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Echocardiograms. Figures 1B, 1C, 5C e 1D show diffuse coronary impairment with aneurysm. Pag. 335 Magnetic resonance imaging. Multiple cardiac metastatic lesions (A-E).
Aand C: Cardiac short axis and four-chamber steady state images. B and D: Cardiac short-axis double and triple inversion-recovery images. E: Cardiac short-axis late enhancement image. F: Isolated hepatic
metastatic lesion, abdominal axial steady state image.
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Message from the President

Marcelo Vieira
President DIC, SBC 2018-2019

To all members of the Department of Cardiovascular
Imaging (DIC/SBC),

Greetings to all,

I am starting this statement similarly to the one | addressed
in the beginning of our administration in 2018. But this time, |
intend to express my most sincere gratitude to all the members
of the Department of Cardiovascular Imaging (DIC/SBC) and,
above all, to the members of the 2018/2019 Executive Board
with whom | had the honor and the satisfaction of sharing
ideas, plans, projects and accomplishments over the past two
years. The Board has done major, relentless, collaborative job
with a view to uniting, bringing together and homogenizing
this multiple and fascinating Department, where we can see
the distinct realities of our continental country, which make it
truly admirable in the sense of the diversity of realities and daily
routines. The Board’s main intention was to spread knowledge
across the five regions of Brazil, bringing our members closer
to our managing board and promoting the visit of major
directors to different states of Brazil. This Executive Board
includes great leaders who will surely be the future presidents
and directors of our Department and will certainly promote
very significant achievements in the coming years. We seek
to conduct collective, core-based management with shared
decisions. | would also like to describe the activities conducted
in this administration.

1. We have set up the Council of former presidents, whose
first president was Prof. Jorge Assef from Sao Paulo, and
currently Prof. Arnaldo Rabischoffsky from Rio de Janeiro.
The Council is intended to determine the department’s
macrostructural strategy and assist the Board as required.
Advice from former presidents was key to the smooth
development of our administration.

2. By the end of December 2019, we will be holding 19
regional symposia under the masterful coordination of
Prof. Silvio Henrique Barberato, from Curitiba. Symposia
were held in Porto Alegre, Curitiba, Vitdria, Rio de
Janeiro, Goiania, Manaus, Ribeirdo Preto, Teresina, Sao
Paulo, Uberlandia, Petrolina, Joao Pessoa and Recife.
They will also be held in Cuiaba and Tocantins. The first
Symposium took place in Goidnia in 2018, coordinated by
Prof. Daniella Rassi. The first DIC Jovem Symposium was
held in August 2019, on the eve of the Echocardiography
Quialification test in Sao Paulo, with a large number of
attendees.

3. We have conducted 13 recorded webinars in Brazil

and two others are expected to occur by December 2019
(the last session will be a special one, with three combined
cardiopediatrics sessions regarding the translation of a
guideline from the American Society of Echocardiography,
ASE). We are immensely thankful to the job done by Prof.
Cldudia G. Monaco, from Sao Paulo, who coordinated
the activity.

4. We continued the online professional development
course on Echocardiography. We are immensely thankful
to Prof. Ana Clara T. Rodrigues for coordinating the course.

5. Our first online course on Vascular Ultrasonography
was conducted, a magnificent idea put in practice by
Vice President of Vascular Ultrasound Prof. Mohamed
Hassan Saleh from Sao Paulo and his group, highlighting
the participation of Professor José Aldo Ribeiro Teodoro;
to all we are immensely thankful.

6. The first online course on Nuclear Medicine was held
and fantastically organized by Vice-President Director
of Nuclear Cardiology Prof. Simone Cristina Soares
Brandao, from Pernambuco, and her team, including the
participation of Prof. Gabriel Leo Blacher Grossman. We
are enormously thankful to the whole team.

7. During our Congress in Sao Paulo this year, unprecedented
courses on Computed Tomography and Nuclear Magnetic
Resonance were offered to many different levels of
expertise. This course was coordinated by Vice President
of Magnetic Resonance Prof. Roberto Caldeira Cury; Vice
President of Computed Tomography Prof. Juliano Lara
Fernandes, from Campinas; and Prof. Carlos E. Rochitte,
our next DIC President. We are enormously thankful to
the whole team.

8. We opened applications for a research fellowship grant
at two U.S. universities. The winning applicants were Dr.
Cristiane de Carvalho Singulane and Dr. Thiago Quinaglia
Aratjo Costa e Silva. Dr. Cristiane is expected to attend
the University of Chicago, advised by Prof. Roberto Lang;
and Dr. Thiago is to conduct studies at Johns Hopkins
Hospital, Baltimore, advised by Prof. Joao Lima. We are
immensely thankful to Prof. Oscar P Dutra, president of
SBC, Prof. Audes D. M. Feitosa, Director of Societies at SBC,
Prof. Denilson C. Albuquerque, Financial Director of SBC,
Prof. Marcelo Queiroga, Elected President of SBC, for all
their support to this program and for liaising with SBC and
other SBC Departments and Societies of other specialties.
I would like to express special acknowledgements to Prof.
André Luiz Cerqueira de Almeida, from Feira de Santana,
Managing Director, Coordinator of the research fellowship
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program, who was pivotal and played a distinguished role
supporting not only this project, but all other key issues
handled in this administration. He gave me support in
every decision. Without André, we would not have had any
administrative planning structure for this administration.
Following the administration of Prof. Rochitte, we will make
every effort to bring about administrative decentralization,
and we consider Prof. André the best recommended
person to serve as president and continue ahead of the
next administration.

9. We have set up the whole structure to create the SBC
Rare Disease Study Group, with votes cast at our 2019
meeting.

10. The following materials were published with position
statements and standards involving DIC:

* Acquatella H, Asch FM, Barbosa MM, Barros M,
Bern C, Cavalcante JL, et al. Recommendations
for Multimodality Cardiac Imaging in Patients with
Chagas Disease: A Report from the American Society
of Echocardiography in Collaboration With the
InterAmerican Association of Echocardiography
(EcoSiac) and the Cardiovascular Imaging Department
of the Brazilian Society of Cardiology (DIC-SBC). ] Am
SocEchocardiogr. 2018;31(1):3-25.

e Santos SN, Alcantara ML, Freire CM, Cantisano
AL, Teodoro JA, Porto CL, et al. Posicionamento de
Ultrassonografia Vascular do Departamento de Imagem
Cardiovascular da Sociedade Brasileira de Cardiologia —
2019. Arq Bras Cardiol. 2019;112(6):809-49.

* Barberato SH, Romano MM, Beck AL, Rodrigues AC,
Almeida AL, Assuncdo BM, et al. Position Statement on
Indications of Echocardiography in Adults - 2019. Arq
Bras Cardiol. 2019 8;113(1):135-81.

* In 2019, a position statement on Nuclear Medicine is
to be published in Arquivos Brasileiros de Cardiologia;

* In 2020, an ASE/DIC Guideline on Rheumatic Disease
is to be published in Journal of the American Society of
Echocardiography.

* The position on cardio oncology will be published in
2020 in the Brazilian Archives of Cardiology.

Chairman: Prof. Natesa Pandian, Tufts University, New
England Medical Center, Boston, USA.

We signed an agreement with the American Society of
Echocardiography (ASE) under the auspices of the Edwards
Lifesciences Foundation, USA, for the setup of a website
to be translated into Portuguese, with ASE conference
sessions, clinical cases, webinars, for free registration offered
to Brazilians attending the ASE conference. In 20179, three
Brazilians were awarded. In 2020, 13 will be awarded tickets
to the ASE Conference in Denver, Colorado. In 2019, three
classes were recorded at ASE’s studio Portland, Ohio, and one
class in Nashville, in 2018. We are thankful to Mrs. Rhonda
Price, general manager of International Affairs, ASE.

We have set up the structural basis for two studies of national
importance: study on normal echocardiographic parameters
in the Brazilian population (coordinated by Prof. Ana Clara
T. Rodrigues, from Sado Paulo, and Prof. Marcelo Haertel

Miglioranza, from Porto Alegre ); and the study on cardiac
synchrony in Brazil (coordinated by Prof. Luciano J. Belém,
from Rio de Janeiro, and Prof. Ana Camarozano, from Curitiba).
These studies have the logistical support of the research nurse
Mrs. Tania Afonso and DIC funding.

In 2019, we renovated our offices. We have rolled out
the electronic signature of documents, as requested by SBC.

I acknowledge Prof. Maria Emilia Lueneberg, from
Florianépolis, Prof. Jamil Mattar Valente, and his team from
Santa Catarina for organizing a fantastic conference in 2018.
I also acknowledge Prof. Rodrigo Bellio Mattos Barretto and
Prof. David C. S. Le Bihan, from Sao Paulo, for organizing
a remarkable conference in Sao Paulo in 2019. In those
conferences, we had the opportunity to pay tribute to Professors
that supported the professional training of dozens of doctors.

We had the participation of Brazilians in the three most
important echocardiography and imaging congresses in the
world. Regarding Echocardiography, in 2018 and 2019, we
attended the ECOSIAC, ASE and EACVI conferences. At the
ECOSIAC and EACVI conferences, we have joint sessions with
the societies and we will possibly have them with ASE in 2020.

In 2018, at the EACVI conference, we were represented
by Prof. José Luis Barros Pena and Prof. Jodo Cavalcante; in
2019, we will be represented by Prof. André Luiz Cerqueira
de Almeida, and Prof. Marcos Valério Coimbra de Rezende.

We implemented the DIC Quality Certification for
Echocardiography services. The first two hospitals to be
certified will be Hospital de Clinicas da Universidade Federal
de Uberlandia, Minas Gerais and Hospital de Messejana Dr.
Carlos Alberto Studart Gomes, Ceara. On behalf of DIC, we
are thankful to Prof. Edgar Bezerra de Lira Filho, from Sao
Paulo, Prof. David Le Bihan, Prof. Samira S. Morhy, from Sao
Paulo, and the entire accreditation committee.

The Professional Advocacy Commission has done a
spectacular job. Usage guidelines for two echocardiography
procedures were successfully presented at the Technical
Chamber of CBHPM (Brazilian Medical Association), in Sao
Paulo: Three-Dimensional Transthoracic Echocardiography and
the Three-Dimensional Transesophageal Echocardiography. The
following professionals have done a magnificent job on that
matter: Prof. Wagner Pires de Oliveira Junior, from Brasilia,
Coordinator of the Honorary and Professional Advocacy
Commission (with a spectacular professional background in
many areas); Prof. André Luiz Cerqueira de Almeida, from Feira
de Santana, Managing Director; Prof. José Luis Barros Pena,
from Belo Horizonte, Chairman of the Board of Trustees; Prof.
Marcos Valério Coimbra de Rezende, from Sao Paulo, Financial
Director; Prof. Marcelo Haertel Miglioranza, from Porto Alegre,
from the Intersociety Commission (single work task). The
material was sent to ANS for inclusion in the list of procedures,
following the magnificent work done by Prof. José Maria Del
Castillo, from Recife, Vice President of Echocardiography.

DIC publicly thanks this team of great masters who will make
it possible to widen the economic frontiers of our members.

Two tests of Qualification in Echocardiography were
performed under the masterful coordination of Prof. Adenalva
Lima de Souza Beck. Adenalva and her team have done
an extraordinary and admirable job, by compiling more
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than 100 additional commented questions, to be included
in an original manuscript to be published soon. In August
2019, Prof. Adenalva was actively involved in the enactment
and publication, by the Ministry of Education, of the
Echocardiography Teaching Guidelines, consisting in the core
framework for Echocardiography education. Also, she played
an active role in the planning strategy for the registration
of echocardiography education centers. Prof. Adenalva’s
performance was unique, extraordinary and tireless, so we
are especially thankful to her, but we there is no doubt that
the gratitude comes from the whole Department.

I would also like to say thank you to all members of the
committee that organized the qualification test. The committee
includes cardiac pediatricians and adult cardiologists who
have done a fantastic job. My most special gratitude to Prof.
Fabio Villagca Guimaraes Filho, from Marilia, Sao Paulo, who
supported and advised us on all critical issues requiring high
level of decision-making and hard work, who brought us
balance and wisdom.

Our acknowledgements to the DIC Journal Director Prof.
Viviane Tiemi Hotta, who has done a unique job spearheading
our Journal. She managed to build a highly qualified team, which
made it possible to promote a full makeover on the Journal from
an editorial, organizational and structural perspective, allowing
us to think about indexing in broader databases.

Thanks also to Prof. José Carlos Moreira dos Santos, from
Rio de Janeiro, from the Information Technology and Internet
Commission for his work ahead of this critical function; and
Prof. Luis Henrique Weitzel, from Rio de Janeiro, from the
Honorary and Professional Advocacy Commission, for his
performance in an especially sensitive task.

I would also like to thank the Chairman of our Board of
Trustees Prof. José Luis Barros Pena, from Belo Horizonte, an old
friend, to whom | am a special admirer. He will be the Editor of
the DIC Book, an unprecedented publication with 71 chapters,
with more than 120 national authors, more than 1,300 pages,
coveringall areas of Echocardiography, Vascular Ultrasonography,
Nuclear Medicine, Tomography and Cardiac Magnetic
Resonance Imaging. José Luis helped us on all macrostructural
issues of management, adding knowledge, unity and balance.

My acknowledgements to the whole team serving in the
Intersociety Commission, Scientific Commission, the Board
of Trustees, the Continuing Education Program, Imaging
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Relationship, Special Themes, Intraoperative Echocardiography
and Structural Procedures, Events and Cardiopediatrics.

Special thanks to the extraordinary DIC workforce,
our general manager Mrs. Margareth Lima, extraordinary,
unique, Mrs. Cristina Ferreira, a special person, Mr. Gustavo
Montone, great professional, and dear Mrs. Elizabeth
Gongalves, who has been with DIC for over 20 years.
Special thanks to attorney Dr. Breno G. de Oliveira, head
of our legal department, who has brilliantly assisted us
in some departmental matters, with SBC and with other
Societies (with the Brazilian Society of Anesthesiology on
Intraoperative Echocardiography matters, for example).

Without this team, our administration would not have
been possible.

At the end of my administration, | would like to say thank
you to someone | cannot all special, precisely because |
cannot find words to describe this person. It would require
the wording skills of novelist Guimaraes Rosa to describe
him briefly. My acknowledgements to my long-lasting friend,
with whom | learn echocardiography, cardiology, life lessons,
and so on: Prof. Marcos Valério Coimbra de Rezende, the
president of our next Congress in Brasilia in 2020. Marcos has
been with us throughout this administration, sharing difficult
times, supporting decisions, bringing balance, serenity, but
also a lot of energy, perseverance and decision-making
skills to this collaborative project of looking at the bigger
picture. He spared no effort, intelligence, time, anything
more than precious in the coming days, and goodwill,
above all. As some from the northern hemisphere would
say, goodwill ever, goodwill, willingness to do, willingness
to learn, willingness to follow, to keep following. Marcos
has done a fantastic job in the administrative and economic
management of DIC by boosting the department’s bank
reserves, which has led to many projects being successfully
completed. As he advised, we will audit all 2018-2019
administration accounts. | see him as a potential nominee
for our future president.

I also wish dear Professor Rochitte my best wishes for his
administration, which | am sure it will be very successful,
because of his unchallenged capabilities and the team that will
support him. And we will be here for whatever he may need.

Best regards,
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Dear colleagues,

With a feeling of mission accomplished, I am now heading
to the end of my mandate as the editor-in-chief of Arquivos
Brasileiros de Cardiologia Imagem Cardiovascular. Over the past
two years, we published a record number of manuscripts in
2018, since the journal was created in 2002 and, again, reached
the maximum number of 54 publications in 2019. These
figures are the result of the cooperative, continuous, committed
and hard work of colleagues from all regions of Brazil, the
directors of our Department and all past editors. Besides, they
demonstrate the strength, progressive growth and quality of
science produced in our country. The academic growth of our
journal has made it very tangible and close to indexing in the
most visible databases available, such as Scielo and Pubmed.
It was possible to transition into a new management approach
to add greater speed to the journal’s processes, including new
reviewers, adjusting the journal and strategic planning to meet
indexing requirements in larger databases.

These developments would not have been possible
without the cooperation of all authors and co-authors who
have chosen the Department'’s official journal to disclose
the findings of their studies, so | am deeply thankful to
all of them. | would also like to highlight and show my
appreciation to the work done by all reviewers, for their
thorough quality work. Peer review enhances the quality

of published manuscripts by imparting dependability and
impartiality in the manuscript review process.

The specialist editors named below have also done a
brilliant job: Dr. Simone Cristina Soares Brandao (Nuclear
Medicine), Dr. Marcio Sommer Bittencourt (Tomography),
Dr. Marcio Silva Miguel Lima (Adult Echocardiography), Dr.
Antonildes Nascimento Assungdo Jr (Magnetic Resonance
Imaging), Dr. Leina Zorzanelli (Pediatric Echocardiography)
and Dr. Marcio Vinicius Lins Barros (Vascular Imaging).
Reviewed by our specialist editors, the journal featured
manuscripts covering a wide range of cardiovascular
imaging methods, integrating different types of diagnostic
imaging techniques, restating the image and usefulness of
multimodality approaches in the evaluation of heart diseases.

Finally, I would like to express my gratitude for Dr. Marcelo
Vieira for the trust and opportunity for learning over the past
two years of work. From now on, the journal will be run
professional and relentless worker Dr Silvio Barberato, who will
undoubtedly promote continuous growth and add invaluable
inputs to ABC Imagem.

Sincerely,

Viviane Hotta
Editor-in-chief, ABC Imagem Cardiovascular
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Embolic Complications in Infective Endocarditis: How Can We Predict
Using a Risk Evaluator Score (SORTIE or ABCDE)

Complicagcoes Embolicas na Endocardite Infecciosa: como Poderemos Prever Usando Escore Avaliador do

Risco (ABCDE ou SORTIE)

MD Phd Cesar Augusto da Silva Nascimento'?

Department of Echocardiography and Image of the Brazilian Society of Cardiology (DEPECO-DIC)’, Echocardiography Sector of Instituto

Nacional de Cardiologia)’, Rio de Janeiro, RJ - Brazil

Introduction

Infectious Endocarditis (IE) is the infection of the
endocardial wall or heart layers — leaflets or chordae, birth
defects, chamber walls, periprosthetic tissue, patch or tubes.
The earlier the diagnosis, the better the prognosis. About 10
to 60% of infectious endocarditis cases have no evidence
of previous heart disease. The most important risk factors
are rheumatic valvular heart disease, calcific degeneration
of the elderly, prostheses, bicuspid aortic valves and mitral
valve prolapse with regurgitation. Currently, there has been
a change in the patient profile with greater contribution of
acquired cases among chronic renal patients on hemodialysis
and related to nosocomial infections.

Since 1994, we have followed the Duke University criteria,
in which echocardiography was incorporated, in addition to
clinical examination and blood culture; in 2000, the criteria
were revised and SPECT CT and PET CT have been recently
into the 2015 European guidelines, which have further
empowered our diagnostic competence.

The role of echocardiography in infectious endocarditis is
broad. It ranges from the identification of predisposing heart
disease, diagnosis of endocarditis, to the detection of its
complications, assessment of hemodynamic consequences,
serial control and prognosis.

The causes of echo misinterpretation are poor image
quality, degeneration and calcification, sclerosis and other
masses. Myxomatous degeneration, healed vegetation, small
vegetation and, believe me, overdiagnosis.

The weight of echocardiographic parameters as to the
likelihood of peripheral embolism is worthy of note. The
reason is that early diagnosis does not only reduce mortality
but also patients’ suffering, in addition to reducing hospital
expenses by 3 to 4 times, as (timely) surgical replacement
of valves with vegetations of embolic potential prevents
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general surgery (splenectomy), vascular surgery (peripheral
mycotic aneurysm) and neurosurgical procedures (cerebral
mycotic aneurysm).

Vegetation size is a universally recognized parameter as to
its likelihood of risk of embolization as demonstrated by various
meta-analyzes; the one conducted by Yang et al. included
articles from 1994 to 2018 and highlighted differences in IE by
Staphylococcus aureus from those caused by other agents, in
which the risk ratio was 1.64. Data from the National Institute
of Cardiology (INC) show that the average size of vegetations
with maximum diameter of 19 mm has a higher frequency of
systemic embolization, often detected by imaging methods,
mainly tomography scans, as those are performed routinely
in asymptomatic patients. In INC, we treat 35 to 40 cases of
endocarditis in adults with definitive IE annually, according to
Duke’s modified criteria, of which 2/3 to 3/4 are surgical cases,
since those are referred with the hemodynamic complications
of the disease, with ruptures, perforations, abscesses, refractory
CHEF, uncontrolled infection, large vegetations. Acute heart
failure or heart failure that has become acute due to severe aortic
or mitral valve regurgitation are the main indications for surgery.

The role of echocardiographers in endocarditis is to inform
about vegetations, stigmas and/or complications, which added
to clinical examinations are fundamental for the strategic
planning by the “endocarditis team,” for the treatment of
this potentially fatal disease. It is not always easy to diagnose
vegetations because there are traps in the study of images.

It is important to define the aspects that allow us to
characterize a mass as vegetation. These are: Texture, the
vegetation has a gray scale similar to the endocardium. Site,
commonly related to blood jet secondary to some valve
lesion in the area with the lowest pressure. In the mitral valve,
vegetation will be typically facing the left atrium and, in the
aortic valve, the left ventricle. Movement, chaotic. Format,
lobulated, amorphous. Associated abnormalities: abscesses,
fistulas, prosthetic dehiscence, paraprosthetic leak, new or
worsened regurgitation.

The use of harmonics accentuates the irregularities of
the valves and changes the appearance of their texture,
thus decreasing specificity and increasing sensitivity in
the detection of a vegetation. We have diagnosed IE on
transthoracic echocardiography (TTE) with harmonics, but we
have ruled out diagnosis with high-accuracy transesophageal
echocardiography (TEE).

When we detect vegetation, we must inform its diameters

on two perpendicular planes, the mobility amplitude (sessile,
pedunculated, prolapsant), density (calcified, partially
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calcified, denser than the myocardium or with similar density);
and extension (single, multiple, which leaflets, extravalvular
extension, complications). Then we apply the ABCDE —
Embolic Risk Score for Infectious Endocarditis.

Evolutionarily, we can observe: Vegetation growth;
Perforation of native or prosthetic leaflet; Abscess, aneurysms
and fistulas; Prosthesis dehiscence; Pericardial effusion;
Stigmas of hemodynamic repercussion; Acute valve
regurgitation or acute regurgitation turned acute; Heart failure
and shunts; Presence of predisposing factors such as rheumatic
involvement. Systemic embolization (kidney, brain, spleen,
liver, arteries — mycotic aneurysm), the latter combined with
other clinical and imaging methods.

How to prevent this catastrophe? By delivering early
diagnosis and paying attention to signs or thinking of
endocarditis, even in its early stages.

At an early stage, the clinical picture may be pleomorphic,
and we echocardiographers have an important role in
screening patients with dermatologists, ophthalmologists,
gastroenterologists, infectologists, pulmonologists and angjologists.

What are the risk factors and implications
of embolic complications for vegetation?

Even though many authors propose that the size of the
vegetation is the most severe parameter of severity, some evidence
and our experience lead us to accuse all of these elements of the
ABCDE score together as determinants of embolization.

Our objective is to refine the indication of surgery, as we
know that infection with valve destruction, when there is an
embolic phenomenon, or when there is persistent abscess
infection, are recognized indicators of surgery, whereby the
ABCDE score loses its usefulness.

Risk factors of embolic complication in IE
ABCDE or SORTIE score points and parameters

Despite diagnostic and therapeutic progress, infectious
endocarditis is still considered a disease of high morbidity and

Chart 1 - ABCDE or SORTIE score points and parameters.

mortality. We will then reduce it with echocardiography and
assessment by ABCDE vegetation score in order to help in the
early indication of surgery before embolic episodes occur. By
doing so, we avoid a major catastrophe.

The future is an invention of the impatient
(GGalizza)

We are always trying to avoid a dramatic future. There
are obviously favorable factors for IE in current medicine,
besides echocardiography, using the ABCDE or SORTIE scores.
These are: new antimicrobials, new methods for microbial
identification, hemodynamic supports, even more sensitive
imaging methods (PET CT and SPECT/CT) recommended in
specific situations, and 3D TEE can help differentiate a loose
suture material from a vegetation as well as the swinging
motion of a valve in partial dehiscence. The dehiscence site
and the quantification of the area of regurgitant jets can be
acquired with multiplanar images or 3D color modes.

In contrast, we are increasingly facing new, more resistant
germs and more complex surgical patients.

We are then faced with a Darwinian natural selection, in which
bacteria, because their biomass is superior to that of human species,
and they (bacteria) will surely survive, and we (homo sapiens)
will have to use our multiple intelligences (mechanical, abstract,
scientific, artificial, etc.) to come together to this future. The future
is now; we have to make all said resources available to all.

-Good luck to us and to our patients. The future is now!

Acknowledgments

To Prof. Dr. Cristiane Lamas and the infectious disease team,
the orovalvular team, echocardiographers and surgeons from
the INC, who are an integral part of the “endocarditis team.”

Symbolic anecdotal title in honor of great writer Monteiro
Lobato, who enriched the Brazilian culture:

Reigns of an Echocardiographer at the National Institute of
Cardiology Farm in Laranjeiras

Points

Description

3

4

A- Range (Amplitude) of motion

or mobility:

B - Bacteria leading to:

C - Consistency of vegetation:

D - Dimension of vegetation:

E - Extension of vegetation:

Vegetation fixed to mitral valve

Slow insidious conditions

Fully calcified

<5mm

If it is isolated in the leaflet
(<5 mm)

Fixed or mobile insert edge

Favorable blood culture

Partially calcified + contrast
areas

5-10 mm

Multiple vegetations in a single
leaflet

Pediculated and mobile on its
longest length

Unknown bacteria or negative
blood culture

Absence of calcification +
areas of fibrosis

11and 19 mm

Vegetations in more than one
valve leaflet

Prolapsant during the cardiac
cycle

Virulent or potentially
destructive acute conditions

Sonic texture similar to the
myocardium

>20 mm

Vegetation in non-valve
structures

Score 4 to 6 mild (<10%), Score 7 to 9 moderate (50%), Score 10 and up, major (> 90%) for the probability of embolization.
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Rare Diseases, Orphan Drugs and the Scenario in 2019

Doencas Raras, Drogas Orfas e o Cenario em 2019

Sandra Marques e Silva', José Luis Barros Pena®’

Programa de Residéncia Médica em Cardiologia do Hospital de Base do Distrito Federal, DF, Brasil'. Faculdade Ciéncias Médicas de Minas
Gerais, Belo Horizonte, MG, Brasil3. Curso de Especializagao em Ecocardiografia da Fundagao Felice Rosso, Hospital Felicio Rocho, Belo

Horizonte, MG, Brazil®.

The concept of rare disease (RD) includes 6,000 to 8,000
clinical conditions characterized by low prevalence in the
population, chronic and very debilitating course and lack
of specific therapies." There is no universal definition of RD
accepted worldwide so, in Brazil, these include diseases that
affect less than 65:100,000 inhabitants.? In Argentina and
European Union (EU) countries, this figure is <5:10,000
inhabitants and, in the United States of America (USA),
diseases that affect less than 200,000 individuals.? Translating
this into absolute figures, there are about 30 million patients
with rare diseases in the US, another 30 million in the EU*
and 13 to 15 million in Brazil.®

About 80% of RD are of genetic etiology® and determine
clinical disorders since birth. Thus, 50% of rare patients in the
world are currently children. Of these, 30% do not survive to the
5% year of age if not treated accurately, early and effectively. Data
from developed countries show that the time spent on diagnosis
is 8 years on average and patients have been evaluated by 10
or more health specialists. Reports of therapeutic regimens with
no benefits and conflicting diagnoses of different professionals
are common complaints in this group.”

Despite the undeniable technological progress of recent
decades that have made it possible to establish the etiology
of RD at the molecular level, as well as allowing a better
understanding of its pathophysiological mechanisms, there
are few effective specific therapies. The medicines used in the
treatment of RD are known as orphan drugs (OD) and, once
under this name, they receive different benefits and incentives
for development and marketing. As of 2018, these consisted of
164 substances approved by the European Medicines Agency
(EMA) to be marketed in the European Community® and 500
OD approved in the USA by the Food and Drug Administration
(FDA).® The pharmaceutical industry has a central role in the
development and marketing of these new molecules, since
university centers and governments do not always have the
funds or technological structure to fund research.

In a context of integrality and universality of health and free
access to knowledge through the internet, demand for these
medications grows exponentially worldwide. The financial
impact of these medications on the budgets of governments

Keywords
Rare Diseases; Orphan Drug; Cardiology.

Mailing Address: Sandra Marques e Silva ¢
E-mail: smarquesmd@gmail.com

DOI: 10.5935/2318-8219.20190045

and health insurers around the world is very significant and
target of extensive discussion. In a scenario of economic
recession and population aging, treatments costing millions
of BRL per year are able to make the cost of so many other
health demands unfeasible and challenge the budgetary
planning of institutions.

The often-slow regional regulatory procedures and the lack
of specific regional protocols incorporating new technologies
end up encouraging the adoption of marginal ways of access to
treatment, such as going to court. The budgetary impact of going
to court to handle the purchase of medications not registered
by local governments, especially in developing countries, can
be exemplified by figures from Brazil. In 2017, the federal and
state governments, together, allocated about BRL 7 billion to
the purchase of medicines required by court judgments. Of this,
92% were spenton 11 drugs alone. And demand grows annually
to the extent that 1010% more were spent from 2010 to 2017."°

However, a scenario with no ODs available is neither more
favorable nor less expensive for the parties involved. Considering
that most RD have a multisystemic character, are highly disabling
and progress to terminal disease due to organ system failure,
expenses with clinical support and palliative treatment may be
even higher. In addition to individuals economically inactive and
in severe psychosocial distress, more expensive treatments than
those with ODs, such as organ transplants, dialysis, implantation
of expensive devices such as pacemakers, cardiac defibrillators,
neuromodulators and others, may be required. Added to this
is the need for special care, leading family members to stop
working to support their sick relatives.

In view of the above, we should then discuss this issue
such that we can ensure the right to health in a broad, cost
effective and no-waste manner. At the speed with which the
development of new treatments is taking place and with the
real possibility of correcting DNA defects for curing diseases,
it is necessary to look for ways of funding, providing equal
access as well as training health professionals for diagnosis and
treatment early enough for reducing damage.

From a governmental and regulatory point of view, Brazil
has been adopting the programs followed worldwide. Since
2014, we have adopted the National Policy for Integral
Attention to People with Rare Diseases, which advises on the
structuring of care and decision making within Brazil’s public
health system."" We also have the National Commission for the
Incorporation of Technologies (CONITEC), which coordinates
the drafting of Clinical Protocols and Therapeutic Guidelines
(PCDT) that serve to support, within Brazil’s public health
system, diagnostic, therapeutic and healthcare procedures.'

In civil society, there are numerous groups and associations
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of people with RD, who promote meetings with patients,
family members and specialists in the field, and provide legal
assistance and search for reference centers and specialized
professionals. These entities serve as an important reference
point for patients who, in countries such as Brazil, have an
epidemiological profile with low education, low income and
partial demographic isolation because they come from small
towns in the countryside that are far from large urban centers.

Brazilian medical societies are taking action and seeking
to be at the forefront of decision-making on RD issues. This
year, the Brazilian Society of Cardiology, in collaboration with
the Department of Clinical Cardiology and the Department of
Cardiovascular Imaging, has approved the creation of a study
group on rare diseases. Apart from other work proposals,
the group aims to foster discussions of the topic among
cardiologists, with emphasis on diagnosis, create education
and recycling channels, stimulate the exchange of information
between specialists and scientific production on the subject.

We will have many challenges to overcome in Brazil and
sparking off debate is the first step towards success. We lack
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1. Introduction

In accordance with the “Standards for the Elaboration of
Guidelines, Positions and Normations” sanctioned by the
Brazilian Society of Cardiology, this document was written to
update the “Echocardiography Indication Guidelines” of 2009.
The new document is not intended to be a comprehensive
review of echocardiography, but rather an indispensable
basic guide to support the rational clinical decision-making
of the physician requesting the exam for adult patients.
Although it considers the recent technological advances of
echocardiography, its purpose is not to describe in detail
echocardiography methods, but to summarize in a clear and
concise way the main situations in which echocardiography
brings benefit to the diagnosis and/or therapeutic orientation
of the individual. This manuscript chose to highlight the class
of recommendation, as described below:

e Class I: conditions for which there is conclusive evidence
or, in the absence thereof, general agreement that the
examination procedure is useful and safe.

e Class II: conditions for which there is conflicting evidence
and/or divergence of opinion on the utility and/or safety of
the examination.

e Class lla: evidence or opinions favorable to the
examination. Most experts approve.

e Class IIb: utility and/or safety less well established, with
divergent opinions.

e Class IlI: conditions for which there is evidence or
consensus that the examination is not useful and, in some
cases, may even be harmful.

In addition, the level of evidence was also described, as
follows:

e A: several concordant randomized clinical trials or robust
meta-analyses;

e B: less robust meta-analysis data or single randomized
clinical study or observational studies;

e C: expert opinion.
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Thus, it was agreed that all the tables with recommendations
for the use of echocardiography in the different clinical
scenarios include columns with class of recommendation and
level of evidence.

2. Evaluation of Heart Function and
Structure

2.1. Left Ventricular Systolic Function

The analysis of left ventricular (LV) systolic function
is a primary indication of the use of echocardiography.
Echocardiographic analysis of LV systolic function can be
performed using older techniques such as M-mode, 2D
echocardiography, and even more modern techniques, such
as three-dimensional (3D) echocardiography or research of
myocardial deformation (strain). The M-mode has been used
since the 1950s for cardiac structural analysis and provides
widely standardized measurements'? of the dimensions of
the cavity and the thickness of the LV. Thus, parameters of
ventricular systole analysis are derived as: (1) percentage
of systolic shortening of the left ventricular dimension,
represented by the difference between the final diastolic and
the final systolic dimensions, divided by the final diastolic
one; (2) mean corrected circumferential shortening velocity,
corresponding to the ratio between the percentage of
systolic shortening of the left ventricular dimension divided
by the ejection time corrected by the preceding R-R interval
(ejection time divided by the square root of the R-R interval);
(3) ventricular volumes at the end of systole and diastole,
calculated from the method by Teichholz et al.;* and (4)
LV ejection fraction (LVEF), obtained from the difference
between the diastolic and systolic ventricular volumes (volume
ejected by systole), divided by the diastolic volume. The
M-mode analysis is highly reproducible and presents high
temporal resolution for the analysis of ventricles without
spatial deformation.* However, M-mode measurements, in
general, adequately determine global systolic function only
when there are no segmental changes, remodeling and/
or geometric alterations of the LV.* With the advent of 2D
echocardiography, a greater amplitude of the LV spatial
observation was acquired, allowing better analysis of the left
ventricular systolic function, when compared to the one-
dimensional analysis. This occurs in situations where there are
changes in left ventricular geometry, such as apical aneurysm
and other segmental changes resulting from coronary artery
disease. The analysis of 2D left ventricular systolic function can
be performed qualitatively (visual estimation) or quantitatively
of LVEF. Visual estimation is highly dependent on the training
of the operator, which can result in inaccuracy of reproduction
of results. The quantitative method for volume and systolic
function analysis of the most widespread and widely valid
2D-LV is the biplanar disc technique (modified Simpson’s
rule), in which the total volume is calculated based on the
sum of the volumes of small cylindrical discs in apical cuts
4 and 2 LV chambers, with the intention of minimizing
the effects of modifying the ventricular geometry in LVEF
calculation.* Normal volume and LVEF values, calculated
using 2D echocardiography, show different values depending

on gender. Thus, for men, the final LV diastolic volume is
between 34 and 74 mlL/m?, the final LV systolic volume is
between 11 and 31 mL/m? and LVEF is between 52 and 72%;
LV final diastolic volume is between 29 and 61 mL/m?, LV
final systolic volume is between 8 and 24 mL/m? and LVEF
is between 54 and 74%.* The 2D LVEF analysis may present
inaccuracies during the shortening of LV (foreshortening) or
inadequate acoustic window, and when there are coexistent
geometric changes in the apical 4 and 2 LV chambers.* The
analysis of LV segmental contractility by 2D echocardiography
represents a semiquantitative technique to assess regional
systolic function, which has shown good application in clinical
practice, especially for stress echocardiography (calculus of
parietal motility index, which integrates analysis of ventricular
wall thickening and ventricular segment contractility). Tissue
Doppler, a technique used in the analysis of diastolic function,
can also be used to assess global and segmental LV systolic
function. The systolic velocity of the ventricular myocardium
(s-wave), when measured in the region of the mitral annulus,
reflects the longitudinal myocardial systolic shortening and
may be reduced early in patients with diastolic dysfunction
and normal ejection fraction.® This method may also be useful
for ventricular synchrony analysis and as a complement in
stress echocardiography, although it does not allow adequate
evaluation of systolic function in the apical LV segments and
depends on the angle of incidence of the ultrasound beam.

3D echocardiography represented an improvement over
2D echocardiographic observation of LV function, once it
does not present the limitations of the 2D analysis in ventricles
with altered geometry, in addition to being more reproducible
and better correlated with the gold standard provided by
nuclear magnetic resonance.**'" Most recent algorithms
allow the calculation of LVEF and LV volumes in a semi-
automatic way, with great correspondence with the analysis
performed by nuclear magnetic resonance.'? However, 3D
echocardiography presents difficulties in relation to low
temporal resolution and to the dependence on transthoracic
echocardiographic image quality.*

The understanding and analysis of LV mechanics and
systolic function can also be determined by the measurement
of ventricular strain. Strain is defined as the modification of
length of the myocardial segment (in %), considering the
different spatial arrangements of the myocardial fibers. In this
way, the longitudinal, circumferential and radial strain (for the
respective longitudinal, circumferential and radial myocardial
fibers) is calculated. The strain can be calculated for each of
the LV segments or for all segments (global LV strain).'* The
analysis of the cardiac mechanics can be performed from
parameters derived from myocardial deformation, such as
twist, torsion and LV rotation. In order to obtain ventricular
strain, the most commonly used technique takes into account
the movement of gray points in the myocardium during the
cardiac cycle (speckle tracking technique).”>'* Global 2D
strain has the advantages of not depending on the angle of
the ultrasound beam (as in tissue Doppler) and of presenting
an independent prognostic LVEF value.* However, it does
not yet present a standardized value of normality among the
different manufacturers of echocardiography equipment.*
The LV global longitudinal strain (GLS) has been the one most
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commonly used in practice, which is useful for the detection
of subclinical myocardial dysfunction, even when LVEF is
preserved; for example: evaluation of cardiotoxicity after the
use of chemotherapy for antineoplastic treatment, rejection
after heart transplantation, severe aortic stenosis, hypertrophic
cardiomyopathy and myocardium infiltrative diseases.""

2.2. Left Ventricular Diastolic Function

The evaluation of LV diastolic function is an integral part of
routine echocardiography analysis, especially in patients with
dyspnea or suspected heart insufficiency.*?' Furthermore, in
several cardiopathies, the diastolic dysfunction precedes the
systolic one. Diastolic dysfunction is usually the result of altered
relaxation, with or without reduction of restorative forces
(early diastolic suction), and increased LV stiffness, leading
to elevated LV filling pressures.?> When pulmonary capillary
pressure exceeds 12 mmHg, or final diastolic LV pressure
exceeds 16 mmHg, filling pressures are considered high.”'
Elevation of filling pressures occurs as a compensatory response
to maintain adequate cardiac output, and its estimation is
important not only for the diagnosis of cardiac insufficiency
but also for the definition of its severity and response to
treatment.?' It is recommended that the non-invasive analysis
of diastolic function be performed by the integrated approach
of several techniques, the most important ones being: Pulsatile
Doppler of the mitral flow, tissue Doppler of the mitral valve
annulus, left atrial volume (LA) indexed by body surface and
tricuspid regurgitation velocity.?® Pulmonary venous flow and
Valsalva maneuver can be used as additional parameters in
specific cases, which are useful in differentiating the degrees
of diastolic dysfunction.?® While pulsatile and tissue Doppler
velocities reflect the instantaneous filling pressures of the LV,
the measurement of the LA volume reflects the cumulative
effect of filling pressures over time and, therefore, this index is
the chronic expression of diastolic dysfunction.?> However, it is
important that other causes of LA enlargement are discarded
and that this data is taken into consideration along with the
patient’s clinical condition, chamber size and Doppler indices
for the evaluation of diastolic function.

In individuals with preserved systolic function and without
structural heart disease, diastolic dysfunction is considered
if there is a change of more than 50% of the following 4
parameters: relationship between the early diastolic velocity
of mitral inflow (E) and the early diastolic velocity of the mitral
annulus (e’) E/e’ mean > 14; septal e” velocity’ < 7 cm/s or
lateral < 10 cm/s; tricuspid regurgitation velocity > 2.8 cm/s
and LA indexed volume > 34 mL/m.?*2' For the group of
patients with systolic dysfunction and those with preserved
systolic function concomitant with the presence of cardiac
disease (clinical or echocardiographic manifestation), the
integrated use of the information allows us, in most cases, to
estimate the ventricular filling pressures and the graduation of
diastolic dysfunction.?® Three patterns of diastolic dysfunction
are defined, in ascending order of severity: grade | (abnormal
ventricular relaxation without increase of filling pressures);
grade Il (elevation of filling pressures coexisting with altered
relaxation, usually presenting “pseudonormal pattern” of
the mitral flow); and grade IlI (very high filling pressures,
accompanied by a restrictive pattern of the mitral flow). To

Arq Bras Cardiol: Imagem cardiovasc. 2019;32(4):256-302

define the presence of increased filling pressures in this group
with heart disease, we must first analyze the mitral flow,
before other parameters. The relationship between E and the
atrial diastolic velocity of the mitral inflow (A) E/A < 0.8 (with
E-wave < 50 cm/s) is compatible with normal filling pressures
and isolated abnormal relaxation, while the relation E/A = 2 is
consistent with elevated filling pressures. However, for cases
with an E/A > 0.8 and < 2, an abnormalityof at least 2 of the
following 3 parameters is required: E/e’; tricuspid refurgitation
velocity; and LA indexed volume. In some cases, the definition
criteria for diastolic dysfunction are not completely fulfilled,
and thus the degree of diastolic dysfunction can be reported as
indeterminate.? This algorithm for the evaluation of diastolic
dysfunction from the echocardiography has recently been
validated in a multicenter study which assessed patients with
and without left ventricular systolic dysfunction.?* Non-invasive
evaluation of filling pressures by echocardiography correlated
with the diastolic pressures measured by catheterization,
showing greater accuracy than isolated clinical parameters.?*

It should be noted that the parameters for evaluation
of diastolic function may present important limitations in
specific situations, such as hypertrophic cardiomyopathy,
mitral annular calcification, severe mitral regurgitation,
cardiac transplantation and cardiac arrhythmias.?® Some
patients, even with grade | diastolic dysfunction defined at
rest, become symptomatic only during exercise and therefore
it may be useful to analyze filling pressures during physical
stress (diastolic stress echocardiography).?>?* Patients with
diastolic dysfunction are unable to increase ventricular
relaxation with exercise, when compared to normal subjects,
with increased filling pressures, which can be identified by
increased E/e’ ratio and tricuspid regurgitation velocity.** In
normal patients, velocities of E and e’ increase proportionally
and the index remains constant. Finally, the evaluation of
diastolic function using techniques derived from strain and
strain rate is promising, but requires further studies to establish
its additional clinical value.?

2.3. Cardiomyopathies

Cardiomyopathies are a heterogeneous group of
myocardial diseases associated with mechanical and/or
electrical dysfunction, which usually exhibit inappropriate
ventricular hypertrophy or dilatation, due to a variety of
causes, often genetic.?> Cardiomyopathies are confined to
the heart or are part of generalized systemic disorders. The
classification is based on functional or structural changes in
the following subtypes: dilated, hypertrophic, restrictive,
and arrhythmogenic cardiomyopathy (or dysplasia) of
the right ventricle (RV), more recently referred to as
arrhythmogenic cardiomyopathy.?® Subsequently, as the
knowledge on the genetics foundations of cardiomyopathies
developed, other classifications have been proposed,
subdivided into genetic, acquired and mixed.?* More
recently, channelopathies and related disorders, such as
long and short QT syndrome, Brugada syndrome and
catecholaminergic polymorphic ventricular tachycardia,
have been included in the group of cardiomyopathies,
since they are cardiomyocyte diseases characterized by
arrhythmogenic electrophysiological dysfunction.?
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2.3.1. Dilated Cardiomyopathy

It is characterized by LV dilation associated with global
systolic dysfunction, in the absence of volume or pressure
overload. The prevalence of dilated cardiomyopathy
(DCM) is variable, reflecting the geographical and ethnic
differences, as well as the methodologies used. A prevalence
of 1:250 is estimated, based on the frequency of the
left ventricular dysfunction as an expression of DCM.?
The criterion to define LV dilation is the final diastolic
diameter > 2.7 cm/m?. With increased gradual dilatation
on the short axis, the LV cavity becomes spherical, with
sphericity index (long/short axis dimension) close to 1
(normal value > 1.5).2® Wall thickness is usually normal,
but the myocardial mass is increased. The degree of
impairment of systolic function is variable, and systolic
dysfunction is often progressive. LV volumes are calculated
in a more reproducible and accurate way by using the 3D
echocardiography. Abnormalities associated with diastolic
function may be present, contributing to the variation in
the clinical and hemodynamic presentation of DCM. The
involvement of the RV can be evidenced, but it is not a
criterion for the diagnosis of DCM.?* Notably, DCM is
associated with an increased risk of severe arrhythmia,
indicating the pathological involvement of the cardiac
conduction system. Complex remodeling of one or both
ventricles contributes to the secondary features of DCM,
which include functional mitral and tricuspid regurgitation,
enlarged atria, intracavitary thrombi, and evidence of low
cardiac output.?® In the context of DCM, the analysis of
diastolic function aims to estimate the filling pressures; and
the mitral flow pattern is usually enough to identify patients
with increased LA pressure. E-wave deceleration time is an
important predictor of outcomes in these patients.>® Other
diastolic dysfunction parameters, including the E/e’ ratio,
have good correlation with pulmonary capillary pressure
and have an additional prognostic value for LVEF.3

Echocardiography is the imaging method of choice for the
evaluation of DCM patients, providing key data not only for
diagnosis, risk stratification and treatment definition, but also
plays a key role in the evaluation of family members.?® Key
echocardiography indications in the evaluation of DCM are
displayed in table 1. Transthoracic echocardiography (TTE)
is indicated in the initial evaluation of patients with heart
failure and suspected DCM. TTE is recommended in first-
degree relatives of DCM patients due to the high incidence
(20 to 50%) of familial DCM.? Several echocardiographic
parameters were used to assess mechanical desynchrony
in patients with DCM. However, the broader role of
echocardiography in the selection of patients for cardiac
resynchronization therapy remains undefined. Currently,
echocardiographies are limited to patients with borderline
QRS duration (120 to 149 ms), whose presence of intra-
or interventricular desynchrony may provide additional
information.?® The echocardiography guiding the placement
of electrodes at the site of greater mechanical activation
delay (evaluation by speckle tracking) showed benefit in
heart failure free survival, with a more favorable impact on
ischemic heart disease compared to DCM.*!

2.3.2. Chagasic Dilated Cardiomyopathy

Chagasic dilated cardiomyopathy (CCM) presents similar
characteristics to idiopathic DCM, but with predominance
of segmental changes in contractility, especially in the basal
segments of the inferior and inferolateral walls.*? Apical
aneurysm is a typical CCM finding and is useful in the
differential diagnosis of dilated cardiomyopathies.’* The
morphology of aneurysms is variable and non-standard sections
are often required for the identification of apical contractile
changes. The presence of thrombi within the aneurysms
is frequent and associated with cerebral thromboembolic
events.* Diastolic dysfunction is universally present in patients
with CCM and heart failure.*> The main echocardiographic
parameters previously studied with a prognostic value in
CCM are LVEF, right ventricular function, LA volume and E/e’
ratio.***® The contractile function of the LA evaluated by the
negative peak of the global atrial strain was an independent
predictor of clinical events in the CCM.* The heterogeneity
of systolic contraction, quantified by mechanical dispersion to
speckle tracking, was associated with ventricular arrhythmias
in patients with CCM, regardless of LVEF.>” Recommendations
for performing TTE in CCM are set out in table 1.%

2.3.3. Cardiac Resynchronization Therapy and
Pacemaker Optimization

Cardiac resynchronization therapy is an established
treatment option for patients with heart failure with marked
reduction of LVEF. The echocardiography is fundamental in the
indication, estimation of success and evaluation of the results
of this procedure and may also contribute to the recovery
of unfavorable results. This treatment is indicated as class |
in patients with heart failure (New York Heart Association
(NYHA) functional class I, 1l or IV), with LVEF lower than
35%, optimized medication and left bundle branch block
with QRS duration above 150 ms.? Also in class lla and Ilb
indications, it is necessary to recognize the reduction of the
LVEF below 35%, being contraindicated when this value is not
present. Therefore, in the possibility of indication for cardiac
resynchronization therapy, transthoracic echocardiography is a
class I indication, level of evidence C. In this examination, it is
mandatory that LVEF be obtained by the Simpson 2D method,
with a description, in the report, of their volumes. It is also
possible to use the 3D methodology, of less variability, although
still unproven in this clinical scenario. Approximately 30% of
patients do not present clinical improvement or significant
reduction in LV final systolic volume.?* TTE can provide
information that helps identify a greater probability of successful
treatment response, such as the presence of mechanical, inter-
and intraventricular desynchrony, the presence of myocardial
reserve and determination of the last site of activation, which
may be associated with higher degree of fibrosis. To this
end, the use of a variety of methods is encouraged, from the
visual evaluation of 2D echocardiography, M-mode,* tissue
Doppler and, especially, the use of a technique that evaluates
longitudinal*' or radial myocardial deformation.**** In the
evaluation of successful response to treatment, it is expected,
in regards to imaging, mainly negative remodeling to be
observed, usually characterized by reduction of 15% of the
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Table 1 — Recommendation of echocardiographies in dilated cardiomyopathies

Recommendation

Class of recommendation Level of evidence

Assessment of patients with suspected dilated cardiomyopathy or heart failure

Assessment of signs and symptoms suggestive of myocardial dysfunction

Reassessment of patients with cardiomyopathy known to present worsening of symptoms or to

require changes in therapy

First-degree relatives of patients with dilated cardiomyopathy

Assessment of candidate patients for cardiac resynchronization therapy with LBBB and QRS

duration between 120 and 149 ms

Reassessment of routine in patients with stable dilated cardiomyopathy, without clinical or

therapeutic changes

Chagasic cardiomyopathy

Initial evaluation of patients with positive serology for Chagas disease for diagnosis and risk

stratification of cardiomyopathy

Patients with the indeterminate form of Chagas disease who present new electrocardiographic

alterations compatible with the development of cardiomyopathy

Patients who present worsening symptoms of heart failure, syncope, arrhythmic or thromboembolic

events

Routine reassessment of clinically stable patients with no changes in therapy

1l C

1l C

LBBB: left bundle branch block.

initial systolic volume, analyzed between 3 and 6 months of
the implant.*>#* In case the negative remodeling and/or the
clinical improvement of the patient is not met, one possibility
is to adjust the pacemaker, guided by TTE, to optimize the
atrial and ventricular stimulus intervals. The main correction in
this case seems to be adjustment of the atrial and ventricular
stimulus intervals, guided by the echocardiography, which
allows for retrieval of the results.*>#¢

2.3.4. Assessment after Heart Transplantation

The echocardiography is the main noninvasive imaging
modality as well as the most versatile one in the evaluation
and monitoring of patients after cardiac transplantation,
providing accurate information on morphology and graft
function. From the immediate postoperative period up to
the moment of hospital discharge, serial echocardiographic
exams are recommended both to identify and monitor surgical
complications and early graft dysfunction, whether due to
primary or secondary causes (e.g., reperfusion injury, non-
responsive pulmonary hypertension (class I, level B).##® In
the presence of early graft dysfunction, the echocardiography
usually shows an overall reduction in myocardial function
(LVEF < 45%), loss of the contractile reserve, increase in
RV volume with systolic dysfunction (tricuspid annular
plane systolic excursion — TAPSE < 15 mm or RV ejection
fraction < 45%).“” A comprehensive echocardiographic
examination (class I, level B) is recommended in the sixth
month after cardiac transplantation), which will serve as the
baseline for assessing graft morphology and function during
sequential and regular follow-up examinations (interval
and frequency of exams in figure 1).#” Quantifications of
cardiac chambers size and volumes, RV systolic function,
LV diastolic and systolic parameters, and pulmonary arterial
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pressure should be performed on the sixth month and
subsequent echocardiographies.*’ It is recommended that
such echocardiographic studies also include advanced
methodologies, such as the study of myocardial deformation
(strain) and 3D evaluation of the volumes and function of
cardiac chambers and tricuspid valve (frequently injured
during the endomyocardial biopsy procedure), for providinga
more accurate and comprehensive analysis (class |, level B).%”

It should be noted that there is no single isolated
echocardiographic parameter that can be reliably used to
diagnose acute rejection.*” However, an echocardiographic
study with no change from the baseline study has a high
negative predictive value for acute rejection of the graft.
On the other hand, if several echocardiographic parameters
are abnormal, the probability of acute rejection of the graft
increases considerably.*” When an abnormality is detected,
a careful review of the images of the present study and the
baseline study (side-by-side) is highly recommended (class
I, level B).*” GLS is an adequate parameter to assist in the
subclinical diagnosis of graft dysfunction, regardless of etiology,
in addition to an adverse event predictor, when comparing the
variations of values occurred during serial evaluations (class
IIb, level B).#”#%0 The association of GLS with endomyocardial
biopsy helps to characterize and monitor an episode of acute
rejection or global dysfunction.*” Pericardial effusion should
be serially assessed for extent, location and hemodynamic
impact (class IIb, level B). In the case of a recently detected
pericardial effusion, the hypothesis of acute rejection should
be considered, taking into account the patient’s global and
clinical echocardiographic evaluation.**' Cardiac graft
vascular disease is the main cause of late complication; and the
dobutamine stress echocardiography has proven to be a safe
and accurate method to identify the affected patients.*>>%*
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The evaluation of the coronary reserve flow, as well as the
sonographic contrast infusion to highlight the borders and
to evaluate the myocardial perfusion , when combined with
stress echocardiography, have been shown to increase the
accuracy of the diagnosis of graft vascular disease.*>*° Thus,
dobutamine stress echocardiography alone (class lIA, level B)
or in association with the evaluation of the flow of coronary
reserve and/or with the use of sonographic contrast (class I,
level B) may be an adequate noninvasive alternative to routine
coronary angiography to assess the presence of cardiac graft
vasculopathy, provided that the medical center has good
experience with methodologies.

In addition to the role of cardiac graft monitoring,
intraoperative echocardiography can be used as an alternative
to fluoroscopy to guide endomyocardial biopsies, avoiding
repeated exposure to X-rays, particularly in children and
young women (class I, level B). Whether in transthoracic
or transesophageal mode, the echocardiography allows a
simultaneous visualization of the soft tissues and the biotope,
guaranteeing greater biopsy safety in different regions of the RV
with a reduction in the complication rate.**° Furthermore, the
use of echocardiography during the procedure allows immediate
recognition and management of a possible complication.

2.3.5. Monitoring of Cardiac Function During
Chemotherapy with Cardiotoxic Drugs

Current cancer therapy is quite effective in some types of
tumors, though it can induce cardiovascular complications.
Cardiotoxicity (CT) induced by cancer treatment is recognized
as the major cause of morbidity and mortality in cancer
survivors.®! Before starting anti-neoplastic treatment, it is
essential to access the risk of CT,%* taking into consideration:
(a) the specific risk of the drug used in chemotherapy, as
some of them may affect the cardiac function (anthracyclines,
trastuzumab), while other ones, the vascular function
(5-fluoracil, capecitabine), or both (bevacizumab); (b) the
use of radiotherapy, as it increases the risk of heart failure
when concomitant with anthracyclines, pericardial lesion
(constrictive pericarditis) and coronary artery disease; (c) the
presence of previous risk factors, such as age > 65 years,
female gender, hypertension, diabetes mellitus, coronary
artery disease and history of heart failure. All patients
receiving potentially cardiotoxic drugs should be periodically
monitored for CT signs, which can be classified according to
the injury the drug used produces.®® CT Type |, potentially
irreversible, anthracycline-related dose, is dose-dependent,
mainly at > 250 to 300 mg/m? (often used in the treatment
of breast cancer, lymphoma, leukemia, and sarcoma). It
most commonly occurs in the first year of chemotherapy, or
even two to three decades after completion of treatment,
as progressive systolic dysfunction. It may rarely present
as an acute systolic dysfunction, immediately after dosing.
Type II CT, which is potentially reversible, mainly related to
trastuzumab (used in the treatment of breast cancer in patients
with increased HER2 receptor expression), has no relation to
the cumulative dose.®* Such information is the basis for the
algorithms of serial left ventricular function monitoring during
and after treatment of cancer patients, published by the
European Association of Cardiovascular Imaging (EACVI) and

the American Society of Echocardiography (ASE).> The most
historically used parameter is LVEF, calculated by TTE using the
Simpson biplanar 2D method.* LVEF values between 53 and
73% should be considered normal in the evaluation. The main
advantages of 2D TTE in relation to other imaging modalities,
such as radioisotope ventriculography and magnetic resonance
imaging (MRI), are: greater availability, lower cost, possibility
of serial re-evaluations and greater safety (absence of radiation
and limitation in patients with renal insufficiency). 3D TTE,
used in sequential and comparative MRI evaluations for LVEF
assessment, showed reproducibility comparable to MRI and
better accuracy than 2D TTE,* being more indicated, when
available, in the serial evaluation of these patients.*

The definition of CT due to chemotherapy was defined
by the consensus of these two societies® as the decrease of
LVEF > 10 percentage points to values < 53% and should be
confirmed after 2 to 3 weeks of diagnosis by new imaging.
This decrease may or may not be accompanied by symptoms
of heart failure and may or may not be reversible. One of
the major limitations of the use of LVEF for CT diagnosis in
the follow-up of these patients is that changes in LVEF occur
later. In order to minimize the risk of developing irreversible
cardiomyopathy, it is essential to identify early signs of CT,
since the administration of cardioprotective medication in
this phase may result in an improvement in cardiac function.
Thus, the search for a technique that allows subclinical and
early detection of CT before LVEF decrease or the onset of
clinical symptoms has been an area of intense investigation.
In this scenario, the use of GLS gained importance, evaluating
myocardial deformation. Such technique has inter- and
intraobserver reproducibilities smaller than the LVEF obtained
by the 2D TTE, but is limited by the variability of normal
values according to the brand of the equipment used, age
and gender of the patients.®” Systematic review confirmed the
prognostic value of the alterations in GLS for CT, preceding the
LVEF decrease obtained by 2D or 3D TTE." The consensus
recommends serial GLS evaluation in patients at risk of CT,
with subclinical left ventricular dysfunction suggestive of a fall
of > 15% of the baseline value, even without LVEF change.®
The relative decrease between 8 and 15% suggests a more
rigorous follow-up. GLS Variation of < 8% is consistent with
absence of subclinical dysfunction.®® Although some studies
have drawn attention to changes in diastolic function following
chemotherapy,68 there is no current evidence to support such
parameters as indicative of CT.®* A use of biomarkers in the
assessment integrated with imaging methods in chemotherapy
patients evidenced the importance of troponin | (Tnl) with a
high negative predictive value in the detection of CT.% It is
probable that patients who do not evolve with Tnl elevation
have lower probability of events and perhaps less need for
imaging tests in subsequent evaluations.®®”° There is still no
robust scientific evidence based on randomized clinical trials
to support the algorithms proposed by the European Society
of Oncology”" and the consensus of EACVI and ASE,® in
the follow-up of these patients; however, these documents
represent current knowledge in the area. The orientation of
the EACVI - ASE consensus® to the present moment is:

a) Initial evaluation of left ventricular function before the
start of chemotherapy in patients who will use potentially
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Immediate postoperative evaluation:

- focused echocardiographic study to identify surgical
complications and acute graft dysfunction* (consider
serial assessments during hospitalization, if necessary)

Pre-hospital discharge:
- comprehensive echocardiographic examination to

evaluate graft function

Consider echocardiographic studies during outpatient
follow-up of the first six months:

- complement the endomyocardial biopsies
- monitor acute rejection
- monitor graft function

Sixth month of follow-up:
- comprehensive baseline echocardiographic study as a
reference for future comparisons

Between the sixth and twelfth month of follow-up:

- echocardiographic examination after each endomyocardial biopsy
- additional echocardiographic exams if clinically indicated (at least
one echocardiography every three months)

During the second year of follow-up:

- echocardiographic examination after each endomyocardial biopsy
- additional echocardiographic exams if clinically indicated (at least
one echocardiography every six months)

After the second year of follow up:
- echocardiographic examination after each endomyocardial biopsy
- additional echocardiographic exams if clinically indicateds$

Consider additional echocardiographic studies to monitor
episodes of acute graft rejection or dysfunction

Consider a dobutamine stress echocardiography for the
evaluation of graft vascular diseases if:

- suitable acoustic window

- chronic kidney disease

- medical center with adequate experience in the methodology
Note: if possible, associate with evaluation of the coronary
reserve flow or myocardial perfusion.

Figure 1 - Echocardiographic evaluation after cardiac transplantation.

*Graft dysfunction: confirmed on echocardiographic examination by dropping the ejection fraction by more than 10% to a value lower than 50%, compared to the baseline
examination of the sixth month; Spatients with graft dysfunction suspected or confirmed; clinical symptoms of a possible new cardiac abnormality; alterations in the resting
electrocardiogram.

cardiotoxic chemotherapeutics. If it is not possible in all ~ dysfunction, predicted use of high doses of anthracyclines
patients, it is recommended in those at high risk for the  (type I) or combination of type I and Il drugs. To perform the
development of CT: age > 65 years, previous left ventricular ~ LVEF assessment by the 3D TTE if available or, alternatively,
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by the 2D TTE (Simpson method). It is desirable that the
evaluation by GLS and Tnl is carried out. If not possible to
perform GLS, report the S-wave of the medial and lateral
tissue Doppler of the mitral annulus. Further monitoring of
left ventricular function is recommended after this initial
evaluation, depending on the chemotherapy to be initiated.

b) Type | drugs (anthracyclines): evaluate left ventricular
function (2D/3D LVEF and GLS) at the end of chemotherapy
and after 6 months at dose < 240 mg/m?2. For doses > 240 mg/
m2, evaluate left ventricular function before each additional
50 mg/m2 cycle at the end of chemotherapy and after
6 months.

c) Type Il drugs (trastuzumab): evaluate left ventricular
function every three months during chemotherapy.

d) Patients receiving trastuzumab following anthracycline
treatment: assess left ventricular function every three months
during chemotherapy and six months after its completion.

2.3.6. Hypertrophic Cardiomyopathy

Hypertrophic cardiomyopathy (HCM) is a genetic
cardiovascular disease characterized by increased left
ventricular wall thickness = 15 mm in adults, with non-
dilated ventricular cavity not explained by abnormal loading
conditions, such as arterial hypertension or valve aortic
stenosis.”? Minor hypertrophy degrees (13 to 14 mm) may
also diagnose HCM, particularly among relatives of these
patients. TTE is considered the initial imaging for diagnosis,
stratification of the risk of cardiac events and management
of patients with HCM. Among the parameters to be
evaluated in HCM are: location and hypertrophy degree;
identification of obstruction and intraventricular gradient
at rest or intentionally caused; presence of magnitude of
mitral reflux; systolic and diastolic function; and LA size. Any
hypertrophy pattern may be found, though the asymmetric
is the most frequent one (75% of cases), and it is more
common at the confluence of the anterior interventricular
septum with the LV free wall.”® Other forms of hypertrophy
are: basal, concentric, apical and lateral wall. There is a
linear association between maximum myocardial thickness
and sudden death, with greater risk in patients with thickness
= 30 mm.”>”* Gradual identification of the LV outflow tract
is important in the management o symptoms and in the
stratification of the risk of sudden death.”? TTE evaluation
generally characterizes the presence of LV outflow tract
obstruction (instantaneous gradient = 30 mmHg) at rest (one
third of patients) of after provocative maneuvers (one third),
such as exercises (echocardiography under physical stress) or
Valsalva maneuver. Echocardiography under physical stress
can be very useful in patients with HCM, since in addition
to detecting the presence and degree of obstruction during
effort, it allows the objective evaluation of symptoms,
functional capacity, systolic blood pressure response and the
presence of secondary mitral regurgitation. Approximately
25% of HCM patients have abnormal blood pressure response
during exercise, characterized by a drop in systolic pressure
or by failure to increase in > 20 mmHg. This finding has
been interpreted as a risk factor for unfavorable prognosis and
sudden death.” Stress echocardiography with dobutamine is

not recommended. The cut-off value of the intraventricular
gradient = 50 mmHg at rest or after provocative maneuvers
is considered when indicating surgical treatment or
percutaneous intervention in symptomatic patients, despite
therapy with optimized medication.” Patients with HCM in
general have diastolic dysfunction, commonly with altered
relaxation (grade 1), though without significant correlation
between mitral flow data and LV filling pressures. Thus, the
integrated approach of mitral Doppler data, tissue Doppler,
pulmonary vein flow and LA volume is recommended in
these patients.”® LVEF is normal or increased in most patients,
giving the false impression of preserved systolic function.
However, longitudinal strain assessment invariably shows
a global and regional decrease (coincident with sites of
greater hypertrophy) of contractility.”” Estimating the size of
the LA is fundamental, as there is a significant correlation
between the dilation of the chamber and an increased risk
of cardiovascular events, such as atrial fibrillation and sudden
death. The main complication of HCM is sudden cardiac
death (SCD), especially in young and apparently healthy
individuals.”®”? Cardiac defibrillator implantation for primary
or secondary prophylaxis may reduce mortality from this
complication and is the only therapy with evidence of life-
saving potential.®® TTE has a relevant role in the two most
commonly used risk stratification scores form SCD in HCM,
which determined the relationship between come clinical
risk factors and prognosis. In the American model of primary
prevention, one of the risk factors among 5 variables is the
presence of interventricular septum thickness = 30 mm.” In
the European model, of the seven variables analyzed, three
of them are provided by TTE: septum thickness, LA and
left ventricular outflow tract (LVOT) gradient at rest or after
Valsalva maneuver.”? Family screening of first-degree relatives
of HCM subjects should be performed periodically due to
their risk of developing the disease. Recommendations for the
use of echocardiography in HCM are summarized in table 2.

2.3.7. Restrictive Cardiomyopathies

Restrictive cardiomyopathies (RCM) are a group of
entities characterized by abnormalities in the ventricular
filling pattern, which may be associated with thickened
and rigid walls and generally preserved systolic function.
RCMs comprise various entities, including, endomyocardial
fibrosis (EMF), endomyocardial fibroelastosis, Loefler
parietal endocarditis, infiltrative (such as amyloidosis and
sarcoidosis), storage (such as hemochromatosis and Fabry
disease), idiopathic and other forms secondary to different
processes (scleroderma, carcinoid syndrome, metastases of
systemic neoplasms, anthracycline toxicity and irradiation
heart disease).®" Diagnosis by echocardiography is based
on common anatomical and functional changes: ventricular
cavities of normal or reduced size, usually with Doppler
degree Ill diastolic function (restrictive type), generally
preserved overall systolic function, and dilated atria. Tissue
Doppler analysis shows velocity e’ obtained in the septal
mitral annulus usually below 7.0 cm/s, a useful measure
in constrictive pericarditis differentiation.®? In amyloidosis,
there is thickening of the atrioventricular valves, myocardial
walls, and eventually the atrial septum, with a more intense
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Table 2 — Recommendations of transthoracic echocardiography, echocardiography under physical stress and transesophageal

echocardiography in hypertrophic cardiomyopathy™7

Recommendation

Class of recommendation Level of evidence

TTE in the initial assessment of all patients with suspected HCM, at rest and during Valsalva maneuver | B

EPS in symptomatic patients with resting or Valsalva intraventricular gradient < 50 mmHg to assess the

degree of dynamic obstruction and mitral regurgitation during exercise ! B
Reassessment by TTE when there are changes in symptoms or a new cardiovascular event | B
TTE in the assessment of therapeutic results of pharmacological, surgical (myomectomy), interventional | c
(alcoholic septal artery occlusion) and pacemaker treatments

TTE in the screening of first-degree relatives with HCM diagnosis | B
Serial TTE (every 12 to 18 months) in children of HCM patients, starting at age 12 (or earlier, if there is | c
intention to take on competitive sports or sudden death among relatives)

TTE during alcohol septal artery ablation | B
TEE in intraoperative myectomy monitoring and during alcoholic occlusion of the septal artery with | B
inadequate TTE

Serial TTE every one to two years may be useful in stable symptomatic patients to reassess myocardial la c
hypertrophy, dynamic obstruction, and ventricular function

TEE may be useful when TTE is inconclusive, in the planning of myomectomy or in the evaluation of mitral la c
regurgitation secondary to mitral valve abnormalities

Serial TTE (every five years) is reasonable in periodic reassessment in first-degree relatives of adult HCM la c
patients

TTE combined with intravenous contrast injection is reasonable if the diagnosis of apical HCM and/

or apical infarction are doubtful, or the quantification of hypertrophy is inadequate, especially if MRl is lla C
unavailable, non-diagnostic or contraindicated

EPS may be useful in asymptomatic HC patients, with no dynamic obstruction at rest when gradient

detection in LVOT is relevant for lifestyle or career change orientation, or decision making on medical IIb C
treatment

TTE should not be performed in less than 12 months in HCM patients when there is no change in m c

symptoms or predicted conduct change

TTE: transthoracic echocardiography; HCM: hypertrophic cardiomyopathy; EPS: echocardiography under physical stress; TEE: transesophageal echocardiography;

LVOT: left ventricular outflow tract.

(ecorrefringence) reflection and “granular and sparkling”
myocardial aspect.?® The GLS analysis of the LV with 2D
echocardiography in amyloidosis observes very low values,
especially in the mid and basal segments with relative
“apical sparing” (it aids in the differential diagnosis with
other diseases).*” In EMF, one may observe: obliteration
of the apex by fibrosis, signs of ventricular restriction, and
involvement of the atrioventricular valves. The fibrosis of the
apical thrombi is differentiated due to absence of akinesia
or dyskinesia in the left EMF. Another differential diagnosis
is apical HCM, which presents no endocardial thickening or
restrictive pattern and displays specific electrocardiographic
changes. Cardiac sarcoidosis may present with regional
contractile abnormalities and non-ischemic distribution
aneurysms. GLS measure represents an early marker of
myocardial involvement in sarcoidosis and the magnitude
of the reduction is associated with poor prognosis.®> The
recommendations for TTE in RCM are set out in table
3. Transesophageal echocardiography (TEE) is indicated
when there are technical difficulties to TTE and in the
transoperative monitoring of fibrosis and apical correction
of valve defects.
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2.3.8. Arrhythmogenic Cardiomyopathy (Right Ventricle
Arrhythmogenic Dysplasia)

Arrhythmogenic cardiomyopathy (AC) is considered
an inherited cardiomyopathy with autosomal dominant
transmission, predisposing to the emergence of ventricular
arrythmias, sudden death in young people, ventricular
dysfunction and heart failure. Due to the frequent involvement
of the LV, the use of the term CA is currently recommended,
which comprises both ventricles, replacing the term
“arrhythmogenic dysplasia of the RV”.% The disease is
characterized by a progressive replacement of the ventricular
myocardium by fibrous and adipose tissue, which can lead
to thinning of the wall and aneurysm formation. In the
RV, the process is typically located in the inferior, apical
and infundibular walls (dysplasia triangle), and may be
diffuse or segmental. LV involvement occurs in more than
half of the cases, typically located in the subepicardium or
mesocardium, and often confined to the inferolateral segment.
Echocardiography is the imaging modality of choice in the
initial assessment of AC (Table 4) and the most commonly
used propaedeutic method for patient follow-up.®” Typical
morphologic features in patients with CA include regional
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Table 3 — Recommendations of echocardiography in restrictive cardiomyopathies

Recommendation

Class of recommendation Level of evidence

Diagnostic investigation of patients with heart failure without clear etiology | C
Differential diagnosis of patients with restrictive syndrome | C
Symptomatic patients with systemic diseases potentially causing RCM | C
Patients with hypereosinophilic syndrome, ascites and distended jugular veins | C
Patients with ascites and lower limb edema, without established diagnosis | C
Patients submitted to radiotherapy with signs of systemic venous hypertension | C
Reassgssment of patients with previous RCM diagnosis when there is a change in the clinical course | c
of the disease

Patients with EMF for therapeutic planning and prognostic evaluation lla C
Patients with edema and ascites, with evidence of normal systemic venous pressure and no evidence i C

of cardiopathy

RCM: restrictive cardiomyopathies; EMF: endomyocardial fibrosis.

contractile abnormalities and/or dilation and right ventricular
dysfunction. Among the traditional echocardiographic
criteria, derived from 2D echocardiography, proposed for
the diagnosis of AC,* are: presence of akinesia, dyskinesia or
right ventricular aneurysm; increased ventricular outflow tract
diameter (measured on long and short parasternal axis); and
reduction of the fractional variation of the RV area. Recently,
the routine and systematic addition of other echocardiographic
measurements and techniques was recommended in order
to improve evaluation:®

* Conventional parameters: basal RV diameter (normal
< 41 mm); systolic excursion of the annular tricuspid plane
(TAPSE — normal = 17 mm).

* Advanced parameters: wave s’ to the tissue Doppler of
the RV’s free wall (normal = 9.5 cm/s); longitudinal strain of
the RV’s free wall (normal = -20%); LV’s GLS (normal = -18%);
RV ejection fraction to 3D echocardiography (normal = 45%).

In short, TTE, preferably with analysis of conventional and
advanced parameters, is indicated in patients with suspected
or established AC (evaluation of disease progression), as well
as in family screening of first-degree relatives.

2.3.9. Non-compaction Cardiomyopathy

Non-compaction cardiomyopathy (NCC) is considered a
distinct cardiomyopathy, marked by genetic heterogeneity,

with an overlapping of different phenotypes and great
variability of clinical presentation. As a consequence, there is
still controversy in the literature regarding its nomenclature:
whereas for the American Heart Association (AHA)® it
is considered a primary cardiomyopathy, the European
Society of Cardiology (ESC)®' considers it an unclassified
disorder. Its pathogenesis implies early interruption of
compaction of the trabecular meshwork of the LV during
embryogenesis, resulting in the formation of two layers: a
thin compacted epicardial layer and a thick endocardial one
(similar to a “spongy” mesh) with marked trabeculations and
deep intertrabecular recesses. The 2D echocardiography is
the basis for diagnosis, follow-up, and better delineation of
NCC phenotypic expressions.”’ Several criteria have been
employed in diagnosis, taking into account the increase in
the proportion of the non compacted layer (for example,
the non compacted/compacted ratio at the end of systole
> 2), presence of excessive trabeculation, hypokinesia of
non compacted areas (commonly located at the apex and
lateral wall) and visualization of flow in the recess (via color
Doppler). New techniques have recently been incorporated
to aid in diagnosis, such as the use of echocardiographic
contrast, 3D echocardiography and myocardial strain for
the analysis of regional deformation and rotation (which
assumes a characteristic pattern in this nosological entity).*
Therefore, it should be noted that the diagnosis of suspected
cases has increased in recent years, due to advances

Table 4 — Recommendations of the echocardiography in arrhythmogenic cardiomyopathy

Recommendation

Class of recommendation Level of evidence

Assessment of patients with suspected AC

Reassessment of patients with known AC when there is change of symptoms or new cardiovascular event |

Family screening in first-degree relatives of AC patients

Routine re-evaluation of clinically stable patients with no changes in therapy

| B

O O O

AC: arrhythmogenic cardiomyopathy.

Arq Bras Cardiol: Imagem cardiovasc. 2019;32(4):256-302

268



269

Position Statement on Indications of Echocardiography in Adults — 2019

Special Article

and improvements in imaging methods, as well as the
perception of the need to actively investigate first-degree
relatives affected by the disease (described in 13 to 50%
of this specific group).” On the other hand, increasingly
frequent “exam findings” (physiological versus pathological
variants) have been reported in clinical practice, leading
to the worrisome excess of diagnoses.” Therefore, it is
recommended to carry out a comprehensive evaluation,
including clinical, electrocardiographic data and careful
analysis of the findings in complementary imaging studies.”*
The recommendations for performing the echocardiography
in NCC are set out in table 5.

2.4. Arterial Hypertension and Myocardial Hypertrophy

The elevation of systolic stress in the LV wall, secondary
to systemic arterial hypertension (SAH), can produce
myocardial hypertrophy by increasing ventricular mass.”
Unlike physiological hypertrophy (growth, pregnancy
and physical activity), characterized by preserved cardiac
structure and function, left ventricular hypertrophy (LVH),

secondary to SAH, is commonly associated with fibrosis,
myocardial dysfunction and increased mortality.”® The
echocardiography is the clinical choice exam to detect LVH,
due to its being more accurate than the electrocardiogram?”.%
and allowing estimation of LV mass (LVM). The methodology
to measure LVM and to define its cut-off points and index
form (body surface, height, weight) varies between studies.
Most echocardiography authors and laboratories follow
the recommendations published by ASE and EACVI.>*%
LVM indexing to the body surface area in g/m? is the most
used one,' and normality values are different for men and
women (Table 6).9%

Cumulative exposure to elevated blood pressure levels
among young adults is associated with LV systolic dysfunction
in mid-life."" The presence of LVH is considered as evidence
of target organ damage in hypertensive patients, and its
association with cardiovascular diseases and mortality is well
documented.'>"%* Such an increase in cardiovascular risk in
hypertensive patients is directly related to LVM, regardless of
blood pressure values.' In addition to LVM, the geometric

Table 5 — Recommendations of echocardiography in non-compaction cardiomyopathy

Recommendation

Class of recommendation Level of evidence

NCC clinical suspicion | C
Rea_ssessment of patients with known NCC when there is change of symptoms or new | c
cardiovascular event
Screening in first-degree relatives of NCC patients |
Carriers of muscular diseases and/or other clinical syndromes that may be related |
Use of new techniques §uch as sltra?in, ?D ech.ocardiogralphy and echocardiographic contrast for la B
complementary evaluation and aid in differential diagnosis
Routine reassessment of clinically stable patients with no change in therapy 1l C
NCC: non-compaction cardiomyopathy.
Table 6 — Degree of abnormalities of left ventricular mass®*°
Female Male
Linear method Slight Moderate Severe - Moderate Severe
Normal increase increase increase Normal Mild increase increase increase
LV mass, g 67 0 162 163 to 186 187 t0 210 2211 88 to 224 2250 258 259 to 292 2293
Mass/BS, g/m? 431095 96 to 108 109 to 121 2122 4910 115 116 to 131 1320 148 > 149
Mass/height, g/m 411099 100 to 115 116 to 128 =129 52 to 126 127 to 144 145 to 162 =163
Mass/height?’, g/m?7 18 to 44 45 to 51 5210 58 259 200 48 4910 55 56 to 63 264
RWT (2 x LVPW/LVDD) 0.22t0 0.42 0.43t0 0.47 0.48t0 0.52 20.53 0.24 t0 0.42 0.431t0 0.46 0.47 t0 0.51 20.52
Septum thickness, cm 0.6t00.9 10t01.2 1.3t01.5 216 06t01.0 111013 14t01.6 217
LVPW thickness, cm 0.6100.9 10t0 1.2 13t015 216 0.6t01.0 11t01.3 141016 217
2D Method
LV mass, g 66 to 150 151 to 171 172 t0 182 2193 96 to 200 201 to 227 2280 254 2255
Mass/BS, g/m? 4410 88 89to 100 101 to 112 =113 50 to 102 103 to 116 117 t0 130 =131

LV: left ventricle; BS: body surface; RWT: relative wall thickness; LVPW: left ventricle posterior wall; LVDD: left ventricle diastolic diameter; 2D: two-dimensional.
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pattern of LVH is also seen as an important variable related
to cardiovascular risk. Four patterns of LV geometry® are
described in (Table 7). The altered geometric patterns
(concentric LVH, eccentric LVH and concentric remodeling)
are predictors of cardiovascular complications in hypertensive
patients, with concentric LVH being associated with higher
risk of events."®

Another frequent finding in SAH is the presence of
LV diastolic dysfunction.” Hypertensive individuals with
heart failure commonly present with LVH, abnormalities in
diastolic function and preserved ejection fraction. In these
cases, diastolic dysfunction alone may be responsible for
the signs and symptoms of heart failure.’ In addition, E/e’
ratio > 13 is associated with high cardiac risk in hypertensive
patients, regardless of LVM.'* The use of GLS, obtained by
2D speckle tracking, allows for the early identification of
subclinical systolic dysfunction in several scenarios, including
hypertensive patients without LVH.'*” GLS decline was related
to hospitalization by heart failure, infarction, stroke, and death
in patients with asymptomatic hypertensive heart disease.'
The regression of LVH in hypertensive patients, evaluated
by serial echocardiographies after therapeutic interventions,

Table 7 — Geometric patterns of the left ventricle®

Left ventricle mass / Left ventricle mass

Left ventricle geometry body surface Ibody surface
(g/m?) (g/m?)
<115 (men) or
Normal < 95 (women) <042
Concentric hypertrophy >>19155 (\(;:)?é:)r >0.42
Eccentric hypertrophy >>19155 (\(,:;i:é:)r <042
Concentric remodeling 115 (men) or >0.42

<95 (women)

*Measures taken by the linear method.

is associated with decreased risk of fatal and non-fatal
cardiovascular events, even in those cases where LVH has
not been detected by the electrocardiogram.’™ This benefit
is directly related to the degree of reduction of LVM indexed
to body surface, regardless of ambulatory blood pressure.
LVH regression is also associated with an improvement in LV
systolic'® and diastolic function"" in hypertensive patients.
The thoracic aorta is more frequently affected by dilatation
in hypertensive patients without adequate blood pressure
control than in normotensive and controlled hypertensive
ones.""? Long-term follow-up has shown that blood pressure
levels are one of the main modifiable factors of adult aortic
root dilatation.”” The recommendations for performing the
echocardiography in SAH are listed in table 8.

2.5. Athletes

The clinical entity called “athlete’s heart” has been
recognized for more than two decades'* and is characterized
by cardiac morphological alterations, mainly of increased
ventricular mass, secondary to physical training stimulus. These
alterations are not accompanied by changes in myocardial
function, not only by conventional echocardiographic
methods but also by techniques such as tissue Doppler and
strain."1¢ Still, as a result of intact ventricular function, there
is no significant increase in atrial cavities'” and reversibility
of morphological alterations after discontinuation of training
may be a decisive diagnostic factor in doubtful cases. The use
of TTE, therefore, can elucidate cases of doubtful diagnosis
between this situation and hypertrophies or pathological
ventricular remodeling, such as HCM or even hypertrophy
secondary to SAH.""> However, the use of echocardiography
as a routine method in the follow-up of athletes lacks robust
scientific evidence.

Events of sudden death in athletes constitute an important
clinical scenario and the potential prevention of some
situations through clinical cardiological evaluation raises
the discussion about the need to use complementary
methods in this evaluation. Although not all deaths in
athletes are cardiovascular, pathologies such as hypertrophic

Table 8 — Recommendations of the echocardiography in the evaluation of hypertensive patients

Recommendation

Class of recommendation Level of evidence

LVH detection

Assessment of systolic and diastolic function in hypertensive patients with clinical suspicion of heart failure |

Hypertensive patients with left bundle branch block

Assessment of the aortic diameter in hypertension without adequate blood pressure control |

Hypertensive patients with LVH on ECG for quantification of LVH and definition of LV geometric pattern lla

Global longitudinal strain evaluation in patients with hypertensive cardiopathy

Reassessment of patients with hypertensive heart disease without alteration of their clinical status IIb

Assessment of first-degree relatives of hypertensive patients
Selection of antihypertensive therapy

Monitoring of antihypertensive therapy in controlled and asymptomatic individuals

| A

lla

O O O mw O W mw O >

LVH: left ventricular hypertrophy; ECG: electrocardiogram; LV: left ventricle.

Arq Bras Cardiol: Imagem cardiovasc. 2019;32(4):256-302

270



271

Position Statement on Indications of Echocardiography in Adults — 2019

Special Article

cardiomyopathy and coronary anomalies are among the
most frequent causes of sudden death during exertion in
this population.”®!" Although the usefulness of anamnesis
and physical examination is consensual, the need for TTE
and even for the electrocardiogram in population screening
of athletes is not a matter of general agreement among
cardiology associations.'?* However, if clinical evaluation
suggests the likelihood of hypertrophic cardiomyopathy
(or others of genetic origin), valvular heart disease or
other structural cardiac changes, it becomes an essential
investigative method (Table 9).

3. Heart Murmurs, Valvular Heart Disease,
Valvar Prostheses and Endocarditis

3.1. Heart Murmurs

Heart murmurs are common findings, with prevalence
between 5 and 52%."*" They are produced when the
laminar blood flow becomes turbulent, such as in stenoses
or valve refluxes, emitting sound waves that can be detected
with the aid of the stethoscope. It is important that during
physical examination, even in asymptomatic patients,
careful auscultation is performed in order to define its
characteristics.'** An innocent murmur can be defined as a
short, smooth ejective noise (1 to 2++ in 4), audible at the
left sternal border, followed by a second normal sound, in the
absence of other abnormalities.'? This finding, associated
with normal chest x-ray and electrocardiogram, estimates
a low probability of cardiac disease and, in this case,
there is no need for complementary echocardiography.'*
However, due to inadequate training or maintenance of

knowledge, characteristics of the murmur or patient’s
anatomy, the auscultation may leave doubts about the
existence of underlying organic causes. In such situations,
the use of electronic stethoscope'* and performing directed
cardiac ultrasound,' if available, may be useful. In case
of persisting doubt or suspicion of cardiac alteration, the
echocardiography should be performed (Table 10). This
systematic approach and investment in medical training
allows for a rational use of resources, avoiding excessive
diagnosis and unnecessary exams."*

3.2. Native Valves

Echocardiography is the standard diagnostic method for
assessing heart valves. TTE should be performed in suspected
and in diagnosed valvular heart disease, for evolutionary
follow-up of moderate and important lesions, and changes in
clinical status."** The examination identifies the mechanisms
involved, quantifies hemodynamic severity and repercussion,
estimates prognosis, and assists treatment decision.’?”28
In addition, physical exertion echocardiography can be
performed to evaluate the behavior of echocardiographic
parameters in asymptomatic patients and in cases of
divergence between symptoms and the severity of the lesions
estimated in the exams performed at rest.*'27'2 Besides
traditional echocardiographic techniques, recent applications,
such as the strain and the 3D, have provided new anatomical
and functional information. 30132

3.2.1. Mitral Regurgitation

TTE, in addition to diagnostic confirmation, provides
information necessary for follow-up and decision making

Table 9 — Recommendations of transthoracic echocardiography in the evaluation of athletes of competitive and/or professional physical

activities

Recommendation

Class of recommendation Level of evidence

In the differentiation of “athlete’s heart” from conditions of pathological hypertrophy

Assessment for release of competitive physical activity, when clinical consultation demonstrates the

possibility of hypertrophic cardiomyopathy or other genetically transmissible ones

Assessment for release of competitive physical activity, when clinical consultation shows signs of valvular

heart disease or other structural cardiac changes

In routine assessment of athletes when there is no suggestion of ventricular overload or hypertrophy by

clinical consultation or ECG

| B

| B

IIb C

ECG: electrocardiogram.

Table 10 — Recommendations of transthoracic echocardiography in patients with murmur

Recommendation

Class of recommendation Level of evidence

Asymptomatic patients, with murmur suggestive of cardiopathy | C
Asymptomatic patients with signs or exams (e.g., electrocardiogram) suggestive of cardiac disease | C
Patients wit-h murmur and low probgbility of heart disease that cannot be ruled out by clinical investigation, la c
electrocardiogram, chest X-ray or directed ultrasound

Patients without signs or symptoms suggestive of cardiopathy 1l C
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in mitral regurgitation(MR)."?” TTE identifies dilation of
cardiac cavities and dysfunction of both ventricles, in
addition to allowing the classification of regurgitation into
primary (due to valve lesions) or secondary (caused by
changes in LV geometry). The 3D echocardiography is more
accurate in volumetric measurements and left ventricular
function; it can be useful in the evaluation of RV* and allows
better visualization of the valve apparatus and planning
of interventions.''** The evaluation of the regurgitation
degree can be made by the integrated approach of
multiple qualitative and quantitative parameters: cavity
dilations, pulmonary artery pressure, mitral inflow velocity,
pulmonary vein flow pattern, mitral regurgitation density
and duration analysis, calculus of the jet area or regurgitant
volume, vena contracta measurement and regurgitant orifice
measurement (flow convergence method, or proximal
isovelocity surface area — PISA)."* Challenging situations
for echocardiography are the presence of multiple and/
or eccentric jets, cardiac arrhythmias and acute MR. In
these cases, special emphasis should be given to integrated
analysis relating anatomical and hemodynamic parameters.
The improvement of quantitative measures, such as PISA
and vena contracta, through the 3D echocardiography,
can aid in the evaluation of eccentric reflux."*2'** Another
important point is the measurement of left ventricular
function, especially in asymptomatic patients, which
can be overestimated by LVEF measurement, with
implications for deciding the best time for intervention
and for postoperative outcomes. Recently, measurement
of myocardial deformation (strain) has been studied to
more sensitively identify ventricular dysfunction, but
despite good prospects, it still requires more studies and
standardization.'3'13>/13¢

TEE, whether 2D or 3D, is indicated for evaluation of

the regurgitation mechanism in the care of inappropriate
transthoracic images or in discrepancies between

echocardiographic and clinical parameters.*'** The general
recommendations for the use of the various modalities of
echocardiography in MR are contained in tables 11, 12
and 13.

3.2.2. Mitral Stenosis

The diagnosis of mitral stenosis (MS) using echocardiography
makes it possible to define its probable etiology as a
consequence of a wide evaluation of the valve anatomy.'” The
hemodynamic characterization of the gradients and valvular
area, together with the description of thickening, leaflet
mobility, subvalvar involvement and degree of calcification
of the commissures, determines the progression stage of the
disease and defines the most appropriate type of treatment
when the disease is symptomatic. The joint interpretation of
the echocardiography and the clinical symptoms determines
the indication of surgical intervention or balloon catheter
valvuloplasty.'” Recently, MS has been grouped into four
distinct categories, based on anatomy, Doppler evaluation,
presence of pulmonary hypertension, repercussions on LA,
and symptoms: stage A (patients at risk for MS); stages B and C
(asymptomatic patients, but with hemodynamic changes); and
stage D (symptomatic patients with hemodynamic changes).
Table 14 describes the parameters that must be included in
the echocardiography to make this evaluation complete."383
The use of TTE usually defines the anatomy and severity of the
lesion (Table 15), but there are indications for the use of TEE,
such as in situations of technically difficult echocardiographic
window or 24 hours before balloon catheter valvuloplasty to
rule out the presence of thrombi in the LA (Table 16).138140.141
3D echocardiography, in the TTE or TEE modalities, has been
shown to allow better anatomical analysis and more accuracy
in the valvar area calculated by planimetry.'**'** Physical or
pharmacological stress echocardiography (dobutamine) may
be used in the discordance between symptoms and resting
echocardiography data."* Such phenomenon of incompatibility

Table 11 — Recommendations of transthoracic and stress echocardiography in mitral regurgitation

Recommendation

Class of recommendation Level of evidence

Initial assessment of severity and MR mechanism

Periodic assessment of left ventricular dimensions and function in patients with moderate to severe MR

without symptom changes
Patients with MR and modifications of signs or symptoms
Assessment in the first postoperative month

Assessment of hemodynamic changes and ventricular adaptation during pregnancy

Stress echocardiography in asymptomatic patients with severe Ml to assess tolerance to physical efforts

and hemodynamic changes

Stress echocardiography to assess discrepancy between severity of valve disease and symptoms lla

Stress echocardiography to evaluate left ventricular reserve

Assessment of ventricular mechanics (strain) for patients with borderline left ventricular function Ib

3D TTE to assess preoperative anatomy and left ventricular function

Routine assessment of slight MR with LV normal function and dimensions

| C
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MR: mitral regurgitation; TTE: transthoracic echocardiography; LV: left ventricle.

Arq Bras Cardiol: Imagem cardiovasc. 2019;32(4):256-302

272



273

Position Statement on Indications of Echocardiography in Adults — 2019

Special Article

Table 12 — Recommendations of transesophageal echocardiography in mitral regurgitation

Recommendation

Class of recommendation Level of evidence

Intraoperative assessment to define the mechanism and to assist in valve repair

Unsatisfactory TTE for determination of severity and/or insufficiency mechanism, or for the assessment of

LV function
Asymptomatic patients with severe MR to assess the possibility of valve repair
3D TEE to assess preoperative anatomy and left ventricular function

Assessment of patients with slight MR

| C
| B
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TTE: transthoracic echocardiography; LV: left ventricle; MI: mitral regurgitation; TEE: transesophageal echocardiography.

Table 13 — Recommendations of echocardiography in patients with mitral valve prolapse

Recommendation

Class of recommendation Level of evidence

Diagnosis, anatomical and functional evaluation of patients with physical signs of MVP

Confirmation of MVP in patients with previous diagnosis, but without clinical evidence to support it |

Risk stratification in patients with clinic features or diagnosis of MVP
Exclusion of MVP in first-degree relatives of patients with myxomatous valve disease

Exclusion of MVP in patients with no suggestive physical signs or family history

Periodic echocardiographies in patients with MVP without insufficiency or with slight insufficiency, without

alterations of symptoms or clinical signs

| c
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MVP: mitral valve prolapse.

between symptoms and hemodynamic repercussion can result
from the disproportion between the valve area and the patient’s
body size, or the lack of complacency of the valve orifice
(which should increase during exercise)."** On a low-dose
dobutamine echocardiography, the mean mitral transvalvular
gradient should increase above 18 mmHg'* in order for MS
to be considered the cause of the symptoms, while on exercise
echocardiography (treadmill), the significant cut-off value is
one elevation above 15 mmHg."3%'** The increase in systolic
pressure in the pulmonary artery is considered of clinical value
only during the exercise echocardiography and should reach at
least 60 mmHg so that pulmonary hypertension is considered
secondary to MS. Other less frequent indications of a stress
echocardiography may be found in asymptomatic patients
with marked stenosis (Table 17)."* Care should be taken to
diagnose associated lesions in MS, whether it is a significant Ml
(which imposes a limitation on balloon catheter valvuloplasty)
or lesions on other heart valves.

3.2.3. Aortic Stenosis

TTE is the first-line method (Table 18) for the diagnosis
and assessment of the severity of aortic valve stenosis
(AVS).126146-148 The definition of the moment of surgical or
percutaneous intervention depends on the integrated analysis
of clinical and echocardiographic parameters (valvular
anatomy, Doppler valvular hemodynamics and repercussion
on cavity size and pulmonary artery pressure) that allow to
classify aortic stenosis into four stages: stage A (risk of AVS);
stage B (mild and moderate asymptomatic AVS); stage C

Arq Bras Cardiol: Imagem cardiovasc. 2019;32(4):256-302

Table 14 — Elements of echocardiographic evaluation of mitral
stenosis

Parameter Description

Presence of dome, commissural fusion

PHT value

Valve anatomy
Doppler

Two-dimensional or three-

. h Planimetry of the mitral valve area
dimensional

Left atrium Indexed volume

Assessment of tricuspid or pulmonary

Pulmonary artery pressure ) -
ry ariery p insufficiency

PHT: pressure half-time.

(asymptomatic marked AVS), subdivided into C1 (with
LVEF = 50%) and C2 (LVEF < 50%); and stage D (classical
symptomatic marked AVS)."* In some AVS subgroups, valve
area is reduced in the low gradient and low flow periods,
either due to the concomitance of left ventricular dysfunction
(LVEF < 50%) or the presence of small and hypertrophied
LV, despite preserved LVEF). These subgroups are designated
as stage D2 (with decreased LVEF) or D3 (with normal
LVEF)."#6147.150 |n these discrepancy situations, in which valve
area is < 1.0 cm?, the gradient is < 40 mmHg and LVEF
is preserved (AVS with low paradoxical gradient or with
low gradient and normal flow), additional methods such
as TEE (3D, if possible), computed tomography or cardiac
resonance may be necessary to confirm the severity of AVS."#
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Table 15 — Recommendations of transthoracic echocardiography in mitral stenosis

Recommendation

Class of recommendation Level of evidence

Establish diagnosis of patients with signs and symptoms of MS

Quantification of severity (PHT, gradients, valve area and pulmonary artery pressure)

Assessment of concomitant valve lesions

Determination of score for valvotomy by balloon catheter. Block Wilkins: thickening, mobility, subvalvar and

calcification

Reassessment of stable MS with area < 1 cm? each year

Reassessment of stable MS with area between 1 and 1.5 cm? every 2 years
Reassessment of stable MS with area > 1.5 cm?in 3 to 5 years

Immediate reassessment with change of symptoms

Follow-up of balloon catheter valvuloplasty after dilatation

Assessment of hemodynamic alterations and adaptation during pregnancy

MS: mitral stenosis; PHT: pressure half-time.

Table 16 — Recommendations of transesophageal echocardiography in mitral stenosis

Recommendation

Class of recommendation Level of evidence

Inconclusive transthoracic echocardiography

Assessment of thrombus preceding balloon catheter valvuloplasty

Assessment of the degree of mitral regurgitation preceding balloon catheter valvuloplasty (when there is

doubt about transthoracic)

| B
| B

Table 17 — Recommendations of stress echocardiography in mitral stenosis

Recommendation

Class of recommendation Level of evidence

Discordance between symptoms and valvar area/gradient (mitral area > 1.5 cm?)

Assessment of asymptomatic patients with area < 1 cm?

Assessment of asymptomatic patients with an area between 1 and 1.5 cm? in pregnancy or major surgery

planning

| C
lla C
Ib C

TEE allows a better evaluation of the aortic valve anatomy
(valvular calcification), etiology (degenerative, congenital
or rheumatic), LV exit path (diameter and geometry, mainly
3D) and greater accuracy in the calculation of valvular area,
either by continuity equation or by direct planimetry.’#” 150
The absence of significant calcification should alert to the
possibility of sub- or supravalvar obstruction. In good-
quality images, 3D TTE also allows for a more accurate
LVEF assessment and a calculation of ejection volume (aortic
transvalvular flow) by subtraction of final diastolic and
systolic volumes, without the need to use LV exit pathway
measurement and Doppler. This calculation, however,
should be analyzed along with the other parameters, once
it may also underestimate aortic transvalvular flow.™#150 |f
the calculation of the valve area is made during hypertension
(blood pressure = 140 x 90 mmHg), it should be repeated
after blood pressure control because it may underestimate
the transvalvar flow. Reduction in LV systolic function by GLS
measurement, with no other explanation, in the presence

of preserved LVEF, favors the diagnosis of severe AVS with
low paradoxical gradient. Stress echocardiography with
low dose of dobutamine, with calculation of the projected
area of the valve, if necessary,**'*” should be performed if
there is marked aortic stenosis with low-flow/low gradient
and left ventricular dysfunction (stage D2) to distinguish
truly marked stenosis from pseudostenosis and to evaluate
the contractile reserve (Table 19). Echocardiography under
physical stress is recommended to unmask symptoms or
to provide prognostic information on moderate or marked
asymptomatic AVS with preserved LVEF (stages B or C)
(Table 19). An increase in the mean pressure gradient (>
18 to 20 mmHg), the absence of contractile reserve and
the increase of pulmonary artery systolic pressure (PASP)
> 60 mmHg during exercise are parameters of worse
prognosis and require follow-up at shorter intervals.™**
Stress echocardiography may also be useful in low-flow/low
paradoxical gradient (with preserved LVEF), asymptomatic
or with mild or doubtful symptoms, to confirm the severity
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of AVS using the same criteria.'* In suboptimal images, the
evaluation of LVEF can be improved by the use of myocardial
contrast, to better delineate endocardial borders.™*” The
invasive hemodynamic study is restricted to situations in
which noninvasive imaging tests are inconclusive.' 4
The follow-up interval with TTE depends on the stage of
the disease and predictors of poor prognosis. Accentuated
aortic valve calcification is another predictor of more severe
stenosis and worse clinical progression.’' Marked AVS with
low paradoxal gradient has worse prognosis when compared
to classical AVS and the remaining AVS subgroups.'® The
paradoxical low gradient and normal flow (LV > 35 mL/m?)
seems to have a prognosis similar to that of moderate AVS,
but should be accompanied by shorter intervals, particularly
if symptomatic.’’ In classical AVS, the maximum velocity
= 5m/s'*? and an annual increase in maximum velocity
= 0.3cm/s"" in serial examinations (recorded in the same
incidence and with the same quality) are predictors of worse
prognosis and of faster progression. 647149

In patients who are candidates for percutaneous
implantation of aortic prosthesis for the treatment of AVS,
3D TEE can be used to evaluate the diameter of the ring,
but it depends on the operator and image quality and should
be used only when there is contraindication to computed
tomography. On the other hand, 3D TEE is recommended
to monitor the procedure and to evaluate outcomes or
complications (Table 20)."*®

3.2.4. Aortic Regurgitation

Echocardiography is the first-choice method to confirm
diagnosis and etiology and to assess the severity and
hemodynamic consequences of aortic regurgitation (AR)."%153
AR can be observed due to primary diseases of the aortic
valve (AV) or to abnormalities of the aortic root and ascending
aorta. Degeneration of AV and bicuspid aortic valve are the
most common etiologies. Other causes include rheumatic
fever, fibrosis or infection, alteration of the valvular apparatus
support or dilatation of the valve ring. The integrated analysis
of clinical and echocardiographic parameters (valve anatomy,
aortic root and ascending aortic root diameters, Doppler
valvular hemodynamics and repercussions on cavity size
and pulmonary artery pressure) allows the classification
of AR in four stages: stage A (risk of AR), stage B (mild to
moderate asymptomatic AR), stage C [asymptomatic acute
AR without (C1) or with dysfunction/dilation of LV (C2)]; and
stage D (symptomatic acute AR)." In suboptimal images,
LVEF measurement may be more accurate with the use of
myocardial contrast to delineate the endocardial borders."*
TEE (with 3D if available), tomography or cardiac resonance
may be necessary to better assess the aortic root and ascending
aorta (especially in the case of a bicuspid aortic valve), the
severity of AR, or the quantification of LV ejection volumes
and ejection fraction.'?® The appearance of symptoms in AR
drastically changes prognosis. Effortless echocardiography
may be indicated to reveal the presence of symptoms or to
investigate other causes not related to AR (diastolic dysfunction,
pulmonary hypertension or dynamic Ml)."** However, it should
not be used to assess severity, once that increased heart rate
shortens diastole, limiting quantification.™* The follow-up
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interval with TTE depends on the stage of the disease and
the presence of aortic dilatation associated with bicuspid
aortic valvopathy.’#'** Recommendations for the use of the
various modalities of echocardiography in AR are set out in
tables 21 to 24.

3.2.5. Tricuspid Valvulopathy

TTE is the first-line method for evaluating tricuspid valve
abnormalities (Table 25).'46146149 |n most cases, tricuspid
regurgitation (TR) is secondary to tricuspid ring dilatation and
leaflet pull due to distortion and right ventricular remodeling,
which occur due to volume or pressure overload caused by
diseases of the left side of the heart, pulmonary hypertension,
pulmonary valve stenosis, among others. In this context,
leaflets are structurally normal. Primary causes of TR are rarer
and may be due to infective endocarditis (mainly drug users),
rheumatic heart disease, carcinoid syndrome, myxomatous
disease, endomyocardial fibrosis, corneal rupture related to
endomyocardial biopsy, Ebstein’s anomaly, and congenital
dysplasia, among others.'* Similar to mitral and aortic
valve disease, it can be classified into four stages (A to D).'*
Athorough analysis of valvular anatomy by TTE is fundamental
for the diagnosis of the etiology and mechanisms involved. It is
necessary to measure the diameter of the ring and the use of
allindexes of RV systolic size and function.'** These measures
help in decision making regarding the moment of the surgery
and in the surgical planning. In situations of doubt regarding
the RV, 3D TTE can be used, although it still requires more
validation. Cardiac resonance remains the gold standard.*
In this context, TEE is not recommended due to the anterior
location of the RV, which makes it difficult to see through the
transesophageal route.148 Significant primary TR requires
intervention before RV impairment.'#*'# Secondary TR is
usually treated when left side valve disease is corrected. As
in the other valvopathies, the echocardiographic follow-up
interval depends on the stage of the disease, but the etiology of
the disease must also be considered. In the case of secondary
TR, itis appropriate to follow the recommendations described
for left heart valve dysfunctions. Significant annular dilatation
(= 40 or > 21 mm/m?) and dilatation or progressive RV
dysfunction should alert for earlier follow-up.'** Tricuspid
stenosis (TS) is an uncommon condition that, if present, is
frequently associated with TR of rheumatic origin."**'#" In this
case, the presence of associated mitral stenosis is common,
which is usually the predominant lesion. Other causes are
rare, such as congenital diseases, drugs, Whipple’s disease,
endocarditis, and large right atrial tumor.™® TS diagnosis of is
often neglected. Careful analysis of the subvalvular apparatus
is essential to predict valve repair."* The integration of clinical
and echocardiographic parameters related to TS (mean
gradient > 5 to 10 mmHg, valve area < 1.0 cm? and mean
time of pressure drop = 190 ms) classifies severity in stages
C (marked asymptomatic) and D (marked symptomatic).'

3.2.6. Pulmonary Valvulopathy

TTE is the initial recommended method to diagnose and
evaluate the severity of pulmonary stenosis (PS) or regurgitation
(PR), its etiology and effects on cardiac structure and right
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Table 18 — Recommendations of transthoracic echocardiography in aortic valve stenosis

Recommendation

Class of recommendation

Level of evidence

Diagnosis and assessment of the severity of AVS in the presence of suspicious murmur or symptoms
potentially related to AVS, such as: chest pain, dyspnea, palpitations, syncope, stroke or peripheral embolic
event

Syncope

History of bicuspid AV in first degree relatives

Patients with AVS to assess wall thickness, LV size and function

Reassessment of patients with the AVS diagnosis with change of symptoms or signs

Suboptimum transthoracic contrast echocardiography (= 4 contiguous LV segments not seen), for
assessment of LV function and calculation of the ejected volume

Annual reassessment of asymptomatic patients with marked AVS (maximal velocity > 4 m/s) (stage C1),
with reduction of the interval to 6 months if there are predictors of greater severity at rest (AV marked
calcification, maximum velocity > 5.5 m/s, increase in maximal velocity > 0.3 m/s/year and low-flow/low
paradoxical gradient) or effort echocardiography*

Reassessment every 1 to 2 years of asymptomatic patients with moderate AVS (maximal velocity 3 to
3.9 m/s) (stage B), with reduction of the interval to 1 year if there are predictors of greater severity on
echocardiography at rest or effort echocardiography*

Reassessment of asymptomatic patients with discrete AVS (maximal velocity 2 to 2.9 m/s) (stage B), every
3 to 5 years, with reduction for 1 year in the presence of marked calcification

Reassessment after hypertension control in patients with accentuated AVS with low-flow/low gradient and
preserved LVEF

Monitoring of percutaneous implantation of aortic valve prostheses and results immediately after
implantation (catheter, position, prosthesis function, regurgitation)

Assessment of complications immediately after percutaneous implantation of the aortic prosthesis
(hypotension, coronary occlusion, LV dysfunction, LVOT obstruction, marked mitral insufficiency, prosthesis
displacement, tamponade, right ventricular perforation, gas embolism, aortic dissection)

Early assessment (within 30 days) after percutaneous implantation of aortic prosthesis as to the degree of
valve regurgitation (or paravalvarization) in the presence of suspected valve dysfunction

Reassessment in less than one year of changes in hemodynamic severity and LV function in patients
diagnosed with moderate AVS, before or during pregnancy, or who will be submitted to situations of
increased demand (non-cardiac surgery)

Good quality transthoracic 3D echocardiography for better assessment of valve morphology (especially in
suspected bicuspid AV) and the degree of calcification

3D echocardiography in good-quality transthoracic image in symptomatic acute AVS with low gradient and
preserved LVEF (D3), to reassess the diameter and geometry of the LVOT, to calculate the valvular area by
planimetry or to calculate the valvular area by the continuity equation using the ejected volume measured

b
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directly by 3D (instead of the ejected volume derived from Doppler or two-dimensional Simpson)

AVS: aortic valve stenosis; AV: aortic valve; LV: left ventricle; LVEF: left ventricle ejection fraction; LVOT: left ventricular outflow tract; 3D: three-dimensional.
* Predictors of worse prognosis on resting echocardiography: marked aortic valve calcification and maximal velocity increase = 0.3 m/s/year; on exercise
echocardiography: increased mean pressure gradient (> 18 to 20 mmHg), absence of contractile reserve, and increased PASP (> 60 mmHg).

ventricular function (class 1).*3"%° In addition to assessing
the valvular anatomy, investigation of the etiology requires a
thorough evaluation of the RV, pulmonary ring, pulmonary
artery trunk and its branches. Primary PS or PR (with leaflet
involvement) are more often due to congenital diseases than
acquired ones. Secondary PR occurs in situations of pulmonary
hypertension. There is little literature on the quantification
of the severity of PR on the echocardiography, but there is a
consensus that it should be done in an integrated way with
pulsed, continuous and color Doppler parameters; and graded
as mild, moderate, or marked.”* PS and PR are classified,
from the clinical-echocardiographic point of view, as stage
C (marked asymptomatic) and D (marked symptomatic).'*
Evaluation of the pulmonary valve may be difficult for TTE. In

this situation, however, the TEE does not provide additional
information and is not recommended (class Ill). There is little
data on the value of 3D echocardiography. In cases of limited
transthoracic imaging or severity parameters inconclusive
or discordant with clinical data, cardiac resonance is
recommended as the best method."*

3.2.7. Associated Valvar Lesions

Associated valvular lesions (AVL) in our setting are frequent
due to the high prevalence of rheumatic fever (RF), which
reaches 70% of valvular heart disease in Brazil."*" In the
EuroHeart Survey, 51% of AVL patients had RF and 40% had
degenerative valve disease.’ Pathophysiology is complex,
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Table 19 — Recommendations of stress echocardiography in aortic valve stenosis

Recommendation

Class of recommendation

Level of evidence

Low-dose dobutamine stress echocardiography to confirm symptomatic low-flow/low gradient AVS and
reduced LVEF and to assess the presence of contractile reserve (stage D2)

Stress echocardiography in asymptomatic patients with moderate or marked AVS (stages B and C1) to
assess exercise-induced symptoms, abnormal responses to systemic or pulmonary arterial pressure, and
behavior of gradients and left ventricular function

Stress echocardiography in asymptomatic patients (or with mild or doubtful symptoms) with low-flow/low
gradient AVS and preserved LVEF to differentiate true stenosis from aortic pseudostenosis

Stress or dobutamine echocardiography in symptomatic marked AVS

lla

IIb

B

AVS: aortic valve stenosis; LVEF: left ventricle ejection fraction.

Table 20 — Recommendations of transesophageal echocardiography in aortic valve stenosis*

Recommendation

Class of recommendation

Level of evidence

High acuity AVS with low-flow/low gradient and preserved LVEF (D3), for assessment of valve area
(reassessment of LVOT measurement) and assessment of valve morphology, including degree of
calcification

Acute AVS with low flow/low gradient and reduced LVEF (D2) for assessment of valve morphology,
including degree of calcification

Disagreement between the severity of AVS and transthoracic examination and clinical evaluation
Difficulty assessing AVS at transthoracic examination due to inadequate acoustic window

Assessment of aortic valve annulus size and geometry in patients candidates for percutaneous aortic valve
prosthesis implantation

Monitoring of percutaneous implantation of aortic valve prostheses and results immediately after
implantation (catheter, position, prosthesis function, regurgitation)

Assessment of complications immediately after percutaneous implantation of the aortic prosthesis
(hypotension, coronary occlusion, LV dysfunction, LVOT obstruction, marked mitral insufficiency, prosthesis
displacement, tamponade, right ventricular perforation, gas embolism, aortic dissection)

Early assessment (within 30 days) after percutaneous implantation of aortic prosthesis as to the degree of
valvular or paravalvular regurgitation ) in the presence of suspected valve dysfunction

Stroke after percutaneous implantation of aortic prosthesis in case of suspected valve dysfunction

Assessment of the distance of the aortic valve annulus to the coronary sinus in patients candidates for
percutaneous implantation of aortic valve prosthesis

IIb

lIb

*3D, if available. AVS: aortic valve stenosis; LVEF: left ventricular ejection fraction; LVOT: left ventricular outflow tract; LV: left ventricle.

Table 21 — Recommendations of transthoracic echocardiography in aortic regurgitation’s

Recommendation

Class of recommendation

Level of evidence

Confirm the presence, etiology, and severity of acute or chronic AR
In patients with dilation of the aortic root to assess the degree of AR and the magnitude of aortic dilatation
Reassessment of patients with prior AR and change of symptoms or signs

Annual reassessment of LV size and function in marked asymptomatic AR, with reduction of the interval to
six months for the first examination, or if there are significant changes in diameters or LVEF on subsequent
examination (stage C)

Reassessment every one to two years in moderate asymptomatic AR (stage B)
Reassessment every three to five years in asymptomatic mild AR (stage B)

Reassessment in less than one year of hemodynamic severity and LV function in patients diagnosed with
AR before or during pregnancy, or who will undergo situations that increase demand (non-cardiac surgery)

lla

B
B
B

AR: aortic regurgitation; LV: left ventricle; LVEF: left ventricle ejection fraction.
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Table 22 — Recommendations of transthoracic echocardiography in patients with bicuspid aortic valve and ascending aorta dilatation

Recommendation Class of recommendation

Level of evidence

Assessment of aortic root and ascending aorta diameter in patients with bicuspid aortic valve |

Annual reassessment of size and morphology of the aortic root and ascending aorta in a patient with a
bicuspid aortic valve and aortic diameter between 4.0 and 4.5 cm, if the size remained stable within the first |
6-month interval after the first exam

Six-monthly reassessment of the aortic root and ascending aorta size and morphology in a patient with

a bicuspid aortic valve and one of the following criteria: aortic diameter > 4.5 cm; rapid increase in aortic |
diameter (> 0.3 cm); family history of aortic disease in a first degree relative; or if it is the first examination

to detect aortic dilatation

B

Table 23 — Recommendations of stress echocardiography in aortic regurgitation’s

Recommendation Class of recommendation Level of evidence
Stress echocardiography in asymptomatic or marked AR with doubtful symptoms to evaluate exercise- la B
induced symptoms and functional capacity
Stress echocardiography in moderate AR with evident or doubtful symptoms to confirm and exclude other la B
causes
Echocardiography under stress with exercise or with dobutamine when there is a discrepancy between the i c
severity of AR to the transthoracic echocardiography and clinical symptoms, to better quantify the AR
AR: aortic regurgitation.
Table 24 — Recommendations of transesophageal echocardiography in aortic regurgitation* '
Recommendation Class of recommendation Level of evidence
Discrepancy between qualitative and quantitative parameters of transthoracic echocardiography and/or | B
between echocardiography and clinical evaluation regarding the severity of AR
Confirm the presence, etiology and severity of acute AR if the transthoracic echocardiography is of limited, | B
doubtful or inconclusive quality
In patients with a bicuspid aortic valve to assess the diameter of the aortic root and ascending aorta when | B
the transthoracic image is suboptimal
*3D, if available. AR: aortic regurgitation.
Table 25 — Recommendations of the echocardiography in tricuspid valvulopathy
Recommendation Class of recommendation Level of evidence
2D TTE is recommended to confirm diagnosis, to assist in identifying the etiology and mechanisms of
tricuspid lesions, to determine severity, to assess pulmonary pressure, as well as the dimensions of the | B
cardiac cavities and the right ventricle function and to characterize any associated cardiac disease on the
left side
TEE (with 3D if available) may be used for more detailed assessment of valve morphology, mechanisms
and Doppler quantification if the TTE is of limited, doubtful or inconclusive quality, or there is a discrepancy | B
between the clinical data and the echocardiographic findings
3D TTE (in optimal windows) can be used to assess systolic and diastolic volumes and RV systolic function b B
in patients with marked TR (stages C and D)
TEE (2D or 3D) for assessing the systolic function of the RV in marked TR i C

TTE: transthoracic echocardiography; 2D: two dimensional; TEE: transesophageal echocardiography; 3D: three dimensional; RV: right ventricle; TR: tricuspid

regurgitation.
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because it depends on the specific combination of each valve
lesion, and its diagnosis is challenging because the guidelines
provide us with specific valvular parameters alone. AVL
may result from two primary valvular diseases'® or from the
combination of primary and secondary valvular disease."’
Despite the high prevalence of AVL, there is little evidence
of the best course of action to be taken in each combination.
The most common combinations and their most frequent
changes are reported below:'%

e AS and MI: Increased LV pressure caused by aortic
stenosis may increase the regurgitant orifice and decrease
aortic transvalvular gradients, mimicking a low-flow state.*¢'58
In some AS cases, there may be MR secondary to dilation
and left ventricular dysfunction (tethering). Less frequent,
but possible in these patients, is the presence of primary MR.

e AS and MS: are cases of difficult clinical control, in
which the patient rapidly evolves to low throughput states.
The gradients of both valves may be underestimated, and
if the patient is inadvertently submitted to balloon catheter
valvotomy of the mitral valve, acute pulmonary edema may
occur due to the lack of LV compliance as a consequence
Of AS.141,156

e AR and MS: the presence of MS limits the increase in
ventricular volumes frequently observed in AR; which may
underestimate the severity of AR.'!15

e MR and AR: as a consequence of the volume overload
imposed by both valvopathies, these patients usually have
earlier contractile deficit than with each isolated valvopathy
and progress more rapidly to the symptomatic phase of the
disease.141,156,158

Recommendations for TTE and TEE in AVL are listed in
tables 26 and 27, respectively. The frequency at which TTE
should be performed is debatable and depends on the type
of AVL and symptomatology; in general, the examination
should be repeated according to the predominant valve lesion
guideline.’® In the case of balanced lesions, TTE should be

repeated with a shorter interval than the one suggested for a
single valve lesion.'®

3.3. Valvular Prostheses

TTE is recommended as a first line examination for the
analysis of valvular prostheses. TEE may be necessary when it
is necessary to better evaluate the structure and complications
of valvular prostheses, recommended in cases of dysfunction
(Table 28). When performing the echocardiographic
examination of valvular prostheses, it is necessary to know
and document the reason for the investigation, the patient’s
symptomatology, the type and size of the prosthesis, the date
of surgery, blood pressure, heart rate, height, weight and
the patient’s body surface area.24 A detailed postoperative
TTE is recommended four to six weeks after surgery, when
the thoracic surgical incision is healed, thoracic wall edema
resolved, and left ventricular function recovered. In this
examination, it is important to record: cavitary dimensions,
ventricular function, prosthetic gradients, valvular areas,
presence of functional or pathological refluxes, pulmonary
pressure and alterations of other valves; defining the basal
conditions of valve prostheses, since the examination will
be taken as reference for serial assessments. Regarding the
periodicity of TTE in patients with prosthesis, a frequent
assessment in asymptomatic patients with supposedly normal
mechanical prosthesis is not recommended. For biologic
prostheses considered to be normal, exams after five (ESC)'**
or ten years (ACC/AHA) are recommended).’”” However,
annual examinations are recommended in patients with new
design prostheses that have not had their proven durability
in patients with aortic dilatation at the time of surgery and in
patients with mitral prostheses to evaluate the evolution of
tricuspid regurgitation and RV function. Echocardiographic
investigation (TTE and TEE) is recommended when changes
in cardiac auscultation, onset of symptoms or suspicion of
prosthesis dysfunction occur. In cases where there is clinical
suspicion of infective endocarditis or thrombosis, the analysis
should be more thorough.'? In cases of significant reflux of

Table 26 — Recommendations of transthoracic echocardiography in associated valve lesions

Recommendation

Class of recommendation Level of evidence

Establish diagnosis of patients with multiple murmurs
Quantification of the severity of stenoses and associated insufficiencies
Immediate reassessment with change of symptoms

Annual reassessment of asymptomatic patients with AVL

| C
|
|

o O O

lla

AVL: associated valvular lesions.

Table 27 — Recommendations of transesophageal echocardiography in associated valve lesions

Recommendation

Class of recommendation Level of evidence

Inconclusive transthoracic echocardiography
Doubts in the quantification of valvular lesions

Monitoring of invasive procedures for injuries that can be treated percutaneously

| C
I C
I C
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prostheses, it is recommended to perform evolutionary TTEs
every three to six months."® TEE, due to its proximity and
posterior approach to the heart, achieves better diagnostic
precision in valvular prosthesis dysfunctions. In fact, TTE and
TEE complement each other, since the TTE better evaluates
the changes in flow and TEE, the morphological changes. It is
always advisable to carry out the full and careful TTE before
recommending the TEE. The 3D TEE'® provides additional
information about the 2D image, particularly regarding the
spatial relationship of the structures around the prosthesis,
the direction and extent of regurgitant jets, the location of
paravalvular leaking and the identification, position and
number of larger anomalous prosthetic or periprosthetic
echoes, potentially more embolinogenic.'' The diagnosis
of prosthesis stenosis should always be performed with
the extensive use of echocardiography. The transprosthetic
gradients are variable in each model and size, and there may
be high gradients in cases of small, even normal, prostheses
when implanted in large body surface patients, a finding
known as mismatch.®? Patients who remain with significant
LVH in the late postoperative period may also present
elevated gradients after aortic prosthesis implantation.
Thus, the comparison with the basal echocardiography is
always important. In biological prostheses, the most frequent
cause of stenosis is the degeneration and calcification of
the leaflets, usually a late complication. In mechanical
prostheses, the growth of fibrous tissue into the ring, known
as pannus, is also a late complication that can cause stenosis,

reflux, or double prosthetic dysfunction. The detection and
quantification of the reflux of the prostheses are usually
hampered by the acoustic shadow caused by the mechanical
prostheses, mainly in the mitral position. In such cases, TEE
can aid in the detection and quantification, and determine
if the insufficiency is prosthetic or periprosthetic, functional
or pathological. We must be careful in differentiating the
“physiological” refluxes, which are common in prostheses,
from the pathological ones.'* In general, physiological reflux
presents laminar flow at color Doppler and pathological
reflux presents a turbulent, color mosaic flow. In cases
of suspicion of infective endocarditis in prosthetics, the
diagnosis is made difficult by the presence of shadows and
reverberations, allowing the TTE to identify only the large
vegetation. Given the clinical suspicion of endocarditis, it
is always advisable to perform the TEE, which has greater
sensitivity, detecting smaller vegetations and possible
complications, such as annular abscesses (Table 29). 3D TEE
allows a more precise spatial localization, in relation to the
adjacent prosthetic and anatomical structures, of potentially
emboligenic vegetations. In cases of embolic phenomena
or acute stenosis of the prosthesis, especially in the mitral
position, the presence of valve thrombosis or strands (fibrin)
should be suspected, with TTE and TEE being indicated (3D
TEE, if possible) in order to overcome the acoustic shadow
and better observe the LA and the atrial face of the prosthesis.
In these cases, in addition to looking for thrombi or fibrin in
the valve or the LA, the prosthesis’ mobile structures and the

Table 28 — Recommendations of echocardiography in valvular prostheses

Recommendation

Class of recommendation Level of evidence

TTE in patients with valve prostheses with changes in clinical signs or symptoms, suggesting prosthetic

dysfunction (stenosis or insufficiency) ! A
TEE in patients with prosthetic dysfunction to TTE, for confirmation and better quantification of dysfunction lla B
Periodic reassels§men_t in patients with prosthesis, with ventricular dysfunction without modification of lla B
symptoms or clinical signs

Periodic reassessment in biological valve prostheses without signs or symptoms of prosthetic dysfunction Ib B

TTE: transthoracic echocardiography; TEE: transesophageal echocardiography.

Table 29 — Recommendations of echocardiography in infective endocarditis in patients with valve prostheses

Recommendation

Class of recommendation Level of evidence

Detection and characterization of the valve lesion and evaluation of the hemodynamic repercussion* | B

Detection of complications such as abscesses, ruptures and fistulas*
Reevaluation in cases with poor clinical evolution*

Suspected endocarditis in patient with negative cultures*

Bacteremia of unknown etiology*

Persistent fever with no evidence of bacteremia or new murmurs*
Routine assessment during treatment of uncomplicated endocarditis*

Transient fever without evidence of bacteremia or new murmur*

|

|

|

|
lla
Ib
1l

W W W W W W w

* Transesophageal echocardiography may give additional information to those obtained with transthoracic echocardiography.
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Table 30 — Recommendations of echocardiography in patients with clinical suspicion of valvular prosthesis thrombosis

Recommendation

Class of recommendation Level of evidence

Carrier of mechanical prosthesis with embolic phenomenon and/or acute heart failure

Assessment to determine the hemodynamic changes caused by thrombosis

TEE to complement the TTE, to evaluate the mobility and emboligenic potential of the thrombi and

functional study of the prosthesis

| B
IIb B
IIb B

TEE: transesophageal echocardiography; TTE: transthoracic echocardiography.

emboligenic potential of the thrombi should be functionally
evaluated (Table 30).
3.4. Infective Endocarditis

Infective endocarditis (IE) is vascular or cardiac endocardial
infection resulting from invasion of microorganisms. Despite
the advances in diagnostic techniques and treatment, mortality
by IE remains high.'** The profile of the disease presentation
changed, with the emergence of new risk groups and more
virulent microorganisms, with staphylococci emerging as the
main etiological agents. Echocardiography is fundamental in
the IE approach (Table 31).'%>'%® The best resolution of the
devices and, especially, the use of TEE are responsible for the
high accuracy of the method in the diagnosis and evaluation
of complications. The additional value of TEE when TTE is not
diagnostic is well defined in the strong clinical suspicion of
IE and/or the presence of valvular prostheses. However, the
indication of TEE as an initial examination needs to be validated
by new studies.'® The definitive diagnosis of IE is based on
positive blood cultures and/or characteristic echocardiographic
findings. The findings following the echocardiography are
major diagnosis criteria: vegetation defined by a mobile
condensed mass, adhered to the valvar endocardium, mural
or implanted prosthetic material; abscesses or fistulas; new

prosthesis dehiscence (especially when it occurs late after its
implantation) and new valve regurgitation.'®

4. Hypertension and Pulmonary
Thromboembolism

Pulmonary hypertension (PH) is a clinical condition
associated with high morbidity and mortality, the prevalence of
which is unknown due to different presentation groups. From
the knowledge of the various pathophysiological mechanisms,
the current classification divides PH into five groups.'®
Regardless of the mechanism, it is defined as mean pulmonary
arterial pressure greater than or equal to 25 mmHg, at rest,
documented by cardiac catheterization.”® Currently, TTE is
considered a method of fundamental importance in the initial
evaluation of patients with clinical suspicion of PH (Table 32),
since it offers information related to: diagnosis, hemodynamic
status, therapeutic response and prognosis."”" Hemodynamic
data, such as pulmonary artery systolic pressure, mean arterial
pressure, pulmonary artery occlusion pressure and blood
volume (assessed by varying the size of the inferior vena
cava), can be measured by this method.”? The presence of
RV hypertrophy, enlargement of the right cavities, anomalous
movement of the septum and pericardial effusion suggest the
diagnosis. The analysis of the contractile function of the RV is

Table 31 — Recommendations of transthoracic echocardiography and transesophageal echocardiography in infectious endocarditis

Recommendation

Class of recommendation Level of evidence

TTE is indicated as the first examination in the clinical suspicion of IE | B
TEE is indicated on clinical suspicion of IE and negative or non-diagnostic TTE | B
TEE indicated in the diagnostic suspicion of IE in patients with valvular prostheses and intracardiac devices | B
Indicated to repeat TTE or TEE within five to seven days in the face of high clinical suspicion and initial | c
negative TEE

Echocardiography indicated for the assessment of staphylococcal bacteremia of unknown source lla B
TEE may be indicated for suspected IE, even in cases with positive TTE with good quality and reliable la c
findings (except isolated IE)

New TTE or TEE indicated for suspected new complications (abscesses, perforations, embolisms, | B
persistence of fever, heart failure)

New TTE or TEE indicated for the follow-up of uncomplicated IE, for vegetation size monitoring or detection

of silent complications. The type (TEE or TTE) and the date of the new examination will depend on the lla B
initial findings, type of microorganism and response to therapy

Intraoperative TEE in all cases of valve surgery by IE |

At the end of the treatment to establish new parameters of cardiac and valvular morphology and function | C

TTE: transthoracic echocardiography; IE: infective endocarditis; TEE: transesophageal echocardiography.
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performed through the TAPSE, s-wave (systolic) of the tissue
Doppler, RV area fractional variation and ejection fraction
to the 3D.* Right cardiac catheterization remains the gold
standard for diagnosis, since it allows the direct measurement
of hemodynamic data in the pulmonary circulation and
evaluates the capacity of response to vasodilator therapy
through the pulmonary vasoreactivity test.

Pulmonary thromboembolism (PTE) is another clinical
condition of high mortality, which can cause complications
such as chronic thromboembolic pulmonary hypertension
(PH group IV)."” Clinical suspicion, progress in diagnosis, and
effective therapy are critical in reducing mortality in the acute
event. The sensitivity and specificity of TTE for the diagnosis
of PTE are 50 to 60% and 80 to 90%, respectively. In critical
patients, TEE may increase this sensitivity. The visualization
of the thrombus in the right atrium (RA), in the RV or in the
trunk of the pulmonary artery ratifies the diagnosis. However,
indirect signs are more commonly found, such as dilatation of
the right cavities, RV contractile dysfunction, interventricular
septal flattening, McConnel’s signal (apical region with
preserved contractility and akinetic mean free wall segment,
with sensitivity of 77% and specificity of 94%) and dilation
of the inferior vena cava. The pulmonary artery acceleration
time is a parameter with good sensitivity, since it is altered
(< 100 ms) in cases of small pulmonary embolism.173 RV
strain is an important tool because it shows the segment
that presents reduced value and evaluates its deformity
after reperfusion therapy. Patients who develop contractile
dysfunction of the RV or patent foramen ovale present a
reserved prognosis.

5. Coronary Artery Disease

5.1. Introduction

Coronary artery disease has a wide clinical spectrum,
ranging from asymptomatic severe disease,'” long-term stable
angina or acute coronary syndrome (ACS)/acute myocardial

infarction (AMI) with hemodynamic instability as the first
manifestation of the disease.’”®'”” The echocardiography has
applications in its diagnostic recognition, stratification of risk
in the acute phase, follow-up and determination prognosis
in the long term.78179

5.2. Acute Coronary Syndrome

5.2.1. Transthoracic Echocardiography

In the scenario of a patient with acute chest pain and
suspected coronary artery disease, echocardiography may
be useful (Table 33) and should be routinely available in the
emergency department and thoracic pain units." Evidence
of new or presumably contractile change from LV to TTE is
one of the parameters in the third universal definition of
myocardial infarction'®" and may in fact assist in the diagnosis/
prognostic determination of an ACS. In addition, TTE may aid
in the differential diagnosis of chest pain and/or associated
conditions, such as acute aortic dissection, aortic stenosis,
hypertrophic cardiomyopathy, and pulmonary embolism."®
By dividing LV into 16 or 17 segments, contractile segmental
function is visually quantified based on systolic thickening
(ST): hyperkinetic = 0 (ST > 70%); normal = 1 (ST = 50 to
70%); hypokinetic = 2 (ST < 40%); akinetic = 3 (ST < 10%);
“dyskinetic = 4 (paradoxical movement/systolic expansion)”.
The wall motion score index (WMSI) is the reference parameter
to express the LV segmental function and its normality value is
1; values between 1 and 1.6 show a contractile alteration of
mild degree; while WMSI values above 1.6 indicate greater
involvement and worse prognosis.'® Obviously, the absence
of alterations in segmental contractility in resting TTE does
not exclude the presence of coronary artery disease.' It
should also be considered that the contractile alteration may
occur in other conditions such as myocarditis, RV overload
(volume/pressure), ventricular pre-excitation, Takotsubo
type cardiomyopathy, left bundle branch block, chagasic
cardiomyopathy or presence of pacemaker.'® TTE is the exam

Table 32 — Recommendations of the echocardiography in pulmonary hypertension and thromboembolism™7*

Recommendation

Class of recommendation Level of evidence

TTE recommended as a first line examination for noninvasive diagnostic investigation of suspected

pulmonary hypertension : ¢
TTE recommended in the assessment of signs of pulmonary hypertension in symptomatic patients with

) . R ; . | B
portal hypertension or liver disease and in all indicated to hepatic transplantation
TTE recommended as an initial examination for the assessment of pulmonary hypertension in patients with | c
systemic sclerosis and annually
TTE recommended for noninvasive diagnostic assessment of patients with pulmonary disease with | c
suspected pulmonary hypertension
High-risk pulmonary embolism, in the presence of shock or hypotension, TTE at the bedside or | c
angiotomography (depending on the patient’s clinical conditions or availability)
High-risk pulmonary embolism with signs of right ventricular dysfunction, unstable for angiography (TTE at b c
the bedside with Doppler of lower limbs and/or TEE to assess pulmonary artery thrombus)
Not recommended in asymptomatic HIV positive patients for the detection of pulmonary hypertension i C

TTE: transthoracic echocardiography; TEE: transesophageal echocardiography; HIV: human immunodeficiency virus.
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of choice in cases of hemodynamic instability with suspected
cardiac origin, as well as in the identification of mechanical
complications of AML'7"% However, it is necessary to avoid
requesting the examination for evaluation of patients with
chest pain with a confirmed diagnosis of myocardial ischemia
(ACS/AMI), since TTE should not delay the immediate onset
of treatment.'”®"771% On the other hand, in the screening of
symptomatic patients suspected of having coronary artery
disease in the emergency room, recent evidence indicates the
potential usefulness of GLS calculated by 2D speckle tracking.
In the absence of preexisting structural heart disease, previous
infarction or left bundle branch block, GLS (when < 16.5%)
may complement existing diagnostic algorithms and act as an
early adjunct marker of ischemia.'®

5.2.2. Stress Echocardiography

The evidence of a new alteration of the segmental
contractility at rest or its appearance before the induction
of stress (exercise or pharmacological) suggests ischemic
etiology.'®* Stress echocardiography is an independent
predictor of cardiovascular death, of additional value to the
other methods and can avoid coronary angiography.'”*'7?
Its use may be recommended for risk stratification of
patients in chest pain units (Table 34), especially when the
electrocardiogram does not define the diagnosis and the
exercise test is submaximal, non-feasible or inconclusive.”?
Traditionally, stress echocardiography is performed after 24
hours of chest pain relief in low to moderate risk patients with
no evident ischemic changes on the electrocardiogram and
normal cardiac enzymes.

5.2.3. Contrast Echocardiography

Table 33 — Recommendations of transthoracic echocardiography in acute coronary syndrome

Recommendation

Class of recommendation Level of evidence

Assessment of global and segmental ventricular function | C
Differential diagnosis of alternative causes of chest pain: severe aortic stenosis, hypertrophic | c
cardiomyopathy, pulmonary embolism, aortic dissection*, pericarditis and the presence of cardiac tumors
Chest pain with hemodynamic instability and suspected cardiac origin | C
Suspected mechanical complications in myocardial infarction: left ventricular aneurysm, rupture of free wall | c
or papillary muscle, ventricular septal defect, pericardial effusion
Assessment of right ventricular impairment in the presence of inferior wall myocardial infarction | B
During chest pain of possible ischemic origin, with electrocardiogram and non-conclusive cardiac enzymes lla B
Calculation of global longitudinal strain using speckle tracking as an adjunct to existing diagnostic

. . PR : ) ; lla B
algorithms and risk classification in patients with suspected coronary disease&
Assessment of patients in the presence of chest pain with a confirmed diagnosis of myocardial ischemia/ m c
infarction
Evaluation of chest pain in patients whose non-cardiac etiology is evident 1l C

* Complementation with transesophageal echocardiography increases accuracy and can provide additional information to the transthoracic one; &in the absence of
preexisting structural heart disease, prior myocardial infarction, or left bundle branch block.

Table 34 — Recommendations of stress echocardiography in acute coronary syndrome

Recommendation

Class of recommendation Level of evidence

Patients with clinically controlled low risk unstable angina* before deciding the invasive strategy lla A

To assess the functional significance of moderate coronary obstruction at angiography, as long as the result

interferes with the procedure

Risk stratification after uncomplicated myocardial infarction

Investigation of patients with suspected microvascular disease& to establish whether segmental change

occurs in conjunction with angina and electrocardiographic abnormalities

Strain and strain rate parameters derived from speckle tracking as an adjunct tool to wall motion score

index for diagnosis and/or prognosis of acute coronary disease

High risk unstable angina or acute myocardial infarction

lla C
lla A
lla C
lla B
1l C

* No recurrence of angina, no signs of heart failure, no abnormalities on the initial/serial electrocardiogram and normal troponin; &typical angina pain with
electrocardiogram change or functional test, in the presence of normal coronary angiography.
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This echocardiographic modality allows the immediate
and simultaneous access of LV segmental contraction and
myocardial perfusion.’*'% In patients with acute chest pain
and non-diagnostic electrocardiogram, the use of contrast
echocardiography increases sensitivity for the diagnosis of
ACS (Table 35).180,185 Patients with normal perfusion and
myocardial function at rest have good prognosis, while the
presence of perfusion defects at rest identifies a subgroup at
high risk for ACS."85

5.3. Chronic Coronary Artery Disease

5.3.1. Transthoracic Echocardiography

TTE, while providing important information on segmental
contractility when performed at the time of acute chest
pain, is limited in the investigation of patients with chronic
coronary disease.'” Two situations of indication should be
valued: the first one when there is a need for a differential
diagnosis of chest pain with non-ischemic causes, such as
pericarditis, valvular diseases (such as aortic stenosis) or
cardiomyopathies that may occur with chest pain; the second
is based on the knowledge of global left ventricular function
as a prognostic factor in stable patients with chronic coronary
disease (Table 36).'7*

5.3.2. Stress Echocardiography

Stress echocardiography is a useful investigative method
for both suspected patients and those with an established
diagnosis of stable coronary disease (Table 37). The method
offers good accuracy in the ischemic investigation of patients
from moderate to high risk, with a slight predominance

of specificity compared to other non-invasive imaging
methods, such as myocardial scintigraphy.'7o:184186:187 The
stress-induced modality, whether physical, with treadmill or
bicycle, or pharmacological, with dobutamine sensitized with
atropine or even with dipyridamole, does not significantly
change the diagnostic performance of the test.'” In general,
in the investigation of stable coronary disease, stress
echocardiography should be indicated for those patients
with limited exercise performance, either by functional class
or by non-interpretable electrocardiogram, such as in the
presence of left bundle branch block."® Thus, the method
should not be considered as a substitute for the ergometric test.
However, if available, it can be used as the first examination
in the investigation of selected patients, with intermediate
or high pretest probability. Furthermore, in the investigation
of the risk of chronic coronary disease, it can be used as a
sequential method to others such as coronary tomography,
when the calcium score shows levels above 400."%415
Another important clinical situation for indication of stress
echocardiography is the preoperative evaluation of patients
undergoing intermediate-risk surgery.'7*'%71% Even in this
situation, the method can be used but it should not generally
replace the exercise test when this is possible. However, in
vascular surgeries, where there are one or more risk factors,
the investigation may start from the echocardiographic
examination under stress." Situations in which there is a need
for the topographical definition of ischemia, such as those of a
functional significance investigation of already known lesions,
also induce the image examination under stress, which may
be the echocardiography. However, the availability of the
method in the region of medical practice and the technical
ability and experience of the echocardiography laboratory for
individualized application of the levels of recommendation

Table 35 — Recommendations of contrast echocardiography in acute coronary syndrome

Recommendation

Class of recommendation Level of evidence

Use of echocardiographic contrast for better definition of the endocardial border and to access left
ventricular structure/function when two or more adjacent segments are not visible in the standard resting or | B

stress tests

Assessment of patients with acute chest pain and non-diagnostic electrocardiogram

Assessment of myocardial perfusion in all types of ACS

lb
1l

Routine use of echocardiographic contrast in all patients with chest pain and suspected CAD i

ACS: acute coronary syndrome; CAD: coronary artery disease.

Table 36 — Recommendations of transthoracic echocardiography in chronic coronary disease

Recommendation

Class of recommendation Level of evidence

Differential diagnosis of precordial pain

Initial assessment of left ventricular function as a prognostic indicator, even in patients with no evidence of

heart failure

| B

| B

Assessment of left ventricular function when there is evidence of heart failure or change in clinical status |

Periodic reassessment of stable patients without clinical change

1l C

Arq Bras Cardiol: Imagem cardiovasc. 2019;32(4):256-302

284



285

Position Statement on Indications of Echocardiography in Adults — 2019

Special Article

Table 37 — Recommendations of stress echocardiography in patients with known or suspected chronic coronary disease

Recommendation

Class of recommendation Level of evidence

As an initial method in the investigation of chronic coronary disease in patients with intermediate or high

pre-test probability : B
As an initial method in the investigation of chronic coronary disease in patients with low pretest probability, | B
but unable to perform an exercise test or with electrocardiogram not interpretable

As a sequential method in the investigation of patients submitted to an ergometric test with intermediate or | B
non-diagnostic result

As a sequential method in the investigation of patients submitted to coronary tomography with a calcium | B
score (Agatston) > 400

As a sequential method in the investigation of patients submitted to coronary angiography with identified | B
lesions of uncertain functional significance

In the preoperative evaluation of non-cardiac vascular surgery in a patient with one or more risk factors for | B
chronic coronary disease

In the assessment of viability in patients with ventricular dysfunction and chronic coronary disease and | B
eligible for revascularization

In the preoperative assessment of non-cardiac intermediate risk surgery in a patient with one or more risk la B
factors for chronic coronary disease with functional class < 4 METs or indeterminate

In the sequential investigation of patients with moderate to high pre-test risk with previous testing for la B
ischemia for more than two years

In the assessment of asymptomatic patients after incomplete revascularization lla C
In the evaluation of symptomatic patients after revascularization lla

Routine reassessment (every five years) in asymptomatic patients after revascularization Ilb C
As an initial method in the assessment of patients with low pre-test probability and with clinical conditions m c
and interpretable electrocardiogram to perform an ergometric test

In the preoperative assessment of non-cardiac intermediate-risk surgery in patients with functional class = m B
4 METS

Routine ergometric test substitution in patients with physical capacity and interpretable electrocardiogram M c

for the performance of the test

MET: metabolic equivalent of risk.

suggested here should be considered.

5.3.3. Contrast Echocardiography

The use of echocardiographic contrast agents consisting
of microbubbles capable of overcoming the pulmonary
barrier and remaining intact has become a powerful
weapon for adequate visualization of the endocardium of
all LV segments.'®"° Thus, in the presence of two or more
contiguous segments with limited technical quality, the use
of any of these agents is indicated (Table 38)."""92 The use
of contrast agents for myocardial perfusion, although it is
part of the same procedure, only with modifications in the
acquisition and analysis of the images, remains considered
off-label by the US and European health agencies. Guidelines
on stable coronary disease already recognize the use of
contrast agents to delineate endocardial borders, but they
are still not based on myocardial perfusion evaluation.'”
However, robust evidence supports the use of these agents
for assessing myocardial perfusion both in the diagnosis of
coronary disease in acute and chronic coronary syndromes, '
even showing its superiority over conventional stress
echocardiography in predicting cardiovascular events.™*
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The accuracy of contrast agents has been compared with
other methods such as myocardial scintigraphy and, in
contrast, showed similarity, with greater sensitivity, mainly
in the detection of uni-coronary lesions.'” However, the
use of contrast agents for perfusion analysis is facilitated
when stress is performed with dipyridamole; and the low
use of dipyridamole in most Brazilian and worldwide
echocardiography laboratories'™ may be a barrier to the
implementation of myocardial perfusion analysis.

Coronary flow reserve can also be assessed by contrast
echocardiography under stress. Reduced values of coronary
flow reserve are indicative of functional repercussion in lesions
that anatomically have dubious expression. In addition, some
studies have shown the role of this index in assessing viability
and in predicting myocardial functional recovery in patients
with stable coronary artery disease.’®

6. Evaluation of Emboligenic Sources and
Cardioembolic Diseases

Stroke is the major cause of disability and the second
leading cause of death in the world.”” Brazil is the Latin
American country with the highest mortality rates due
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Table 38 — Recommendations for the use of echocardiographic contrast agents in chronic coronary disease

Recommendation

Class of recommendation Level of evidence

Improvement of endocardial border delineation and analysis of global or regional ventricular function when

endocardial visibility in two or more segments is limited

Myocardial perfusion analysis in the diagnosis of chronic coronary disease, both in the assessment of

ischemia and viability as an adjunct to the modalities of stress echocardiography

Assessment of the coronary flow reserve in the study of the functional repercussion of already known or

viable coronary lesions

Use in the presence or suspected of significant intracardiac shunts

Routine use of contrast in patients whose image and endocardial edge delineation of the left ventricle are

of adequate quality

| B
lla B
lla B
1l B
1l C

to stroke, being the main cause of female death.’#®"”
Although the death rate from stroke has declined in recent
decades, the values remain very high.?® It is estimated
that cardioembolic disease is responsible for 15% to 40%
of all causes of ischemic stroke,?' whereas indeterminate
(cryptogenic) causes account for 30 to 40% of these
ischemic neurological events.?*>2% Other causes of ischemic
stroke include large artery atherosclerosis, small vessel
occlusion (lacunar), and other etiologies.?®* In patients who
are at risk or who have already had embolic neurologic
events, the main role of echocardiography is to identify
the presence of an emboligenic source, to determine the
probability of such a source being a possible cause of
ischemic stroke or systemic embolism and to guide the
therapy of these patients. We can classify cardiac diseases
as for their emboligenic potential under high and low risk
conditions (Table 39). The main causes of ischemic stroke
of cardioembolic origin are: atrial fibrillation, associated
or not with rheumatic MS (five-fold risk of stroke); left
ventricular dysfunction (two to three times greater risk
of ischemic stroke than the general population);?° acute
myocardial infarction (the risk is possibly decreasing by
the implementation of early reperfusion therapies);?%”
mechanical valvular prostheses (annual risk of ischemic
stroke at 4.0%);2% and infectious endocarditis (one in five
cases are complicated by ischemic stroke).?*® Variable
rates of annual recurrence of ischemic stroke have been
reported in patients with aortic arch atheroma (less than 3
to 12%).2'° The patent foramen ovale (PFO) can serve as a
passageway from a paradoxical embolism of the venous to
the arterial circulation. Although patients with an ischemic
stroke of indeterminate (cryptogenic) etiology have a
higher incidence of FOP than those with known ischemic
stroke cause,?'" a large study reported that the presence
of a PFO was not associated with an increased risk of
recurrence of ischemic stroke.?'? Other more rare causes
of embolism include papillary fibroelastoma, myxoma, and
mitral calcification.

The cardioembolic etiology of ischemic stroke should be
suspected in the presence of severe onset of early neurologic
deficit without prodromes, multiple brain lesions in multiple
vascular territories, and recurrent ischemic stroke in a short
period of time.?"? Systemic embolization to other organs

Table 39 — Classification of cardiac diseases regarding their
emboligenic potential

High risk Low risk

Intracavitary thrombus Patent foramen ovale

Atrial fibrillation Interatrial septum aneurysm
Acute myocardial infarctation Interatrial communication
Dilated cardiomyopathies Spontaneous contrast
Infectious endocarditis Lambl excrescences
Valve prostheses Mitral valvular calcification
Rheumatic mitral stenosis Aortic valve calcification
Left atrial myxoma Endocarditis marantica
Papillary fibroelastoma Mitral valve prolapse

Ulcerated plaques in the aorta

such as spleen and kidneys at the time of the ischemic
stroke increases the suspicion of cardioembolic etiology.?'
TTE and/or TEE should be recommended in patients with
suspected cardiac embolic source, including ischemic stroke
and transient ischemic attack (TIA) or systemic embolism. TTE
is more suitable for evaluation of embolic sources present
in previous cardiac structures, such as the apical thrombus
investigation of the left ventricle. In contrast, during the
TEE, the transducer is positioned in the esophagus, and
the probe is closer to the posterior heart structures. The
esophagus is also adjacent to the LA, so TEE corresponds
to the gold standard examination for thrombus screening
in the left atrial appendix, with sensitivity and specificity
approaching 99%. TEE should be recommended as an initial
diagnostic tool in the assessment of cardiac embolic source
in patients with ischemic stroke, especially in those where
the therapeutic decision (anticoagulation or cardioversion)
will depend on the echocardiographic findings. TEE should
also be recommended when TTE imaging is of poor quality
in young patients with ischemic stroke, in patients with
ischemic stroke of undetermined etiology, and in those
with non-lacunar ischemic stroke. TTE may not be useful
when TEE is already programmed for TEE, such as in the
evaluation of intracardiac masses, prosthetic heart valves,
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Table 40 — Recommendations of the echocardiography in the evaluation of emboligenic sources and cardioembolic diseases

Recommendation

Class of recommendation Level of evidence

Suspected cardiac embolic source, including ischemic stroke and TIA or systemic embolism | C
Young patient (< 45 years) with TIA or acute ischemic stroke | C
Elderly patient with evidence of non-lacunar ischemic stroke | C
TIA or cryptogenic ischemic stroke | C
TEE_as thg initial test to facilitate clinical decision-making regarding treatment (anticoagulation or | B
cardioversion)

Assessment of cardiac emboligenic source when non-cardiac origin has been previously identified Ilb C
TTE when TEE is already programmed (e.g. in the evaluation of intracardiac masses, prosthetic heart b c

valves, thoracic aorta, or to guide percutaneous procedures)
TEE when TTE findings are diagnostic of cardiac embolic sources

TTE and/or TEE results do not guide the therapeutic decision

TIA: transient ischemic attack; TEE: transesophageal echocardiography; TTE: transthoracic echocardiography.

the thoracic aorta, or to guide percutaneous procedures.
TEE should not be recommended when TTE findings are
compatible with the embolic cardiac source. Both TTE and
TEE should not be recommended in patients whose results
will not guide the therapeutic decision. Table 40 lists the
main recommendations of TTE and/or TEE in patients with
TIA, ischemic stroke or systemic embolism.

7. Atrial Fibrillation

Atrial fibrillation (AF) is the most common sustained
cardiac arrhythmia, whose prevalence increases with
advancing age.?'*?'> In the United States, it is estimated
that the prevalence of atrial fibrillation will double from 5.2
million cases in 2010 to 12.1 million cases in 2030.7'® In
addition to population aging, the increased prevalence of
AF can be explained by the comorbidities and associated
cardiovascular risks such as hypertension, heart failure,
coronary artery disease, valve diseases, obesity and diabetes
mellitus.”’” The risk of developing AF is 1 in 4 individuals
from 40 years of age on.?'® Recent national and international
guidelines have reported the classification of AF based on
its presentation, duration and spontaneous termination of
AF episodes.?'*219220 Paroxysmal AF is defined as that which
is reversed spontaneously or with medical intervention until
seven days after its initiation. Episodes lasting longer than
seven days are referred to as persistent AF. Persistent long-term
AF represents cases lasting more than one year. Permanent
AF corresponds to the cases in which attempts to revert
to sinus rhythm will no longer be instituted. Finally, non-
valvular AF is defined as AF in the absence of rheumatic MS,
mechanical or biological valve or previous mitral valve repair.
As part of the initial evaluation, all AF patients should have
a TTE to identify structural heart diseases, including valvular
heart disease, assess RA and LA size, LV and RV size and
function.'* TEE is the most sensitive and specific technique
for detecting intracavitary thrombi, especially in the left atrial
appendage, as a potential source of systemic embolism in
AF, and can be used to guide early cardioversion or catheter
ablation procedures.?'*?2%22! TEE can also identify features
associated with an increased risk of thrombus formation in LA,
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including reduced flow velocity in the left atrial appendage,
spontaneous contrast in LA, and aortic atheroma.?'* Table 41
lists the main recommendations of TTE and/or TEE in patients
with AF. Although the echocardiography provides important
information for assessing the likelihood of achieving successful
rhythm control after cardioversion, including atrial size, left
ventricular systolic function, and severity of valve disease,
randomized trials with a larger sample size are still lacking to
understand the real prognostic value of imaging techniques
in patients with AR??2 New echocardiographic techniques
such as LA evaluation by strain and 3D echocardiography are
promising tools for future clinical practice.???

8. Heart Tumors and Masses

The cardiac masses comprise a broad set of lesions which
may be neoplastic and non-neoplastic in nature. As regards
incidence, the most frequent causes of cardiac masses
are thrombi and vegetation, and rarely are tumors and
pseudotumors (intrinsic and extrinsic structures that mimic
a cardiac tumor).??® Cardiac tumors are extremely rare, with
secondary tumors (metastatic neoplasms) being 20 times more
frequent than primary tumors.?22> Although the classification
of these lesions for benignity or malignancy is an important
predictor of prognosis, any cardiac tumor may have substantial
hemodynamic or electrical consequences depending on
size and location.??* Most are detected incidentally during
cardiac imaging tests or after complementary evaluation
of specific clinical situations, such as after embolic event,
suspected endocarditis and the possibility of malignancy
involving the heart. Myxomas are the most frequent benign
primary tumors in adults, followed by fibroelastomas and,
finally, fibromas (much more common in the pediatric
population). Primary malignant tumors, however, represent
a much smaller portion of primary cardiac neoplasms, with
sarcomas and lymphomas being more common. Much
more frequent, as mentioned above, are secondary tumors,
represented by metastases, which can occur by various forms
of dissemination (hematogenous, contiguous, venous and
lymphatic), associated mainly to tumors of the breast, lung,
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Table 41 — Recommendations of echocardiography in patients with atrial fibrillation

Recommendation

Class of recommendation Level of evidence

TTE in the initial assessment of all patients with AF to identify structural heart disease and guide treatment | C

TTE in patients with AF lasting = 48 hours to decide early cardioversion with brief heparinization, without

previous oral anticoagulation

| B

TEE in the assessment of patients before ablation or percutaneous occlusion of the left atrial appendage |

Patient with AF requiring emergency cardioversion due to hemodynamic instability

1l c

TTE: transthoracic echocardiography; AF: atrial fibrillation; TEE: transesophageal echocardiography.

esophagus, mediastinum and melanoma. In these cases, the
involvement of the pericardium occurs most of the time.?*”

Echocardiography, because of its availability and
applicability, is the imaging technique commonly chosen
for diagnosis (Table 42). The examination may delineate
the multiple cardiac structures and characteristics of a mass,
such as location, mobility, morphology, size, insertion site,
and potential hemodynamic consequences. It also allows
for serial images over time without the need for contrast
agents (iodine or gadolinium) or radiation. New techniques,
such as the 3D modality, by providing additional anatomical
data are capable of increasing the diagnostic accuracy of
the method, assisting in the surgical strategy, as well as
monitoring immediate and late results of the procedure.??*22°
The contrasted echocardiographic study represents a very
useful tool, offering greater anatomical detail and assisting
in the differentiation of the masses through the analysis of its
vascularization (hypervascularization is frequently associated
with the presence of malignancy).?*

9. Pericardial Diseases

Echocardiography should be indicated in the suspicion
of pericardial affections, including (but not only) pericardial
effusion, pericardial mass, constrictive pericarditis, effusive-
constrictive pericarditis, patients after cardiac surgery and

suspicion of cardiac tamponade (Table 43).2"232 |t contributes
decisively to the semiquantitative evaluation of the pericardial
effusion and its hemodynamic repercussion (depending
on the volume and the velocity of the collected fluid), as
well as exploring the underlying etiology, whether primary
(e.g. pericarditis, chylothorax) or secondary (e.g. bleeding,
metastasis, myxedema, hydropericardium). The method
provides information about the nature of the fluid, suggesting
the presence of fibrin, clot, tumor, air, and calcium. The size
of the effusion may be classified by the diastolic measurement
of the echo-free pericardial space , as of small (< 10 mm),
moderate (10 to 20 mm) and large (> 20 mm).?33 Findings
indicative of cardiac compression may precede the clinical
manifestations of the tamponade and configure an emergency
situation. In this context, pericardial puncture guided by
echocardiography may alleviate hemodynamic impairment
and save lives.??3 Such procedure can be performed safely
in centers with experience, avoiding radiation associated
with fluoroscopy and/or cost of surgery, which makes
pericardiocentesis guided by echocardiography the procedure
of choice.?** Individuals with chronic or recurrent pericardial
effusion, not responsive to the proposed clinical treatment,
may be referred for elective pericardial drainage after serial
evaluation. The spectrum of echocardiography utilization in
pericardial disease also includes congenital defects, trauma,
neoplasia, cysts, CT after radiotherapy and the differential

Table 42 — Recommendations of the echocardiography in patients with intracardiac masses and tumors

Recommendation

Class of recommendation Level of evidence

Assessment of individuals with clinical suspicion (signs and symptoms) or patients with conditions | C

predisposing to cardiac tumors

Carriers of malignant neoplasia with high risk of cardiac involvement

Evolutionary follow-up after surgical removal of cardiac tumors with high potential for recurrence (such as

myxomas)

TTE for complementary anatomical and functional assessment in cases in which TTE was not definitive |

TEE for complementary intraoperative assessment

3D echocardiography to search for additional anatomical information not seen in 2D TTE |

Use of echocardiographic contrast for differential diagnosis and vascularization analysis

Patients with direct relatives with family history of myxoma

Patients whose results of the examination findings will not imply in therapeutic decision

| C
| C

C
| C

C
lla B
lla B
1l C

TEE: transesophageal echocardiography; TTE: transthoracic echocardiography; 3D: three dimensional; 2D: two dimensional.
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Table 43 — Recommendations of the echocardiography in pericardial diseases

Recommendation

Class of recommendation Level of evidence

Clinical suspicion of pericardial effusion | C
Serial studies for evaluation of recurrent stroke | C
Assessment after radiotherapy (five years in patients at high risk for cardiotoxicity and ten years | c
in others)

Suspicion of constrictive pericarditis, early detection of constriction or differential diagnosis with | B
restriction

Suspected cardiac tamponade (chest trauma, cardiac surgery, iatrogenic perforation in cardiac

catheterization or electrophysiological study, rupture of the ventricular wall after myocardial | C
infarction and aortic dissection)

Suspected pericardial cyst, pericardial mass or pericardial agenesis | C
Monitoring of pericardiocentesis I B
Serial studies to assess the effect of treatment on stroke lla C
Routine examination for small effusions in hemodynamically stable patients 1l C
Investigation of pericardial thickening without repercussion Ml C

diagnosis between constrictive pericarditis and restrictive
cardiomyopathy. In this differentiation, findings compatible
with constriction are: exacerbated decrease (> 25%) in
the E-wave velocity of the mitral flow in the first beat after
inspiration, normal tissue Doppler mitral annular velocity (e’
> 7 ¢cm/s) and annulus paradoxus (e’ septal > e’ lateral).?*?

10. Systemic Diseases

10.1. Introduction

The indication of echocardiography in systemic diseases
depends on the prevalence of associated heart disease,
the characteristics peculiar to cardiac involvement in
each situation and the clinical suspicion of cardiac
involvement.?** For example, examination is mandatory
in individuals with systemic diseases potentially causing
restrictive cardiomyopathy that show signs and symptoms
of heart failure in clinical evolution. Some systemic diseases
for which the indication of the examination should be
considered are as follows.

10.2. Chronic Renal Failure

Morphophysiological changes in LV (such as hypertrophy,
dilatation, systolic and diastolic dysfunction) are common in
patients with end-stage renal disease and predict a worse
prognosis.?**2% International guidelines recommend TTE for
all dialysis patients one to three months after the initiation
of renal replacement therapy and at three-year intervals
thereafter, despite the symptoms.?*

10.3. Amyloidosis

It is a common cause of restrictive cardiomyopathy
and may be familial (transthyretin) or nonfamiliar (primary
or light chain). Cardiac involvement due to amyloid
deposition may lead to some suggestive echocardiographic
findings: thickening and increased echogenicity (“granular”
appearance) of the LV walls (especially in the absence of
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arterial hypertension), biatrial dilatation, thickening of the
valves and interatrial septum, diastolic dysfunction (grade
Il and 1), small pericardial effusion, prominent decrease
in longitudinal strain in the basal and mid LV segments
(“sparing” the apical segments), and later systolic dysfunction
with LVEE¥0

10.4. Sarcoidosis

It is important to investigate the presence of cardiac
involvement in sarcoidosis (granulomatous disease of unknown
origin), as this is a potentially fatal condition. Among the
various echocardiographic findings that may be found, we
have: dilated cardiomyopathy, restrictive cardiomyopathy,
segmental contractility alterations that do not obey the
classic coronary territorial distribution, basal septum akinesia,
inferolateral aneurysm and abnormal thickness of the septum
(thickening or thinning).>*'

10.5. Neoplasias

The echocardiography can detect silent pericardial metastases
in some types of neoplasia (such as breast and lung) and monitor
the cardiotoxic effect of chemotherapeutic agents.?*?

10.6. Autoimmune Diseases

The test may diagnose lupus-associated cardiac
manifestations, such as pericardial effusion and sterile
vegetations, systemic sclerosis, such as pulmonary hypertension,
or rheumatoid arthritis, such as valve abnormalities.?*

11. Diseases of The Aorta, Pulmonary
Artery and Veins

11.1. Aorta

The evaluation of the aorta is routine in the TTE, since it
allows to examine some of its segments, mainly the aortic
root and the proximal portion of the ascending aorta, affected
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in numerous affections. The root of the aorta is formed by
the aortic ring, the sinuses of Valsalva and the synotubular
junction. The descending aorta and the proximal abdominal
aorta can be evaluated at the suprasternal and subxiphoid
sections, respectively.’*2%3 However, the TTE should be
considered a screening test, with limitations, since it does
not allow the analysis of all segments of the aorta, such
as the aortic arch and the distal descending. In this case,
it is necessary to use other imaging methods such as TEE,
computed tomography or magnetic resonance imaging.'>*2+
The TEE allows the realization of excellent resolution images
due to the proximity of the esophagus to the thoracic aorta.
Despite the multiplanar sections offered, a small segment
of the ascending aortic junction with the aortic arch is not
visualized due to the interposition of the trachea.'™ The
precise diagnosis of acute aortic syndromes, such as aortic
dissection, intramural hematoma, penetrating ulcer and
rupture of aortic aneurysms, is fundamental in the therapeutic
strategy to be adopted. In unstable patients with suspected
acute aortic syndrome, the imaging modality chosen will
depend on local availability and expertise. In general, TTE is
performed as an initial investigation (class 1), complemented
with TEE and/or tomography (both class I). The TEE shows
good accuracy, mainly in the exclusion of artifacts caused by
reverberations of the anterior wall of the LA and the pulmonary
artery.?** Depending on the clinical suspicion, the diagnostic
investigation should proceed with two or more imaging
examinations due to the possibility of false negatives.**

11.2. Pulmonary Artery

The trunk of the pulmonary artery and the initial portion of
the pulmonary branches can be assessed to TTE. TEE is more
accurate, allowing a greater examination of the pulmonary
artery and its branches, which allows a better appreciation
of thrombi in the proximal territory of the pulmonary artery.
Dilations of these vessels can also be diagnosed. Pulmonary
artery dilatations are uncommon lesions and may be associated
with different etiologies, such as congenital heart diseases,
systemic vasculitis, collagenosis, infections and traumas.

11.3. Veins

Anomalies of the superior and inferior vena cava can be
diagnosed by TTE and/or TEE. The presence of thrombi in
these pathways and the extension of tumors into the right
cavities can be evaluated. TEE is particularly useful for the
identification of thrombus or vegetation in the superior
vena cava in patients with long-stay catheters and in cases
of pulmonary vein stenosis after AF or atrial flutter ablation
procedures. The persistence of the left superior vena cava
should be suspected in the presence of dilated coronary sinus
and the diagnosis can be made using intravenous injection of
agitated saline solution, which will first contrast the coronary
sinus and then the right cavities. In this case, it is important
to emphasize the need to exclude anomalous drainage of the
left pulmonary vein via the vertical vein.?%

12. Intraoperative Echocardiography in

Cardiac and Non-Cardiac Surgeries

12.1. Introduction

Intraoperative echocardiography is a technique for
monitoring cardiac and non-cardiac surgeries that allows a
rapid and real-time assessment of anatomic and functional
cardiac features (global and segmental function, valvular
function, volume and vascular resistance), aortic and
phenomena with embolic potential.?*>* In non-cardiac
surgeries, clinical information obtained by intraoperative
echocardiography is often complementary to data provided
by other hemodynamic monitoring devices (e.g., central
venous catheter, pulmonary artery catheter, or arterial
line).2#724 In the case of cardiovascular surgeries, the
intraoperative echocardiography can also contribute with
real-time dynamic information and images of the cardiac
structures to plan, guide and evaluate the immediate result
of the surgical intervention.?°

12.2. Modalities of Intraoperative Echocardiography

A) Transesophageal: most widely used in open, minimally
invasive or percutaneous cardiac surgeries, as well as in
non-cardiac surgeries. It has the advantage of not entering
the sterile field and of not disturbing the surgical procedure,
allowing continuous monitoring. It is a relatively safe modality
when performed by properly trained professionals. The
contraindications are the same as for the conventional TEE.
In young children, the use of intraoperative TEE should be
considered on a case-by-case basis, based on the unique risks
of these patients (e.g., bronchial obstruction).?*®

B) Epicardial or epiaortic: are an alternative for monitoring
open heart surgeries in which there is absolute or relative
contraindication of manipulation of the esophagus, or blood
dyscrasia. In these embodiments, the linear or sectoral
transducer is wrapped in a sterile cap and applied directly
over the heart or aorta. The epiaortic technique is a very
important tool in patients with advanced atheromatous
disease, since it allows the choice of a suitable site for
cannulation and aortic clamping.?*

C) Transthoracic: may be considered as a monitoring
alternative for percutaneous or non-cardiac procedures
that are performed with superficial sedation, or in cases in
which the patient has absolute or relative contraindication of
esophageal manipulation. In this modality, the examination
can be performed serially during the procedure, or at specific
times as needed (e.g., in cases of hemodynamic instability, to
guide endomyocardial biopsy).

D) Intracavitary: little used, more restricted to percutaneous
procedures.

12.3. Recommendations in Cardiac and Thoracic Aorta
Surgery

The main objectives of the use of intraoperative
echocardiography in cardiac and thoracic aorta surgeries are:
to confirm and refine the preoperative diagnosis; to detect
new or unsuspected morphophysiological alteration; adjusting
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Table 44 — Recommendations of the intraoperative echocardiography in cardiac and thoracic aorta surgeries

Recommendation

Class of recommendation Level of evidence

Adults submitted to cardiac or thoracic aorta open-chest surgery (e.g., valve plasty replacement, structural,

mass resection, correction of aortic dissection or aortic aneurysm) : B
Adults undergoing minimally invasive cardiac surgery | B
In young children undergoing open or minimally invasive cardiac surgery, the indication should be

considered case by case according to the risks of intraoperative echocardiography in the pediatric | B
population (e.g., bronchial obstruction)

Placement and adjustment of ventricular assist devices | B
Myocardial revascularization surgery when there is left ventricular systolic dysfunction lla B
In case there is a trained professional available, three-dimensional echocardiography should always be | B

used for valvular (aortic and mitral regurgitation), structural and mass resection procedures

the surgical or anesthetic plane according to the findings; to
guide the positioning of cannulae or devices; to evaluate the
presence of air, masses and thrombi in cardiac cavities and
their embolic potential; to evaluate segmental and global left
ventricular function and cavitary pressures; and to evaluate
the immediate outcome of the intervention.?*#2424 The main
recommendations in this scenario are in the Table 44.

12.4. Recommendations in Non-Cardiac Surgeries

The main objectives of intraoperative echocardiography in
non-cardiac surgeries are: to assess volume status and fluid
response; to estimate vascular resistance and cavitary pressures;
to evaluate function of the ventricles (global and segmental)
and valves; and to investigate special issues according to the
clinical status and the type of intervention.?**24>2% The main
recommendations in this scenario are found in Table 45.

13. Echocardiography in Percutaneous
Interventions

13.1. Introduction

In general, cardiac interventions through cardiac catheterization
have developed with the support of the echocardiographic

image, especially by the transesophageal route. Its use in daily
practice is increasingly frequent, in view of the development
of techniques and technologies for the treatment of diseases
previously only corrected by the conventional surgical procedure.
In addition, there was remarkable progress in the diagnostic
capacity of echocardiography, mainly due to the improvement of
the image quality and the advent of the 3D image, obtained by
TTE and TEE. The examination has practically no contraindication
and allows the early identification of potential complications.
There is no randomized study for non-use of echocardiography
during procedures, and some are limited to the use of thoracic,
esophageal or intracardiac modalities. Therefore, in relation to
interventional procedures, indication of echocardiography use is
in principle class I, level of evidence C, a fact already recognized
in the literature.?* In some examinations, it becomes necessary
as well as essential, since the X-ray (XR) image is insufficient to
perform the procedure, and sometimes even expendable. The
role of echocardiography in major interventional procedures
follows below.

13.2. Follow-up of Interventions in Congenital Heart
Diseases

A) Atrial septostomy: also known as Rashkind procedure.

Table 45 — Recommendations of the intraoperative echocardiography in non-cardiac surgeries

Recommendation

Class of recommendation Level of evidence

Intraoperative echocardiography may be indicated for the monitoring of non-cardiac surgeries if the
patient is suffering from severe cardiovascular disease and/or the planned procedure may result in severe | B

hemodynamic, myocardial, pulmonary or neurological impairment

Large vascular surgery (usually in open abdominal aortic repair surgeries)
Liver transplantation

Pulmonary transplantation

Renal tumor resection

Surgery of trauma

Neurosurgery

Orthopedic Surgeries

Laparoscopic surgeries

lla
lla
IIb
IIb
lla
IIb
IIb

W W W W W W W w
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The septostomy is performed by balloon in a population in
which the TTE allows an optimal visualization of the atrial
septum and of the catheter, guiding in an appropriate way and
evaluating the immediate result and eventual complications.
The use of TEE is usually unnecessary, and also impracticable,
due to the lack of adequate probes. In this case, even the XR
scoping can be discarded.

B) Procedures for occlusion of atrial septal defects:
there are devices for occlusion of defects of the atrial septal
defect, ostium secundum, as well as patent foramen ovale.
The examination can be performed in both, mainly TEE or
intracardiac echocardiography, where it is possible to assist in
the choice of the device, its positioning, immediate result and
rapid identification of complications. TTE may be preferable
to TEE in selected patients.>"

C) Procedures for occlusion of ventricular septal
defects: TEE should be performed to better understand
the anatomical aspects, the procedure itself and possible
complications. Acquired ventricular septum defects, such
as those after trauma or after acute infarction, may also be
treated with the aid of echocardiography, presenting the
same value in the procedure.

D) Procedures for occlusion of ductus arteriosus
persistence: in this situation, echocardiography is disregarded,
since catheterization during the procedure is usually
sufficient for success.

13.3. Electrophysiology Procedures

The echocardiography mainly supports the procedure
of puncture of the atrial septum, usually through TEE, or
alternatively by intracardiac echocardiography. In the procedure
of ablation or implantation of pacemaker the echocardiography
is dispensable, since the electrical mapping provides the
necessary information. In the presence of complications, such
as perforation of a chamber with pericardial effusion and
tamponade, the echocardiography is normally requested.

13.4. Alcoholic Ablation in Hypertrophic Cardiomyopathy

One of the treatments for symptomatic patients consists
of alcohol ablation of the segment where there is a greater
degree of hypertrophy and related to intraventricular
obstruction in its exit pathway. TTE is more used, and there
is no restriction on the use of TEE. Prior to alcohol infusion,
the septal artery is catheterized and a solution is infused. At
this time, the echocardiography should assess whether the
contrast-enhanced myocardial segment corresponds to the
portion of the myocardium associated with the obstruction and
if it does not occur in all transmurality of the segment, which
is undesirable. The Doppler study estimates the gradient of
obstruction and also the degree of mitral regurgitation. After
alcoholic ablation, we repeat the measurement of gradients
and mitral regurgitation, whose falls indicate successful
treatment, and possible complications are investigated.

13.5. Left Atrial Appendage Occlusion

An alternative, when it is impossible to carry out adequate
anticoagulation in patients at high risk for atrial arrhythmia
embolism, is occlusion of the left atrial appendage. TEE is

mandatory in this treatment the, as it not only helps the
transseptal puncture, but also allows adequate appenddage
measurements, which select the dimensions of the occluder
device. Still in the room, the TEE guides the procedure,
confers its result and makes it possible to diagnose
complications.

13.6. Treatment of Heart Valves

A) Percutaneous treatment of mitral regurgitation:
among the several treatments proposed, the only one that
is commercially available is Mitraclip®. In this treatment
there is a mimicry of the Alfieri surgery, where there is the
formation of a double mitral orifice. To do so, a metallic clip
is inserted through the vein, which advances to the LA after
puncture of the atrial septum and is positioned so as to reduce
severe mitral regurgitation. In this case, no step is performed
without the TEE, considering that the 3D image provides better
understanding of the procedure.

B) Balloon catheter mitral valvotomy: the use of balloons
for the treatment of severe rheumatic mitral stenosis is a safe
and efficient alternative. The echocardiography prior to the
procedure provides information that can predict the chance
of success.?>?53 In the intervention, the TEE is preferable,
and the morphological aspects of the mitral valve should be
reviewed. During the inflation of the balloon (or balloons),
the echocardiography allows to detect proper positioning.
Immediately after the procedure, measures are performed
with the objective of evaluating the success of the procedure
and the complications that may have occurred.

C) Balloon catheter aortic valvotomy: the use of this therapy
is currently safeguarded as the last alternative for the treatment
of aortic stenosis or as a bridge to compensate for the clinical
condition and subsequent implantation of a prosthesis via
cardiac catheterization or surgery. The echocardiography can
be used to evaluate immediate results and complications.

D) Transcatheter implant of aortic valve prosthesis: the
indication of the percutaneous implantation of aortic valve
prosthesis is conditioned to clinical and morphological
aspects of the aortic valve. It is necessary to diagnose severe
aortic stenosis prior to the procedure, as well as the analysis
of the aortic complex, which selects the size of the most
appropriate device for the procedure, directly related to
its success. The preference is for the use of TEE, especially
with 3D image. During the procedure, it is necessary to
review the severity of valve stenosis by measuring the
gradients and estimating the effective flow orifice. Still,
measurement of the aortic complex and especially of the
area/perimeter of the aortic ring, performed only through
the 3D echocardiography is necessary. The value obtained
is optimally related to tomography measurements that are
usually used to select the device.?** Whether femoral or
transapical, monitoring of the arrival of the prosthesis to
the aortic valve is performed, as well as the aid of the ideal
positioning, prior to its opening. After implantation, the
TEE should provide data on adequate prosthesis expansion,
presence and degree of prosthetic and/or paraprosthetic
regurgitation. Complications of the procedure are part of
the echocardiography investigation.
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13.7. Treatment of Prosthetic Dysfunction

A) Valve in valve: The term “valve in valve” means the
implant of a prosthesis via a catheter over a dysfunctioning
bioprosthesis. It can be made in prostheses in aortic and mitral
position, the latter only by transapical way. The monitoring
during the process of arrival of the prosthesis, its implant and
the identification of complications must be done by the TEE.

B) Occlusion of paraprosthetic regurgitation orifices: one
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Ecocardiographic Evaluation of Mitral Insufficiency in Patients with
Hypertrophic Cardiomyopathy

Avaliacao Ecocardiografica da Insufici€ncia Mitral em Pacientes com Cardiomiopatia Hipertrofica

Marina Braga Oliveira, Angélica Fonseca Noriega, Jéssica Richard Miranda, Gabriel Andrey Ricci,

Bruna Basaglia, Maria Beatriz Marques Ribeiro, Marina Bragheto Oliveira, Jamil Ali Murad Junior

Servigo de Ecocardiografia do Hospital de Base, Faculdade de Medicina de Rio Preto, Sao José do Rio Preto,SP; Departamento de Clinica
Médica e Cardiologia da Faculdade de Medicina Uniao das Faculdades dos Crandes Lagos, Sao José do Rio Preto, SF, Brasil.

Abstract

Background: Hypertrophic Cardiomyopathy (HCM) is a genetic disease that affects thousands of people around
the world.

Objectives: The present study aims to evaluate the presence of mitral regurgitation in patients with HCM, as well as its
relationship with left ventricular Doppler echocardiographic variables. The mitral valve failure found in these patients is
an extremely important finding, since it is able to predict the survival and mortality rate of the patients affected by HCM.

Materials and Methods: All echocardiograms performed from 2006 to 2016 in the echocardiographic service of Hospital
de Base de Sao José do Rio Preto were evaluated. A total of 112,930 tests were gathered, of which those with HCM
diagnosis or wall thickness >15 mm were selected and 132 patients were included in the analysis.

Results: Moderate and major mitral valve regurgitation is present in 25% and 5.3% of the patients, respectively, and MRI
is independently correlated with the obstructive form of HCM.

Conclusion: Mitral regurgitation is a frequent finding in patients with CMP, however, significant Ml is extremely
uncommon and is correlated with the obstructive form of the disease.

Keywords: Cardiomyopathy, Hypertrophic; Mitral Valve Insufficiency; Echocardiography.

Resumo
Fundamentos: A cardiomiopatia hipertréfica é uma doenca de origem genética, que afeta milhares de pessoas em todo o mundo.

Objetivos: Avaliar a presenca de regurgitacdo mitral em pacientes com cardiomiopatia hipertréfica, bem como sua relacdo com varidveis
ecodopplercardiogrdficas do ventriculo esquerdo. A disfuncao de valva mitral encontradas nesses pacientes mostra-se um dado de extrema
relevancia, visto que é capaz de predizer a sobrevida e a taxa de mortalidade dos enfermos acometidos pela cardiomiopatia hipertrofica.
Meétodos: Foram avaliados todos os ecocardiogramas realizados no periodo de 2006 a 2016 no servigo de ecocardiografia do Hospital de Base
de Sao José do Rio Preto, sendo o total de 112.930 exames. Foram selecionados aqueles com diagndstico de cardiomiopatia hipertréfica ou
espessura parietal > 15 mm, e incluidos na andlise 132 pacientes.

-

Resultados: Regurgitacao valvar mitral de grau moderado e importante esteve presente em 25% e 5,3% dos pacientes, respectivamente, sendo
& te} 5 O '’

que a regurgitacao mitral esteve independentemente correlacionada com a forma obstrutiva de cardiomiopatia hipertréfica.

Conclusdo: A regurgitacao mitral é achado frequente em pacientes com CMP no entanto, a insuficiéncia mitral importante é extremamente

incomum e estd correlacionada com a forma obstrutiva da doenca.

Palavras-chave: Cardiomiopatia Hipertréfica; Insuficiéncia da Valva Mitral; Ecocardiografia.
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Introduction

Hypertrophic cardiomyopathy (HCM) was described in
1958 by pathologist Donald Teare from the analysis of eight
cases of sudden death, representing a pattern of asymmetric
ventricular hypertrophy.” Itis an autosomal-dominant disease
caused by 50 mutations isolated in genes involved in the
coding of proteins present in the cardiac sarcomere.? More
than seven genes may be involved in the etiology of the
disease and are responsible for the coding of cardiac troponin
T, tropomyosin, myosin binding C protein, essential myosin
light chains and regulatory myosin, cardiac troponin | and
cardiac actin.?

This disease is considered relatively common in the
population, with prevalence of 1:500, affecting both men
and women, equally.*

HCM usually has a benign and asymptomatic course.” Some
patients may develop secondary complications and evolve
to sudden death. It is reported in the statistics as the leading
cause of death among young people and athletes under 35.°
Symptoms prevail between the second and fourth decade of
life and are more severe when older patients are affected.”

Notably, HCM was defined in the echocardiographic study
by the presence of maximum left ventricular wall thickness
=15 mm in any left ventricular segment. However, analyzing
the different types of HCM, there was a predominance of
the septal form (88% to 90%); the mid-ventricular and lateral
(11.3%) forms were the least found.? The range of disorders
contributes to left ventricular diastolic function damage.
Such changes lead to increased left ventricular end-diastolic
pressure and symptoms of heart failure associated with
reduced exercise tolerance.

The first test recommended for patients with suspected
HCM is the 12-lead electrocardiogram. Conditions like
T-wave abnormality, ST-segment, left ventricular overload
criteria, as well as pathological T-waves® are observed in 94%
of suspected patients.

Transthoracic echocardiography is of significant importance
in the diagnosis and follow-up of HCM, as it is capable
of identifying the presence of structural and functional
disorders. The main parameters analyzed include: cavity
dimensions; hypertrophy site; evaluation of intraventricular
gradient, mitral systolic anterior motion, mitral regurgitation;
and diastolic function. Also, Doppler echocardiography is
capable of differentiating nonobstructive and obstructive
forms of the disease.>

HCM also affects other cardiac structures, such as the
entire mitral valve apparatus. It is possible to identify, in 45%
of obstructive cases, that the anterior leaflet of the mitral valve
is elongated or anomalously inserted directly into the papillary
musculature.’ As a result, an abnormality is seen in the left
ventricular outflow tract and a pressure gradient develops.”'®
As a consequence, there are several abnormalities of the mitral
valve cusps. There is an abnormal systolic anterior motion
(SAM) of the anterior cusp. The SAM can be classified as mild
(approximation between the cusp and the septum but no
contact), moderate (presence of slight contact between the
cusp and the septum) or severe (contact greater than 30% of
echocardiographic systole).'®
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Major mitral regurgitation (MR) may be present in up
to 10-20% of the cases, probably due to anterior systolic
movement (ASM) of the anterior cusp with coaptation failure.

In this context, evaluating the presence of major MR
implies worse prognosis because it correlates with greater
ventricular and valvular abnormality. This study aims to assess
the presence of MR in a sample of HCM patients and to
correlate this condition with the degree of valve involvement.

Methods

Retrospective study conducted by reviewing an online
database of 112,930 echocardiographic scans performed
from 2006 to 2016 at the echocardiography service
of a tertiary hospital specializing in the treatment of
cardiomyopathies, the echocardiography service of which
was a reference in the state of Sao Paulo, with a flow greater
than 10,000 tests per year, with a registry base of more than
180,000 tests on file (Figure 1).

Inclusion criteria were diagnosis of HCM with wall
thickness greater than 15 mm in the absence of other causes
of ventricular hypertrophy, such as hypertension, valvular
or primary myocardial cardiomyopathy, and significant
coronary disease. The 132 patients who met the criteria
were divided into two groups: Group A (n=92) with none
or mild mitral regurgitation (grade zero and 1) and Group
B (n=40), with moderate or severe mitral regurgitation
(grades 2 and 3). Left ventricular and left atrial demographic
and morphofunctional variables, pulmonary artery systolic
pressure (PSAP), obstructive form of HCM, LVOT gradient and
greater wall thickness were evaluated (Table 1).

All patients underwent transthoracic echocardiography to
assess the degree and extent of hypertrophy and the severity
of mitral regurgitation. LVOT gradient was determined
by acquiring LVOT velocity using the Bernoulli equation
(peak gradient=4v?). The severity of mitral regurgitation was
estimated according to the current guidelines, based on the
MR jet area, vena contracta, regurgitant orifice area and
pulmonary venous flow reversal. All cases were evaluated by
more than one echocardiographer.

Statistical analysis

The statistical analysis was performed with the Statistical
Package for Social Science (SPSS) software, version 23.
Categorical variables were expressed as number and
percentages and continuous variables as median and
interquartile range or mean and confidence interval
according to their distribution. The groups were evaluated
separately, determining which variable was significantly
different. Then, linear regression analysis was performed
involving the different variables and the degrees of MR.
Comparative analysis between groups was performed
using Fischer’s exact test for categorical variables and
Mann-Whitney’s and Kruskal Wallis’ nonparametric test for
numerical variables.

The relationship between the significantly different variable
(obstructive form) and the degree of MR was tested by linear
and multiple regression.



Oliveira et al.
Mitral Regurgitation and Hypertrophic Cardiomyopathy

Original article

Transthoracic echocardiograms 2006-2016
(n=112,930 tests)

Hypertrophic cardiomyopathy
Asymmetric septal hypertrophy IC
LV wall thickness > 15 mm

Group A - None or mild M
(n=92)

Hypertrophic cardiomyopathy
(n=132 tests)

SAH (20)

Primary valvopathy (10)

Non-HCM cardiomyopathy (5)
Known coronary artery disease (8)

—

Group B - Moderate or major MI
(n'=40)

Comparative morphofunctional analysis
of LV and LA

LV: left ventricle; IC: Inclusion criteria; EC: Exclusion Criteria; SAH: systemic arterial hypertension; HCM.: hypertrophic cardiomyopathy; MR: mitral regurgitation;

LA: left atrium.

Figure 1 - Methodology adopted for this study.

Results

Analyzing a population sample of 132 patients diagnosed
with hypertrophic cardiomyopathy, it was found that mitral
regurgitation of any severity degree was present in 84.3%
(n=112) of HCM patients, with 54.5% of mild degree (n=72),
25% of moderate degree (n=33) and 5.3% (n=7) of major
degree (Figure 2).

According to the degree of mitral valve involvement,
patients were categorized into the following groups: Group
A — Mitral regurgitation grade 0 and 1, and Group B —
Mitral regurgitation grade 2 and 3. Group B and A differed
significantly only as to the obstructive form (22.5% vs. 2.2%,
p<0.001) and moderate or major left atrial enlargement
(57.1% vs. 26.1%, p<0.001) (Table 2).

No significant statistical association with the other data
analyzed was observed in this population sample (p>0,05).
These include age, association with the male sex, Left atrium
diameter (LAD), Left ventricular diastolic dysfunction (LVDD),
Left Ventricular Systolic Debt (LVSD), Interventricular septum
(IVS), left ventricular posterior wall (LVPW), S/P ratio, fractional
shortening (fenc), LVEF, grade 2 or 3 diastolic dysfunction,
LVOT, right ventricular hypertrophy) (RVH) or Right Ventricular
Systolic Pressure (RVSP) gradient.

Discussion

Diagnosis of HCM, defined as the presence of increased
LV wall thickness not associated with abnormal loading
conditions, is based on the detection of =15 mm thickness
in one or more LV segments by any imaging test, such as
echocardiography, cardiac magnetic resonance imaging or
computed tomography. However, due to the diverse etiology
of the disease, laboratory tests and genetic analysis can be
performed.

Echocardiography is considered an indispensable method
to distinguish between the obstructive and non-obstructive
forms of HCM, as well as to evaluate the mechanisms that
cause obstruction. Consequently, M-mode echocardiography
revealed that flow restriction does not result from muscle
constriction,' but is determined by the close interaction
between the interventricular septum, mitral valve and flow
vectors originating in the ventricular cavity.” HCM can be
considered obstructive in the presence of a systolic gradient
greater than 30 mmHg at rest; values greater than 50 mmHg
turn out to be hemodynamically important.

Contact between the anterior valve leaflet and the septum
is related to the anterior displacement of the papillary muscles
and the valve apparatus, favoring a reduction of the LVOT area.?
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Table 1 - Echocardiographic variables analyzed.

Left atrium

LA anterior-posterior diameter
Presence and degree of LA enlargement
Left atrial volume (Simpson)

LA volume index

Left ventricle

LV end-diastolic diameter

LV end-systolic diameter

LV interventricular septum thickness
LV posterior wall thickness

LV shortening fraction

LV ejection fraction

Presence of LV diastolic dysfunction
Degree of LV diastolic dysfunction
Greater LV wall thickness

LV hypertrophy standard

Presence of LV gradient — LVOT at rest
Presence of LV mid-ventricular gradient

Minimum LVOT gradient

Presence and degree of mitral regurgitation

Right ventricle

Presence of RV hypertrophy

RV systolic pressure

LA: left atrium; LV: left ventricle; LVOT: left ventricular outflow tract.

The presence of LVOT obstruction and mitral regurgitation
occur simultaneously due to the mitral valve ASM, which
begins in the rapid left ventricular ejection phase. Therefore,
in most patients with obstructive HCM, the degree of mitral
regurgitation is dependent on ASM.2-24

Previous studies have reported a direct relationship
between the presence of LVOT obstruction and the degree
of mitral regurgitation. Previous disagreements related to the
severity of mitral regurgitation and left ventricular pressure
gradient are due to the absence of diseases associated with
the leaflets, annulus and papillary muscles of the mitral valve
apparatus. In the treatment of patients with obstructive HCM
and mitral regurgitation resulting from ASM, myectomy
promotes reduced severity of mitral regurgitation.

The finding of mitral regurgitation resulting from valve
failure was frequent in patients with obstructive HCM and
is directly associated with ASM. However, severe MR is an
uncommon finding in HCM, as it is more common in cases
of mild/moderate MR. Thus, data obtained in the study were
consistent with literature references.

Therefore, transthoracic echocardiography has proven decisive
in the diagnosis, follow-up and in the perioperative management
of patients with mitral regurgitation associated with HCM.

Conclusion

Major mitral regurgitation is uncommon in patients with
hypertrophic cardiomyopathy, where mild and moderate
forms prevail. Besides, the obstructive form of the disease
correlated significantly with the finding of mitral regurgitation.

Authors’ contributions

Research creation and design: Oliveira MB, Noriega AF,
Miranda JR, Ricci GA, Ribeiro MBM, Oliveira MB, Murad
Jr AJ. Data acquisition: Oliveira MB, Miranda JR, Ricci GA,

60.00% -
50.00% 4
40.00% -
30.00% 4
15.20%
20.00% 4

10.00% -

25%

5.30%

0.00% +

No MR Grade 1

Grade 2 Grade 3

MR: mitral regurgitation.

Figure 2 - Presence and degree of mitral requrgitation in HCM patients.
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Table 2 - Baseline characteristics in the total group (n=132) and comparison between group A (n=92) and group B (n=40).

Variables Total (n =132)
Age 53 (41-56)
Male 76 (57.6)

LAD 42.5 (38-48)
Moderate/major LA enlargement 47 (35.1)
LvDD 46 (41-50)
LvSD 26 (23-30)

IS 18.75 (17-21)
LvPW 11(9.25-12)
S/P ratio 1.68 (1.46-2)
Fenc 41 (36-46)
LVEF 715 (65-78)
Diastolic dysfunction grade 2 or 3 16 (11.9)
Obstructive form 11(8.2)

LVSD gradient 73 (44-103.75)
LVH 5(3.8)

RVSP 42 (29-50.5)

MR grade 0 or 1 MR grade 2 or 3 P value
50 (37-64.75) 55.5 (48.5-68) 0.092
58 (63) 18 (45) 0.059
42 (38-46.75) 44.5 (36.5-49) 0.317
24 (26.1) 23 (57.5) 0.001
46 (42-50) 44 (37.25-50.75) 0.38
27 (24-30) 25 (17.25-21.75) 0.264
18 (16.25-20) 20 (17.2-21.7) 0.058
11(9-12) 11 (10-14) 0.119
1.7 (1.46-2) 1.64 (1.36-2) 0.559
40 (35-46) 42.5 (36.2-48) 0.168
71 (65-77) 74 (65.2-79) 0.167
9(9.8) 7(175) 0.706
2(2.2) 9 (22.5) <0.001
44 (41-60) 92 (62.5-111) 0.078
3(3.3) 2(5) 0.639
38 (27.7-43.7) 46 (31-51) 0.184

MR: mitral regurgitation; LA: left atrium; LVEF: left ventricular ejection fraction; LVOT: left ventricular outflow tract.

Basaglia B, Oliveira MB, Murad Jr AJ. Data analysis and
interpretation: Oliveira MB, Noriega AF, Ricci GA, Basaglia B,
Ribeiro MBM, Oliveira MB, Murad Jr AJ. Statistical analysis:
Noriega AF, Miranda JR, Ricci GA, Oliveira MB, Murad Jr AJ.
Manuscript writing: Oliveira MB, Noriega AF, Miranda JR,
Ricci GA, Basaglia B, Ribeiro MBM. Critical revision of the
manuscript for important intellectual content: Oliveira MB,
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PET-CT *¥F-FDG applications in cardiac tumors

Aplicacées da PET-TC “8F-FDG nos tumores cardiacos

Simone Cristina Soares Branddo'?, Luca Terracini Dompieri?
Servigo de Medicina Nuclear, Hospital das Clinicas, Universidade Federal de Pernambuco;’ Faculdade de Medicina, Universidade Federal de

Pernambuco,? Recife (PE) — Brazil.

ABSTRACT

Cardiac neoplasms are divided into primary and secondary.
Secondary neoplasms are 20 to 40 times more common than
the primary ones. Although rare, primary cardiac neoplasms
may be benign or malignant. Benign neoplasms are responsible
for 75% of the cases. The main objectives of cardiovascular
imaging are to define tumor morphology and etiology, identify
potential complications and assist in the establishment of
treatment. For the diagnosis of cardiac neoplasms, positron
emission tomography combined with computed tomography
(PET-CT) with fluorodeoxyglucose-F18 ("*F-FDQ) is a
technique that is still little used, especially in primary cardiac
tumors. However, it can help differentiate between malignant
and benign tumors, thus preventing cardiac biopsies and
unnecessary invasive treatments. For this review, we searched
the PubMed database, considering the publications on this
topic in the past 10 years. PET-CT "®F-FDG is a useful test to
differentiate benign from malignant heart masses according to
the higher degree of glycolytic metabolism found in malignant
neoplasms. Moreover, in malignant tumors, PET-CT "8F-FDG
plays a central role in disease staging and may help assess
treatment response.

Introduction

Cardiac tumors were first described in the 16" century,’
but the first excision of an intrapericardial teratoma was
conducted as late as in 1936.% In 1955, Crafoord, using
cardiopulmonary bypass, performed the first resection of an
atrial myxoma. Surgical removal of cardiac tumors represents
an uncommon yet important cause of cardiac interventions
in large specialized centers."

Cardiac neoplasms can be divided into primary and
secondary. Secondary neoplasms are 20 to 40 times more
common, mostly corresponding to lung, breast, esophagus,
lymphoma, leukemia and melanoma metastases.* Primary
tumors, with an approximate incidence of 0.001 0.03%,
include benign and malignant tumors, with benign tumors
accounting for 75% of the cases.® The main benign tumor is
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myxoma, accounting for half of benign neoplasms in adults.
Among malignant neoplasms, sarcoma is the most prevalent
one, followed by lymphoma.®

Diagnosis

Diagnosis is based on clinical history data, physical
examination findings and complementary cardiovascular
imaging methods.® In recent years, with the progress of non-
invasive methods, there has been a considerable increase in
the number of cardiac tumors diagnosed, incidentally found
in asymptomatic patients as well.*

The main objectives of cardiovascular imaging are to define
tumor morphology and etiology, identify potential complications
and help establishing treatment.® It is essential to define tumor
malignancy before any surgical planning, as many are not
accessible for biopsy through catheter.” For this purpose, many
techniques can be used and are able to identify tumor location,
size and vascularization, and to evaluate hemodynamic
impairment and myocardial or pericardial infiltration.®

Transthoracic Echocardiography (TTE) is the initial modality,
with techniques that can add up to diagnostic information such
as contrast TTE, three-dimensional TTE and strain.® In addition
to TTE, Cardiac Magnetic Resonance Imaging (CMRI) and
Computed Tomography (CT) provide additional information
on myocardial infiltration and tumor tissue characteristics.®

PET-CT *8F-FDG

Recently, Positron Emission Tomography associated with CT
(PET-CT) has been used as a tomographic scintigraphy technique
that provides molecular images corresponding to tumor cell
metabolism.® This method represents progress for the diagnosis,
staging and restaging of tumors, as it detects biochemical
abnormalities even before anatomical abnormalities.® The most
commonly used marker is "F-Fluordesoxyglucose (**F-FDG),
a glucose-like molecule that has a high affinity for malignant
cells. This effect was demonstrated by Otto Warburg in 1931,
comparing glycolytic metabolism of embryonic, normal mature,
carcinoma and sarcoma tissues.®

For the diagnosis of cardiac neoplasms, PET-CT is still little
used, with limited experience in the natural clinical course of
the disease, especially primary tumors. Regarding metastatic
extracardiac cancers, known to be the most common ones,
PET-CT "8F-FDG is an established technique.®

Cardiac uptake of fluorodeoxyglucose

For the correct diagnosis of cardiac neoplasms, consideration
should be given to the physiology and patterns of myocardial
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FDG uptake, which depend on the levels of glucose, free
fatty acids and plasma insulin. In fasting situations, insulin
levels drop, with increased lipolysis in peripheral tissues and
high plasma levels of fatty acid. This decreases glycolytic
metabolism and myocardial glucose uptake/FDG.?

For PET-CT "F-FDG in cancer patients, 6-hour fasting is
recommended to reduce myocardial FDG uptake. However,
even with adequate fasting, it is still difficult to predict
the degree of cardiac uptake suppression, with no clear
correlation with fasting duration and serum glucose level.
Besides the situations mentioned above, certain drugs and
diets may also alter myocardial FDG uptake. For practical
purposes, as the physiological activity of myocardial FDG is
not uniform, it can be defined as absent, diffusely increased
(heterogeneous or not), focally increased (e.g.: in papillary
muscles) or regionally increased.®

When there is no myocardial FDG activity, normal residual
blood pool activity can be viewed. This depends on kidney
function and usually after 1 hour of intravenous FDG injection,
blood pool activity presents Standard Uptake Value (SUV) of
1.5t02.5.°

Differentiation between benign and
malignant tumors

Diagnostic approach of cardiac masses via PET-CT
BE-FDG, especially in the differentiation between malignant
and benign tumors, is a recurring theme of great importance
these days. A search on the PubMed database, considering
publications from the last 10 years, found 39 case reports, >4
three case series, =" two review articles®®? and two
retrospective studies.”>?

The two main studies addressing this theme were
conducted by Rahbar et al.” and Shao et al.* Both aimed to
evaluate the diagnostic value of PET-CT "*F-FDG over CT in
differentiating malignant and benign cardiac tumor masses.”
However, the study by Shao et al. also included pericardial
masses in the analysis.”

Table 1 shows the case reports. Among case series, Kikuchi
etal., in a retrospective analysis of 17 cases, described three
benign tumors (lipoma, fibroma and one benign granular
cell tumor); five diffuse large B-cell lymphomas; seven
secondary tumors; granulocytic sarcoma and spindle cell

sarcoma.’’ In the series reported by Puranik et al., there are
four cases of cardiac metastasis of upper respiratory and
digestive tract tumors. In all reports, cardiac masses were
asymptomatic and were discovered via PET-CT "*F-FDG,
emphasizing the importance of the method in the detection
and staging of malignant tumors.® Elsayad et al. reported
three primary angiosarcomas diagnosed via PET-CT '8F-FDG
and PET-MRI treated with surgery, radiotherapy and adjuvant
chemotherapy.*

Rahbar et al., in their study Differentiation of Malignant
and Benign Cardiac Tumors Using '®F-FDG PET/CT, evaluated
24 consecutive patients with "®F-FDG PET/CT (11 men and
13 women with mean age 59+13), studied before treatment,
between 2004 and 2010. Patients were divided according to
the histological subtype of the tumors, obtained by surgical
resection'® and biopsy,® resulting in primary benign tumors
(n=7), primary malignant tumors (n=8) and secondary
malignant tumors (n=9). Subsequently, they were grouped
together in malignant tumors (n=17) and benign tumors
(n=7), and FDG uptake was compared between the groups to
assess sensitivity and specificity in the diagnosis of malignancy.”

Shao et al., in their study Differentiation of Malignant from
Benign Heart and Pericardial Lesions using Positron Emission
Tomography and Computed Tomography, retrospectively
evaluated 23 patients (14 men and nine women, mean age
55 years, ranging from 16 to 86), including 13 malignant and
ten benign tumors. Sixteen patients had pericardial lesions
and seven intracardiac lesions. Histological diagnosis was
obtained by surgery, pericardiocentesis, lymph node biopsy
or lesion biopsy.*

Image analysis in both studies was conducted similarly.
Firstly, the morphological characteristics of the lesions observed
at CT were evaluated. The study by Rahbar et al. also classified
the lesions as malignant and benign based on CT, according
to pre-established criteria, namely: (1) contrast uptake; (2)
tumor infiltration into the epicardium; (3) irregular tumor
margin; (4) presence of necrosis; (5) presence of pericardial
effusion; (6) tumor involving more than one chamber; and
(7) tumor infiltration into the neighboring tissue. By obtaining
three or more characteristics of these described, the tumor
was classified as malignant at CT.”

In both studies, diagnosis of PET-CT '8F-FDG was based
on the calculation of Maximum Standardized Uptake Value

Table 1 - Case reports published in the PubMed database from 2009 to 2019, of patients with cardiac masses undergoing

F18-fluoroxyglucose PET-CT scans.

SUVmax

Case reports on PET-CT "*F-FDG n Etiolo

P 9y (Mean £ SD)
Lung cancer; melanoma; non-Hodgkin lymphoma; diffuse large B-cell lymphoma (DLBCL);

Metastasis 2152022252633, 3638-41.4346.7.54 19  Squamous carcinomg; rena] carcinoma; adrenocortica_l carcinoma; urothelial carcinoma; adrenal 8.3+10.29
angiosarcoma; thyroid carcinoma; osteosarcoma; Ewing’s sarcoma; pleomorphic sarcoma; -
intravenous leiomyomatosis; pancreatic cancer; Askin’s tumor

Primarym‘ﬂ‘16718‘20,23,24‘28,29‘32‘33,36'39‘42.44‘45‘55 20

Benign'617:%3 3 Myxoma, hemangioma 25+1.65

Malignant!011,18.20:23,24.28,26,32.36-3942.44,45.55 17 Angiosarcoma; lymphoma; sarcomas 12+£7.04

8F-FDG: fluorodeoxyglucose-F18; SUVmax: maximum standardized uptake value; SD: standard deviation; DLBCL: diffuse large B-cell lymphoma.
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(SUVmax) of FDG of three-dimensional volume covering the
tumor mass.”*> This parameter was obtained to compare
FDG uptake between blood pool, normal myocardium
and the tumor. Fasting preparation was performed to keep
physiological myocardial FDG uptake at a low level. Mean
SUVmax was 2.1+0.6 in the normal myocardium; 1.6+0.4
in the blood pool; and 7.5+3.7 in the tumors, ranging from
1.6 to 16.7,7 allowing the differentiation of hypermetabolic
tumors and normal myocardium.

Myocardial masses

Benign

These are the most common primary heart masses.
Although benign, they may have significant symptoms,
depending on their location and size. The main complications
are flow obstruction, arrhythmia, valve dysfunction and
embolism, originating from the neoplasia itself or from
adjacent thrombus.*

The most common mass is myxoma, easily diagnosed on
CT and usually showing little or no FDG uptake.® In addition
to myxoma, lipoma is a well-circumscribed spherical mass,
homogeneously composed of fat and showing no FDG uptake.
However, interatrial septal lipomatous hypertrophy may
present increased FDG activity. In these cases, FDG uptake
(SUVmax) has ranged from 0.48 to 3.48, probably due to the
amount of brown fat that metabolizes FDG.°

In the study by Rahbar et al., among benign tumors (n=7),
glucose uptake was low (mean SUVmax was 2.8+0.6).
These tumors do not usually have positive contrast to normal
myocardium and are only seen on morphological images,” as
shown in Figure 1.

On CT, according to the criteria of malignancy, only one

benign lesion was mistakenly classified as malignant, but it was a
hemangioma located in the epicardial fat near the origin of the left
coronary artery, which had three characteristics of malignancy:
increased contrast, epicardial fat involvement and pericardial
effusion.” However, PET-CT did not show any significant FDG
uptake, thus favoring the diagnosis of benignity (Figure 2).

In the study by Shao et al., establishing a cut-off value of
SUVmax of up to 4.0, benign tumors appeared below this
point, except for one case of active pericardial tuberculosis,
which presented high FDG uptake. In such cases, care must
be taken and clinical examination must be correlated with
PET and CT imaging.>

Among the case reports found, only three involved benign
masses, two hemangiomas and one myxoma.'®'”** As shown
in table 1, mean SUVmax of the lesions was 2.5, with 1.65
standard deviation. In the series published by Kikuchi et al.,
of the 17 cases, three were benign, one lipoma with SUVmax
of 0.9, one fibroma with 6.8 uptake, and one benign granular
cell tumor with 2.6 SUVmax.*!

Primary malignant tumors

Sarcomas are the most common primary cardiac neoplasms
and have high FDG uptake, with angiosarcoma being the
most prevalent entity.’ It tends to appear mainly in the right
atrium, as shown in Figure 3, or in the atrioventricular sulcus.”
However, its identification can be difficult when myocardial
FDG activity is high, and should, therefore, be correlated with
tomographic images.’

In the study by Rahbar et al., according to the CT
morphological criteria, 14 of 17 malignant lesions were
correctly diagnosed, showing 82% sensitivity for CT. Three
malignant tumors were poorly classified as benign on CT: one
liver metastasis of hepatocellular carcinoma, one metastatic

FDG: fluorodeoxyglucose. Source: Image and caption adapted to the Portuguese language — originally published and reproduced according to the JNM standards.

0

Histology

Rahbar K, et al. J Nucl Med. 2012;53(6):856-63. © SNMMI

Figure 1 - Incidental mass in the left atrium of 48-year-old man (yellow arrows) on echocardiography. On PET-CT, no significant fluorodeoxyglucose uptake or distance
injury was seen (full-body image in the middle). Histology: myxoma (in the lower row, to the right).
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Source: Image and caption adapted to the Portuguese language — originally published and reproduced according to the JNM standards. Rahbar K, et al. J Nucl Med.

2012,53(6):856-63.(7). © SNMMI.

Figure 2 - 59-year-old woman with pleural and pericardial effusion and chest pain. CT scan showed left ventricular epicardial tumor (A); cardiac magnetic resonance
imaging showed hyperintense T2-weighted (C) hyperventricular tumor and T1-weighted contrast-enhanced (D) tumor and major pericardial effusion. On PET-CT images
(B), the tumor has low uptake of fluorodeoxyglucose (arrow). Diagnosis: benign tumor (hemangioma).

pancreas adenocarcinoma and one liposarcoma. However, PET
helped correctly classify these masses by the high FDG uptake.”

In PET-CT "F-FDG, the SUVmax of primary malignant
lesions ranged from 5.3 to 10.7, showing an uptake
significantly higher than that of benign lesions (SUVmax =
2.8%0.6), also higher than the normal myocardium (2.1+0.6)
and blood pool (1.6+0.4).” In Shao et al., malignant lesions
had SUVmax above 4.0, a cutoff point that helped correctly
diagnose all malignant lesions.**

In the case reports, of the 17 primary malignant tumors,
SUVmax was described in nine articles only, with mean SUVmax
of 12.0, standard deviation of 7.04, and a predominant etiology
of angiosarcomas, followed by lymphomas and other sarcomas.
In the Kikuchi series, three large diffuse B-cell lymphomas
were observed with SUVmax of 26.6, 29.0, and 22.2, which is
significantly higher than that found in granulocytic and spindle
cell sarcomas, with uptakes of 15.2 and 4.4, respectively.”’
Elsayad et al. addressed three primary angiosarcomas whose
uptake (SUVmax) were 36.0, 8.8 and 17.0.%

Secondary malignant tumors

Secondary heart masses are usually associated with
disseminated metastatic disease.? PET-CT '®F-FDG can identify
the primary lesion with high sensitivity and specificity as
it assesses the entire body and is very useful in differential
diagnosis.” Figure 4 shows a case of disseminated melanoma
with cardiac metastasis.

Arq Bras Cardiol: Imagem cardiovasc. 2019;32(4):309-317

Inlymphoma, PET-CT "®*F-FDG is often used at initial staging
and post-treatment evaluation (Figure 5). Cardiac involvement
is present in 15 to 30% in non-Hodgkin lymphomas, although
any lymphoma may manifest as a primary cardiac injury,
especially in immunocompromised patients.’

Shao et al. showed seven cases of lymphoma and leukemia
correctly diagnosed by PET-CT '8F-FDG.>confirmed by
pathology or on clinical grounds, were analyzed in this study.
All lesions were evaluated semi-quantitatively using maximum
standard uptake values (SUV(max Rahbar et al. showed mean
FDG SUVmax of 10.8%4.9, ranging from 3.4 to 16.7 in nine
cases of secondary cardiac tumors.”

Of the 19 case reports addressing metastatic masses, 12
had the SUVmax measurement, with mean 8.3 and standard
deviation 10.29. The series of four cases published by Puranik
et al. showed asymptomatic metastases from the upper airway/
gastrointestinal tract, esophageal cancer, oral mucosa, tongue and
vallecula. Although they did not report mass uptake, there were
cases in which PET-CT "*F-FDG was of paramount importance in
the diagnosis and choice of therapeutic option, ruling out surgery
as an option and introducing palliative measures.*

Cut-off point of maximum standard uptake value in
cardiac tumor diagnosis by PET-CT ‘F-FDG

Rahbar et al. exposed the established SUVmax values
according to the tumor characteristic on a chart (Figure 6).
Uptake is low in the blood pool and normal myocardium,
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Source: Image and caption adapted to the Portuguese language — originally published and reproduced according to the JNM standards. Rahbar K, et al. J Nucl Med.

2012;53(6):856-63. © SNMMI.

Figure 3 - 48-year-old woman with dyspnea and pleural effusion. Tomography showed right atrium mass (green arrow) and PET-CT showed intense fluorodeoxyglucose
uptake, in addition to multiple bone metastases (lilac arrows on full-body images at the center). Histology (lower right row): primary cardiac angiosarcoma.

Figure 4 - Male, 37 years old, diagnosed in 2016 with melanoma in the right pectoral region. At the time, he underwent surgical treatment with negative sentinel lymph node.
After 3 years, he returns with multiple subcutaneous metastases. Fluorodeoxyglucose-F18 PET-CT was performed for restaging and showed metastases throughout the
body. (A) Full-body images, including focal metastasis in the left ventricular septal apical (arrow) segment (B), with maximum standard uptake value of 8.7. This patient died

30 days after this scan.

and significantly high in malignant primary tumors compared
to the benign ones. Uptake in secondary malignant tumors
is comparable to that of primary malignant tumors, but with
considerably greater SUVmax variation.”

To determine a cut-off point for malignancy determination
using PET-CT "8F-FDG, the study included an analysis using

the Receiver Operating Characteristic (COR) curve, obtaining
SUVmax of 3.5 and reaching 100% sensitivity, 86% specificity
(a benign tumor was misdiagnosed, so it was not 100%),
positive predictive value of 94% and negative predictive value
of 100%. On CT, using four morphological criteria instead
of three, the positive predictive value reached 100%.” On
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Source: provided by Dr. Paulo Almeida — Hospital Portugués, Recife, PE, Brazil.

Figure 5 - 77-year-old man with non-Hodgkin lymphoma who underwent fluordoxyglucose-F18 PET-CT for basal staging (images at the top — PRE) and evaluation of
response during treatment (images at the bottom — POST). In the images during treatment, there is a complete metabolic response of the lesions, with significant reduction

in uptake in cardiac lesions and previously affected lymph node chains.
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Figure 6 — Glucose uptake quantified by fluorodeoxyglucose-F18 PET (standard uptake value) in multiple cardiac, myocardial, and blood tumors. Uptake is low in myocardium
and blood. Uptake in primary malignant cardiac tumors is higher than in benign tumors. Secondary malignant tumors show average uptake comparable to primary malignant

tumors, but with greater variation.

PET FDG, increasing the SUVmax cutoff to 4.6, specificity
increased to 100%, positive predictive value to 100% and
sensitivity to 94%.

Shao et al. concluded that SUVmax of 3.5 to 4.0, or
SUVmax ratio between lesion and blood pool of 1.3 to 2.0
achieved 100% sensitivity, 90% specificity, 95.7% accuracy,
positive predictive value of 92.9% and negative predictive

Arq Bras Cardiol: Imagem cardiovasc. 2019;32(4):309-317

value of 100% for the diagnosis of a malignant cardiac tumor.

Regarding sensitivity, specificity and accuracy in
distinguishing malignant from benign masses, PET-CT "*F-FDG
improved sensitivity and accuracy in differential diagnosis,
while specificity was higher in CT.>* All ten patients with
benign lesions were correctly diagnosed with CT, while PET-
TC "®F-FDG classified one case of tuberculosis as malignant.




Brandao et al.
PET-TC "®F-FDG in cardiac tumors

Review Article

Of the 13 malignant tumors, PET-CT "8F-FDG correctly
diagnosed all of them, while CT did so in ten, misclassifying
a chondrosarcoma, an angiosarcoma and a metastatic
pericardial tumor.

Observing the cut-off points generated in the two
previously detailed studies and establishing the SUVmax
cutoff of 3.5 (7.53)the noninvasive determination of
malignancy and metastatic spread is of major interest to
stratify patients and to select and monitor therapies. In the
diagnostic work-up, morphologic imaging modalities such
as echocardiography or magnetic resonance tomography
offer information on, for example, size, invasiveness, and
vascularization. However, preoperative assessment of
malignancy may be unsatisfactory. The aim of this study was
to evaluate the diagnostic value of (18, most of the masses
described in the case reports and case series would be
correctly diagnosed, with some exceptions — one myxoma
with SUXmax of 5.2'7 and one fibroma with SUVmax of
6.8.>" None of the malignant tumors was below the cutoff
point, although the sample did not correspond to all cases
due to lack of data. This corroborates the findings in the
aforementioned analyses and helps to construct the profile
of cardiac masses in the PET-CT "*F-FDG approach.

Perspectives

PET and MRI are two well-established and widespread
imaging scans for the investigation of cardiovascular diseases.*®
Cardiac MRI provides high-resolution information about
tissue anatomy, morphology, function and characteristics,
while PET shows the physiological processes by labeling
biological compounds with positron-emitting radionuclides.
Itis a noninvasive method for accessing myocardial perfusion,
tumor metabolism and cardiac inflammation/infection.*
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Echocardiographic Evaluation of Pulmonary Hypertension in Children

Avaliacao Ecocardiografica da Hipertensao Pulmonar em Criancas

Karen Saori Shiraishi Sawamura’®?, Alessandro Cavalcanti Lianza'??, Gabriela Nunes Leal’>*,

Samira Saady Morhy?

Instituto da Crianga, Hospital das Clinicas, Faculdade de Medicina, Universidade de Sao Paulo;’ Hospital Israelita Albert Einstein;? Hospital do

Coracgdo;* Hospital Sirio-Libanés,* Sao Paulo, SP — Brazil.

Abstract

Hypertensive Pulmonary Disease (HPD) can be defined as
a set of pathophysiological pulmonary disorders that result in
severe, progressive disease with high morbidity and mortality.
Transthoracic echocardiogram (TTE) is an easily accessible
and essential imaging method for the evaluation of this
disease, especially in children, where there are limitations
to frequent and routine right-heart catheterization. In this
review, we address the main echocardiographic techniques
for the diagnosis and hemodynamic evaluation of pulmonary
hypertension in the pediatric population. Early diagnosis and
appropriate staging in the follow-up of clinical interventions are
fundamental for the assertive choice of therapeutic approach
and, consequently, improvement of clinical outcomes.

Introduction

HPD is a set of pathophysiological pulmonary disorders that
result in severe, progressive pathology with high morbidity and
mortality in both adults and in children. The natural course of this
syndrome involves the progressive increase of pulmonary vascular
pressure and resistance, culminating in right ventricular failure,
clinical deterioration and death."? Pulmonary hypertension (PH)
is diagnosed when the mean pulmonary pressure is greater than
25 mmHg at rest with pulmonary wedge pressure smaller than
or equal to 15 mmHg and an increase in pulmonary vascular
resistance greater than 3 UW (Table 1) in adults or pulmonary
vascular resistance index greater than 2UW/m?2.'?

However, each case should be evaluated individually,
especially in the pediatric population, for example: In patients
with univentricular congenital heart disease following Glenn/
Fontan surgery, venous return is passive to the pulmonary arteries,
so even asslight increase in PVR may result in low cardiac output,
even if the mean pulmonary artery pressure is below 25 mmHg.**

The gold standard imaging method is cardiac
catheterization, which is able to accurately measure
pulmonary pressure and resistance. However, its performance
is more complex in the pediatric population due to the need
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Table 1 - Definition of pulmonary hypertension with parameters
evaluated by catheterization.

Pulmonary arterial hypertension. Definition
PmPA>25 mmHg
PWP<15 mmHg
PVRI>2 UW/m2

PmPA: Mean pulmonary artery pressure. PWP: Pulmonary wedge
pressure. PVRI: pulmonary vascular resistance index.

for general anesthesia, contrast and radiation, presenting
higher risks for the patients. Thus, echocardiography (TTE)
is a very useful noninvasive tool in this group.® In addition to
its noninvasibility and lower patient risk, TTE enables rapid
bedside assessment of cardiac anatomy, right ventricular
function, pulmonary pressures, and hemodynamic response
to clinical interventions.”®

Classification

In 1998, during the second world symposium on
pulmonary hypertension (PH) in Evian, France, pulmonary
hypertension (PH) was classified into 5 categories based on
clinical parameters (“Evian Classification”).>'* Since then, a
number of modifications have been implemented based on
progress made on understanding the disease in world meetings
when, in 2013, during the 5" HP World Symposium held in
Nice, France, classification and definition were described as
they are currently used.” (Table 2)

Classification in PH is based on sets of different clinical
conditions, categorized into 5 major groups. Group 1:
Pulmonary hypertension (e.g.: idiopathic, secondary to
systemic diseases, schistosomiasis), group 2: Pulmonary
hypertension secondary to left heart disease (e.g.: Left
ventricular systolic or diastolic dysfunction, heart valve
disease, congenital pulmonary vein stenosis), group 3:
Pulmonary hypertension secondary to pulmonary disease
and/or hypoxia (e.g.: Interstitial lung disease, chronic
obstructive pulmonary disease), group 4: Chronic pulmonary
thromboembolism (PTE) or other arterial obstructions
(e.g.: Chronic PTE, arteritis), group 5: Multifactorial
pulmonary hypertension (e.g.: chronic hemolytic anemia,
splenectomy)*©'2'3 as shown in Table 2.

PH stratification

PH can be stratified for better clinical management'
according to Table 3.
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Table 2 - Classification of pulmonary hypertension.

Pulmonary hypertension

Idiopathic

Hereditary

Drug and toxin induced
Associated with:

- Connective tissue disease
- HIV infection

- Portal hypertension

- Congenital heart disease
- Schistosomiasis

- Pulmonary hemangiomatosis or pulmonary veno-occlusive disease
- Fetal pattern persistence

Pulmonary hypertension secondary to left heart disease

Left ventricular systolic diameter

Left ventricular diastolic diameter

Valvular heart disease

Congenital or acquired LV outflow tract obstruction and congenital
cardiomyopathies

Pulmonary hypertension secondary to pulmonary disease and/or hypoxia

Chronic obstructive pulmonary disease

Interstitial lung disease

Other pulmonary diseases with mixed restrictive/obstructive pattern
Sleep-associated respiratory diseases

Alveolar hypoventilation

Chronic exposure to high altitudes

Pulmonary development abnormalities

Chronic thromboembolic pulmonary hypertension

Pulmonary hypertension with multifactorial mechanisms

Hematological disorders: chronic hemolytic anemia, myeloproliferative diseases,
splenectomy

Systemic diseases: Sarcoidosis, pulmonary histiocytosis,
lymphangioleiomyomatosis

Metabolic diseases: Gaucher’s disease, thyroid disease

Other: Tumor obstruction, fibrosing mediastinitis, chronic renal failure,
segmental PH

HIV: Human immunodeficiency virus. LV: Left ventricle. PH: Pulmonary
hypertension. Adapted from Simmonneau et al., 2013

Table 3 - Echocardiographic classification of pulmonary hypertension
in children.

Classification  Severity classification of PH in children

RVSP 1/3 to ¥ systemic pressure, RV dilation or mild
Mild hypertrophy, septum rectification at systole, normal RV
function

RVSP 7 to 2/3 of systemic pressure, RV moderate dilation

Moderate or RV hypertrophy, septum rectification, RV dysfunction may
oceur
RVSP>2/3 systemic, predominantly R-L flow if shunt occurs,
Severe septum rectification throughout the cardiac cycle and

LV compression, RV dysfunction, major RV dilation and
hypertrophy

RVSP: Right ventricular systolic pressure.

Arq Bras Cardiol: Imagem cardiovasc. 2019;32(4):318-330

Echocardiographic evaluation in pulmonary
hypertension

TTE should always be performed when pulmonary
hypertension is suspected. It is the noninvasive test of choice
for investigation in patients with suspected PH (Class |, level
C).> 8 This review will consider the main echocardiographic
parameters for evaluation of children with PH.

Anatomic evaluation

Inferior vena cava

Evaluation of inferior vena cava (IVC) is performed through
the long axis subcostal view (Figure 1). The IVC pathway to
the right atrium inflow tract, dimensions and collapsibility
throughout the respiratory cycle should be observed. An indirect
estimate of right atrial pressure (RAP) is then made. In the
adult population, in the IVC diameter <2.7cm that collapses
=>50%, a RAP variation of 0-5 mmHg can be estimated. In the
IVC>2.1 cm that collapses <50%, it can be inferred that there
is an increase in filling pressures with a RAP variation of 10-
20 mmHg. The collapsibility index should be calculated using
the equation Dmax-Dmin/Dmax, where Dmax is the maximum
IVC diameter and Dmin is the minimum diameter measured as
in Figure 1. This measurement is expressed as a percentage.'
In children, indirect assessment of IVC dimensions can be
performed and collapsibility should be considered primarily.

Patients with PH often present dilation and reduction of
IVC collapsibility, losing their value in estimating blood volume
using IVC collapse or distensibility index.'

Right atrium

Increased right ventricular (RV) filling pressures secondary
to reduced ventricular compliance of patients with PH lead to
right atrial dilatation over time. Evaluation of right atrial (RA)
dimensions can be performed by the apical four-chamber view
in which the major and minor axes should be measured and
atrial planimetry should be performed (Figure 2). The reference
value for RA area in adults is considered to be less than 18 cm2,
for the diameter of the major axis it is smaller than 5.3 cm and
for the minor axis it is smaller than 4.4 cm.’®" In children,
planimetry indexed by body surface may be performed.'

Right ventricle

Chronic pressure overload in patients with PH leads to
right ventricular hypertrophy and dilation and consequent
loss of systolic function, which is directly related to the
patients’ quality of life and survival. RV anterior wall thickness
evaluation (RVAWT) is a useful tool. RVAWT should be
evaluated by subcostal view and has a reference value smaller
than 5 mm."®"7 (Figure 3)

Access to right ventricular (RV) morphology is known to
be complex through two-dimensional echocardiography, so
it should be visible in several views for its full evaluation.®'®
It is essential to evaluate RV in subcostal view, in which
4-chamber axis and short axis must be evaluated; parasternal
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Figure 1 - Subcostal plane showing inferior vena cava into the right atrium. The red line shows where its dimensions should be measured.

Figure 2 — Apical four-chamber view. The RA route is performed from the tricuspid valve annulus plane along the interatrial septum. The major axis is represented by
line 1 and the minor axis by line 2.

Dist 0.626 cm

Figure 3 - Subcostal plane shows the measurement of right ventricular anterior wall thickness.

Arq Bras Cardiol: Imagem cardiovasc. 2019;32(4):318-330 320
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Figure 4 - It shows the parasternal plane during telediastole, lines 1 and 2 show where the RV outflow tract measurements should be performed. (A) Parasternal short
axis view. (B) Parasternal long axis view including the anterior portion of the RV outflow tract.

Figure 5 - Image obtained through apical four-chamber view showing (1) longitudinal axis, (2) basal diameter and (3) medium diameter.

view, in which long and short axes must be evaluated during
telediastole and RV outflow tract must be evaluated (Figure 4);
and apical 4-chamber view, in which the longitudinal, basal
(near the tricuspid valve annulus) and medium diameter must
be measured, as shown in Figure 5.

RV/LV ratio

Interventricular septum (IVS) provides valuable information
on patients with suspected PH, as RV pressure overload leads to
IVS rectification at the end of systole resulting in a “D”-shaped
left ventricle when viewed on parasternal short axis view. If it
is not possible to estimate pulmonary pressure, IVS evaluation
offers indirect evidence of increased right chamber pressures.'®

Evaluation of RV diameter to LV diameter ratio (RV/LV ratio)
at the end of systole has been cited as a marker of increased
pulmonary pressure in adults and children and correlated

Arq Bras Cardiol: Imagem cardiovasc. 2019;32(4):318-330

with catheterization measurements. The RV/LV ratio must be
measured between end-systolic papillary muscles on parasternal
short axis view (Figure 6). RV/LV ratio > 1 is associated with
worse clinical outcome in children with PH."7/1920

Eccentricity index

The pressure increase in the right chambers leads to systolic
rectification of the interventricular septum. The eccentricity
index (El) derives from the ratio between the left ventricular
anteroposterior and septolateral diameters on parasternal short
axis view at the papillary muscle level at the end of ventricular
systole (Figure 7). Abraham et al.?' evaluated 216 newborn
echocardiograms and found a positive correlation between El and
pulmonary pressure, suggesting that it is a routine method used
for neonatal evaluation. EI>1.3 is related to pulmonary pressure
greater than half the systemic pressure with good specificity.
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RV/LV ratio = 1,8

Figure 6 — RV/LV ratio. The figure shows end-systolic parasternal short axis view of the ventricles. The arrows show measurements of left ventricular papillary muscles.

Figure 7 - End-systolic parasternal short axis view. The eccentricity index is the D1/D2 ratio.

Intracardiac shunt

In situations of normal pulmonary pressure, intracardiac
shunts, such as atrial and ventricular septal defects (ASD/VSD),
and through the persistent ductus arteriosus (PDA), present
directed flow from the left to the right chambers (red flow on
color flow mapping). Pulmonary pressure can be estimated
in the presence of VSD and PDA by continuous flow Doppler
in these defects. Maximum gradient must be obtained and
systemic systolic pressure subtracted. When there is significant
PH, pressure in the right chambers may be higher than in the
left chambers, causing flow reversal from the right to the left
cardiac chambers. This is called the Eisenmenger Syndrome.

Heart valves

Evaluation of heart valves in patients with suspected PH
should focus on ruling out the possibility of increased right
ventricular pressure secondary to RV outflow tract obstruction

(pulmonary stenosis) or increased pulmonary pressure secondary
to anatomical valvular disorder, such as mitral stenosis/
regurgitation and pulmonary vein stenosis (post wedge PH).®

Pericardial effusion

The presence of pericardial effusion has been associated
with worse clinical outcome in adults, but there was no
correlation with outcome in children.??

Functional evaluation

Pulmonary artery systolic pressure

Pulmonary artery systolic pressure (PASP) can be estimated
by assessing the maximum velocity of the tricuspid valve
regurgitation jet (V) using the following equation PASP = 4
x V.2 + DBP (which vary according to the inferior vena cava

collapsibility as previously described).’®%

Arq Bras Cardiol: Imagem cardiovasc. 2019;32(4):318-330
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The Doppler curve is to be acquired with good quality,
forming an envelope, otherwise pulmonary pressure may be
underestimated. If it is not possible to acquire an adequate curve
and there are no intracardiac defects, pulmonary systolic pressure
cannot be estimated. The reference values defined for assessing
patients at rest is V,._smaller than or equal to 2.8 m/s or PASP
smaller than or equal to 35 mmHg,"'® according to Figure 8.

PASP can also be obtained if the patient has restrictive
ventricular septal defect (VSD) by simply having access to
systemic systolic pressure (SBP) using the following equation:
PASP = SBP - 4x Vmax (VSD)2, where Vmax (VSD) is the
maximum velocity of flow through VSD. In the case of low
velocity flow or bidirectional flow, major PH is suggested.

Mean diastolic pulmonary artery pressure

In the presence of pulmonary insufficiency (Pl), it is possible
to estimate mean diastolic pulmonary artery pressure.

Early LD jet velocity and end LD jet velocity must be
recorded on Doppler (Figure 9).

Mean pulmonary artery pressure (MPAP) value is calculated with
the following formula: MPAP (mmHg) = 4 x (early LD velocity) 2+
DBP. The normal value of mean pulmonary artery pressure is < 25
mmHg.'*** Diastolic pulmonary artery pressure (DPAP) is calculated
using the formula below: DPAP (mmHg) = 4 x (end P! velocity) 2
+ DBP. Normal pulmonary artery diastolic pressure is < 14 mmHg

Pulmonary artery flow acceleration time

Pulmonary artery flow acceleration time (ACT) determined
by pulsed pulmonary artery Doppler has recently been
described as a potential tool for the evaluation of children
with PH. In a recently published study, in which 756 healthy
children aged 0 to 18 years were studied, pulmonary ACT
correlated positively with weight, age, body surface area and

negatively with heart rate.” Increased PVR and pulmonary
pressure added to the loss of compliance leads to reduced flow
velocity resulting in a more triangular Doppler curve. In some
cases, there may be a notch in the pulmonary artery Doppler.

Pulmonary ACT must be calculated using pulmonary artery
Doppler (Figure 10) and indexed by body surface area and
gender. ACT shortening (Z score <-2) is predictive of PH.?

Right ventricular function

Assessment of RV systolic and diastolic functions strongly
correlates with prognosis in patients with PH.?*?” There are
several methods for assessing RV systolic function; we will
describe those with the greatest impact on clinical outcome.

Tricuspid annular plane systolic excursion (TAPSE)

The systolic movement of the RV free wall is a marker of
displacement of RV longitudinal fibers. TAPSE is a method
for measuring the distance of tricuspid annular plane systolic
excursion toward the cardiac apex. It is acquired in apical
4-chamber view, usually by positioning the Mode M cursor on
the lateral portion of the tricuspid valve annulus (Figure 11).

The greater the range of motion, the better the systolic function.
TAPSE measurement negatively correlates with pulmonary
vascular resistance and pulmonary pressure values.'’?*3° The
reference value is greater than 16 mm in adults."® In children,
there are publications with well-established Z scores.’’

Right ventricular fractional area change (FAC)

FAC is a measure of systolic function that evaluates RV
overall systolic function and can be obtained with the two-
dimensional image of RV-modified 4-chamber apical view in
which the endocardial walls in diastole (end-diastolic area)
and systole (end-systolic area) should be traced, as shown in
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Figure 8 - Tricuspid valve Doppler showing regurgitation jet and estimation of pulmonary systolic pressure in patients with pulmonary hypertension.
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Figure 9 - Pulmonary Doppler showing early and end velocities of pulmonary insufficiency (Pl) jet.
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Figure 10 - Pulmonary artery Doppler: the red line shows the cursor location for the calculation of ACT.

Figure 12. FAC can be obtained with the following equation: RV tissue Doppler
From the evaluation of myocardial velocities throughout the

FAC = end-diastolic area - end-systolic area x 100 cardiac cycle by tissue Doppler, the myocardial performance
End diastolic area index (MPI) can be calculated and the tricuspid lateral annular

S-wave velocity can be determined.

The FAC reference value is above 35%.' RV MPI is an evaluation parameter for the RV overall

Arq Bras Cardiol: Imagem cardiovasc. 2019;32(4):318-330 324



Sawamura et al.
Pulmonary Hypertension in Children

Review Article

Adult Echo
551
14Hz

15cm

0D/ MM
T2% T2%

TIS0.E MI1.2

I Gibpm

TSyt .
T5mms.

Figure 11 - Image shows Color M Mode with cursor positioned on the tricuspid valve annulus to obtain TAPSE.

fArea =11 cm?

Figure 12 - Apical 4-chamber view showing the fractional variation of the RV area. FAC: (11-7)/11 = 36%.

systolic and diastolic performance. It can be calculated
by tissue Doppler, on 4-chamber apical view, with cursor
positioned on the RV free wall (Figure 13):

MPI = (isovolumetric relaxation time

+ isovolumetric contraction time)

Ejection time

In cases of systolic dysfunction, RV ejection time decreases,
reducing the denominator and increasing the final MPI.
Abnormal ventricular relaxation (diastolic dysfunction) leads

Arq Bras Cardiol: Imagem cardiovasc. 2019;32(4):318-330

to prolonged isovolumetric relaxation time, increasing the
numerator and also increasing the final MPI. High MPI
is indicative of systolic and/or diastolic dysfunction. The
reference values for RV MPI also vary according to age, so Z
score calculation is advisable.?*** The MPI reference value by
RV tissue Doppler in adults is smaller than 0.55.

S-wave velocity: RV systolic function can be inferred
by measuring the free wall S-wave velocity (Figure 14).
S-wave velocity <9.5 cm/s indicates right ventricular systolic
dysfunction in adults.'®?*In children, Eidem* found a positive
correlation between increased S-wave velocity and the
patient’s age. Z score <-2 is considered abnormal.
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MPI = IVCT + IVRT
ET

IVCT

.17 IVRT

IVCT: isovolumetric contraction time; IVRT: isovolumetric relaxation time; ET: ejection time.

Figura 13 - RV myocardial performance index (MPI) obtained by tissue Doppler.
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Figure 14 - Tissue Doppler of right ventricular free wall with e’ and S-wave velocities.

Right ventricular longitudinal peak systolic strain

Access to RV systolic function can be achieved by several
conventional parameters, which are influenced by the
insonance angle and the complex geometry of this chamber.
Strain assessed by the speckle tracking measures the percentage
of myocardial strain and makes a global and regional assessment
of ventricular systolic function.**3* (Figure 15)

Recent publications have shown that two-dimensional RV
Strain can be a more sensitive tool than other parameters for
early detection of subclinical RV dysfunction, thus predicting
clinical outcome and correlating with laboratory and functional
class markers after clinical treatment of PH."¢343637 Okumura®*
evaluated RV strain of children with PH and found that the
risk for transplantation was significantly increased when strain
was greater than -14%.

Right atrial strain

Increased right atrial pressure is a risk factor for increased
mortality in patients with pulmonary hypertension. Strain
evaluated by the speckle tracking can also be used to access
atrial function, which can be divided into 3 phases: Reservoir
phase (during atrial filling), conduit phase (during passive
emptying) and pump phase (during atrial contraction).
Recently published studies with children suggest that reserve
and conduit function values are significantly small in children
with pulmonary hypertension (Figure 16).3

RV diastolic function

RV diastolic function should be accessed when right atrial
pressure elevation is suspected and when there are signs of

Arq Bras Cardiol: Imagem cardiovasc. 2019;32(4):318-330
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Figure 15 - Peak systolic right ventricular global longitudinal strain. On the image at the top, two-dimensional global right ventricular strain from the patient with pulmonary
hypertension. On the image at the bottom, curves with segmental analysis of myocardial segments and reduced longitudinal right ventricular strain (GS: 23.5%).
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Reservoir Conduit Pump

Figure 16 — Right atrial strain in the upper left frame. The upper right frame shows atrial reservoir, conduit and pump function in M-mode color map. Bottom right frame

shows volume x time graph with the curves of each atrial segment in the three phases.

ventricular systolic dysfunction. Apical 4-chamber view should
derive pulsed Doppler of the tricuspid valve and tissue Doppler
of RV free wall. E/A ratio <0.8 suggests abnormal relaxation.
E/A ratio of 0.8-2.1 and E/e’ ratio >6 with predominant
diastolic flow in the hepatic veins suggest pseudonormal
filling. E/A ratio >2.1 with deceleration time <120ms suggests
restrictive filling in adults.'® In children, Cantinotti* published
a meta-analysis that reviewed 33 articles in an attempt to
establish a normogram for assessment of diastolic function in
the pediatric population, finding a negative correlation of E/e’
ratio with age. Eidem?® evaluated 325 children aged 1 to 18

Arq Bras Cardiol: Imagem cardiovasc. 2019;32(4):318-330

and found a standardized Z-score model of Doppler velocities
(Figure 14) indexed by body surface.

Left ventricular systolic and diastolic function

Left ventricle (LV) is usually of normal size in mild
PH. During its course and as the right ventricle expands,
interventricular septum bulges to the left ventricle (Figure 3),
which can be seen in both parasternal long axis and short axis;
in extreme cases, the septum is so bulged to the left ventricular
outflow tract that it may restrict ventricular filling."”
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Echocardiographic evaluation of patients with PH must
include left ventricular (LV) systolic and diastolic evaluation,
analyzing the possibility of PH secondary to left heart disease.
Systolic function may be abnormal due to many different
factors, including pulmonary hypertension, low cardiac
output and chronic inflammation.?® Systolic function can be
assessed by biplane Simpson’s method. Diastolic function
should be assessed by mitral valve pulsed Doppler and LV
septal and lateral wall tissue Doppler. RVs are E/A of 0.8-2.0
and E/e’ <8 in adults.!?*“° In children, velocity values can
be indexed by body surface and the Z score evaluated.*

The echocardiographic parameters and reference values
recommended for evaluation of pulmonary hypertension are
summarized in Table 4.

Conclusion

PH is a serious progressive disease with high morbidity
and mortality secondary to right ventricular failure.

Echocardiography is a fundamental noninvasive tool for the
diagnosis and follow-up of PH, especially in the pediatric
population, in which catheterization, which is an extremely
important test for initial diagnosis of the disease, has a higher
number of complications compared to the adult population.
TTE allows bedside assessment of cardiac anatomy, ventricular
function and hemodynamic assessment before and after
clinical interventions.

In this article, we made an updated review of the main
echocardiographic parameters for the evaluation of PH
that showed relevant prognostic value in children. We
concluded that more than purely measuring variables,
it is important for the echocardiographer to understand
PH and perform an analysis focused on the diagnosis and
staging of the disease, which requires familiarity with
traditional techniques and new evaluation techniques.
Routine use of these techniques and protocols will lead
to early diagnosis and treatment, directly impacting the
patient’s clinical outcome.

Table 4 - Echocardiographic parameters recommended for evaluation of PH in children.

Echocardiographic measurement Reference value

Comments

PASP estimate

VRVT=2,8 mm/s or PASP<35 mmHg, VRVT>3,4 m/s=high risk for HP

VT regurgitation jet. Obtain good
envelope (up to 25% no good curve is
obtained). Figure 8

Max and min velocities on PI. Add RA

MPAP and DPAP estimate

Dimensions of right chambers

TAPSE
FAC

RV/LV ratio

Eccentricity index

RV MPI

S wave velocity

RV diastolic function

LV systolic and diastolic function
Cardiac shunt

Pulmonary artery acceleration
time (ACT)

RV strain

RA strain

MPAP<25 mmHg/DPAP<14 mmHg

http://www.parameterz.com/refs/cantinotti-jase-2014-december
http://www.parameterz.com/refs/rajagopal-pedcard-2018
http://www.parameterz.com/refs/koestenberger-ajc-2014

http://parameterz.blogspot.com/2010/12/tapse-rv-function-z-scores.html
VN=235%

RVILV ratio>1 associated with worse prognosis

IE<1,3
0,55 (adults). Z score for children
http://www.parameterz.com/refs/eidem-jase-2004

>9,5 cm/s (adults). Z score <-2 = ventricular dysfunction
http://www.parameterz.com/refs/eidem-jase-2004

E/A: 0,8-2,1 and E/e’'<6
http://www.parameterz.com/refs/eidem-jase-2004

E/A, E/e’, LA dimensions
http://www.parameterz.com/refs/dallaire-circimaging-2015

E-D

Pulmonary ACT index shortening (Z score <-2) is predictive of HP
http://www.parameterz.com/refs/koestenberger-circimaging-2017

Not established. There are publications reporting RV>-14% worse outcome

Not established. Publications report progressive worsening of atrial strain correlated
with HP

pressure. Figure 9

Quantity. RA area. RV diameters, body
surface index. Figures 4 and 5

Good correlation with ejection fraction
and mortality. Figure 11
Requires good wall view. Figure 12

Parasternal position, short axis, end of
ventricular systole. Figure 7.

Parasternal position, short axis, end of
ventricular systole. Figure 7.

RV free wall tissue Doppler. Figure 13

RV free wall tissue Doppler. Figure 14
Evaluation of RV diastolic function in
adults. Z score for children.

LV diastolic dysfunction may be the
cause or secondary to RV overload

Evaluate flow direction and pattern

Correlates positively with weight, age,
body surface, and negatively with heart
rate. Figure 10

Potential predictor of outcome in
pediatric patient with HP. Figure 15

Potential predictor of outcome in
pediatric patient with HP. Figure 16

PASP= Pulmonary artery systolic pressure; MPAP= Mean pulmonary artery pressure; DPAP= Diastolic pulmonary artery pressure; TAPSE= Tricuspid annular plane
systolic excursion; FAC= Right ventricular fractional area change; MPI= Myocardial performance index.
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Case Report

Bilateral Internal Carotid Artery Hypoplasia in Asymptomatic Patient.

Case Report

Hipoplasia Bilateral de Carétida Interna em Paciente Assintomatica. Relato de Caso

Marcia Azevedo Caldas’, Luiza Braconi Grilo', Lerricia Pinheiro Soares’, Polyana da Silva Custédio’,
Laura Maria Vieira Duarte’, Carlos Eduardo Cordeiro Soares?
Hospital Escola Alvaro Alvim, Faculdade de Medicina de Campos'; Hospital Geral Dr. Beda, Grupo Instituto de Medicina Nuclear e

Endocrinologia®, Campos dos Coytacazes, R/ — Brazil.

Introduction

Hypoplasia of the internal carotid artery is a congenital
anomaly that involves narrowing of the arterial caliber 1 to 2
cm above the carotid bifurcation." Internal carotid agenesis
and hypoplasia are rare, occurring in less than 0.01% of
the population.? Sixty cases of hypoplasia of the internal
carotid have been reported, of which only 24 were bilateral
hypoplasia.> We report the case of bilateral hypoplasia of the
internal carotid artery in an asymptomatic patient.

Clinical case

A 54-year-old woman sought medical emergency with
occipital headache, right hemiface paresthesia, dysarthria
and hypertensive peak of 200x120 mmHg. Captopril 50 mg
and anxiolytic were administered and the patient progressed
with BP improvement to 140x80 mmHg and total resolution
of the clinical condition, being discharged 12 hours later. At
admission, except for dysarthria, her neurological condition
was normal. History of hypertension and bipolar disorder
under irregular use of losartan 100 mg, quetiapine 50 mg,
topiramate 50 mg, clonazepam 2 mg/day.

Family history of SAH (father, mother and two sisters);
coronary artery disease (father with sudden death at 59);
diabetes mellitus (mother, 1 sister, maternal grandmother, 2
maternal aunts).

She was referred for outpatient investigation,
when laboratory tests revealed hypercholesterolemia.
Electrocardiogram, chest X-ray, echocardiogram, cranial
tomography and fundus with no abnormal findings. Carotid
artery Doppler showed 1.2 mm thickening of the right bulb
and possibly hypoplasia of the right and left internal carotid
arteries. Cervical vessel computed tomography angiogram
confirmed suspicion of bilateral hypoplasia of the internal
carotid artery, revealing: type | aortic arch with minimal
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calcifications; 8.6mm diameter brachiocephalic trunk, right
common carotid artery 4.8 mm, right external carotid artery
2.9 mm, left common carotid artery 5.4 mm, left external
carotid artery 3.5mm, all pervious, with regular walls, no
lesions; absence of intrapetrous carotid path, reduced right
and left carotid canal caliber and right and left internal
carotid artery with hypoplasia throughout its path (Figure 1).
Enlarged right vertebral artery caliber (V1 segment of
7.4 mm), left vertebral artery 6.5 mm, both pervious and
with no wall lesion. Right-sided basilar artery formation
crossing the midline and originating the posterior cerebral
arteries to the left of the midline, complete Willis polygon.
Pervious right and left anterior and middle cerebral arteries,
with no lesions, filling completely through the posterior
communicating system. Pervious right and left posterior
cerebral arteries, with no lesions, filling directly through the
vertebrobasilar system (Figure 2).

Discussion

First, it is important to know the difference between
agenesis, hypoplasia and aplasia of the carotid artery, since
they represent different clinical conditions. Agenesis is when
the development of the internal carotid artery (ICA) does not
occur; hypoplasia when there is formation but development
is incomplete obtaining a smaller diameter caliber and aplasia
is used when there are traces of ICA. These abnormalities are
congenital and extremely rare. In the literature so far, some
60 cases of ICA hypoplasia have been reported, of which 24
cases were bilateral,® such as the present case.

The Willis Polygon consists of two vascular systems — the
vertebra-basilar and carotid system — is responsible for brain
irrigation and is located at the base of the skull. This system is
usually formed from anastomosed vertebral arteries originating
the basilar artery, housed in the basilar gutter. It divides into
two posterior cerebral arteries that irrigate the posterior inferior
surface of each of the cerebral hemispheres. On each side,
the internal carotid arteries originate a middle cerebral artery
and an anterior cerebral artery. The anterior cerebral arteries
communicate through a branch between them which is the
anterior communicating artery. The posterior cerebral arteries
communicate with the internal carotid arteries through the
posterior communicating arteries.

Although the absence of one or both internal carotid arteries
is rare, it is not usually symptomatic due to the formation of
collateral circulation, such as persistent embryonic vessels,
normal anastomotic pathways through the Willis Polygons
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Figure 1 - Absence of intrapetrous carotid path (A) and hypoplastic right and left carotid canal (B).

Figure 2 - Three-dimensional image of cerebral arterial circulation through the vertebral arteries (A and B) and complete Willis polygon (C) on computed tomography
angiography. 1 = brachiocephalic artery; 2 = left subclavian artery; 3 = right subclavian artery; 4 = right vertebral artery; 5 = left vertebral artery; 6 = basilar artery;

7 = right carotid artery; 8 = left carotid artery.

or anastomosis with the external carotid arteries. Hypoplasia
occurs about 1-2 centimeters above the bifurcation and
may continue throughout its intracranial course, ending in
the ophthalmic artery in some cases. It is assumed that the
cause of ICA hypoplasia is incomplete development of the
fetal dorsal aorta, which usually originates the distal cervical
segment of the ICA up to the clinoid segment. A frequent
abnormality is the widening of the posterior communicating
basilar artery, in an attempt to create collateral circulation as a
means of compensation. In cases with bilateral abnormalities,
brain supply usually occurs from the vertebrobasilar system,
while in unilateral ones, it usually occurs from the dominant
contralateral carotid artery.'

In this case, our patient had right and left carotid canal
with reduced caliber and hypoplasia of the right and left

Arq Bras Cardiol: Imagem cardiovasc. 2019;32(4):331-333

internal carotid arteries throughout its course. Right and
left vertebral arteries of increased caliber with basilar artery
formation. Complete Willis polygon with right and left anterior,
middle and posterior cerebral arteries originating from the
vertebrobasilar system with no wall lesions.

The prevalence of this condition is not yet known. Tasar
et al., reviewing 5,100 magnetic resonance angiography
scans and/or brain angiography scans found 7 patients with
congenital absence or hypoplasia of the ICA (0.13%), most
of which with incidental diagnosis. Of those, only 1 case was
bilateral ICA hypoplasia (0.01%).>

These anomalies are usually asymptomatic due to
the presence of collateral circulation. However, some
symptoms or abnormalities may appear in adulthood, such
as subarachnoid hemorrhage (because of its association with
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saccular aneurysm), transient ischemia and cerebral infarction.
The main radiological findings are: smaller caliber of the
internal carotid artery, forming the chordal sign seen by the
hyperdensity of the artery, hypoplasia of the carotid canal in
the temporal bone and vertebral-basilar system-dependent
collateral circulation. These findings may also appear in other
diseases, such as in carotid stenosis.

Our patient, in turn, was incidentally diagnosed at the
age of 54.

Conclusion

This case discusses this rare and usually asymptomatic
congenital disorder, whose diagnosis is incidental. The
suspicion evidenced in the carotid Doppler scan requires
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Late Diagnosis of Kawasaki Disease and its Complications.

Case Report

Diagnéstico Tardio da Doenca de Kawasaki e suas Complica¢ées. Relato de Caso

Layanne Sousa Cruz Martins, Mila Simées Alves, Paloma Cheab Ribeiro Moura Costa,

Naiara Galvao de Aratjo Alcantara
Hospital Martagdo Gesteira, Salvador, BA — Brazil.

Male patient, 5 years old, healthy, is taken to a primary
healthcare unit with cough and fever for 2 days, irritability and
decreased appetite. Seven days after the onset of amoxicillin,
he maintained fever and developed bilateral non-exudative
conjunctival hyperemia. Admitted to the hospital of his city,
he received intravenous antibiotic therapy for 9 days but
maintained fever associated with hand and foot edema, rash,
abdominal pain, labial and hand peeling, palpable lymph
nodes in the bilateral cervical region. After 18 days, he was
transferred to Hospital Martagdo Gesteira in Salvador, BA.

On admission, he was in good general condition, hypoactive,
eupneic, tachycardiac, hypochromic mucosa +2/+4, dehydrated
2+/4+, anicteric, acyanotic and with fever (39.0 C).

Due to long-lasting fever and clinical signs, he was
diagnosed with KD and immunoglobulin (IG) was initiated
(2 g/kg/dose) on the first day of hospitalization.

Table 1 - Echocardiogram results.

Laboratory tests revealed hemoglobin 8.0 g/dL,
platelets 575,000/mL, white blood cells 13.2/mL (67%
neutrophils and 15% lymphocytes), C-reactive protein
80.78 mg/l. Negative cytomegalovirus and Epstein-Barr
serology, normal chest X-ray and urine summary, negative
urine culture and blood culture. On the third day of
hospitalization, 100 mg/kg/day of acetyl salicylic acid (ASA)
was introduced, and an echocardiogram showed diffuse
coronary disorder with anterior descending (DA) aneurysm
(Z score + 8.43) and circumflex artery (CX) aneurysms (Z
score + 4.27) (Table 1).

On the seventh day, daily fever persisted, with hepatomegaly
and peeling in the feet. One dose of Gl was repeated and
ASA was maintained. After 24 hours, he remained feverless
for five days and ASA was reduced to 5 mg/kg/day. Another
echocardiogram showed maintenance of diffuse coronary

10/10/2017 13/10/2017 28/11/2017 11/04/2018
Proximal third, mm 46 5.6 2.8 3.8
Z score +6.52 +9.00 +1.61 +3.2
Median portion, mm 58 49
Z score +10.19 +7.96
Left main coronary artery, mm 35 4.0 28 40
Z score +3.21 +4.49 +3.74 +3.87
Proximal/middle anterior descending artery, mm 3.2/4.6 3.1/4.9 1.8/4.0 2.9
Z score +4.06/+7.94 +3.78/+8.77 -0.44/+5.75 +2.73
Proximal / middle circumflex branch, mm 5.1/6.6 1.6/7.2 3.5/6.5 3.55/4.0
Z score +10.19/+12.36 -0.19/+13.8 4.08/+11.28 4.0/+5.19
Keywords

Aneurysm; Conjunctivitis; Exanthema; Mucocutaneous Lymph
Node Syndrome.
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disorder with moderate to severe dilation of right coronary
artery (RCA), mild dilation of left coronary trunk (LCT),
aneurysmal dilation of CX with saccular and DA aneurysm,
mild mitral regurgitation and mild left ventricular (LV) dilation.
It was chosen to introduce clexane at a dose of 2 mg/kg/day
and warfarin at a dose of 2.5 mg/day.

On the thirteenth day, he returned with fever and
prostration. The patient underwent pulse therapy with
methylprednisolone for 3 days, with improvement.
Prednisolone was maintained for 15 days.

Post-pulse therapy echocardiography (Figure 1) revealed
suspected CX thrombus. Chest CT angiography (CT
angiography) confirmed the findings of Kawasaki arteritis and
ruled out coronary thrombus.

After the 24™ day of hospitalization, the patient was
discharged asymptomatic, using warfarin and ASA, for
outpatient follow-up. Subsequent echocardiograms showed
no regression of the aneurysms. CT angiography after 6
months showed complete regression of CX and RCA aneurysm
and improvement of LMCA. However, she maintained an
aneurysm with Z score > +10 in the ADA, with suspected
obstruction (Figure 2 and Table 2).

Referred for better coronary evaluation in cardiac
catheterization, where ADA showed saccular aneurysmal
dilation in the proximal portion of the vessel, with the presence
of subocclusion in its mid-distal section. Also, CX with ectasia in
the middle section and RCA with ectasia in the proximal section.

Expectant management was adopted, as there were
no signs of myocardial ischemia or cardiac dysfunction
on echocardiogram. Patient remains anticoagulated, in
outpatient follow-up.

Discussion

the patient was diagnosed late, partly due to the late
onset or perception of symptoms and late transfer to the
tertiary center, presenting severe cardiac involvement and
immunoglobulin resistance. Fever only reappeared after
pulse therapy.

Coronary artery involvement is observed in about 25%
of untreated patients before 10 days of fever. It is observed
that the diagnostic criteria for KD have good specificity
with low sensitivity, making early diagnosis difficult in
some patients.’?

In all suspected or confirmed cases echocardiogram
is mandatory. Coronary evaluation on echocardiogram is
important not only in suspected cases of KD, but also in
routine tests. Coronary artery dilation is usually not detected
by echocardiography in the first week of the disease. It should
then be repeated after 7 days in incomplete cases and 10 to
15 days in complete cases, with weekly follow-up in case of
abnormalities."*?

Diseases such as measles, scarlet fever, toxic shock
syndrome, staphylococcal scalded skin syndrome, erythema
multiforme, Stevens-Johnson syndrome, mononucleosis and
allergic drug reactions are differential diagnoses. Clinical
history and laboratory data help rule out these diseases."**

Ten to 20% of KD patients develop persistent fever at least
36 hours after Gl infusion and are termed resistant Gl, in which
case additional therapies are recommended."?

Immunoglobulin has an effect on reducing the occurrence
of coronary artery disease. Even when properly treated, 20% of
children develop transient coronary dilation in proximal ADA
or proximal right coronary artery by the Z-score criterion, 5%

RCA: right coronary artery; LCA: left coronary artery; CX: circumflex artery and ADA: anterior descending artery.

Source: Hospital Martagao Gesteira.

Figure 1 - Echocardiograms (10/10/2017 and 13/10/2017) show diffuse coronary impairment with aneurysm.

Arq Bras Cardiol: Imagem cardiovasc. 2019;32(4):334-337
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Source: Hospital Martagéo Gesteira.

Figure 2 - Computed tomography angiography (11/04/2018)

Table 2 - Comparative table with computed tomography angiography
findings.

18/10/2017
42x58mm
Z score: +8.78

11/04/2018
3.7 x4.0 mm

Left main coronary artery }
Z score: +4.18

54 x51mm 1.9x 1.4 mm
Right coronary artery

Z score: +8.19 Z score: -0.40

7.5x%53mm 6.0 x5.2mm
Anterior descending artery

Z score:+15.56 Zscore: +11.4

6.1 x53mm 2.2x23mm
Circumflex artery

Z score:+10.73 Z score: +1.35

Source: Hospital Martagdo Gesteira.

will develop coronary artery aneurysms (Z>+2.5) and 1% will
develop giant aneurysms.”

In the coronary arteries, inflammatory disorders are
observed in the middle layer that surrounds the entire
vessel. With the loss of structural integrity of this vessel,
there is aneurysm formation and fibroblast proliferation. This
remodeling contributes to the formation of thrombi, as well as
stenoses and calcifications, as shown in this case.**?®

The Z-score-based scheme was recommended in 2017 by
the American Heart Association, allowing a better assessment
of the severity of coronary dilation.””# No involvement: <+
2; Dilatation only: +2 to <2.5; or if initially <+2, Z score
decreases during follow-up =1; Small aneurysm: =+2.5
to <+5; Median aneurysm: =+5 to <+10 and absolute
dimension <8 mm; Large or giant aneurysm: =+10 or
absolute dimension =8 mm."

Severe but partially preserved aneurysms may decrease
in lumen diameter over time as a result of thrombi and may

become stenotic. Large aneurysms do not get smaller, rarely
burst and almost always contain thrombi. And anticoagulation
is recommended for these patients.’*¢*

Cardiovascular complications such as endothelial
dysfunction, lipid metabolism disorders and intimal thickening
of coronary artery walls appear to be directly implicated in the
development of atherosclerosis, increasing the risk of acute
coronary events, requiring strict control of lipid profile. These
occurrences are assumed to be more frequent in patients with
giant coronary artery aneurysms (>8 mm). Mortality rate is
higher in young adults with a history of KD compared to the
general population.’*1

Conclusion

Late diagnosis and introduction of appropriate therapy
has led to an unfortunate outcome. A high level of suspicion
in children with fever of undetermined origin is necessary
for the clinical diagnosis and immediate institution of
treatment, leading to less coronary complications in
Kawasaki disease.
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Case Report

Cardiac Metastasis in Patient with Rectal Carcinoid Tumor

Metastase Cardiaca em Paciente com Tumor Carcinoide Retal

luri Shen de Lacerda’, Priscilla Ornellas Neves?, Lucianno Henrique Pereira Santos®, Joalbo Matos Andrade®*
Hospital Universitdrio de Brasilia, Universidade de Brasilia, DF', Santa Luzia Hospital - Rede D’Or Sao Luiz, DF?, Grupo Acreditar, Rede D’Or

Sao Luiz, DF’, LifeScan — Medicina Diagnéstica , Brazil.*

Introduction

Carcinoid tumors are neuroendocrine tumors derived
from enterochromaffin cells which are widely distributed in
the body. For this reason, they may be found at any location
in the body, but they are traditionally described as originating
from the foregut, midgut and hindgut. These are relatively
uncommon, with an annual incidence of 2.4 to 4.4 per
100,000 people in the general population." We report the
case of a patient with rectal carcinoid tumor and metastatic
involvement of the heart.

Case Report

A 51-year-old man with a history of rectal bleeding
was referred to the proctologist and was submitted to
rectosigmoidoscopy, which showed a rectal polyp. (Figure 1)
Resection of the polyp was performed and carcinoid tumor
was histopathologically diagnosed. These tumors form a
heterogeneous group of neoplasms that are best worked
up and managed with a variety of clinical and imaging
techniques. With this diagnosis, the first objective was to
stage the disease, so the patient was submitted to thoracic
and abdominal computed tomography (CT). The main goal
in this case presentation is to show an unusual form of cardiac
involvement from a primary rectal neuroendocrine tumor
and the use of multiple imaging studies to properly stage the
disease and follow up the patient.

Thoracic and abdominal CT scan revealed several pelvic
lymphadenomegaly sites adjacent to the rectosigmoid, a single
hepatic lesion in the right lobe, measuring 7.6 cm and muiltiple
metastatic cardiac lesions, all lesions characterized with central
areas of low attenuation after intravenous contrast injection.

The staging of neoplastic disease is an important step in
patients with recent tumor diagnosis, and, in this clinical
scenario, with the detection of cardiac lesions, an unusual
finding, other diagnostic imaging methods were necessary for a
proper evaluation. With the results of thoracic and abdominal
CT scan, the patient underwent single photon emission
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computed tomography (SPECT) using octreotide, a radiotracer
analogue to somatostatin, used as a marker of neuroendocrine
tumors. Liver and heart lesions showed intense enhancement
after the use of octreotide, leading to the diagnosis of multiple
metastatic neuroendocrine tumor. (Figure 2)

Echocardiogram and cardiac magnetic resonance imaging
were performed to better evaluate the cardiac lesions. The
patient had no heart symptoms.

Transthoracic echocardiogram showed normal left
ventricular function, tricuspid valve and subvalvular
structures, with multiple heterogeneous solid cardiac tumors,
the largest lesion centered in the inferior segment of the
interventricular septum, with 7.0 cm in the long axis. (Figure 3)
Echocardiography was performed mainly to check the
existence of cardiac lesions and to rule out valvar involvement
in this disease.

Cardiac magnetic resonance imaging (MRI) confirmed the
distribution of cardiac solid tumors in all cardiac chambers,
intensely enhanced after the injection of the contrast media.
(Figure 4) Cardiac MRI is an important imaging method in
this clinical situation, as it can confirm the presence of lesions
on the echocardiogram and better define their number,
dimension and location, and it is especially important in
patient follow-up.

Discussion

Carcinoid tumors are rare and slow growing. They can
be classified into tumors of the foregut (bronchus, stomach,
proximal duodenum, pancreas), midgut (distal duodenum,
jejunum, ileum, right colon) and hindgut (distal large bowel
and rectum). They rarely occur in other organs such as ovaries,
kidney and prostate.?

Rectal carcinoids are typically small, localized, nonfunctioning
tumors that rarely metastasize. They comprise 12.6% of all
carcinoid tumors and represent the third largest group of
gastrointestinal carcinoids in Western countries. The frequency
of rectal carcinoids is higher in studies from South Korea (48%)
and Taiwan (25%) compared to Western countries.?

Diagnosis is based on tissue examination, usually of a biopsy
from the primary tumor or liver metastasis. However, in some
patients, attempts to collect histologic material can fail and, in
these cases, diagnosis can be based on symptoms combined
with radiologic and scintigraphic findings. Somatostatin
receptors are located on the cell membranes of carcinoid
tumors. Octreotide analogues have a high affinity with these
receptors and sensitivity of this scintigraphy technique has
been reported to range from 80% to 90%.’

Treatment of rectal carcinoids depends on tumor size.

338



339

Lacerda et al.
Cardiac Metastasis and Rectal Carcinoid Tumor

Case Report

Figure 1 - Endoscopic views. A and B: Submucosal rectal lesion. C: Excised lesion.

Figure 2 - Thoracic and abdominal CT (A-D) and SPECT-CT scan with octreotide (E-H). A and B: Multiple cardiac metastatic lesions. C: Isolated hepatic metastatic lesion.
D: Pelvic lymphadenopathies adjacent to the rectum. E and F: Cardiac metastatic lesions with intense uptake of octreotide. G: Hepatic metastatic lesion with intense
uptake of octreotide. H: Pelvic lymphadenopathies with intense uptake of octreotide.

Figure 3 - Echocardiography images. A and B: Multiple echogenic cardiac metastatic lesions in the right ventricle wall and apical and septal left ventricle wall.

Arq Bras Cardiol: Imagem cardiovasc. 2019;32(4):338-340
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Figure 4 — Magnetic resonance imaging. Multiple cardiac metastatic lesions (A-E). Aand C: Cardiac short axis and four-chamber steady state images. B and D: Cardiac short-
axis double and triple inversion-recovery images. E: Cardiac short-axis late enhancement image. F: Isolated hepatic metastatic lesion, abdominal axial steady state image.

Consensus guidelines on the management of rectal carcinoids
suggest that small tumors (<1-2 cm) confined to mucosa or
submucosa can be managed with endoscopic resection due
to their low risk of metastatic spread.* Our patient has been
treated with somatostatin analogues and remained with stable
hepatic and cardiac diseases.

Depending on their site of origin, carcinoid tumors can
have the ability to secrete vasoactive peptides. Serotonin
(5-hydroxytryptamine) production is the most prominent,
especially in midgut tumors. Usually, only carcinoid tumors
that invade the liver result in pathological changes to the
heart. Cardiac disease is a late complication and occurs
in 20%-70% of patients with metastatic carcinoid tumors.
Cardiac manifestations are caused by the paraneoplastic
effects of vasoactive substances released by malignant cells
rather than any direct metastatic involvement of the heart. The
characteristic pathological findings are endocardial plaques of
fibrous tissue that may involve the tricuspid valve, pulmonary
valve, cardiac chambers, venae cavae, pulmonary artery and
coronary sinus. Once the carcinoid syndrome is established,
approximately 50% of the patients develop carcinoid heart
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disease. In many of them, the cause of death is attributed
directly to cardiac disease.*

In our case, the patient presented no cardiac valvular
involvement and no carcinoid syndrome since diagnosis. A
literature review indicates that this is the first reported case
in which carcinoid polyp was diagnosed simultaneously
with metastatic involvement, and even more unusual is the
presence of multiple solid metastatic cardiac tumors without
valvular involvement and no carcinoid syndrome.

We can conclude that the use of multiple cardiac imaging
techniques is important to better diagnose, stage and follow
up a patient with an unusual neoplastic rectal disease with
metastatic involvement of the heart.
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Arrhythmogenic Right Ventricular Dysplasia with Right Atrial

Thrombus

Displasia Arritmogénica do Ventriculo Direito com Trombo em Atrio Direito

Clara Bernardy dos Santos’, Angela Bolonhez?, Otavio Mangili’

Centro Universitario Ingd’; UniCesumar,? Maringd, PR — Brazil.

Abstract

Arrhythmogenic right ventricular dysplasia is an autosomal
dominant genetic disease characterized by the progressive
replacement of the myocardium with fibrous fat tissue. It is
clinically characterized by arrhythmia, heart failure, syncope
and, in some cases, sudden death. We report the case of a
patient with such pathology, at an advanced stage, with atrial
flutter and thrombus formation in the right atrial appendage,
whose therapeutic option was anticoagulation and subsequent
electrical cardioversion.

Introduction

Arrhythmogenic right ventricular dysplasia (ARVD) is
a genetic cardiomyopathy triggered by mutations in the
genes that code for desmosomes.! These mutations lead to
apoptosis of cardiac muscle cells, causing them to be later
replaced by progressive fatty infiltration.? This predisposes
patients to an arrhythmogenic condition, causing sudden
death, and ventricular and supraventricular arrhythmia.>*
Supraventricular arrhythmias are present in 25% of patients
with ARVD who have arrhythmias.? However, the incidence
of thromboembolic complications is very low.*

Case report

A 54-year-old male patient who had an episode of
arrhythmic syncope at the age of 25 during a soccer game
was investigated and diagnosed with arrhythmogenic right
ventricular dysplasia. Implantable cardioverter defibrillator
(ICD) was implanted. The patient presented dilatation
of right chambers, severe right ventricular thinning and
dysfunction, maintaining functional class 2-3 despite
optimized clinical therapy. In November 2017, symptoms
got significantly worse, when the patient had atrial flutter.
During that period, heart rate control was attempted through
adjustment of medication and anticoagulation. On the
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same occasion, transesophageal echocardiography (TEE)
found the presence of a 2.5 x 3 cm thrombus in the right
atrial appendage (Figure 1). Anticoagulation with 150 mg
dabigratan twice a day for 30 days was administered and
TEE was repeated (Figure 2).

After 30 days of anticoagulation, there was thrombus
resolution with spontaneous contrast in the right atrium
only. Electrical flutter cardioversion was performed and
the patient presented improvement of symptoms and
concomitant quality of life. Patient remains on optimized
medication and anticoagulation and is evaluated for
queuing for heart transplantation.

Discussion

We report the case of a patient with ARVD and atrial flutter
with right atrial thrombus.

Incidence/prevalence of ARVD in the general population
ranges from 1: 2,000 to 1: 5,000 people, being more common
in men, youth people and athletes.?*>

In decreasing order of frequency, supraventricular
arrhythmias in these patients include: atrial fibrillation,
tachycardia and atrial flutter.? It is speculated that most of
these patients have a low CHADS2 or CHA2DS2-VASc score,
representing low risk of thromboembolism in patients with
AF® Patients with ARVD are typically younger, therefore, the
prevalence of hypertension and diabetes mellitus is lower than
in the general population of AF?

One of the complications presented by patients with such
pathology is thrombi formation as, with the replacement of
myocytes by fibrous fat tissue, an abnormality in cardiac
motility is installed, predisposing to their formation. This
complication is believed to have an incidence of 0.5 to
100 patients, and is even more common in patients with
more extensive cardiac involvement.*” Most of these
thrombi are located at the apex of the right ventricle in a
proportion of 7:10.

In the literature, there have been only a few reports of
right atrial thrombi in patients with ARVD.? In this case,
atrial thrombus was detected in the right atrium, not in the
left atrium. The incidence of left atrial thrombi in patients
with AF/FL has been widely investigated. However, so
far, little attention has been paid to right atrial thrombi in
these patients.”

Several reports indicate that right atrial appendage thrombi
is detected in 0.7% to 2.4% of patients with AF/FL. However,
it is less frequent than in the left atrial appendage.’

In patients with ARVD complicated by supraventricular
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Figure 1 - 2.5 x 3 cm thrombus in right atrial appendage.

Figure 2 - After 30 days of anticoagulation, the thrombus was resolved, despite the presence of very significative spontaneous contrast.

tachyarrhythmia, the risk of thrombus formation may be higher
in the right atrium than in the left atrium.®

Right atrial thrombus formation can lead to a fatal
thromboembolic complication.” Anticoagulation and restoration
of sinus rhythm should be considered to prevent this
complication and prevent worsening of ventricular function.”
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Right Atrial Papillary Fibroelastoma

Fibroelastoma Papilar no Atrio Direito
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Male asymptomatic 62-year-old patient underwent
check-up tests. Transthoracic echocardiography showed
right atrial mass; differential diagnosis of cavity thrombus
and oral anticoagulation for 3 weeks. Subsequently,
transesophageal echocardiography was requested and
defined it as tumor mass. The patient was referred for
cardiac surgery. On intraoperative transesophageal
echocardiography, ventricular systolic function was

preserved, tricuspid valve with mild regurgitation and
pedunculated mobile hyperechogenic image was seen in
the right atrium, between the base of the tricuspid valve
and the inferior vena cava, measuring 17 mm x 13 mm.
Pathological examination revealed a lesion consisting
of numerous digitiform projections lined with reactive
endocardium, compatible with right atrial papillary
fibroelastoma, an unusual site for this tumor.

1,70 cm
1,30 cm

+ Compr
x Compr

Figura 2 - Transesophageal echocardiography, modified bicaval mid-esophageal view, showing a tumor near the tricuspid valve. AD: right atrium RV: Right ventricle TU: Tumor.

T pac.: 37,0 °C
T TEE: 38,6 °C
0 54 180

LA: Left atriim RA: Right atrium AOV: Aortic valve
TU:Tumor RV: Right ventricle

Figure 2 - Transesophageal echocardiography, mid-esophageal view, right ventricular inflow and outflow tract, demonstrating relationship between the tumor and the
tricuspid valve. RA: right atrium LA: left atrium AOV: Aortic valve RA: Right ventricle TU: Tumor.
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A Deceiving Aorta

Uma Aorta Enganosa

Helder Santos, Hugo Miranda, Inés Almeida, Mariana Santos, Samuel Almeida, Lurdes Almeida
Cardiology Department, Centro Hospitalar Barreiro Montijo E.RE., Barreiro, Portugal.

An 82 year-old woman, with medical history of arterial
hypertension, atrial fibrillation and hypothyroidism,
was admitted for palpitations, dizziness, with increasing
intensity of retrosternal pressure radiating to the jaw with
onset 8 hours earlier. Physical exam suggested pulmonary
and peripheral edema. Electrocardiogram displayed atrial
fibrillation with rapid ventricular response and pathological
Q waves in the inferior leads. Blood work exposed an acute
renal injury. Transthoracic echocardiography (TTE) showed
a de novo reduced left ventricular fraction ejection, without
any wall motion abnormalities; normal aortic valve, dilated
aortic root and severe dilatation of the ascending aorta
(54 mm). Transesophageal echocardiography (TEE) revealed
a dissection flap about 5 cm above the aortic valve, without
aortic regurgitation. Computer tomography (CT) exposed
an aortic pseudoaneurysm sac of 63 to 45 mm on the aortic
anterior wall, partial thrombosed, excluding an ascending
aortic dissection.

There are very few clinical reports of aortic pseudoaneurysm

mimicking aortic dissection. TTE and TEE combined have
high sensitivity and specificity to identify aortic aneurism.
Nevertheless, an artefact or abnormality within the aortic
lumen can deceive the operator. CT is the gold standard and, in
this case, was a clarifying exam, exemplifying the importance
of multimodality imaging techniques.
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Figure 1 - Transthoracic echocardiography showing severe dilatation of the ascending aorta (panel A); computed tomography angiography revealing aortic pseudoaneurysm sac

(panel B and C).
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