may be seen. The involved valves may present
regurgitation." Vegetations are more frequent on the left side,
with two thirds of cases involving the mitral valve, mainly on
the ventricular face, and up to a quarter involving the aortic
valve and less commonly both valves. Echocardiography
cannot distinguish vegetations from thrombi but can provide

Page 4of 5



Vedana Filho et al.
Libman-Sacks Endocarditis and Lupus Erythematosus

Case Report

diagnostic clues for lesion characterization.’

NBTE treatment is based on expert positioning and
small observational studies. Underlying disease control,
anticoagulation in patients with major embolic phenomena,
and serial echocardiograms are recommended for monitoring
valve lesions. Surgical indications are the same as for IE (i.e.,
heart failure, acute valve rupture), but reports suggest that
recurrent embolization prevention is the most common
indication for surgery. In contrast to IE, which requires
complete removal of the infected tissue, valve preservation
may be possible in some NBTE cases."
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Cardiac Fibroma: Long-Term Follow-up by Cardiac Magnetic

Resonance

Fibroma Cardiaco: Seguimento a Longo Prazo por Ressonancia Magnética Cardiaca

Fernanda Sayuri Oshiro’, Raul Serra Valério’, Alfredo Augusto Eyer Rodrigues’, Gilberto Szarf', Marly Uellendahl’,

Maria Eduarda Menezes de Siqueira’
Federal University of Sao Paulo?, Sdo Paulo, Brazil

Abstract

Background: Primary cardiac neoplasms are rare,
and a correct diagnosis is essential to planning the most
appropriate treatment.

Objective: To demonstrate the role of cardiac magnetic
resonance imaging (CMR) in the assessment, diagnosis, and
follow-up of cardiac fibroma.

Case report: Female 21-year-old patient with a myocardial
mass detected on echocardiogram. CMR confirmed a
diagnosis of cardiac fibroma. The patient chose to be followed
up, and her condition remained stable after six years.

Discussion: Cardiac fibromas are the second most
common neoplasm in children and young people. On CMR,
it is characterized by intense and homogeneous delayed
enhancement. CMR plays an important role in the assessment
of cardiac masses.

Introduction

Primary cardiac neoplasms are rare, with an estimated
prevalence of 0.001-0.03% in autopsy studies, and may
affect the endocardium, myocardium, and epicardium.’
Secondary tumors are 20- to 40-fold more frequent than
primary tumors. The diagnosis of cardiac tumors has increased
in recent decades with complementary imaging methods in
cardiology such as echocardiography, magnetic resonance,
and tomography.?

More than 75% of primary tumors are benign'. Myxomas
(about 50% of benign tumors), papillary fibroelastomas,
and lipomas are the most common in adults, with
rhabdomyoma and fibroma being the most common benign
tumors in children.??

The clinical presentation varies and can mimic both cardiac
and systemic diseases, which determines its inclusion as a
differential diagnosis in different heart diseases. In general, the
specific signs and symptoms of cardiac tumors are determined
by their location in the heart rather than their histopathology.

Keywords
Magnetic Resonance Imaging; Heart Neoplasms; Fibromas.

Mailing Address: Fernanda Sayuri Oshiro *
E-mail: fernanda_s_oshiro@hotmail.com
Manuscript received 10/14/2021; revised 11/16/2021; accepted 11/25/2021

DOI: 10.47593/2675-312X/20223501eabc263

O

<< CONTENTS

Cardiac tumors are extremely rare; however, upon clinical
suspicion, the correct diagnosis is essential to planning the most
appropriate treatment and management. In this context, cardiac
magnetic resonance imaging (CMR) plays an important role as
a noninvasive test with high-resolution images of the heart that
allows for tissue characterization of the tumor, size and location
assessment, and correlation with other adjacent structures.
Tissue characterization of cardiac masses is performed using T1
and T2* weighting techniques, fat suppression, perfusion, and
delayed gadolinium enhancement, allowing the differentiation
between malignant and benign tumors and sometimes
indicating a suspected histological diagnosis."*?

The objective of this report was to present the six-year
follow-up of a patient referred to the Magnetic Resonance
Service of the Federal University of Sdo Paulo (Universidade
Federal de Sdo Paulo) for presenting a cardiac mass and
demonstrate the role of CMR in its assessment, diagnosis,
and follow-up.

Case report

A 21-year-old female student born in Macapé, AP, Brazil,
and living in Diadema, SP, Brazil, sought medical care in 2013
for palpitations and dyspnea on great exertion for which cardiac
investigations were initiated. Initial electrocardiography and
24-hour Holter monitoring showed no significant changes.
Echocardiography showed the presence of a fixed mass
affecting the inferolateral and anterolateral regions from the
base to the apex of the left ventricle, with regular contours,
hyperechoic, heterogeneous, with calcium spots inside
measuring 5.5 X 4.4 cm in cross-section.

The patient was referred for CMR for better characterization
of the mass: We noted the presence of an intramyocardial mass
with regular contours affecting the lateral wall and part of the
anterior and inferior walls of the left ventricle measuring 7.4 X
4.0 cm in four-chamber view, hypointense in steady-state free
precession sequences and T2-weighted (Figure 1) and isointense
on T1-weighted sequences (Figure 2). We also noted the absence
of perfusion in the first gadolinium passage (Video 1) and the
presence of intense and homogeneous delayed enhancement
(Figure 3). No signs of compromised left ventricular global systolic
function were noted on CMR (Video 2).

Cardiac fibroma was hypothesized. The patient was
followed up for six years, with no clinical worsening and
no signs of changes in the cardiac mass characteristics or
dimensions or functional impairment of the left ventricle on
CMR. Conservative treatment and follow-up were chosen due
to the patient’s stable condition.
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Figure 1 - Short-axis (A) and four-chamber (B) section showing a hypointense intramyocardial mass (*) on T2-weighted cardiac magnetic resonance. Follow-up images
from 2016 (A) and 2020 (B).

Figure 2 - Short-axis (A) and four-chamber (B-C) section showing intramyocardial mass (*) isointensity on T1-weighted cardiac magnetic resonance. Follow-up images
from 2016 (A), 2018 (B), and 2020 (C).

Video 1 - Myocardial four-chamber perfusion confirming the absence of myocardial perfusion in the first gadolinium passage. Follow-up image from 2020.
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Figure 3 — Short-axis section of the left ventricle showing an intramyocardial mass (*) with an intense and homogeneous pattern after delayed gadolinium enhancement.

Follow-up images from 2014 (A), 2017 (B), and 2018 (C).

Video 2 - Short-axis cine magnetic resonance imaging of the left ventricle showing an intramyocardial mass not compromising ventricular function (2020).

Discussion

Primary cardiac neoplasms are extremely rare, have
different clinical and histological presentations, and require
a high index of clinical suspicion.?

Cardiac fibromas, the second most common neoplasm in
children and young people, also affect adults. They originate
in the myocardium and, more commonly, present as a single
well-defined lesion that can become quite voluminous and
does not regress spontaneously.” It occurs more frequently
in the free wall of the left ventricle, interventricular septum,
and the free wall of the right ventricle (in descending order).

The described symptoms of left ventricular and
interventricular septal tumors are dyspnea, fatigue, syncope,
atypical chest pain, conduction disturbances, ventricular
arrhythmias, and sudden death."

On CMR, the lesion is characterized by isointensity or slight
hyperintensity on T1-weighted sequences in relation to the
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myocardium and hypointensity on T2-weighted sequences.
It presents no perfusion at rest as it is avascular; in delayed
gadolinium enhancement sequences, fibromas present intense
and homogeneous enhancement related to contrast medium
extravasation and retention in the large extracellular space that
permeates the fibrotic tissue of the tumor. The lesion may have a
low-signal central component associated with calcifications."

Symptomatic tumors must be completely resected. Very
large tumors may require heart transplantation.®'

In conclusion, CMR plays an important role in the
assessment of cardiac masses, contributing to a more accurate
noninvasive diagnosis and therapeutic planning and enabling
safe clinical follow-up with good reproducibility.’>
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Case Report

Role of Transthoracic Echocardiography in the Diagnosis of Double
Aortic Arch

Papel da Ecocardiografia Transtoracica no Diagnadstico de Duplo Arco Aértico

Guilherme Gomes de Souza', Adriana Furletti Machado Guimaraes’, Ricardo Wang', Sandra Regina Tolentino
Castilho', Henrique de Assis Fonseca Tonelli', Fatima Derlene da Rocha Aradjo’
Hospital das Clinicas of the Federal University of Minas Cerais', Belo Horizonte, Minas Gerais, Brazil.

Introduction

Double aortic arch is the main cause of vascular ring in
cardiovascular surgical case series records. This rare anomaly,
caused by the non-involution of one of the embryonic aortic
arches, is a challenge for the pediatric echocardiographer, often
requiring other imaging methods such as computed tomography or
cardiac magnetic resonance. This case report aimed to systematize
echocardiographic findings to help diagnose double aortic arch.

Case report

A full-term newborn was born vaginally at 38 weeks’
gestation with a birth weight of 3,390 g, and an APGAR 9/10.
In the first hours of life, the patient presented respiratory
discomfort associated with stridor, wheezing, and increased
expiratory time requiring orotracheal intubation and high
mechanical ventilation parameters. Chest X-ray showed signs
of pulmonary hyperinflation.

The mother reported home contact with a confirmed
case of severe acute respiratory syndrome coronavirus 2
approximately 15 days before delivery. A cardiac evaluation
was requested due to the possibility of pediatric multisystem
inflammatory syndrome, but this was not confirmed later.
A cardiovascular system examination detected no changes.

Echocardiography showed coronary artery diameters within
the upper limit of normal and an echogenic focus on the left
coronary artery wall, preserved cardiac function, and no signs of
significant pulmonary hypertension. An aortic arch to the left was
visualized in longitudinal suprasternal section with the probe index
pointed at 1 o’clock with the emergence of two vessels. Directing
the probe index to 11 o’clock revealed another aortic arch of
equal diameter with the emergence of two vessels. A double aortic
arch forming a complete vascular ring was suggested.

Chest computed tomography angiography confirmed the
presence of a tracheoesophageal vascular ring resulting from a
balanced double aortic arch associated with tracheal stenosis.

Keywords
Vascular ring, Echocardiography, Heart Defects, Congenital.

Mailing Address: Guilherme Gomes de Souza *

Avenida Professor Alfredo Balena, 110, Santa Efigénia. CEP: 30130-100 — Belo
Horizonte, MG, Brazil.

E-mail: gomesguilherme22@gmail.com

Manuscript received 11/1/2021; revised 11/19/2021; accepted 11/25/2021

DOI: 10.47593/2675-312X/20223501eabc267

O

<< CONTENTS

The patient underwent surgical resection of the right aortic
arch and release of tracheal compression that postoperatively
progressed with extubation failure. Bronchoscopy showed
80% obstruction of the tracheal lumen during inspiration due
to tracheomalacia for which a tracheostomy was indicated.

Discussion

Vascular rings represent less than 1% of all congenital heart
diseases."* Double aortic arch, the most frequent type of
vascular ring,*7 is caused by an embryogenic anomaly with
persistent right and left fourth embryonic aortic arches.*%°

These two patent arches resulted in a bifurcated
ascending aorta, whose branches encircle the trachea and
esophagus and posteriorly join to form a single descending
aorta, forming a ring around these structures that can cause
compression.'>*8 The right arch is often dominant (75%),
with only 5% of cases presenting both arches of equal size
as in the case reported here.?*

In most cases, double aortic arch occurs as an isolated
lesion, although it may be associated with other malformations
such as tetralogy of Fallot, truncus arteriosus, and transposition
of the great arteries.*® In cases of significant tracheal and
esophageal compression, symptoms such as stridor, dyspnea,
respiratory failure, and feeding difficulties may be observed
soon after birth."3#4689

On the other hand, if compression is minimal, the vascular
ring will be accidentally diagnosed in asymptomatic adults.>*8?

Treatment is reserved for symptomatic cases and consists
of surgical resection of one of the aortic arches, preferably the
smaller one.>*%% However, after tracheal compression release,
respiratory symptoms may persist in a significant number of
children (54%) due to tracheomalacia, as in the case described
in this report.>?

Although computed tomography and cardiac magnetic
resonance imaging are essential for confirming the diagnosis
and surgical planning, an initial assessment with transthoracic
echocardiography allows the identification of the double arch
as in the case reported. Furthermore, it has the advantages
of low cost and not requiring the use of contrast, sedation,
or radiation."?4¢9

This report presents a systematic approach to diagnosing
double aortic arch through transthoracic echocardiography,
focusing on its presentation pattern in the different
echocardiographic windows. A careful assessment of the aortic
arch with determination of its laterality and the branching
pattern of brachiocephalic vessels is essential for identifying
a double aortic arch by echocardiographic examination.>#
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Longitudinal parasternal window
Standard section - probe index pointing at 1 o’clock

Visualization of the aortic arch to the left without the normal
branching pattern and origination of two vessels - the left subclavian
and common carotid arteries; however, it is impossible to demonstrate
the origin of the brachiocephalic trunk'>#7 (Figure 1A); and

Counterclockwise rotation of the transducer - probe
index pointing at 11 o’clock

Visualization of a similar image with an aortic arch to the
right and origination of the two vessels - the right subclavian
and common carotid arteries'**7 (Figure 1B).

Cross-sectional parasternal window
Probe index pointing at 3 o’clock and with cephalic tilt

Identification of the ascending aorta bifurcating into the left
and right aortic arches, with blood flow visualization by color
Doppler in both arches'*#1° (Figure 2A); and

Most superior ultrasound beam tilt

Possible simultaneous identification of the four
brachiocephalic vessels, two in each arch. This image is
characteristic of the double aortic arch - the “four-vessel
sign”491° (Figure 2B).

indice 01h

LC, left carotid; LSC, left subclavian; RC, right carotid; RSC, right subclavian.

Figure 1 - Echocardiographic image in longitudinal suprasternal section with the probe index pointing at (A) 1 o’clock showing a left arch originating the left subclavian
and common carotid arteries and at (B) 11 o’clock showing an aortic arch of the same caliber originating the right subclavian and common carotid arteries. Comparative

image with CT angiography.

LAA, left aortic arch; LC, left carotid; LSC, left subclavian; RAA, right aortic arch; RC, right carotid; RSC, right subclavian.

Figure 2 - Echocardiographic image in cross-sectional suprasternal section showing (A) the ascending aorta bifurcated into the right and left arches and (B) simultaneous
identification of the four brachiocephalic vessels - the “four-vessel sign” characteristic of a double aortic arch. Comparative image on computed tomography angiography.
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Subcostal or five-chamber apical window

Visualization of a bifurcated ascending aorta similar to
the pulmonary artery bifurcation

The aorta bifurcation into the double arch is seen at
a significant distance from the aortic valve plane (about
4-4.5 cm) as opposed to the early bifurcation seen in the
transposition of the great arteries, type | truncus, hemitruncus,
and aortopulmonary window®” (Figure 3).

Conclusion

Echocardiography is the ideal method of screening for
double aortic arch due to being non-invasive, easily performed,
and of low cost. The presence of an aortic arch on the right or
left with a normal innominate artery branching pattern into
the carotid and subclavian arteries or originating separately

from the four cephalic vessels of the same arch excludes the
presence of a double aortic arch. Cardiac magnetic resonance
imaging and computed tomography should be reserved for
diagnostic confirmation and preoperative planning.
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Figure 3 - Subcostal echocardiographic image of the left ventricular outflow tract showing bifurcation of the ascending aorta into the right and left arches at a significant
distance from the aortic valve plane. Comparative image on computed tomography angiography.
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Coronary Flow Velocity Reserve and Myocardial Contractility Under
Stress in the Post-Infarction Ischemic Memory Dilemma

Reserva de Velocidade de Fluxo Coronariano e da Contratilidade Miocardica sob Estresse no Dilema da Memoria

Isquémica Poés-Infarto

Marilia Esther Benevides de Abreu’, Tereza Cristina Diégenes Pinheiro, Ant6nio Augusto Lima Cuimaraes?,

José Sebastiao de Abreu-3

Clinicdrdio Métodos Diagnésticos de Fortaleza', Fortaleza, CE, Brasil. Universidade Federal do Ceard?, Fortaleza, CE, Brasil. Universidade

Estadual do Ceara®, Fortaleza, CE, Brasil.

Introduction

After acute myocardial infarction (AMI), some
cases progress with deep T wave inversions on
electrocardiogram (ECG). This electrocardiographic
abnormality can continue for a prolonged period, even
if a coronary intervention within a short time of AMI
progression results in successful myocardial reperfusion.
However, these deep T wave inversions can raise
management questions when the patient is already
being followed up in an outpatient clinic, particularly
in the absence of relevant symptoms to support the
resurgence of an ischemic process. In this context, a
safe noninvasive assessment such as dobutamine stress
echocardiography (DSE) associated with the analysis of
coronary flow velocity reserve (CFVR) may be an option
for this dilemma between myocardial ischemia and the
possible post-infarction ischemic memory.'3

Case report

A 59-year-old man with hypertension and dyslipidemia
presented with intense oppression, retrosternal burning,
and AMIL. After approximately one hour of progression, he
underwent a hemodynamic study that identified a proximal
anterior descending coronary artery (ADA) occlusion
(Figures 1A, 1B); the other coronary arteries were normal.
The ADA became completely patent after stent implantation
with Thrombolysis in Myocardial Infarction (TIMI) 3 without
blushing (Figure 1C). Forty days after the AMI, the patient
attended a cardiology appointment. He had been told about
the ECG changes in a previous appointment and was unsure
about to which restrictions he would be subjected. He
reported mild nonspecific chest pain unrelated to exertion.
A physical examination revealed good general condition,
eupneic, normal pulmonary auscultation, regular rhythm
in three heart beats by the fourth heart sound, and a blood

Figure 1 - Coronary angiography showing ADA occlusion (A, B) and complete arterial patency after stent implantation (C). ADA, anterior descending coronary artery
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pressure of 130/70 mmHg. The patient used beta-blockers,
aspirin, diuretics, rosuvastatin, and ticagrelor.

An ECG performed before the AMI showed normal
ventricular repolarization, while the current test showed deep
T wave inversion in the anterior wall (Figure 2A). New tests
showed a normal blood count, renal function, and electrolyte,
creatine kinase-MB, troponin, and lactate dehydrogenase
levels. Echocardiography showed mild concentric left
ventricular hypertrophy and normal valves and pericardium.
Myocardial hypocontractility was present in the ADA territory,
but this vessel had prominent predominant diastolic flow
with normal Doppler velocity (Figure 3A). As this coronary
artery was patent and the patient had no relevant symptoms,
a DSE with simultaneous noninvasive CFVR assessment was
proposed. The patient was informed of the benefits and risks
of this procedure, which was programmed after his consent.

On DSE, dobutamine was administered in continuous
intravenous infusion at doses of 10, 20, and 30 ucg.kg-'.min-
in three-minute stages, with atropine 0.5 mg being administered
in the third stage and reaching maximum heart rate (HR) (220 -
age in years). At this point, the test was concluded and a bolus
of 3 mg of esmolol was administered intravenously and later
repeated to return the HR to baseline levels.” 2 ADA flow was
checked intermittently to reach a diastolic velocity twice as
high as that at baseline to determine a normal CFVR (=2).>% It
should be noted that this normal coronary reserve was obtained
early (HR = 98 bpm), i.e., at only 61% of the maximum test
HR (Figure 3B). During DSE, the contractile response became
normal (Video) without complications or symptoms. During the
test, ECG showed T wave polarity normalization (Figure 2B).

Discussion

The demonstration of post-infarction ischemia can be
challenging in specific conditions, especially in the absence of

relevant clinical signs, showing the need to rule out differential
diagnoses to improve safety regarding life risk or restrictions
on the patient’s daily activities.

Laboratory test findings were incompatible with myocardial
injury, and no pericardial involvement was identified on
echocardiography. Increased wall thickness can indicate a noticeable
ventricular repolarization abnormality such as in asymmetric septal
hypertrophy, apical hypertrophy, or Fabry disease; however, in this
case, the hypertrophy was concentric and mild.

DSE is a safe and well-established test for coronary heart
disease diagnosis and prognosis. Dobutamine also acts as a
potent vasodilator, enabling a validated CFVR assessment.
This is obtained by simply dividing the peak diastolic velocity
obtained during stress by the one recorded at rest in the
ADA flow, with a cutoff point = 2 being the normal value.
CFVR is highly accurate at indicating a good prognosis or
the absence of ischemia, particularly if it is obtained early
(before DSE completion).3 57

The greatest proportion of myocardial thickening is determined
by the contraction of its inner third in the endocardium.®
Consequently, an injury with less significant necrosis can
determine ventricular wall hypokinesia on echocardiography,
even after the ischemic event. However, an expressive contractile
reserve is expected after physical or pharmacological stimulation
in cases of minor injury. The patient reported here was reperfused
within one hour of the AMI onset, which could justify the mild
injury and the excellent contractile response during DSE.

The diagnosis of ischemic memory is unusual, but we
consider its application adequate for the case presented
here, as we have no elements other than previous ischemia
to justify these marked ventricular repolarization changes.
In fact, some facts substantiate the term ischemic memory
in this case: first, the absence of a clinical presentation
compatible with coronary insufficiency at rest or even during
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Figure 2 - Electrocardiogram performed 40 days after the acute myocardial infarction showing an anteroseptal inactive zone and deep T wave inversion in the anterior

wall (A). T wave polarity is normalized during stress echocardiography (B).
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Figure 3 - Baseline Doppler showing a normal PDV in the left ADA (A). A normal CFVR (22) is achieved during stress echocardiography at only 61% of maximum HR

for age (B). CFVR, coronary flow velocity reserve; PDV, peak diastolic velocity
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Video 1 - Apical two-chamber view on stress echocardiogram showing normal inferior wall contraction and hypokinesia of the anterior wall at baseline (upper left frame).
During stress, the absence of ischemia is observed at maximum heart rate represented by the excellent contractility of both walls (bottom left frame).

DSE at maximum HR; second, the excellent contractile
response of the myocardium during the test; third, the
confirmation that the stress ECG showed no ischemia; and
fourth, the ADA was patent with good basal flow, showing
normal coronary reserve early.

The term “cardiac memory” has been used in cases that
show diffuse T wave ECG inversions that may appear after
ventricular tachycardia, intermittent left bundle branch block,
or Wolff-Parkinson-White syndrome. We initially could not
unquestionably rule out the possibility that the patient had
previously presented any of these conditions. However,
even in the most severe cardiac memory presentations, ECG
presents positive or biphasic T wave polarity in the DI lead
and positive polarity in the aVL lead.> ° In this case, the T
wave inversion extended to the entire anterior wall, so the
possibility of cardiac memory was unlikely.
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The exact mechanism of post-infarction ischemic memory
is unclear, but it is common to see patients with adequate
myocardial reperfusion showing significant ventricular
repolarization changes. Considering the isolated ADA disorder,
demonstrating its patency in a resting condition corroborates
the possibility of DSE assessing the coronary reserve and
myocardial contractile reserve, defining the diagnosis and
prognosis and avoiding additional tests."

Conclusion

In the presence of a patent ADA, the demonstration
of normal CFVR and myocardial contractility during DSE
favor a good prognosis despite the presence of inverted
and deep T waves in the anterior wall on ECG in the post-
infarction period.
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Incidental Finding of lliac Vein Compression Syndrome

Achado Incidental de Sindrome de Compressao da Veia lliaca

Marcelo Bellini Dalio’, Milton Sérgio Bohatch Jdnior', Tércio Ferreira de Oliveira’, Mauricio Serra Ribeiro’,

Edwaldo Edner Joviliano’

University of Sao Paulo, Ribeirdo Preto Medical School of Medicine’, Ribeirdo Preto, Sao Paulo, Brazil.

A 49-year-old woman presented with a progressive
history of bilateral buttock and calf intermittent claudication,
reaching a walking distance of 10 m. She was a smoker and
had hypertension. She had no history of venous thrombosis,
leg edema, varicose veins, or signs of chronic venous disease.
Her femoral pulses were absent. Computed tomography
angiography showed occlusion of the infrarenal aorta with
recanalization of both iliac arteries. Interestingly, the right
common iliac artery compressed the left common iliac
vein, which was enlarged (Figure 1). Left-sided dilated
pelvic collaterals were observed: uterine and gonadal veins
(Figure 2). There was no compression on the left renal vein.

She underwent an aorto-bi-iliac bypass with Dacron
without complications. The left common iliac vein was
distended and was tightly compressed when it passed behind
the right common iliac artery (Figure 3). As the patient
had no venous symptoms, the vein was left undisturbed.

The postoperative course was uneventful, and the patient had
no thrombotic events.

lliac vein compression syndrome, also known as May-
Thurner syndrome or Cockett syndrome, is a condition in
which the left common iliac vein is compressed by the right
common iliac artery against the vertebrae." The compression
causes intimal hyperplasia, inner webs, and spurs, which can
lead to thrombosis.? Three clinical stages were described: |,
asymptomatic; Il, spurs without thrombosis; and 1, thrombosis.>

The diagnosis requires the demonstration of a stenotic or
occlusive venous segment on imaging. Computed tomography and
magnetic resonance are helpful. Venography has been performed
as the gold standard.* Recently, intravenous ultrasound has shown
improved sensitivity and is becoming widely used in diagnosis.>
Treatment is not recommended for asymptomatic patients.
Symptomatic patients may benefit from self-expanding stents.!

Figure 1 - Computed tomography angiography of coronal sections showing occlusion of the infrarenal aorta with recanalization of both iliac arteries. The right common
iliac artery compressed the left common iliac vein, which was enlarged (black arrowhead).
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lliac vein compression; syndrome, May-Thurner; Cockett;
Asymptomatic Diseases.
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Figure 2 — Computed tomography angiography in coronal section showing left-sided dilated pelvic collaterals: uterine veins (white arrow) and gonadal vein (black arrow).

Figure 3 - Intraoperative image of aorto-bi-iliac bypass procedure. The left common iliac vein was distended and tightly compressed when it passed behind the right

common iliac artery.

In our case, iliac vein compression was an incidental image
finding confirmed during the procedure performed to treat another
condition. lliac vein compression is found in approximately 20%
of patients without any venous symptom.? The patient received
no specific treatment other than routine thrombosis prophylaxis.
She did not receive therapeutic anticoagulation.

This study is in concordance with the institutional ethics
committee and required consents were obtained. The patient
agreed to the publication of the case and images.
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Intermittent Aortic Intraprosthetic Failure

Insuficiéncia Intraprotética Adrtica Intermitente
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Intermittent mechanical prosthesis dysfunction is a rare and
potentially serious complication'* that can affect prostheses
in the aortic® or mitral position. It causes obstruction or
intermittent central regurgitation depending on the phase of
the cardiac cycle in which the disk becomes stuck.? The most
common cause of this dysfunction is pannus formation,>*
which may also occur due to thrombosis, mitral subvalvular
tissue, suture material, vegetations, ventricular myocardium,?
or mechanical failure.? Left untreated, transient mobility loss
leads to permanent disk immobilization. In this scenario,
a patient in whom a size 21 Carbomedics® metallic aortic
prosthesis was implanted 14 years prior was referred for
echocardiography due to abnormal cardiac auscultation
findings. Transthoracic and transesophageal echocardiograms
showed significant intermittent central prosthetic regurgitant
jet unrelated to arrhythmias (Figure 1; Videos 1 and 2).

The mean prosthetic gradient was 29 mm Hg and the effective
valve area was 1.08 cm2. A refringent, periannular, fixed,
sub- and supra-prosthetic image suggestive of pannus was
also identified (Figure 2), which became the main etiological
hypothesis for this unusual dysfunction presentation.
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AO, aorta; LA, left atrium; LV, left ventricle.

Figure 1 - Transthoracic echocardiography (A) and transesophageal echocardiography (B) images showing fixed (arrows) hyper-refringent sub- and supra-prosthetic
images suggestive of pannus. Color flow mapping demonstrates significant aortic prosthetic regurgitation (C) with no signs of prosthetic regurgitation in the next cardiac
cycle (D) on the same projection. Aortic prosthetic regurgitating jet with a pressure half-time of less than 200 msec (E). Presence of intermittent holodiastolic reversal
flow in the abdominal aorta (F; arrows).
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Video 1 - Transesophageal echocardiography (trans-gastric view) showing intermittent aortic prosthetic regurgitation and a concomitant increase in left ventricular
dimensions with a regular heart rhythm.

Video 2 - Transthoracic echocardiography (longitudinal parasternal view) showing the intermittent intraprosthetic regurgitant jet of the mechanical aortic prosthesis with
a regular heart rhythm.
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