
Imagem
Cardiovascular

ABC
Sociedade Brasileira de Cardiologia

ISSN-2675-312X

Volume Number

36 1
January/February/ 

March 2023

Figure 5 of the article: Automatic Measurement of the Mitral Valve Based on Echocardiography Using 
Digital Image Processing

Chief Editor
Daniela do Carmo Rassi 
Frota

Associate Editors
Alexandre Costa 
Karen Saori
Leonardo Sara
Marco S. Lofrano
Rafael Lopes
Simone Nascimento 
Tiago Senra
Viviane Hotta

Automatic Measurement of the Mitral Valve Based on Echocardiography Using 
Digital Image Processing

Heart Adaptation Mechanisms in Elite Female Athletes: Comparison With Healthy 
Individuals and Time of Training 

Hypothesis on the Pathogenesis of Myocarditis Associated Sub-Epicardial Scar

Contemporary Non-Invasive Imaging in Chronic Coronary Syndrome: What Stress 
Cardiovascular Magnetic Resonance has to Offer

Incidental Tomographic Findings of Coronary Artery Calcifications: A Prevalence 
Study in Southern Brazil 

My Approach to Right Ventricular Longitudinal Strain with Automated 2D and 3D 
Software

My Approach to Assessment After Tricuspid Interventions: Tips and Tricks



ABC Imagem Cardiovascular - Volume 36, Nº 1, January/February/March 2023

Contents

Original Article

Automatic Measurement of the Mitral Valve Based on Echocardiography Using Digital Image 
Processing
Genilton de França Barros Filho, Israel Solha, Ewerton Freitas de Medeiros, Alex dos Santos Felix, André Luiz 
Cerqueira de Almeida, José Carlos de Lima Júnior, Marcelo Dantas Tavares de Melo, Marcelo Cavalcanti 
Rodrigues

Heart Adaptation Mechanisms in Elite Female Athletes: Comparison With Healthy Individuals 
and Time of Training
José Maria Del Castillo, Thiago Boschilia, Nemi Sabeh Junior, Carlos Antônio da Mota Silveira, Djair Brindeiro Filho

Short Editorial

Cardiovascular Imaging In Assessment Of Athletes
José Roberto Matos-Souza e Daniela do Carmo Rassi 

Original Article

Incidental Tomographic Findings of Coronary Artery Calcifications: A Prevalence Study in 
Southern Brazil
Karen Rafaela Okaseski Scopel, Tássia Machado Medeiros, Bibiana Natalia Porto Maicá, Maria Carbonari 
Velho, Mariana Motta Dias da Silva, Juliane Nascimento Mattos, Guilherme Galante Heuser, Eliane Roseli 
Winkelmann

Editorial

Radiotherapy-Induced Heart Disease: What Can We Evaluate?
Marcelo Goulart Paiva

How Can the Assessment of Myocardial Flow Reserve by Nuclear Medicine Change the 
Interpretation of Myocardial Perfusion Scintigraphy?
Ronaldo de Souza Leão Lima

Hypothesis on the Pathogenesis of Sub-Epicardial Scar Associated with Myocarditis
João A. C. Lima, David A. Bluemke, Joshua Hare, Katherine Wu, Leonardo Sara, Carlos E. Rochitte

Mitral Valve Area Quantification Using Digital Image Processing: Is That Feasible?
Edgar Daminello, Paulo Pinto Alves Campos Vieira, Cláudio Henrique Fischer, Marcelo Luiz Campos Vieira

Imagem
Cardiovascular

ABC

Click on the title to read the article



ABC Imagem Cardiovascular - Volume 36, Nº 1, January/February/March 2023

A Clinician’s View of Tricuspid Regurgitation: What do I Need to Know? When to Intervene?
Tiago Bignoto

Contemporary Non-Invasive Imaging in Chronic Coronary Syndrome: What Stress 
Cardiovascular Magnetic Resonance has to Offer
Isabella Leo, Laura Torres Araujo, Chiara Bucciarelli-Ducci

Review Article

Left Atrial Strain in the Analysis of LV Diastolic Function: Ready to Use?
Antonio Amador Calvilho Júnior, Jorge Eduardo Assef, João Moron Saes Braga, Andrea de Andrade Vilela, 
Antonio Tito Paladino Filho, Gustavo Nishida

Echocardiographic Evaluation of a Patient in Circulatory Shock: A Contemporary Approach
Rafael Modesto Fernandes, Alexandre Costa Souza, Bruno de Freitas Leite, Jun Ramos Kawaoka

My Approach to “Athlete’S Heart”: Evaluation  of the Different Types of Adaptation to Exercise
Frederico José Neves Mancuso

My Approach to Right Ventricular Longitudinal Strain with Automated 2D and 3D Software
Lucas Arraes de França, Lucas Velloso Dutra

My Approach to Echocardiographic Assessment for Constrictive Pericarditis
Débora Freire Ribeiro Rocha, Ana Caroline Reinaldo de Oliveira, Verena Nunes e Silva, João Batista Masson Silva

My Approach to Imaging in Sickle Cell Anemia
João Carlos Moron Saes Braga, Fábio Villaça Guimarães Filho, Alexandre Rodrigues, Raphael Aparecido 
Barreto Silva

My Approach to Assessment After Tricuspid Interventions: Tips and Tricks
Bruna Morhy Borges Leal Assunção, Arthur Cortez Gonçalves, Lucas Velloso Dutra, Renata de Sá Cassar

Case Report

Role of multimodality for the diagnosis of thrombosis at late follow-up of patients selected for 
TAVI: review of a case series
Laila Caroline Oliveira Souza Barbosa Gomes, Alexandre Costa Souza, Stephanie de Azevedo Drubi, Bruna de 
Mattos Ivo Junqueira, Mariana Lins Baptista Guedes Bezerra, Rodrigo Vieira de Melo

Noblestitch Failure After Percutaneous Patent Foramen Ovale Closure in a Case Of Platypnea-
Orthodeoxia Syndrome: Is this Device Suitable for All Patients?
Ana Rita Moura, Mariana Silva, Alberto Rodrigues, João Carlos Silva, José Ribeiro, Daniel Caeiro, Jorge 
Casanova, Ricardo Fontes-Carvalho

Coronary-cavitary Fistula with Aneurysm in its Path: Case Report of Percutaneous Treatment
Carlos Alberto de Jesus, Edileide de Barros Correia, Líria Maria Lima da Silva, Ibraim Masciarelli Francisco 
Pinto, Mercedes Del Rosario Maldonado Andrade, Andrezza Lobo de Alencar, Marcelo Silva Ribeiro

Pulmonary Thromboembolism Associated with Paradoxical Embolism in a Patient with Patent 
Foramen Ovale
Arthur Barroso Vidal Vilarinho, Danielly Bernardes Silva, Ana Rosaria Medeiros Peres, Rodolfo Loureiro Borges 
de Souza, Carlos Eduardo de Sousa Amorelli, Fábio Lemos Campedelli, Luciano Moreira Alves, Fabio Augusto 
Cypreste de Oliveira



ABC Imagem Cardiovascular - Volume 36, Nº 1, January/February/March 2023

Criss-Cross Heart: A Case Report
Mateus Oliveira Potratz, Lorrayne Zonatele Garbo, Kamila Pompermaier Pessimilio, André Silveira Loss, 
Crislane Belisario Ambrozim, Ana Luiza Teixeira Albert Lima, Danielle Lopes Rocha

Importance of Echocardiography in the Differential Diagnosis of Rheumatic Mitral 
Regurgitation in Children and Adolescents
Camila Magalhães Silva, Maik Arantes, Fátima Derlene da Rocha Araújo, Adriana Furletti Machado Guimarães, 
Zilda Maria Alves Meira



Departament of Cardiovascular Imaging

Imagem
Cardiovascular

ABC

President
André Luiz Cerqueira de Almeida - BA

Vice President of Echocardiography
Alex dos Santos Félix - RJ

Vice President of Nuclear Cardiology
Simone Cristina Soares Brandão - PE

Vice President of Vascular 
Echography
José Aldo Ribeiro Teodoro - SP

Vice President of Magnetic 
Resonance Imaging
Otávio Rizzi Coelho Filho - SP

Vice President of Computed 
Tomography
Márcio Sommer Bittencourt - SP

Vice President of Congenital Heart 
Disease and Pediatric Cardiology
Adriana Mello Rodrigues dos Santos - MG

Managing Director
Silvio Henrique Barberato - PR

Financial Director
Mohamed Hassan Saleh - SP

Journal Director
Daniela do Carmo Rassi Frota - GO

Board of Trustees

President
Fábio Villaça Guimarães Filho - SP

Members
Afonso Akio Shiozaki - PR
Bruna Morhy Borges Leal Assunção - SP
David Costa de Souza Le Bihan - SP
Jorge Andion Torreão - BA
José Luiz Barros Pena - MG
José Olimpio Dias Júnior - MG
Rafael Willain Lopes - SP

Scientific Committee

Coordinator
Alex dos Santos Félix - RJ

Members
Simone Cristina Soares Brandão - PE
José Aldo Ribeiro Teodoro - SP
Otávio Rizzi Coelho Filho - SP
Márcio Sommer Bittencourt - SP

Qualification Committee

Coordinator
Andrea de Andrade Vilela - SP
Antonio Tito Paladino Filho - SP

Adult Echo Members
Antônio Amador Calvilho Júnior - SP
Candice Machado Porto - BA
Eliza de Almeida Gripp - RJ
João Carlos Moron Saes Braga - SP
Rafael Modesto Fernandes – BA
Sandra Nívea dos Reis Saraiva Falcão - CE

Congenital Echo Members
Carlos Henrique de Marchi - SP
Daniela Lago Kreuzig - SP
Halsted Alarcão Gomes Pereira da 
Silva - SP
Márcio Miranda Brito - TO

Seniors
Fábio Villaça Guimarães Filho - SP
Maria Estefânia Bosco Otto - DF
Solange Bernades Tatani - SP

Communication, Information and 
Internet Committee

Coordinator
José Roberto Matos Souza - SP

Members
Fabio Roston
Issam Shehadeh

Committee of Institutional Relations, 
Fees and Advocacy

Coordinator
Marcelo Haertel Miglioranza - RS

Members
Wagner Pires de Oliveira Júnior - DF

Committee of Education and 
Accreditation

Coordinator
Edgar Bezerra de Lira Filho - SP

Intersociety Committee

Coordinator
Marcelo Luiz Campos Vieira - SP

DIC Youth Committee

Coordinator
Eliza de Almeida Gripp - RJ

Positioning and Guidelines Committee

Coordinator
Marcelo Dantas Tavares de Melo - PB

Consultant
José Luiz Barros Pena - MG

Representatives

ASE
José Luiz Barros Pena - MG

EACVI
Alex dos Santos Félix - RJ

SISIAC
Ana Cristina de Almeida 
Camarozano - PR

Board of Former Presidents
Jorge Eduardo Assef - SP
Arnaldo Rabischoffsky - RJ
Samira Saady Morhy - SP
Marcelo Luiz Campos Vieira - SP
Carlos Eduardo Rochitte -SP



Board of Directors – Year 2023 (Brazilian Society of Cardiology)
North/Northeast
Nivaldo Menezes Filgueiras Filho (BA)
Sérgio Tavares Montenegro (PE)

East
Denilson Campos de Albuquerque (RJ)
Andréa Araujo Brandão (RJ) – Presidente do Conselho 
Administrativo

State of São Paulo
Celso Amodeo (SP)
João Fernando Monteiro Ferreira (SP) 

Center
Carlos Eduardo de Souza Miranda (MG) — Vice-presidente 
do Conselho Administrativo
Weimar Kunz Sebba Barroso de Souza (GO)

South
Paulo Ricardo Avancini Caramori (RS)
Gerson Luiz Bredt Júnior (PR)

Scientific Committee
Denilson Campos de Albuquerque (RJ)
Ibraim Masciarelli Francisco Pinto (SP)
Weimar Kunz Sebba Barroso de Souza (GO)

National Editorial Board

Adelino Parro Junior
Adenalva Lima de Souza Beck
Adriana Pereira Glavam
Afonso Akio Shiozaki
Afonso Yoshikiro Matsumoto
Alex dos Santos Félix
Alessandro Cavalcanti Lianza
Ana Clara Tude Rodrigues
Ana Cláudia Gomes Pereira Petisco
Ana Cristina de Almeida Camarozano 
Wermelinger
Ana Cristina Lopes Albricker
Ana Gardenia Liberato Ponte Farias
Ana Lúcia Martins Arruda
André Luiz Cerqueira de Almeida
Andrea de Andrade Vilela
Andrea Maria Gomes Marinho Falcão
Andrei Skromov de Albuquerque
Andressa Mussi Soares
Angele Azevedo Alves Mattoso
Antonildes Nascimento Assunção Junior
Antônio Carlos Sobral Sousa
Aristarco Gonçalves de Siqueira Filho
Armando Luis Cantisano
Benedito Carlos Maciel
Brivaldo Markman Filho
Bruna Morhy Borges Leal Assunção
Caio Cesar Jorge Medeiros
Carlos Eduardo Rochitte
Carlos Eduardo Suaide Silva
Carlos Eduardo Tizziani Oliveira Lima
Cecília Beatriz Bittenciurt Viana Cruz
Cintia Galhardo Tressino
Claudia Cosentino Gallafrio
Claudia Pinheiro de Castro Grau
Claudia Gianini Monaco
Cláudio Henrique Fischer
Cláudio Leinig Pereira da Cunha
Claudio Tinoco Mesquita
Clerio Francisco de Azevedo Filho
David Costa de Souza Le Bihan
Djair Brindeiro Filho
Edgar Bezerra Lira Filho
Edgar Daminello
Eliza de Almeida Gripp
Eliza Kaori Uenishi
Estela Suzana Kleiman Horowitz

Fabio de Cerqueira Lario
Fabio Villaça Guimarães Filho
Fernando Antônio de Portugal Morcerf
Frederico José Neves Mancuso
Gabriel Leo Blacher Grossman
Gabriela Liberato
Gabriela Nunes Leal
Giordano Bruno de Oliveira Parente
Gláucia Maria Penha Tavares
Henry Abensur
Ibraim Masciarelli Francisco Pinto
Ilan Gottlieb
Iran de Castro
Isabel Cristina Britto Guimarães
Ivan Romero Rivera
Jaime Santos Portugal
Jeane Mike Tsutsui
João Marcos Bemfica Barbosa Ferreira
José de Arimatéia Batista Araujo-Filho
José Lázaro de Andrade
José Luis de Castro e Silva Pretto
José Luiz Barros Pena
José Maria Del Castillo
José Olimpio Dias Júnior
José Sebastião de Abreu
José Roberto Matos-Souza
Joselina Luzia Menezes Oliveira
Jorge Andion Torreão
Juliana Fernandes Kelendjian
Laise Antonia Bonfim Guimarães
Lara Cristiane Terra Ferreira Carreira
Leina Zorzanelli
Lilian Maria Lopes
Liz Andréa Baroncini
Luciano Aguiar Filho
Luciano Herman Juaçaba Belém
Luiz Darcy Cortez Ferreira
Luiz Felipe P. Moreira
Manuel Adán Gil
Marcela Momesso Peçanha
Marcelo Dantas Tavares
Marcelo Haertel Miglioranza
Marcelo Luiz Campos Vieira
Marcelo Souza Hadlich
Marcia Azevedo Caldas
Marcia de Melo Barbosa
Marcia Ferreira Alves Barberato

Márcio Silva Miguel Lima
Marcio Sommer Bittencourt
Márcio Vinícius Lins de Barros
Marcos Valério Coimbra de Resende
Maria Clementina Di Giorgi
Maria do Carmo Pereira Nunes
Maria Eduarda Menezes de Siqueira
Maria Estefânia Bosco Otto
Maria Fernanda Silva Jardim
Marly Maria Uellendahl Lopes
Miguel Osman Dias Aguiar
Minna Moreira Dias Romano
Mirela Frederico de Almeida Andrade
Murillo Antunes
Nathan Herszkowicz
Orlando Campos Filho
Oscar Francisco Sanchez Osella
Oswaldo Cesar de Almeida Filho
Otavio Rizzi Coelho Filho
Paulo Zielinsky
Rafael Bonafim Piveta
Rafael Borsoi
Renato de Aguiar Hortegal
Reginaldo de Almeida Barros
Roberto Caldeira Cury
Roberto Pereira
Rodrigo Alves Barreto
Rodrigo Julio Cerci
Samira Saady Morhy
Sandra da Silva Mattos
Sandra Marques e Silva
Sandra Nivea dos Reis Saraiva Falcão
Sérgio Cunha Pontes Júnior
Silvio Henrique Barberato
Simone Cristina Soares Brandão
Simone Rolim F. Fontes Pedra
Thais Harada Campos Espírito Santo
Tamara Cortez Martins
Valdir Ambrósio Moisés
Valeria de Melo Moreira
Vera Márcia Lopes Gimenes 
Vera Maria Cury Salemi
Vicente Nicoliello de Siqueira
Washington Barbosa de Araújo
Wercules Oliveira
William Azem Chalela
Wilson Mathias Júnior
Zilma Verçosa Sá Ribeiro



ABC Imagem Cardiovascular

Volume 36, Nº 1, January/February/March 2023
Indexing: Lilacs (Latin American and Caribbean Health Sciences Literature), Latindex (Regional Cooperative Online Information 

System for Scholarly Journals from Latin America, the Caribbean, Spain and Portugal) and DOAJ (Directory of Open Access 
Journals)

The ads showed in this issue are of the sole responsibility of advertisers, as well as the concepts expressed in signed articles are of the sole 
responsibility of their authors and do not necessarily reflect the views of SBC.

This material is for exclusive distribution to the medical profession. The Arquivos Brasileiros de Cardiologia: Imagem Cardiovascular are not responsible 
for unauthorized access to its contents and that is not in agreement with the determination in compliance with the Collegiate Board Resolution (DRC) 
N. 96/08 of the National Sanitary Surveillance Agency (ANVISA), which updates the technical regulation on Drug Publicity, Advertising, Promotion and 
Information. According to Article 27 of the insignia, "the advertisement or publicity of prescription drugs should be restricted solely and exclusively to 

health professionals qualified to prescribe or dispense such products (...)". 

To ensure universal access, the scientific content of the journal is still available for full and free access to all interested parties at: 
https://www.abcimaging.org/

Commercial Department
Phone: (11) 3411-5500

E-mail: comercialsp@cardiol.br

Editorial Production
SBC - Scientific Department

Graphic Design and Diagramming
SBC - Scientific Department

Address: Av. Marechal Câmara, 160 - 3º andar - Sala 330 
20020-907 • Centro • Rio de Janeiro, RJ • Brasil

Phone.: (21) 3478-2700

E-mail: abcimaging@cardiol.br

https://www.abcimaging.org/

International Editorial Board

Adelaide Maria Martins Arruda Olson
Anton E. Becker
Daniel Piñeiro
Eduardo Escudero
Eduardo Guevara
Fernando Bosch
Gustavo Restrepo Molina

Harry Acquatella
João A. C. Lima
Jorge Lowenstein
Joseph Kisslo
Laura Mercer-Rosa
Leopoldo Pérez De Isla
Mani A. Vannan

Natesa Pandian
Navin C. Nanda
Nuno Cardim
Raffaele De Simone
Ricardo Ronderos
Vera Rigolin
Vitor Coimbra Guerra



Arq Bras Cardiol: Imagem cardiovasc. 2023;36(1):e371

Original Article

SOC

IE
D

A
D

E
 B

R

A
S I L E I R A  D E  C

A
R

D
IO

L
O

GIA

Automatic Measurement of the Mitral Valve Based on 
Echocardiography Using Digital Image Processing
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Abstract
Background: The evaluation of mitral valve area through multiplanar reconstruction in 3-dimensional echocardiography 
is restricted to specific software and to the experience of echocardiographers. They need to manually select the video 
frame that contains the maximum mitral valve opening area, as this dimension is fundamental to identification of mitral 
stenosis. 

Objective: To automate the process of determining the maximum mitral valve opening area, through the application 
of digital image processing (DIP) in echocardiography tests, developing an open algorithm with video reading in avi 
format. 

Method: This cross-sectional observational pilot study was conducted with 25 different echocardiography exams, 15 
with normal aperture and 10 with rheumatic mitral stenosis. With the authorization of the Research Ethics Committee, all 
exams were performed and made available by 2 specialists who used 2 models of echocardiographic devices: Vivid E95 
(GE Healthcare) and Epiq 7 (Philips), with multiplanar transesophageal probes. All videos in avi format were submitted 
to DIP using the image segmentation technique. 

Results: The measurements obtained manually by experienced echocardiographers and the values ​​calculated by the 
developed system were compared using a Bland-Altman diagram. There was greater agreement between values ​​in the 
range from 0.4 to 2.7 cm². 

Conclusion: It was possible to automatically determine the maximum mitral valve opening area, for cases from both 
GE and Philips, using only 1 video as input data. The algorithm has been demonstrated to save time on measurements 
when compared to the usual method.

Keywords: Mitral Valve; Echocardiography; Image Processing, Computer-Assisted.
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Introduction
Valve diseases are important determinants of cardiovascular 

morbidity and mortality, with degenerative diseases of the 
mitral and aortic valves being the most prevalent, even though 
rheumatic disease still constitutes an important public health 
problem in Brazil. Echocardiography plays an important role 
in the diagnosis and severity assessment of valve diseases. It is 
able to determine anatomical and pathophysiological details 
that assist in planning the best intervention for each patient, 

and it has the advantages of being widely available and low 
cost, without requiring radiation or nephrotoxic contrast.¹

Among the most common imaging tests, echocardiography 
is the most frequently used modality in the evaluation of mitral 
valve diseases. This is possible because it is a more readily 
available and widely used technique to assess function and 
structure. Echocardiography makes real-time imaging possible 
without the presence of ionizing radiation, serving today as a 
backbone in the field of cardiovascular imaging.²

The use of 3-dimensional echocardiography provides 
numerous advantages, such as the possibility of real-
time navigation, image post-processing, and multiplanar 
reconstruction. It is especially important for the preoperative 
evaluation of patients who are candidates for valve repair or 
replacement surgery. It allows intraoperative monitoring of 
procedures, such as transcatheter aortic valve replacement³ 
and implantation of clips for percutaneous mitral repair 
(Mitraclip). It also makes it possible to conduct procedures to 
treat rheumatic mitral stenosis, such as percutaneous mitral 

1
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balloon valvuloplasty, or even percutaneous implantation of a 
biological mitral valve prosthesis by transcatheter mitral valve 
replacement, in patients with degenerative mitral disease and 
calcification of the valve annulus, or percutaneous prosthesis 
implantation inside a dysfunctional biological prosthesis (mitral 
valve-in-valve procedure). The procedures described have 
shown great evolution, with increasingly effective results due 
to the help of multimodal cardiac imaging in pre-procedure 
evaluation and during the intervention.4,5

During interventions, decisions must be be agile, and 
accurate information must be provided to the interventionist; 
therefore, the quality of communication between teams is 
essential. Through visual demonstration of structures, made 
possible by 3-dimensional reconstruction and rendering, 
with more accurate measurements that are less dependent 
on angulations, such as those obtained by multiplanar 
reconstruction, it is possible to obtain better results, with 
greater efficiency and lower rate of complications.5

There is significant variation in the human interpretation of 
echocardiographic data, in addition to errors in measurements, 
due to considerable inter-observer variability. The use of 
automated systems for the interpretation of cardiovascular 
images can be useful in improving the methods’ diagnostic 
and prognostic performance, and the application of machine 
learning to medical images, with the help of specialists’ 
interpretation, increases the reliability of the process due to 
the availability of various data structured by reports.6

The accurate evaluation of the mitral valve area by means of 
multiplanar reconstruction on 3-dimensional transesophageal 
echocardiography is totally dependent on the examiner’s 
experience and expertise in using specific software, which 
may not be available on some platforms or may not even be 
very practical to use, thus consuming exam time.6 

Digital image processing (DIP) has been gaining recognition 
in 2 main areas of application, namely, improving visual 
information from imaging for human interpretation and 
processing imaging data for storage, transmission, and 
representation, considering automatic machine perception.7

It consists of manipulation of images by a computer, with 
different applications, such as contrast enhancement, noise 
reduction, tracking objects and/or people, edge detection, 
pattern identification, classification and counting of objects 
and/or people, and many others.7 Among multiple existing 
DIP techniques, image segmentation has been applied. This 
technique produces a binary image, with pixels of value 1, 
indicating they are part of the object under study, and pixels 
of value 0, indicating they are not. Thus, it is possible to divide 
an image into regions, identifying borders and discontinuities, 
for example.8 

Several studies have contributed to the evolution of 
echocardiography analysis using computerized tools. For 
example, Sakamiya et al. created a platform for online 
monitoring of the contractile behavior of the heart, 
which are the main functional characteristics of cardiac 
tissue, simultaneously employing an image processing 
and piezoelectric detection system. They also evaluated 
the influence of medications such as isoproterenol and 
doxorubicin on the contractile behavior of the heart. The 

medication reactivity results provided by these 2 measurement 
systems were consistent with the previous reports they had, 
demonstrating the reliability of the developed platform and its 
potential for use in medication-related screening applications.9

Nizar et al. used a convolutional neural network for real-
time detection of the aortic valve in echocardiography exams, 
with the purpose of assisting medical examination, since 
an automated detection system in an echocardiogram can 
improve the accuracy of the medical diagnosis and provide 
additional medical analysis from the resulting detection. 
Therefore, they concluded that this tool can be of great help 
for medical purposes.10

Ostvik et al. verified the possibility of applying artificial 
neural networks in the classification of transthoracic images 
obtained by echocardiography. The conclusion was satisfactory 
for the implementation in 2-dimensional echocardiography, 
and, for analysis of 3-dimensional echocardiography, studies 
still need to make gains in performance, seeing that it is 
conducted based on frames obtained during the procedure.⁠11

Therefore, the objective of this project is to automate the 
determination of maximum mitral valve opening area, by 
applying DIP to echocardiography exams and developing an 
open algorithm with video reading in avi format.

Methods
Retrospective analyses were conducted in different 

echocardiography studies by experienced echocardiographers. 
The exams included patients who had “normal” mitral valves, 
that is, mitral valve openings in normal conditions, and patients 
with mitral valves affected by rheumatic stenosis. 

For  acquis i t ion,  the echocardiographers  used 
2 echocardiography device models, with multiplanar 
transesophageal probes: the Vivid E95 (GE Healthcare) 
and the Epiq 7 (Philips). Each has its particularities. The 
most considerable difference, in relation to this research, 
is the way in which the image scale is represented. The 
Philips echocardiograph draws green dots, and the distance 
between their centroids is indicated as a numerical value 
belonging to the metric scale. The General Electric (GE) brand 
echocardiograph represents the scale at the bottom right of 
the image.

After acquiring the exams saved as videos, they were 
submitted to DIP using the image segmentation technique, 
considering that a video is composed of a set of sequential 
static images. As a result, DIP identifies the maximum valve 
opening area, highlights its outline, and calculates its value.

An application was developed to facilitate the use of DIP. 
People unfamiliar with programming are able to use it, as it 
has an intuitive graphical interface. It was created with python 
language.

Finally, the results obtained by the application were 
compared with the results obtained by the echocardiographers, 
who manually selected the maximum valve opening area using 
specific software. To verify the correlation between both 
measurements, the Bland-Altman method was used.
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Results
All exams obtained were saved in avi video format. A total 

of 25 videos were acquired, 22 from the GE echocardiography 
device and 3 from the Philips device. The number of tests 
used in the present study was limited by the study time and 
influenced by the pandemic, which made it difficult to acquire 
more tests.

The  s tudy  mode l  was  r e t ro spec t i ve ,  c ro s s -
sectional, and observational, acquired in accordance 
with the recommendations of the American Society of 
Echocardiography.12 Planimetry was performed by multiplanar 
reconstruction with ventricular and atrial view, using EchoPac 
v.204 for GE devices and directly on the Epiq 7 device during 
the echocardiography for the Philips devices.

Figure 1 illustrates the interfaces of the developed 
application and how it functions. 

When the application is opened, the home screen is 
displayed (Figure 1a). It displays 2 options: “Philips” and 
“General Electric”. The user must select the button according 
to the source of the video to be used for analysis. If the video 
was saved from echocardiograms performed using Philips 
devices, the “Philips” button must be selected. If the exams 

were performed using General Electric devices, the “General 
Electric” button must be selected.

When selecting the “Philips” option, the screen in Figure 1b 
will be displayed. The user must click on the “Select Video” 
button to load the video to be analyzed and, subsequently, 
inform the numerical scale present in the video. For example, 
if the exam was performed and saved with a 5 mm scale 
in the grid, the user must enter a value of 0.5 in the “Scale 
[cm]” field. Finally, the “Play” button must be selected for 
the application to perform the entire DIP to identify and 
calculate the maximum valve opening area. Additionally, the 
screen displays some instructions to facilitate the use of the 
application and to optimize the results to be obtained.

If the “General Electric” option is selected on the initial 
screen (Figure 1a), the screen in Figure 1c will be displayed. 
This screen allows the user to choose how the video was 
saved. If it was saved with only the 3-dimensional view, the 
“Case 1” button must be selected. If it was saved with the 
3-dimensional view and the frontal, lateral, and superior 
views, the “Case 2” button must be selected. This distinction 
is necessary, because the mode and characteristics of saved 
videos influence digital processing.

Figure 1 – Screens of the developed application. a) Home screen; b) Screen for processing videos from Philips echocardiography devices; c) Screen for selecting 
options for video from GE echocardiography devices; d) Screen for processing videos with only the 3-dimensional view from GE echocardiography devices 
(Case 1); e) Screen for processing videos with 3-dimensional, lateral, superior, and frontal views from GE echocardiography devices (Case 2).

DETERMINATION OF VALVE AREA

Select the brand of the equipment

Case 1 Case 2

Select Video

Scale [cm]

Select Video

Scale [cm]

Select Video

Scale [cm]
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The “Case 1” and “Case 2” buttons will display the screens 
in Figures 1d and 1e, respectively. They function in the same 
manner as the screen in Figure 1b, previously described.

After selecting the “Play” button in Figure 1b, Figure 1d, 
or Figure 1e, DIP transforms the video into a set of images 
(as in the example illustrated in Figure 2), also called frames, 
to analyze them separately and to identify the image that 
contains the maximum valve opening area. As all images are 
isolated, the frame rate (frames per second) of each video did 
not interfere with the results.

After digital processing, the application displays the result, 
as illustrated in Figure 3.

Figure 3a illustrates the first screen displayed after the 
application executes the DIP. The maximum valve opening 
area is identified and drawn (white outline). The value of the 
maximum area is also displayed. In the case shown in Figure 
3a, the area is 4.45 cm ².

In order to make the results more accurate, the application 
allows the user to check the preceding and subsequent 
images, with the buttons “Previous image” and “Next image”, 
respectively. They make it possible to verify the outlines that 
best correspond to reality.

In the result shown in Figure 3, although the outline in 
Figure 3a shows a satisfactory result, the outline in Figure 3b 
is more accurate and more consistent with the shape of the 
maximum valve opening. In fact, the maximum valve opening 
area became 4.5 cm².

The “Home screen” button returns to the initial screen 
of the application (Figure 1a) and the “Select image” button 
saves the results obtained.

Figures 4 and 5 represent comparisons between the 
results obtained by measuring the maximum valve opening 
area performed by the developed application and by an 
echocardiographer. Figure 4 characterizes a “normal” case, 
and Figure 5 displays a case with stenosis. 

Figura 2 – Example illustrating the transformation of a video into multiple images (frames).
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Figure 4 – Comparison between the measurement of the developed application and the measurement of an echocardiographer, with manual selection by 
means of specific software. a) Analyzed video of a “normal” case; b) Result of the developed application: Area of 4.59 cm²; c) Result of the echocardiographer’s 
measurement: Area of 4.7 cm².

Analysis of Figures 4 and 5 reveals that the results 
were very close. For the “normal” case, the application 
provided the value of 4.59 cm² (Figure 4b), and the 
echocardiographer’s measurement provided the value 
of 4.7 cm² (Figure 4c). In the case with stenosis, the 
application provided the value of 0.51 cm² (Figure 5b), 
and the echocardiographer’s measurement provided the 
value of 0.6 cm² (Figure 5c).

Furthermore, it was observed that the adoption of some 
practices optimizes the results of the application, for example, 
saving videos highlighting the mitral valve region, applying 
zoom, and saving videos with few elements, preferably only 
the region of interest and the scale used. However, further 
tests would be needed to validate this finding.

With the identification of the maximum valve opening 
and the calculation of its value, the developed application 
is also able to detect whether or not the patient in the 
referred exam has stenosis.

Furthermore, the processing time of the application is 
relatively low, remaining under 3 minutes for the majority 
of analyses.

In order to verify the concordance of the results 
obtained by the application and by the echocardiographers’ 
measurements, the Bland-Altman method was applied, as 
shown in Figure 6.

Using the Bland-Altman method, evaluating the cases 
with and without stenosis separately, agreement was found 
between the DIP and echocardiographers’ measurements 
in obtaining the maximum valve opening area (Figure 6a 

Previous 
image

Next  
image

Home screen Select image

Figure 3 – Results displayed by the developed application. a) Home screen; 
b) Final screen, with the image of the maximum valve opening selected.
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image
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Figure 6 – Bland-Altman method. a) Applied only to cases without stenosis; b) Applied only to cases with stenosis; c) Applied to all 25 tests used in this study.
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and Figure 6b). Combining all cases, only 2 were outside 
the acceptable range (Figure 6c). These results contribute 
to the validation of both the DIP technique employed and 
the developed application.

For cases without stenosis (Figure 6a), the greatest 
difference between measurements was 0.7 cm², while 
most remained within the range of −0.5 cm² to 0.5 cm². 

For cases with stenosis (Figure 6b), the greatest difference 
between measurements was 0.2 cm², and all remained 
within the range of −0.2 cm² to 0.2 cm². Analyzing all 
cases (Figure 6c), those with stenosis (points further to the 
left in Figure 6c) had smaller differences in measurements 
compared to those without stenoses (points further to the 
right in Figure 6c).

Figure 5 – Comparison between the measurement of the developed application and the measurement of an echocardiographer, with manual selection by means 
of specific software. a) Analyzed video of a case with stenosis; b) Result of the developed application: Area of 0.51 cm²; c) Result of the echocardiographer’s 
measurement: Area of 0.6 cm².
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Discussion
This study stands out because it employs DIP, based 

on the image segmentation technique, to detect the 
maximum mitral valve opening area automatically, based 
on echocardiogram videos in avi format. Therefore, it 
contributes to the detection of mitral stenosis. A major 
differential is the application developed with python 
language, which allows easy access and easy handling of 
the DIP tools. It needs only be installed on a computer. 
The application’s screens were developed to improve users’ 
experience, and they do not require prior knowledge of 
programming. 

The developed application is capable of analyzing 
more complex cases, such as patients with arrhythmias, 
because the automatic selection makes it possible to 
check each image in the video, highlighting the image 
with the maximum valve opening. Moreover, the more 
measurements that are performed with the developed 
application and compared with medical measurements, 
especially with different and atypical cases, the more it will 
be tested, allowing better assessment for its consolidation.

This automatic measurement has some advantages 
when compared with manual selection performed by 
echocardiographers, because the result can be heavily 
influenced by the moment when they pause the video to 
perform the analysis. This manual selection requires a great 
deal of the specialist’s time, considering that they must 
be very careful to carry out a selection with as little error 
as possible and with maximum attention. Considering a 
full day of care, the accuracy of the selected regions will 
be greater for the first patients of the day, and they will 
decrease according to the echocardiographer’s physical 
and mental fatigue, in addition to other external factors 
that may influence the measurement.

When conducting a survey of the literature, nothing 
similar was found. However, one of the great efforts of 
researchers is to ensure the automation of measurements 
in operator-dependent examinations for the investigation 
of various pathologies, with the aim of reducing or 
eliminating manual selection errors. Thus, Saine et al. 
presented a technique for automatic boundary detection 
of the left atrium and ventricle based on 2-dimensional 
echocardiograms, with the objective of determining the 
dilation area of these chambers in patients with mitral 
valve insufficiency.13 

Melo et al. developed a semiautomated method that 
determines variation in ventricular area on dynamic 
2-dimensional echocardiograms using DIP techniques such as 
time averaging, wavelet-based denoising, edge enhancement 
filtering, morphological operations, homotopy modification, 
and watershed segmentation. This method has become useful 
for analyzing global ventricular function by measurements 
of area.14 

Mahadi et al. verified the use of DIP in 2-dimensional 
echocardiograms to transform scan slices into a set of 
pixels and thus determine the distance of points that could 
measure the diameter of a mitral valve in a given view.15 
Aquila et al. presented the use of a tool called Siemens eSie 

Valves which made it possible to automatically determine 
a series of parameters of the mitral valve annulus such as 
area, anteroposterior and posterolateral diameters, and 
intertrigonal distance. Therefore, this study compares existing 
anatomical alterations between functional and organic mitral 
regurgitation processes based on the automatic acquisition of 
valve measurements.16

Accordingly, this study offers another tool to combat 
possible human errors in measuring valve areas and to 
contribute to automation. 

Conclusions
It was possible to automatically determine the maximum 

mitral valve opening area, for cases from both GE and 
Philips echocardiography devices, using only 1 video as 
input data. 

As the application chooses the appropriate frame and 
calculates the area almost instantly, it can be intuitively 
concluded that it is faster than manual measurement.

This study shows interesting potential because it does not 
depend on specific software, and it has a good outlook for 
obtaining measurements remotely.
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Heart Adaptation Mechanisms in Elite Female Athletes: Comparison 
With Healthy Individuals and Time of Training
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Abstract
Background: Intense continuous exercise provokes adaptive remodeling phenotypes in athletes, the parameters of 
which can be evaluated through conventional echocardiography and myocardial deformation. We compared myocardial 
remodeling in female athletes (athlete group) with sedentary women of the same age range (control group) and between 
older and younger athletes.

Methods: A total of 57 female soccer players and 25 healthy sedentary women were selected. The athlete group 
was subdivided into a main group and those under 17 years of age (< 17 group). The dimensions and systolic and 
diastolic function of the cardiac chambers and myocardial deformation (longitudinal and circumferential, as well 
as radial  strain  and rotational mechanics) was determined through echocardiography, using the Z statistic with a 
significance level of p< 0.05.

Results: The mean age of the athlete, control, main, and < 17 groups was 22.1 (SD, 6.3); 21.2 (SD, 5.0); 26.5 (SD, 
5.1); 16.5 (SD, 0.6) years, respectively. Weight, body mass index and heart rate were lower in the athlete group. Wall 
thickness, left ventricular mass index, left atrial (LA) volume, ejection fraction, and right ventricular dimensions were 
higher in athlete group, but remained within normal ranges. Regarding myocardial deformation, there was decreased 
radial strain, basal rotation, apical rotation, and twisting in the athlete group, suggesting a contractile reserve mechanism. 
These parameters were lesser in the main athlete group, who also had greater wall thickness, greater volume in the left 
atrium (LA) and larger size in the right ventricle (RV), suggesting that increased contractile reserve is related to longer 
time spent in the sport.

Conclusions: In female athletes who had undergone intense long-term training, we observed adaptive remodeling of the 
cardiac chambers and increased contractile reserve (at rest), and these changes were more pronounced in those with 
longer involvement in the sport.
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Mailng Address: José Maria Del Castillo  •
Rua Jorge de Lima, 245, apto 303. Salute. Postal Code 51160-070. 
Imbiribeira, Recife, PE – Brazil
E-mail: castillojmd@gmail.com
Manuscript received December 17, 2022; revised manuscript January 27, 2023; 
accepted January 29, 2023
Editor responsible for the review: Daniela do Carmo Rassi Frota

DOI:  https://doi.org/10.36660/abcimg.2023372i

Introduction
Intense sustained exercise leads to adaptive remodeling 

in the cardiac cavities. However, remodeling mechanisms 
differ according to activity type, as postulated by 
Morganroth in 1975:1 anaerobic exercise (strength and 
short-duration) causes concentric remodeling , while 
aerobic exercise (resistance and long-duration) causes 
eccentric remodeling. In different sports there are many 
combinations between strength and resistance, resulting 
in combined phenotypes. Soccer, for example, involves 
an estimated 70% aerobic and 30% anaerobic activity.2

In some athletes, remodeling results in different degrees 
of hypertrophy or myocardial dilation, sometimes resulting 
in a difficult differential diagnosis of hypertrophic or dilated 
cardiomyopathies. Based on research and diagnostic 
criteria, eligibility criteria for elite athletes with cardiac 
alterations have now been developed.3 The selection of 
these criteria is extremely important, since the prevalence 
of sudden death among athletes is high.4 In most athletes, 
however, physiological cardiac remodeling occurs within 
normal limits or below pathological values. The threshold 
between pathological and athletic hypertrophy is ≥ 16 mm 
for the interventricular septum. Athletes, in general, have 
a septal thickness ≤ 12 mm, with a septal thickness 13-
15 mm and a septum/wall ratio < 1.3 considered a “gray 
zone”.5 As a further complication, the adaptive response 
to exercise is lower in women.6

Material and methods
To verify the adaptive response to habitual exercise at an 

intense level, we compared elite female athletes from the 
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national women’s soccer team (athlete group), with healthy 
sedentary women of the same age range (control group). 

To determine changes that occur as a function of time, 
we divided the athletes into two groups: one of players 
from the main team (main group) and another of players 
from the under-17 team (< 17 group). 

The analysis was based on resting echocardiography, 
measuring and comparing several echocardiographic 
parameters. All parameters were analyzed according to 
current American Society of Echocardiography guidelines.7

Using transthoracic echocardiography, we analyzed 
a total of 57 athletes, which, as mentioned above, were 
subdivided into 2 groups: 32 older athletes (main group) 
and 25 younger athletes (< 17 group). A control group of 
25 healthy sedentary women from the same age range was 
compared with the combined athlete group.

The analyzed demographic parameters were age, 
weight, height, body surface area, and body mass index. 
In a break between training sessions, we used transthoracic 
echocardiography at rest to determine heart rate, left 
ventricle (LV) diameter, end-diastolic thickness of the 
interventricular septum and free posterior wall, LV end-
diastolic volume, ejection fraction, diameters of the aorta 
and left atrium, baseline right ventricle (RV) diameter, and 
end-expiratory inferior vena cava diameter. We calculated 
the LV mass, relative LV wall thickness, and left atrial (LA) 
volume. With Doppler ultrasound, we measured mitral 
flow, E wave, and A wave velocities, while with tissue 
Doppler imaging we measured the mean e’ wave to peak 
mitral annulus velocity.

Using speckle tracking , a measure myocardial 
deformation, we determined: LV global longitudinal strain, 
LV systolic strain rate, and LV early diastolic strain rate, LV 
circumferential and radial strain, RV strain and longitudinal 
strain rate, baseline LV rotation, LV apical rotation, LA 
longitudinal strain, and right atrial (RA) longitudinal strain. 
The following parameters were indexed to body surface 
area: LV end-diastolic volume, LV mass, and LA volume. 
Twisting was calculated from LV basal rotation and apical 
rotation, which were obtained through speckle tracking. 

The exams were performed by the same operator with 
a CX50 ultrasound machine (Philips Healthcare, Andover, 
MA, USA) and QLAB 15 software. In this quantitative 
descriptive study, statistical analysis was performed using 
the Z test for independent samples. Numerical data were 
analyzed in BioEstat 5.0, determining the mean, SD, and 
statistical difference with a significance level of < 5%. 
Sample variance was estimated to verify homogeneity.

Results
We divided the analysis into two parts: the first was a 

comparison of the combined athlete group with healthy 
controls, ie, sedentary women of the same age range; 
while the second was a comparison between the main 
and under-17 teams.

Table 1 compares echocardiographic data between 
the athlete and control groups, while Table 2 compares 

myocardial deformation parameters between the athlete 
and control groups. Table 3 compares echocardiographic 
data between the main and < 17 athlete groups, while 
Table 4 compares myocardial deformation parameters 
between the main and < 17 athlete groups.

Regarding echocardiographic parameters between the 
athlete and control groups, heart rate was significantly 
lower in the athlete group. End-diastolic thickness of 
the interventricular septum and free posterior wall, LA 
diameter, and RV diameter were significantly greater in 
the athlete group. LV mass index, LV diastolic volume, 
and indexed LA volume and LV ejection fraction were 
significantly higher among athletes than controls. In in 42% 
of the athlete group, the indexed LV volume was > 61 mL/
m², which was considered the upper limit of normality, 
although the LV mass index and relative wall thickness 
were not characteristic of hypertrophy.

Regarding myocardial deformation in the athlete 
and control groups, LV global radial strain, RV global 
longitudinal strain, and LV basal and apical rotation and 
twisting were significantly greater in the control group.

Between the main and < 17 athlete groups, LV diastolic 
diameter was significantly greater in < 17 group, while 
end-diastolic thickness of the interventricular septum 
and free posterior wall, as well as LA and RV diameter, 
were significantly greater in the main group. Relative wall 
thickness was greater in the main group, while indexed 
LA volume was greater in the < 17 group. In the main 
group, mitral E wave velocity was significantly lower, 
mitral A wave velocity was significantly higher, and the 
E/A ratio was significantly lower, with no difference in the 
e’ wave velocities of the mitral annulus or the E/e’ ratio. 
Regarding strain parameters, LV longitudinal systolic and 
diastolic strain rate, LV radial strain, RV longitudinal strain 
rate, apical rotation, and twisting were significantly higher 
in the < 17 group.

Discussion
Comparing elite female athletes with healthy sedentary 

women of the same age range yielded some important 
observations: the athletes had lower weight, lower body 
mass index, and thinner bodies, but no difference in 
height. Thus, body mass index, rather than body surface 
area, allowed more efficient distinction of this body type, 
which has been observed in previous studies of obese and 
thin patients.8,9

The differences between the athlete and control groups 
show the heart’s physiological adaptation to habitual 
intense exercise, such as lower heart rate, greater LV wall 
thickness and increased LA and RV diameters. Increased 
RV diameter, a frequent finding among highly trained 
athletes, is attributed to a disproportionate increase in right 
cardiac work during exercise due to the smaller decrease 
in pulmonary resistance in relation to systemic resistance.10 
Even without increased LV diastolic diameter, in 24 athletes 
(42%) LV end-diastolic volume indexed to body surface 
area was higher than normal (61 mL/m²). However, no 
increase was observed when these values were indexed 
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Table 1 – Comparison between the athlete and control groups: 
demographic data, cavity dimensions, volumes, mass, and 
systolic and diastolic function

Parameter
Athletes 
(Mean ± 

SD)

Controls 
(Mean ± 

SD)
Z-score P-value

Age  
(years)

22.14±6.29 21.24±5.02 0.6904 0.2450

Weight  
(kg)

60.02±6.71 65.24±6.21 3.4179 0.0003*

Height  
(cm)

166.05±7.98 164.24±6.48 1.0836 0.1393

Body surface 
(m²)

1.67±0.13 1.69±0.09 1.1715 0.1207

Body mass index 
(Kg/m²)

21.75±1.79 24.29±3.03 3.9007 < 0.0001*

HR  
(bpm)

62.95±9.01 75.28±8.69 5.8483 < 0.0001*

LVDD  
(mm)

45.82±2.25 45.12±2.62 1.1687 0.1213

DST  
(mm)

7.70±0.46 6.43±0.56 9.9477 < 0.0001*

DWT  
(mm)

7.67±0.48 6.40±0.58 9.5563 < 0.0001*

AoD  
(mm)

27.26±2.88 27.84±2.88 0.8344 0.2020

LAD  
(mm)

31.00±2.85 27.72±2.34 5.4571 < 0.0001*

RVDD  
(mm)

29.82±3.85 28.54±2.13 1.9342 0.0265*

IVCD  
(mm)

20.26±4.01 15.86±1.59 0.1320 0.4475

LV mass index 
(g/m²)

68.67±8.01 54.69±8.35 7.0626 < 0.0001*

Relative 
thickness

0.34±0.03 0.29±0.03 1.057 0.15

LV/BS diastolic 
volume

59.74±10.84 51.30±9.41 13.588 < 0.0001*

LA/BS  
volume

21.73±5.94 20.86±5.77 3.161 0.0008*

LV ejection 
fraction (%)

63.45±5.99 59.57±7.55 4.5817 < 0.0001*

Mitral E wave 
(cm/s)

89.84±12.83 89.34±10.76 0.1818 0.4279

Mitral A wave 
(cm/s)

49.48±8.30 49.16±11.60 0.1227 0.4512

E/A  
Ratio

1.86±0.36 1.90±0.42 0.4677 0.3200

Tissue e’ wave 
(cm/s)

18.40±2.50 18.48±1.62 0.8504 0.1976

Mean  
E/e’ ratio

4.94±0.78 4.85±0.56 0.5692 0.2846

HR: heart rate; LVDD: left ventricular diastolic diameter; DST: diastolic 
septal thickness; DWT: diastolic wall thickness; AoD: aorta diameter; 
LAD: left atrial diameter; RVDD: right ventricular diastolic diameter; 
IVCD: inferior vena cava diameter; LV/BS: left ventricle/body surface; 
LA/BS: left atrium/body surface; *: statistically significant.

Table 2 – Comparison of myocardial strain parameters between 
the athlete and control groups

Parameter
Athletes 
(Mean ±  

SD)

Controls 
(Mean ±  

SD)
Z-score P-value

LV global 
longitudinal 
strain (%)

-21.78±2.16 -21.52±2.28 0.061 0.48

LV systolic 
Longitudinal  
SR (s-1)

-1.18±0.38 -1.03±0.14 0.123 0.45

LV diastolic  
SR (s-1)

1.41±0.48 1.45±0.40 0.322 0.25

LV global 
circumferential 
strain (%)

-24.01±2.87 -22.97±3.20 0.051 0.48

LV global  
radial strain (%)

37.33±11.31 47.04±8.38 15.584 < 0.0001*

RV  
longitudinal 
strain (%)

-26.23±2.79 -28.12±3.02 2.326 0.01*

RV  
longitudinal  
SR  (s-1)

-1.33±0.40 -1.18±0.16 0.223 0.41

LA basal  
rotation (°)

-4.63±1.83 -6.10±3.60 5.118 < 0.0001*

LA apical 
rotation (°)

3.66±1.68 13.10±6.00 17.227 < 0.0001*

LA twist (°) 8.30±2.43 16.10±6.40 14.570 < 0.0001*

LA  
longitudinal 
strain (%)

45.21±10.68 44.42±12.89 0.452 0.33

RA  
longitudinal 
strain (%)

41.77±10.23 40.18±13.01 0.256 0.40

LV: left ventricle; SR: strain rate; RV: right ventricle; LA: left atrium;  
RA: right atrium; *: statistically significant.

to height,11 which seems to indicate that we are at one 
end of the normality curve, where a different methodology 
should be applied.

The LV mass index was also significantly higher in the 
athlete group than the control group, although remaining 
within normal limits, with a maximum value of 88.37 g/m² 
(normal value = ≤ 95 g/m²).  The fact that the athlete group 
had a higher indexed LA volume has been reported by other 
authors7, 12 and could be related to volume overload due to 
the sustained increase in cardiac output during training.13

Regarding myocardial deformation parameters, LV radial 
strain was lower in the athlete group, but was still within 
normal range (variation from 25% to 67%). One possibility 
is that this parameter increases during physical exertion, 
which could indicate a form of contractile reserve. Other 
authors have found increased radial strain in male athletes.14 
The lower RV longitudinal strain (varying from -19.40% 
to -31.90%) in the athlete group could be related to this 
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Table 3 – Comparison between the main and <17 athlete groups: 
demographic data, cavity dimensions, volumes, mass, and 
systolic and diastolic function

Parameter
Main group 

(Mean ±  
SD)

< 17 group 
(Mean ±  

SD)
Z-score P-value

Age  
(years)

26.50±5.14 16.56±0.58 10.8571 < 0.0001*

Weight  
(kg)

60.44±6.70 59.48±6.83 0.5296 0.2982

Height  
(cm)

166.22±8.0 165.84±8.11 0.1759 0.4302

Body surface 
(m²)

167.00±0.13 1.66±0.13 0.3644 0.3578

Body mass index 
(Kg/m²)

21.87±1.96 21.59±1.58 0.5891 0.2779

HR  
(bpm)

62.69±10.82 63.28±6.18 0.2602 0.3973

LVDD  
(mm)

45.41±2.21 46.36±2.23 1.6063 0.0541

DST  
(mm)

7.97±0.18 7.36±0.49 5.9188 < 0.0001*

DWT  
(mm)

7.88±0.34 7.40±0.50 4.0839 < 0.0001*

AoD  
(mm)

27.66±3.05 26.76±2.62 1.1915 0.1167

LAD  
(mm)

32.47±2.17 29.12±2.52 5.2846 < 0.0001*

RVDD  
(mm)

31.91±3.48 27.16±2.39 6.0936 < 0.0001*

IVCD  
(mm)

20.55±4.41 19.44±3.43 1.0662 0.1432

LV mass index 
(g/m²)

69.89±6.38 67.11±9.63 0.0144 0.4942

Relative 
thickness

0.35±0.02 0.32±0.02 5.1843 < 0.0001*

Diastolic volume 
LV/BS

58.14±9.02 61.79±12.70 0.0229 0.4909

LA/BS  
Volume

19.82±4.23 24.18±6.95 2.7632 0.0029*

Ejection fraction 
(%)

64.44±5.44 62.19±6.52 1.3879 0.0826

 Mitral E wave 
(cm/s)

86.65±13.01 93.92±11.60 2.2257 0.0130*

 Mitral A wave 
(cm/s)

51.25±9.29 47.21±6.30 1.9545 0.0253*

E/A ratio 1.73±0.37 2.01±0.30 3.1641 0.0008*

e’ tissue wave 
(cm/s)

17.98±2.40 18.93±2.57 1.4260 0.0769

Mean  
E/e’ ratio

4.88±0.88 5.01±0.62 0.6385 0.2616

HR: heart rate; LVDD: left ventricular diastolic diameter; DST: diastolic 
septal thickness; DWT: diastolic wall thickness; AoD: aorta diameter; 
LAD: left atrial diameter; RVDD: right ventricular diastolic diameter; IVCD: 
inferior vena cava diameter; LV/BS: left ventricle/body surface; LA/BS: left 
atrium/body surface; *: statistically significant.

Table 4 – Comparison of myocardial deformation parameters 
between the main and under-17 athlete groups

Parameter
Main group 

(Mean ±  
SD)

< 17 group 
(Mean ±  

SD)
Z-score P-value

LV global 
longitudinal 
strain (%)

-21.58±2.56 -22.03±1.52 0.8379 0.2010

LV  
longitudinal 
systolic SR (s-1)

-1.00±0.10 -1.40±0.48 4.1393 < 0.0001*

LV diastolic  
SR (s-1)

1.19±0.15 1.69±0.60 4.0869 < 0.0001*

LV global 
circumferential 
strain (%)

-23.66±2.79 -24.46±2.97 1.0359 0.1501

LV global radial 
strain (%)

32.91±5.32 43.00±14.22 3.3697 0.0004*

RV  
longitudinal 
strain (%)

-26.38±3.04 -26.03±2.48 0.4727 0.3182

RV  
longitudinal  
SR (s-1)

-1.18±0.13 -1.51±0.54 2.9423 0.0016*

LV basal  
rotation (°)

-4.72±2.00 -4.51±1.62 0.4337 0.3322

LV apical  
rotation (°)

3.05±1.37 4.45±1.75 3.2836 0.0005*

LV twist (°) 7.78±2.45 8.96±2.28 1.8871 0.0296*

LA  
longitudinal 
strain (%)

46.31±11.39 43.80±9.74 0.8969 0.1849

RA  
longitudinal 
strain (%)

43.08±10.78 40.10±9.41 1.1102 0.1335

LV: left ventricle; SR: strain rate; RV: right ventricle; LA: left atrium;  
RA: right atrium; *: statistically significant.

cavity’s larger dimensions, with increased end-systolic 
parietal stress, proportionally much greater than what the 
LV undergoes during effort. The increase in parietal stress 
was estimated at 125% for the RV and 14% for the LV.15 The 
RV strain rate, however, did not decrease, suggesting that 
the chamber’s longitudinal function is preserved.

The subject of rotational deformation is controversial. 
In our sample of athletes, all parameters were decreased 
(basal rotation, apical rotation, and twist). Some authors 
report that these indices are higher in athletes,14,16 while 
others report a decrease in rotational mechanics, especially 
among athletes with a high aerobic and low anaerobic 
load.17, 18 Nevertheless, we hypothesize that, in addition to 
LV radial strain, rotational mechanics increase considerably 
during physical exertion, representing a form of contractile 
reserve.19 Performing echocardiographic examinations 
during training, other authors have found that all rotational 
parameters gradually increase during exercise in proportion 
to exercise intensity.20
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Our study was based on the assumptions that all of the 
athletes on the national team began playing on the junior 
teams and were subsequently promoted, undergoing the 
same type of intensive training prior to 17 years of age, 
as well as that the younger athletes would have different 
levels of adaptation from those on the main team, due to 
their greater age and training experience.

Comparing the athletes by career length (ie, main vs 
< 17 groups), significant differences were found in age, 
weight, height, body surface area, and body mass index. 
The main group had a smaller LV diastolic diameter 
and greater relative and end-diastolic thickness of the 
interventricular septum and free posterior wall. This seems 
to indicate adaptive concentric remodeling that remained 
within normal limits.

Indexed LA volume and RV size were also greater in the 
main group for the same reasons, ie, a sustained increase 
in LA cardiac output and lower reduction in RV pulmonary 
resistance. 

Controlled studies in high-performance athletes 
involved in submaximal and supramaximal training found 
no increase in LV dimensions, although the diameter and 
indexed volume of the LA were increased.21

Some authors have reported that, due to disproportionate 
work during intense exercise, decompensation and a 
greater predisposition to arrhythmias occur in the RV.22

Among the diastolic function parameters in the main 
group, the mitral E wave velocity was lower, the A wave 
velocity higher, and the E/A ratio was lower. No differences 
were found regarding velocity in tissue Doppler imaging 
or the E/e’ ratio. These data might be related to age-based 
physiological changes in the main group, although they 
had normal ventricular filling pressure.

The most interesting differences were in myocardial 
deformation. In longitudinal mechanics, although LV 
global longitudinal strain did not significantly differ, the 
systolic strain rate and the early diastolic strain rate were 
significantly higher in the < 17 group, suggesting greater 
efficiency in longitudinal strain and ventricular filling 
among younger athletes. Circumferential strain did not 
differ significantly between the groups.

Radial strain was higher in the < 17 group, suggesting 
greater efficiency or even decrease in older athletes, 
indicating better contractile reserve. RV longitudinal strain 
did not differ significantly between groups but, again, the 
RV strain rate was higher in the < 17 group. 

Regarding rotational deformation, both the main and < 
17 groups had decreased basal rotation, with no significant 
difference between groups, although the values were lower 
than those of the control group. Apical rotation, which was 
also lower among athletes than controls, was significantly 
lower in the main group, as was twisting. Reduced apical 

rotation and twisting at rest may indicate greater contractile 
reserve acquired through longer training, as has been 
reported by some authors, who found values similar to 
those of the present study.19

Conclusions
Compared to sedentary women in the same age group, 

elite female soccer athletes were thinner and had a lower 
heart rate. 

There was a trend toward eccentric remodeling, greater 
RV diameter, LA diameter and indexed volume, and 
LV ejection fraction, although they were within normal 
limits. Myocardial deformation parameters showed lower 
LV radial strain, RV longitudinal strain, and rotational 
parameters (basal, apical, and twisting rotation). 

Compared to the < 17 group, athletes from the 
main group had a smaller LV diameter, greater relative 
and parietal thickness, and tended to have concentric 
adaptation. The greater LA and RV dimensions in the main 
group of athletes, as well as the lower apical rotation and 
twisting, may correspond to a greater contractile reserve 
acquired through longer training. 
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Cardiovascular Imaging In Assessment Of Athletes
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Short editorial related to the articles: “Mechanisms of Heart Adaptation in Elite Female Athletes: Comparison with Healthy Individuals and 
Training Time” and “My Approach to “Athlete’S Heart”: Evaluation of the Different Types of Adaptation to Exercise”

Physical training is linked to a series of cardiac, 
morphological, and functional adaptations known as 
“athlete’s heart”.1,2 An athlete can be considered a youth 
or adult amateur or professional who exercises regularly 
and participates in official sports competitions. The changes 
demonstrated depend on the duration, intensity, and type of 
training (isotonic versus isometric).3

In recent years, a large number of studies have been 
published, which have improved our ability to understand 
the characteristics of physiological cardiac remodeling in 
athletes.4 Nevertheless, there are gaps regarding the differential 
diagnosis of athlete’s heart, especially when it presents with a 
more intense expression. It can be difficult to differentiate this 
condition from inherited heart diseases such as hypertrophic, 
dilated, or arrhythmogenic cardiomyopathy and left ventricular 
non-compaction.3,4

Technological advances, such as 3-dimensional 
echocardiography, analysis of myocardial strain, cardiac 
magnetic resonance imaging, and multidetector computed 
tomography, have significantly improved the diagnostic capacity 
of current imaging modalities, allowing the identification of a 
greater number of pathological cardiovascular conditions that 
may affect the athlete population.3

The article by Mancuso5 offers a review of interesting 
aspects regarding the most current division of sports modalities 
(skill, strength, endurance, and mixed) and their relationships 
with morphofunctional cardiac changes. The article indicates 
that most sporting disciplines are characterized by a varying 
degree of isometric and isotonic components; therefore, the 
original dichotomous classification into strength (isometric) 
or endurance (isotonic) disciplines is not applicable for most 
athletes. Moreover, it updates diagnostic criteria and describes 
the main challenges related to differential diagnoses. 

Mailing Address: Daniela do Carmo Rassi  •
Hospital São Francisco de Assis. R. 9-A, 110. St. Aeroporto. Postal Code 
74075-250. Goiânia, GO – Brazil
E-mail: dani.rassi@hotmail.com
Editor responsible for the review: Marco Stephan Lofrano

Keywords
Echocardiography; cardiac remodeling; myocardial 

deformation

DOI: https://doi.org/10.36660/abcimg.20230015i

Another interesting point concerning physical sporting 
activity and athlete’s heart is the difference that may exist in 
terms of sex and training time.3

Women who practice sports regularly show similar cardiac 
adaptations compared to men, but generally to a lesser degree, 
in terms of absolute values. Female athletes exhibit modest 
absolute increases in left ventricular wall thickness and cavity 
size, as well as modest increases in right ventricular and bi-
atrial cavity size in comparison with sedentary women.3,6

In relation to age, some differences have been reported in 
senior athletes compared to younger athletes. Master athletes 
show lower left ventricular volumes and mass compared to 
their younger counterparts, although both parameters are still 
higher compared to age-matched untrained controls.7

Castillo et al.8 have presented an interesting study 
comparing a very specific group of women in professional 
soccer training. They conducted an evaluation between 
beginner and advanced athletes and compared them to a 
control group of sedentary women. The authors indicated 
differences between athletes and controls, as well as variations 
in young athletes, with regard to cardiac dimensions and strain 
evaluation. Myocardial strain analysis showed a decrease in 
radial strain, basal rotation, apical rotation, and twist. These 
data reveal yet another contribution of strain analysis to 
the understanding of cardiac physiology, with its intricate 
interaction between rotation and radial and longitudinal 
strain. This information provides clarification, especially when 
obtained by the same strain software and examiner.

In summary, the correct diagnosis of alterations that may be 
compatible with “athlete’s heart” currently represents a well-
recognized clinical need, especially on the part of cardiologists 
who work with cardiovascular imaging.
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Abstract

Introduction: Coronary artery calcifications (CAC) are shown to be a predictive factor of cardiovascular diseases. 
Computed tomography (CT) of the chest with a low-dose acquisition protocol is accurate in identifying CAC and provides 
incidental findings of these calcifications, which are commonly overlooked. This study will analyze the prevalence of 
incidental findings of calcification in coronary arteries in non-cardiac individuals undergoing chest CT.

Methods: Consecutive cross-sectional study of an analytical and descriptive nature. Individuals of both genders who 
underwent chest CT by referral, over 18 years of age and without heart disease were included. Data collection was carried 
out using medical records and a self-applied anamnesis form. The variables referring to the CAC and the extension of 
the impairment were obtained from the reassessment of the chest CT images available in the institution’s system. The 
exams were anonymized and evaluated by two experienced radiologists. P≤0.05 was considered statistically significant.

Results: 397 exams were analyzed. A prevalence of calcifications was found in 176 (44%) of the cases. The existence of 
these coronary calcifications is related to age (p<0.001). Calcifications are related to gender (p = 0.03) with a higher odds 
ratio of development in men (odds ratio [OR] = 1.55). Smoking (p<0.001), sedentary lifestyle (p<0.001), systemic arterial 
hypertension (p<0.001), Diabetes Mellitus (p = 0.04), and dyslipidemia (p<0.001) showed a positive association.

Conclusion: The prevalence of incidental CAC findings was 44%; vary in greater numbers between mild and severe; 
higher odds ratio in males and increased prevalence with age. Therefore, chest CT proves to be an effective method to 
assess CAC, and together with the patient’s clinical history, it can be used to measure risk factors for CVD and intervene 
in the outcome of the condition.

Keywords: Tomography, X-Ray Computed; Incidental Findings; Vascular Calcification; Coronary Vessels.

dyslipidemia, systemic arterial hypertension (SAH), male 
gender, and smoking.³

Computed tomography (CT) of the chest, used with low-
dose acquisition protocols, was 97.13% accurate in identifying 
CAC and proved to be effective in detecting or excluding 
them.4 This test, usually used for pulmonary diagnostic 
purposes, has been providing frequent incidental findings of 
calcifications, since there are cardiovascular conditions that 
can cause non-cardiac symptoms, such as dyspnea, chest pain, 
and hemoptysis. Thus, studies on these findings have been 
gaining space in the clinical and scientific scope.²

Despite the confirmation of the negative impacts of 
coronary calcifications, incidental cardiac findings on chest 
CT are still commonly neglected.5-7 Thus, the prevalence 
of incidentalomas and their clinical relevance have been 
estimated in several studies and based on different contexts.8,9 
However, there are no studies of this nature in the northwest 
region of the state of Rio Grande do Sul; therefore, this research 
aimed to fill a gap regarding population-based information on 
the region under study in the clinical and scientific fields. In 
this perspective, the objective was to analyze the prevalence 

Introducton
Cardiovascular diseases (CVD) are among the main 

health problems in the world and, therefore, they should 
be prevented.¹ Thus, coronary artery calcifications (CAC), 
initially asymptomatic, have proven to be an alarming and 
predictive factor for these diseases.² They are characterized 
by a progressive and gradual pathophysiological process, 
which results in abnormal vasomotor responses and/or 
narrowing of the vessel lumen. These changes are strongly 
associated with advanced age, diabetes mellitus (DM), 
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of incidental findings of calcification in coronary arteries in 
non-cardiac patients undergoing chest CT.

Methods

Participants
This is a cross-sectional study of analytical and descriptive 

nature, developed in based on the Guidelines and Regulatory 
Norms for Research Involving Human Beings, in accordance 
with the Resolution of the National Health Council (Conselho 
Nacional de Saúde – CNS) No. 466/12 and approved 
by the Research Ethics Committee of UNIJUÍ (CAAE: 
84431118.2.0000.5350). Individuals of both genders who 
underwent chest CT by referral were included. Individuals 
under 18 years of age, exams performed by referral from a 
cardiac physician, exams with technical difficulties for image 
evaluation and duplicate exams, that is, two or more exams 
performed by the same patient within an interval of less than 
6 months, were excluded.

Data collection
It was carried out in medical records of a Hospital in the 

Northwest region of the state of Rio Grande do Sul, Brazil, 
between March 27th and October 5th, 2019. The variables 
age, gender, associated comorbidities (SAH, DM, and 
dyslipidemia), family history of heart disease, previous history 
of heart disease (Heart Failure, Acute Myocardial Infarction), 
smoking, physical inactivity, and the patient’s symptomatology 
were collected from a self-administered anamnesis form with 
closed questions.

The variables referring to calcifications of the left coronary, 
left anterior descending, circumflex, and right coronary 
arteries, as well as the extent of their impairment, were 
obtained from the reassessment of the chest CT images 
available on the Picture Archiving and Communication System 
(PACS) (https://www.animati.com.br/animati-workstation/) of 
the institution. Also in this system, the reason for the medical 
referral to perform the examination described in the reports 
was obtained. Data were compiled by a single researcher for 
better quality and standardization of information.

Acquisition and Interpretation of Images
The device used to perform the exams was a 32-slice 

Alexion CT scanner (Toshiba, Otawara, Japan) using a low-
dose acquisition protocol. The examinations were performed 
with the patient in the supine position and in apnea. The 
chest images were analyzed in axial sections, in soft tissue 
window and only in the non-contrast phase. The exams 
were anonymized (Advantage Workstation, version 4.6. 
GE Healthcare) so that previous data did not influence the 
analyses and the evaluators were completely blinded regarding 
the patient and each other. The analyses were performed by 
two previously trained radiologists with more than 5 years 
of experience in the area. First, the images were evaluated 
independently by the professionals. The images that showed 
disagreement between physicians were reanalyzed converging 
on a consensual result.

Coronary calcification score by visual scale
Following the protocol performed by Shemesh et al.,10 

four coronary arteries were evaluated: left main, left anterior 
descending, circumflex, and right. Each of them was classified 
and scored as absent (0), mild (1), moderate (2), or severe (3). 
It was characterized as mild when less than one third of the 
length of the entire artery was compromised, moderate when 
there were calcifications in one to two thirds of the artery, and 
severe when more than two thirds of the artery was calcified. 
After scoring, the results were added up, classified into: absent 
(0), mild (1-3), moderate (4-6), and severe (7-12).

Statistical analysis
Data collection was performed using Microsoft Office 

Excel 2010 and analysis using R Studio software (version 
3.4.4). For the analysis of descriptive statistics, relative 
and absolute frequency, measures of central tendency 
and dispersion, were used. In the analytical statistics of 
the qualitative variables, the ꭓ2 test was used to test the 
hypothesis of dependence between the variables as well 
as to verify the adherence between them, considering 
statistically significant p≤0.05. In the analytical statistics of 
the quantitative variables, the prevalence of calcification 
findings was estimated. To determine the number of classes 
for the age variable, the Sturges Rule was used.

Inter-examiner agreement was estimated using Cohen’s 
Kappa and the reference values for analysis described by 
Landis and Koch.11 For the normality verification analysis, the 
Kolmogorov Smirnov test was used for the age variable along 
with the non-parametric Mann Whitney U test, considering 
statistically significant p≤0.05. The odds ratio was used 
to estimate the presence of calcification in relation to its 
predisposing variables.

Results
A total of 397 exams were analyzed, showing substantial 

inter-examiner agreement (κ = 0.77). Patients had a mean 
age of 61.88±16.26 years, with a predominance of females 
(52.14%). The commonly found reasons for referral were: 
changes in the respiratory system (n = 94), monitoring of a 
pulmonary nodule (n = 47), and lung cancer (n = 27).

Sedentary lifestyle (69.02%) and family history of heart 
disease (44.84%) are the most worrying among the main 
risk factors, while cancer is the leader in relation to previous 
diseases, reaching 38.29% of cases, followed by SAH (46.85%), 
with a higher prevalence in females (Table 1).

The population characterized above showed a prevalence 
of calcifications in 176 (44%) of the cases and it was found 
that the presence or absence of these coronary calcifications 
is related to age (p < 0.001). A greater occurrence of 
calcifications was observed in the age group between 76 and 
84 years. However, the highest prevalence of calcification was 
from 92 to 100 years (100%), being more severe. Furthermore, 
it was possible to note that there is an increasing prevalence 
of calcifications above 68 years of age, reaching more than 
60% of patients (Table 2). In the score used for the analysis 
of the arteries, seen in isolation, it was possible to verify that 
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the most compromised artery was the right coronary, in 193 
(48.61%) of the cases.

Calcifications are related to gender (p = 0.03) with a 
higher odds ratio of development in men (odds ratio [OR] = 
1.55). Still on the variables that influence the development of 
calcifications, smoking (p < 0.001), sedentary lifestyle (p < 
0.001), SAH (p < 0.001), DM (p = 0.04), and dyslipidemia (p 
< 0.001) showed a positive association, with SAH (OR = 3.45) 
and sedentary lifestyle (OR = 2.97) having the highest odds 
ratio (Table 3). The results of the prevalence of CAC and the 
degree in relation to the age groups are graphically illustrated 
in Figure 1. Figure 2 represents the main findings of the study.

Discussion
The present study observed a 44% prevalence of incidental 

findings of CAC on chest CT in patients asymptomatic for heart 
disease, which increases with age and with greater chances of 
developing in males. It can also be observed that there is a direct 
relationship with risk factors and associated comorbidities, both 
closely linked to daily living habits. Regarding the diagnostic 
method, its effectiveness in the clinical and scientific scope can 
be seen, as in previous studies.

Table 1 – Description of predisposing factors for the formation of arterial calcifications

Female
N = 207

Male
N = 190

Total
N = 397

Age mean±SD, years 61.18±15.92 62.64±16.63 61.88±16.26

Risk factors, N (%)

   Smoking 55 (13.85) 85 (21.41) 140 (35.26)

   Sedentarism 153 (38.54) 121 (30.48) 274 (69.02)

   Family history of heart disease 102 (25.69) 76 (19.14) 178 (44.84)

   Family History of SAH 131 (33) 103 (25.94) 34 (58.94)

Prior Diseases, N (%)

   Cancer 73 (18.39) 79 (19.90) 152 (38.29)

   Acute myocardial infarction 7 (1.76) 8 (2.02) 15 (3.78)

   Cardiac insufficiency 17 (4.28) 21 (5.29) 38 (9.57)

Comorbidities, N (%)

   SAH 101 (25.44) 85 (21.41) 186 (46.85)

   DM 24 (6.05) 24 (6.05) 48 (12.10)

   Dyslipidemias 48 (12.09) 49 (12.34) 97 (24.43)

SD: standard deviation; SAH: Systemic Arterial Hypertension; DM: Diabetes Mellitus.

Table 2 – Visual scale analysis of coronary calcifications and 
their prevalence

Age Absent Mild Moderate Severe Prevalence

18 Ͱ27 11 0 0 0 0.00

27 Ͱ35 15 0 0 0 0.00

35 Ͱ43 28 4 0 0 0.13

43 Ͱ51 31 3 0 2 0.14

51 Ͱ59 39 13 0 2 0.28

59 Ͱ68 44 20 11 5 0.45

68 Ͱ76 36 31 11 13 0.60

76 Ͱ84 11 18 7 14 0.78

84 Ͱ92 6 6 8 5 0.76

92 Ͱ101 0 0 0 3 1.00

Total 221 95 37 44 0.44

Table 3 – Relation of predisposing factors with coronary 
calcifications and the odds ratio of occurrence

Characteristics p-value* OR† (95%)CI

Gender 0.03 - -

   Female - 0.64 (0.42 – 0.98)

   Male - 1.55 (1.02 - 2.37)

Smoking <0.001 2.45 (0.26 - 0.64)

Sedentarism <0.001 2.97 (0.20 - 0.55)

Family history of heart disease 0.92 1.03 (0.64 - 1.48)

Family History of SAH 0.22 1.30 (0.50 - 1.18)

Cancer 0.47 1.17 (0.56 - 1.32)

SAH <0.001 3.45 (0.19 - 0.45)

DM 0.04 1.93 (0.27 - 1.00)

Dyslipidemias <0.001 2.65 (0.23 - 0.62)

*ꭓ2 Test; † Odds Ratio; CI: confidence interval; SAH: Systemic Arterial 
Hypertension.
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In this line of analysis of coronary arteries, studies6,7 with 
predominantly male population characterization, but similar mean 
age to our study, found that the prevalence of CAC in asymptomatic 
individuals is greater than 53%. These data are in line with what 
was presented in this research, with a predominance of mild and 
severe calcifications. In the analysis of calcifications in isolation, 
based on the score, the right coronary artery was shown to be 
the most compromised, unlike other studies that point to the 
anterior descending coronary artery.12,13 However, this proximal 
compromise can cause reduction or blockage of the blood flow 
to a certain area of the myocardium,14 whose outcome is one 

of the main causes of death.15 This prevalence in asymptomatic 
patients is important, because when recognized early, helps in 
prevention, reduces the speed of disease progression, and reduces 
the associated morbidity and mortality.

Therefore, there are some factors that predispose the 
appearance of CAC. Among them, the present study found that 
men are more likely to develop CAC (OR = 1.55), as observed 
in previous studies;5,10 however, there are studies that point out 
that these findings are independent of gender.7 Another point that 
was proven statistically significant (p < 0.001) was the increasing 
prevalence with growing age. Other studies5,7 present data in 

397 exams
Mean age 61.88±16.26 years; 

females 52.14%

Number of exams evaluated; 
mean age of individuals and 

predominant sex

Prevalence of CAC

CAC relationships with the 
main risk factors

Prevalence of CAC: 176 (44%) 
related to age (p<0.001)

Relationship with gender 
(p = 0.08); higher odds 
ratio of development in 

men (OR = 1.55)

Smoking, sedentary 
lifestyle, SAH, DM, and 

dyslipidemia have a 
positive association; SAH 
(OR = 3.45) and sedentary 
lifestyle (OR = 2.97) are 

the ones with the highest 
odds ratio

Most 
compromised 
artery: right 

coronary artery 
193 (48.61%)

CAC
AGE
MALES
RIGHT CORONARY ARTERY
SMOKING, SEDENTARY LIFESTYLE, SAH, DM, DYSLIPIDEMIA

Figure 2 – CAC: coronary artery calcification; DM: diabetes mellitus; SAH: systemic arterial hypertension; OR: odds ratio.

Figure 1 – Graphical representation of the prevalence of CAC and the degree of involvement in relation to age.
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line with these findings, which can be explained by the fact that 
these calcifications occur progressively, as a result of the sum 
of advancing age and complex biological processes, including 
genetics, risk factors, diseases acquired throughout life, and 
environmental factors.16 

Furthermore, the study on the prevalence of CAC in Mexico 
corroborates what was previously shown and demonstrates that 
27% of the participants have CAC, the majority being men (40%), 
followed by women (13%); both genders were older and had 
higher values of systolic and diastolic blood pressure, glucose, and 
LDL cholesterol.17 In another recent study conducted in northern 
Brazil, a high prevalence of cardiovascular risk factors associated 
with coronary calcifications was observed, especially SAH 
(83.33%), dyslipidemia (62.22%), sedentary lifestyle (74.44%), 
and overweight (64.44%), being more prevalent in women, who 
were menopausal in the majority (90.48%).18 Based on these 
data, the relevance of this topic can be seen and the relationship 
between CAC and the variables mentioned is confirmed.

Along these lines, SAH and dyslipidemia, as described in other 
studies,12,19 are statistically significant and have high odds ratios. 
Studies show that a sedentary lifestyle20 and smoking21 have 
substantial impacts on risk factors, as found in this study. These 
data are of greater importance when considering that 80% of 
deaths from CVD could be avoided by quitting smoking habits 
and practicing physical activity regularly.22

The present study is a pioneer in the Northwest region of the 
State of Rio Grande do Sul and has a considerably large sample 
number for the collection period. However, the limitations of the 
study include divergences between the observers who analyzed 
the images, which can be explained by the fact that the exam 
was not performed with ECG-Gated Cardiac CT (image captured 
in cardiac diastole), making the analysis difficult; however, they 
were reassessed, reaching a consensus. The study population 
showed a selection bias, firstly because the study was carried out 
in a single hospital and secondly because the individuals included 
were referred due to clinical indications of different pathologies. 
The self-applied questionnaire can be considered a weakness, as 
individuals may omit or not fully understand what is being asked.

Conclusion
The incidental findings of CAC in asymptomatic individuals for 

heart disease undergoing chest CT showed a prevalence of 44% 
in the interior of the Northwest of the state of Rio Grande do Sul, 
Brazil. These vary between mild and severe, with a higher odds 
ratio in males and an increase in prevalence with age. Therefore, 
chest CT proves to be an effective method to assess CAC, along 

with the patient’s clinical history, and can be used to measure risk 
factors for CVD and intervene in the outcome of the condition.

This study is a pioneer in this region and shows the importance 
of future investigations, surveys and/or evaluations of patients 
with CVD.
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Radiotherapy-Induced Heart Disease: What Can We Evaluate?
Marcelo Goulart Paiva1

DASA - Hospital 9 de Julho,1 São Paulo, SP – Brasil

Radiotherapy (RT) has been part of oncological treatment 
since 1899 and is currently used with more than 50% of all 
patients.1 Breast, lung, esophagus, and lymphoma tumors are 
commonly submitted to RT treatment, showing improvements 
in the total survival and freedom from diseases. By contrast, 
when including mediastinal structures, such as the heart 
and blood vessels, in 10% to 30% of the patients, adverse 
cardiovascular events were observed after 5 and 10 years, 
defined as Radiation-Induced Heart Disease (RIHD).2,3

The RIHD spectrum includes pericardial diseases, coronary 
artery disease, valvar heart disease, cardiomyopathy, as well 
as conduction abnormality and dysautonomia, leading to an 
increase in the cardiovascular morbidity and mortality of the 
survivors.4

High-risk patients were those submitted to anterior chest 
RT, whose therapeutic planning involves the heart and the 
presence of one or more factors related to the patient, such 
as a person under 50 years of age, previous cardiovascular 
disease, cardiovascular risk factors, a tumor located close the 
heart, and factors related to the treatment itself, including 
total accumulated dose (> 30 Gy), total dose upon the heart 
(increase in cardiovascular risk from 1.5% to 7% for each 
1 Gy), association with anthracyclines and the absence of 
cardioprotection.2,5

Ionizing radiation can damage all heart tissues and be 
responsible for micro and macrovascular lesions. The loss of 
endothelial cells, inflammatory response, and vascular lesion 
were detected early on, resulting in capillary rarefaction with 
a consequent ischemia, fibrosis, and systolic and diastolic 
dysfunctions. The macrovascular lesion appears through 
accelerated atherosclerosis, with endothelial dysfunction, 
macrophagic infiltration, inflammation, and intraplaque 
hemorrhage, which makes it more prone to rupture.2

The pre-RT evaluation should include, in addition to 
the anamnesis and physical exam, the multimodality of 
imaging exams in the study of the pre-existing cardiovascular 
disease. In the staging or therapeutic planning, a chest 
computed tomography (CT) is commonly taken, in which 
one can evaluate the presence of coronary calcification. 
The identification of this shows a good correlation with 
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research dedicated to the study of calcium scores and to the 
stratification of the cardiovascular risk.4 The transthoracic 
echocardiogram (TTE) should be considered in all patients to 
evaluate the ventricular dysfunction and to study the valvar 
and pericardial heart disease. Whenever possible, medical 
professionals should evaluate myocardial deformities by means 
of the global longitudinal strain.4 

The presence of cardiovascular risk and coronary disease 
in women with breast cancer submitted to RT was associated 
with a 2-fold and 6-fold higher risk, respectively, of severe 
cardiovascular events during follow-up.6 One study, conducted 
with patients with atherosclerotic plaque in the anterior 
descending artery, demonstrated that, when submitted to RT 
(average dose applied to the left ventricle > 5 Gy), the patients 
presented a high risk of cardiovascular events after an average 
follow-up of 9 years.5 All of the patients identified as high risk 
prior to RT should be treated according to the cardiovascular 
prevention and treatment guidelines.

Faced with the high risk of RIHD, a wide range of 
imaging exams can be used for follow-up and diagnosis of 
cardiotoxicity. The choice for complementary exams will 
depend on the experience of each center and of the individual 
characteristics of the patient, such as comorbidities, RT 
characteristics, association or not with anthracycline, and the 
emergence of symptoms. 

In the majority of asymptomatic cases, the TTE is 
recommended to evaluate abnormalities, in addition to 
the study of ischemia after 5 to 10 years and every 5 years 
thereafter. In patients considered to be of high risk, an earlier 
evaluation is recommended, between 6 and 24 months after 
the end of RT.7 More recently, the evaluation of non-obstructive 
coronary artery disease by coronary CT angiography enabled 
the early implementation of preventive pharmacological 
measures, such as the use of statins.1 In symptomatic patients, 
medical exams should follow the recommendation set forth 
in the guidelines for each pathology.

The TTE (Figure 1), as it is a widely available method 
that is non-invasive and does not use ionizing radiation, has 
quickly become the first option for port-RT patient follow-
up. The use of diverse modalities and resources, such as the 
M mode, Doppler 2D and 3D, ultrasound contrast, stress 
echocardiography, and transesophageal echocardiography, 
enables the detection of critical structural and functional 
changes in the diagnosis of RIHD. The reduction of the 
global longitudinal strain in the segment exposed to RT 
(Figure 1.C) can be observed early and present a subclinical 
dysfunction with a worse diagnosis.1,8,9 The appearance of 
a pericardial stroke (Figure 1.B) a few weeks after the end 
of RT was significantly diminished after the reduction in 
the total dose in more modern protocols; however, 10% to 
20% of the cases can evolve into chronic and constrictive 
forms after 20 years. The findings that suggest constrictive 
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pericarditis include pericardial thickening, septal bounce, 
restrictive patterns of diastolic filling, variation > 25% of 
the mitral inflow, plethora of inferior vena cava, and reversal 
of the expiratory diastolic flow in the hepatic veins.2,7,11 
The more common findings in the myocardial dysfunction 
are the change in the segmental contractility (normally on 
the lower wall), general hypokinesia, and signs of diastolic 
dysfunction. Changes in the segmental contractility are 
not necessarily related to the presence of coronary artery 
disease and the added evaluation by means of the stress 
echocardiogram can aid in the diagnosis.12 It is important 
to remember that, to calculate the ejection fraction (EF), 
if possible, one should use 3D echocardiography, and, if 
this is not possible, always use the Simpson method in 2D. 
Despite the importance of EF, both in the diagnosis and in 
the follow-up of cardiotoxicity, one should not disregard 
the intraobserver and interobserver variability inherent to 
the method, as well as the influence of the pre-load and 
post-load. The subclinical dysfunction evaluated by the 
study of myocardial deformity, more commonly using the 
2D speckle-tracking technique, presents more sensitive and 
earlier results, earlier even than the change in the EF. The 
study of the diastolic function is of utmost importance, as 
the emergence of heart failure with the EF preserved due to 
fibrosis and endothelial dysfunction is much more commonly 
observed.2,4,8,10 The prevalence of moderate or severe valvar 
heart disease is rare in the first 10 years, with the preferential 

involvement being to that of the aortic valve, followed by 
the mitral valve. The echocardiographic findings range from 
the discrete thickening and calcification of the valve leaflets 
to more characteristic findings, such as the thickening and 
calcification of the mitroaortic curtain, a more significant 
involvement of the valve leaflets (aortic and anterior leaflets 
of the mitral valve) without commissural fusion, which 
enables a differential diagnosis with rheumatic carditis (Figure 
1.A). Functionally, the regurgitant lesions (Figure 1.D) are 
more common; however, after 20 years, an increase in the 
incidence of valvar stenosis can be observed.2,4,7,12,13

Cardiac magnetic resonance Imaging (CMRI) is especially 
useful in cases in which the echocardiograph window is 
limited, and the evaluation of the ventricular function 
is adopted as the gold standard. The use of delayed 
enhancement by gadolinium injection, T1 map, and the 
increase in the extracellular volume, allow for the myocardial 
tissue characterization of the presence of fibrosis. The 
pericardial thickness, enhancement after contrast, the 
presence of a stroke, and findings suggestive of constriction 
in the cine-RM images suggest pericardial involvement. 
Evaluation of valvar heart lesions is also possible, with a 
higher precision for regurgitant lesions.1,2,4

Nuclear medicine (NM) can contribute to relevant 
information about the function and myocardial perfusion, 
both at rest and with stress (physical or pharmacological). 

Figure 1 – A) Longitudinal parasternal cut, valve-aortic calcification, mitroaortic fibrosis and anterior leaflet of the mitral valve, 72-year-old patient with 
a breast neoplasm; B) Polar Map of a 57-year-old patient and esophagogastric transition tumor; C) Longitudinal parasternal cut, presence of pericardial 
stroke, 32-year-old patient with Hodgkin lymphoma; D) longitudinal parasternal cut, presence of aortic insufficiency, 65-year-old patient with Hodgkin 
lymphoma. LV: left ventricle; PE: Pleural Effusion; AO: aorta; LA: left atrium
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The need to use radiation and the possible evaluation of the 
ventricular function by other methods has limited the use of 
NM to the study of perfusion, preferentially with 201Tl and 99mTc.  
The prevalence of the defects of post-RT myocardial perfusion 
vary from 1% to 64%, depending on the irradiated ventricular 
volume, age, post-RT time, and methodology of the perfusion 
study. The distribution of the changes in the perfusion are not 
always correlated with obstructive coronary artery disease, often 
corresponding to changes in microcirculation. When changes 
in perfusion occur, an association among a deterioration of the 
ventricular function, the need for myocardial revascularization, 
and adverse cardiovascular events can be observed.1,2,4

As seen above, the identification of coronary calcification in 
studies performed for the staging of the oncological disease or 
the planning of RT, provides important information referent to 
the presence of atherosclerotic disease and the need to control 
cardiovascular risk factors. The use of CT angiography of the 
coronary arteries in the post-RT follow-up is still limited. In a 
study conducted with 31 patients with lymphomas after 24 
years of RT treatment, CT angiography identified the presence 
of coronary disease in 12 patients and in the obstructive form 
in 3 patients, with only 1 identified in the functional exam 

used to study ischemia. The best moment for screening and 
the possibility of benefits in repeating the exam are still under 
debate. CT angiography appears to present a greater benefit 
than the isolated study of the calcium score, and the use of 
CT studies themselves can highlight false negative results.1,2,4

Despite the progress of RT techniques, RIHD is still 
common and can appear many years after the termination 
of the therapy. The simultaneous involvement of diverse 
heart structures, the comorbidities, and the limitations for 
invasive cardiovascular treatment reinforce the need for a 
rigorous control of cardiovascular risk factors, strategies of 
cardioprotection during RT, and the use of multimodality 
imaging (Figure 2) to reach an early diagnosis aimed at 
improving clinical results.1,2,4,14
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Figure 2 – Adapted from the Brazilian Position Statement concerning the Use of Multimodal Imaging in Cardio-Oncology – 2021.7 RT: radiotherapy; TTE:  
transthoracic echocardiogram; ECG: electrocardiogram; CAD: coronary artery disease; RF: risk factor; QT: chemotherapy; RIHD:  Radiation-Induced Heart 
Disease; CT: computed tomography.
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How Can the Assessment of Myocardial Flow Reserve by Nuclear 
Medicine Change the Interpretation of Myocardial Perfusion 
Scintigraphy?
Ronaldo de Souza Leão Lima1

Universidade Federal do Rio de Janeiro,1 Rio de Janeiro, RJ – Brazil 

Myocardial perfusion scintigraphy (MPS) with single-photon 
emission computed tomography (SPECT) is important for the 
diagnosis and prognostic evaluation in patients with coronary 
artery disease (CAD).1 MPS evaluates the presence, extent 
and degree of myocardial ischemia and/or infarction, usually 
through visual observation or semi-quantitative parameters. 
Despite its proven diagnostic and prognostic values, the 
relative nature of perfusion imaging may limit SPECT ability to 
identify patients with high-risk multivessel CAD.2 Limitations 
regarding visual or semi-quantitative assessment of regional 
myocardial perfusion defects may result in underestimation 
or misdiagnosis due to “balanced” ischemia.

This limitation can be addressed by quantifying myocardial 
blood flow (MBF) or myocardial flow reserve (MFR) using tracer 
kinetics in positron emission tomography (PET).3,4 PET is a well-
validated non-invasive method for quantification of myocardial 
perfusion, demonstrating an incremental diagnostic and 
prognostic power compared to MPS in patients with suspected 
or known CAD.5,6 PET then is considered the gold standard 
for non-invasive quantification of MBF and MFR.7-9 However, 
the production of PET tracers is costly and the technology is 
not yet available in many countries. 

The introduction of high-sensitivity cadmium-zinc-teluride 
(CZT) cameras for cardiology tests allows the dynamic 
acquisition of tomographic images to evaluate radiotracer 
kinetics, and opens a new era for measuring MBF and MFR.10 

Quantification of MBF and MFR using dynamic CZT-SPECT 
in list mode is technically feasible and clinically useful.11,12 

The WATERDAY study13 compared MBF and MFR obtained 
with 99mTc-sestamibi in CZT-SPECT with those obtained 
in a 15O-water PET and fractional flow reserve (FFR). While 
stress and rest MBF were significantly overestimated with 
CZT-SPECT compared to PET, MFR was similar between the 
two techniques, which means that the quantification of MBF 
and MFR by dynamic 99mTc-sestamibi CZT-SPECT is clinically 
useful.13 Acampa et al.14 demonstrated that CZT-SPECT values 
are higher than those measured by 82Rb-PET imaging, with a 
moderate correlation between the two methods. CZT-SPECT 
showed good diagnostic accuracy for identifying obstructive 
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CAD. Different studies have outlined the incremental value 
of MFR measurements in different categories of patients for 
diagnosis or prognosis.14 In patients with multivessel CAD, 
where normal myocardial perfusion imaging (MPI) may not 
necessarily identify truly low-risk subgroups among high-risk 
cohorts, they often show reduced MFR.14 

Despite the excellent diagnostic value of FFR, which 
quantifies pressure gradient through stenosis, it does 
not reflect microcirculation abnormalities. Unlike FFR, 
myocardial perfusion reserve (MPR) reflects flow in epicardial 
arteries and microvasculature. Therefore, FFR and MPR are 
not equivalent.16

It should be noted that several factors can affect the 
hemodynamic flow response to luminal stenosis, including 
lesion geometry and location and the presence of collateral 
vessels, impacting overall regional flow. In a study by our 
group, De Souza et al.17 showed that both global MPR and 
MBF stress were reduced in patients with abnormal perfusion. 
In addition to assessing perfusion, this study demonstrated that 
overall MPR is inversely associated with CAD prognostic index 
(CADPI), a hierarchical index that includes the entire epicardial 
coronary tree and is related to overall cardiovascular risk.17

In this scenario, Panjer et al.18 performed a systematic 
review and meta-analysis with the objective of evaluating 
the diagnostic accuracy of dynamic CZT-SPECT in coronary 
artery disease (CAD) compared to FFR and PET as a reference. 
To assess CZT-SPECT, the analysis yielded 0.79 sensitivity 
(95% CI 0.73–0.85) and 0.85 specificity (95% CI 0.74–0.92). 
Diagnostic odds ratio was 17.82 (95% CI 8.80–36.08, 
P \ 0.001). Positive likelihood ratio and negative likelihood 
ratio were 3.86 (95% CI 2.76–5.38, P<0.001) and 0.21 
(95% CI 0.13–0.33, P<0.001), respectively. The results of 
this systematic review and meta-analysis emphasize the 
role of dynamic CZT-SPECT MPI with good sensitivity and 
specificity for diagnosing CAD compared to gold standards. 
The use of CZT-SPECT systems for measuring MPR is very 
attractive considering that in just one scan it is possible to 
obtain perfusion and functional parameters with results 
comparable to PET. However, what emerges from this meta-
analysis is that the protocol used in different centers should 
be better standardized. The included studies use different 
methodologies in terms of dose administration, acquisition 
protocol, CZT cameras, radiotracers and software package 
used. Furthermore, in each study a different cutoff value was 
defined for the dynamic SPECT MPI. Seven studies compared 
with FFR and two used PET. To measure acquisition, MPI was 
performed with different types of CZT-SPECT cameras. Six 
studies used Discovery NM 530c (GE Healthcare, Chicago, 
IL, USA), one study (11.1%) used Discovery NM/CT 570c 
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(Alcyone technology, GE Healthcare, Haifa, Israel) and two 
studies (22.2%) used D-SPECT (Spectrum Dynamics, Palo 
Alto, California). Dual isotope administration was used in one 
study. Two studies used 201Tl as a radiotracer, and six studies 
(66.7%) used 99mTc-labeled markers. Different software 
was used for MBF quantification and MFR measurement, 
including internal software, with 4DM Corridor (INVIA, Ann 
Arbor, MI, USA) applied more often than others. Furthermore, 
the main limitation of this systematic review and meta-
analysis, in addition to the typical limitations for this type of 
analysis, is the relatively small number of included studies 
and patients and inter-comparison heterogeneity.19 In this 
regard, studies with a larger population and smaller variability 
between methodologies, such as different thresholds for MFR, 
myocardial radiotracer distribution, different reconstruction 
algorithms and applied flow models will be necessary to clearly 
demonstrate the additional clinical impact of MBF with CZT.

Myocardial flow reserve assessment using CZT can be 
useful in many clinical situations, as shown by PET (Table 1).

One of the main uses was demonstrated in the extremely 
high sensitivity to detect multivascular disease, as in the study 
by DiCarli et al., where normal MFR on PET virtually excluded 
the possibility of this event.20 MFR evaluation by CZT-SPECT 
also allows for this increase in accuracy.21

The possibility of identifying microvascular disease as the 
cause of angina is useful for reducing investigation costs but 

also very important as a determinant of prognosis. MFR, both 
on PET and on CZT-SPECT, is a non-invasive modality for 
confirming this phenomenon.22

In preparation for pharmacological stress with dipyridamole 
or adenosine, abstinence from caffeine for at least 24 hours is 
recommended. However, when this preparation is not carried 
out properly, vasodilator response may be compromised 
and, consequently, induction of flow disparity. In traditional 
scintigraphy, this cannot be identified and may result in 
a “false-negative” result, but this inadequate response is 
detected by MFR evaluation.23

As more studies are published, leading to better 
standardization of MBF and MFR quantification by CZT-
SPECT, it will become an important tool in the clinical practice 
of ischemic cardiomyopathies, adding to our understanding 
of this disease. 
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Table 1 – In which situations can myocardial flow reserve make a 
difference?

1) Patients with little ischemia who may have multivessel CAD.

2) Perfusion defects, but with artifact.

3) Normal perfusion but at high risk for CAD.

4) Identification of microvascular disease.

5) Determine vaso-stressor effectiveness.

1. 	 Mastrocola LE, Amorim BJ, Vitola JV, Brandão SCS, Grossman GB, Lima RSL, 
et al. Update of the Brazilian Guideline on Nuclear Cardiology - 2020. Arq 
Bras Cardiol. 2020;114(2):325-29. doi: 10.36660/abc.20200087.

2. 	 Lima RS, Watson DD, Goode AR, Siadaty MS, Ragosta M, Beller GA, et al. 
Incremental Value of Combined Perfusion and Function Over Perfusion 
Alone by Gated SPECT Myocardial Perfusion Imaging for Detection of Severe 
Three-Vessel Coronary Artery Disease. J Am Coll Cardiol. 2003;42(1):64-70. 
doi: 10.1016/s0735-1097(03)00562-x.

3. 	 Muzik O, Duvernoy C, Beanlands RS, Sawada S, Dayanikli F, Wolfe ER Jr, et al. 
Assessment of Diagnostic Performance of Quantitative Flow Measurements in 
Normal Subjects and Patients with Angiographically Documented Coronary Artery 
Disease by Means of Nitrogen-13 Ammonia and Positron Emission Tomography. 
J Am Coll Cardiol. 1998;31(3):534-40. doi: 10.1016/s0735-1097(97)00526-3.

4. 	 Parkash R, de Kemp RA, Ruddy TD, Kitsikis A, Hart R, Beauchesne L, et 
al. Potential Utility of Rubidium 82 PET Quantification in Patients with 
3-Vessel Coronary Artery Disease. J Nucl Cardiol. 2004;11(4):440-9. doi: 
10.1016/j.nuclcard.2004.04.005. 

5. 	 Zampella E, Acampa W, Assante R, Nappi C, Gaudieri V, Mainolfi CG, 
et al. Combined Evaluation of Regional Coronary Artery Calcium and 
Myocardial Perfusion by 82Rb PET/CT in the Identification of Obstructive 
Coronary Artery Disease. Eur J Nucl Med Mol Imaging. 2018;45(4):521-
29. doi: 10.1007/s00259-018-3935-1.

6. 	 Assante R, Acampa W, Zampella E, Arumugam P, Nappi C, Gaudieri V, 
et al. Prognostic Value of Atherosclerotic Burden and Coronary Vascular 
Function in Patients with Suspected Coronary Artery Disease. Eur J Nucl 
Med Mol Imaging. 2017;44(13):2290-98. doi: 10.1007/s00259-017-
3800-7. 

7.	 Johnson NP, Gould KL, Di Carli MF, Taqueti VR. Invasive FFR and 
Noninvasive CFR in the Evaluation of Ischemia: What Is the Future? J Am 
Coll Cardiol. 2016;67(23):2772-88. doi: 10.1016/j.jacc.2016.03.584.

8. 	 Danad I, Uusitalo V, Kero T, Saraste A, Raijmakers PG, Lammertsma AA, 
et al. Quantitative Assessment of Myocardial Perfusion in the Detection 
of Significant Coronary Artery Disease: Cutoff Values and Diagnostic 
Accuracy of Quantitative [(15)O]H2O PET Imaging. J Am Coll Cardiol. 
2014;64(14):1464-75. doi: 10.1016/j.jacc.2014.05.069. 

References



Arq Bras Cardiol: Imagem cardiovasc. 2023;36(1):e3633

Editorial

Lima
Myocardial flow reserve and myocardial perfusion scintigraphy

9. 	 Kajander SA, Joutsiniemi E, Saraste M, Pietilä M, Ukkonen H, Saraste A, 
et al. Clinical Value of Absolute Quantification of Myocardial Perfusion 
with (15)O-Water in Coronary Artery Disease. Circ Cardiovasc Imaging. 
2011;4(6):678-84. doi: 10.1161/CIRCIMAGING.110.960732.

10. 	Wells RG, Timmins R, Klein R, Lockwood J, Marvin B, deKemp RA, et 
al. Dynamic SPECT Measurement of Absolute Myocardial Blood Flow 
in a Porcine Model. J Nucl Med. 2014;55(10):1685-91. doi: 10.2967/
jnumed.114.139782. 

11.	 Esteves FP, Raggi P, Folks RD, Keidar Z, Askew JW, Rispler S, et al. Novel 
Solid-State-Detector Dedicated Cardiac Camera for Fast Myocardial 
Perfusion Imaging: Multicenter Comparison with Standard Dual Detector 
Cameras. J Nucl Cardiol. 2009;16(6):927-34. doi: 10.1007/s12350-009-
9137-2. 

12.	 Bocher M, Blevis IM, Tsukerman L, Shrem Y, Kovalski G, Volokh L. A Fast 
Cardiac Gamma Camera with Dynamic SPECT Capabilities: Design, 
System Validation and Future Potential. Eur J Nucl Med Mol Imaging. 
2010;37(10):1887-902. doi: 10.1007/s00259-010-1488-z. 

13.	 Agostini D, Roule V, Nganoa C, Roth N, Baavour R, Parienti JJ, et al. 
First Validation of Myocardial Flow Reserve Assessed by Dynamic 
99mTc-Sestamibi CZT-SPECT Camera: Head to Head Comparison with 
15O-Water PET and Fractional Flow Reserve in Patients with Suspected 
Coronary Artery Disease. The WATERDAY study. Eur J Nucl Med Mol 
Imaging. 2018;45(7):1079-90. doi: 10.1007/s00259-018-3958-7. 

14.	 Murthy VL, Naya M, Foster CR, Hainer J, Gaber M, Di Carli G, et al. 
Improved Cardiac Risk Assessment with Noninvasive Measures of Coronary 
Flow Reserve. Circulation. 2011;124(20):2215-24. doi: 10.1161/
CIRCULATIONAHA.111.050427. 

15.	 Acampa W, Zampella E, Assante R, Genova A, De Simini G, Mannarino 
T, et al. Quantification of Myocardial Perfusion Reserve by CZT-SPECT: A 
Head to Head Comparison with 82Rubidium PET Imaging. J Nucl Cardiol. 
2021;28(6):2827-39. doi: 10.1007/s12350-020-02129-w

 16.	 Zavadovsky KV, Mochula AV, Boshchenko AA, Vrublevsky AV, Baev AE, Krylov 
AL, et al. Absolute Myocardial Blood Flows Derived by Dynamic CZT Scan 
vs Invasive Fractional Flow Reserve: Correlation and accuracy. J Nucl Cardiol. 
2021;28(1):249-59. doi: 10.1007/s12350-019-01678-z.

17.	 Souza ACDAH, Gonçalves BKD, Tedeschi AL, Lima RSL. Quantification of 
Myocardial Flow Reserve Using a Gamma Camera with Solid-State Cadmium-
Zinc-Telluride Detectors: Relation to Angiographic Coronary Artery Disease. J 
Nucl Cardiol. 2021;28(3):876-84. doi: 10.1007/s12350-019-01775-z. 

18.	 Panjer M, Dobrolinska M, Wagenaar NRL, Slart RHJA. Diagnostic Accuracy of 
Dynamic CZT-SPECT in Coronary Artery Disease. A Systematic Review and 
Meta-Analysis. J Nucl Cardiol. 2022;29(4):1686-97. doi: 10.1007/s12350-021-
02721-8. 

19.	 Cantoni V, Green R, D’Antonio A, Cuocolo A. Dynamic CZT-SPECT in Coronary 
Artery Disease: Where are we Now? J Nucl Cardiol. 2022;29(4):1698-701. doi: 
10.1007/s12350-021-02752-1. 

20.	 Naya M, Murthy VL, Taqueti VR, Foster CR, Klein J, Garber M, et al. Preserved 
Coronary Flow Reserve Effectively Excludes High-Risk Coronary Artery 
Disease on Angiography. J Nucl Med. 2014;55(2):248-55. doi: 10.2967/
jnumed.113.121442. 

21.	 Souza ACDAH, Gonçalves BKD, Tedeschi A, Lima RSL. Quantification of 
Coronary Flow Reserve with CZT Gamma Camera in the Evaluation of Multivessel 
Coronary Disease. Arq Bras Cardiol. 2018;111(4):635-37. doi: 10.5935/
abc.20180196. 

22.	 Ong P, Camici PG, Beltrame JF, Crea F, Shimokawa H, Sechtem U, et al. 
International Standardization of Diagnostic Criteria for Microvascular Angina. 
Int J Cardiol. 2018;250:16-20. doi: 10.1016/j.ijcard.2017.08.068. 

23.	 Bateman TM, Heller GV, Beanlands R, Calnon DA, Case J, deKemp R, et al. 
Practical Guide for Interpreting and Reporting Cardiac PET Measurements of 
Myocardial Blood Flow: An Information Statement from the American Society of 
Nuclear Cardiology, and the Society of Nuclear Medicine and Molecular Imaging. 
J Nucl Med. 2021;62(11):1599-615. doi: 10.2967/jnumed.121.261989.

Este é um artigo de acesso aberto distribuído sob os termos da licença de atribuição pelo Creative Commons



Arq Bras Cardiol: Imagem cardiovasc. 2023;36(1):e202300011

Editorial

SOC

IE
D

A
D

E
 B

R

A
S I L E I R A  D E  C

A
R

D
IO

L
O

GIA

Hypothesis on the Pathogenesis of Sub-Epicardial Scar Associated 
with Myocarditis
João A. C. Lima,1  David A. Bluemke,1  Joshua Hare,1  Katherine Wu,1  Leonardo Sara,2  Carlos E. Rochitte3
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The typical pattern of myocardial injury and subsequent 
fibrosis in patients with viral myocarditis is subepicardial.1 
However, other patterns of injury and scar, as detected by 
contrast enhanced magnetic resonance imaging (cMRI), 
commonly occur, including sub-endocardial injury mimicking 
the ischemic heart disease pattern, and mid-wall circumferential 
scar seen more often in patients with advanced disease and 
dilated cardiomyopathies. In patients with myocarditis, who 
present malignant arrhythmias in the scenario of a preserved left 
ventricle (LV) function, it is not uncommon to find the typical 
subepicardial scar pattern in the presence of normal or mildly 
abnormal LV systolic function.2 However, the pathogenesis of 
sub-epicardial scars in patients with myocarditis accompanied 
or not by significant LV dysfunction remains obscure.

In addition to myocarditis, subepicardial myocardial scar is 
found in association with various disease processes that are not 
believed to be secondary to a virally induced myocardial injury. 
The list includes disease processes with disparate etiologies, such 
Duchenne and Fabry’s disease, Chagas cardiomyopathy, and 
rheumatic heart disease, among others.3-5 Therefore, different 
theories have been proposed to explain this pattern of scar 
formation in patients with different pathologies. Increase in 
excessive regional stress and local perfusion alterations have 
been postulated as contributing mechanisms, but both fall short 
as main mechanisms.6 Calculated wall stress is greater at the 
level of the subendocardium, and reversible perfusion defects 
secondary to ischemia are commonly subendocardial. After scar 
formation, perfusion is diminished in proportion to capillary 
density reduction (fixed defect), but that does not implicate 
local ischemia as the pathogenetic mechanism underlying 
subepicardial scar formation.

The COVID-19 pandemic may, however, provide a 
working hypothesis to explain the pathogenesis of focal 
subepicardial myocardial fibrosis in patients with myocarditis. 
COVID,-19 cardiac involvement has been amply documented 
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by biomarker, electrocardiographic, echocardiographic and 
pathologic studies conducted during the acute infection.7 
Myocardial dysfunction leading to clinically manifested heart 
failure is uncommon, but it can occur during acute SARS-Cov-2 
infection. Moreover, cardiac magnetic resonance imaging (MRI) 
studies performed on COVID-19 convalescing patients with 
different degrees of systemic and  pulmonary  involvement 
during the acute phase have demonstrated different types, 
extents, anatomical distributions and degrees of severity of 
cardiac injury.7-8 Frequently, in these studies, both pericardial 
leaflets appear hyperenhanced 10-20 minutes after gadolinium 
administration, suggesting pericardial inflammation (Figure 1). 
In some patients, the subepicardial myocardial layer contains 
areas of localized delayed enhancement, reflecting fibrosis 
and/or inflammation. These abnormalities can persist in 
repeated imaging performed later in the convalescing period 
(Figure 1) and resemble subepicardial injury commonly seen 
in patients with myocarditis due to other viral etiologies. 
These suggest that subepicardial damage may be related to 
pericardial inflammation in patients with myocarditis, either 
as an inflammatory process originated in the pericardial space 
or in association with pericardial inflammation as markers 
of pancardiac inflammation. The combination of pericardial 
inflammation and subepicardial injury or scar is also commonly 
seen in patients with rheumatic heart disease.5

Viral infection leading to pericardial inflammation is seen 
not only in SARS-CoV-2 infection, but also in diverse types 
of viral cardiac infections, including Coxsachie B viruses, 
known to cause acute myocarditis that may evolve to dilated 
cardiomyopathy (9). In addition, clinically manifested acute 
pericarditis is also attributed to viral infection, sometimes leading 
to chronic constrictive pericarditis. Importantly, significant acute 
viral myocarditis can be unassociated with ventricular systolic 
dysfunction and therefore, the true prevalence of subclinical 
viral cardiac involvement in the community, as in the case of 
SARS-CoV-2 infection, remains largely unknown. In COVID-19, 
while severe cardiac involvement in non-hospitalized patients 
appears to be uncommon, the true prevalence of cardiac and 
also pulmonary involvement in the community has not been 
established. Much of the information obtained in non-hospitalized 
individuals comes from MRI studies performed in athletes before 
resuming intense physical activity after COVID-19 infection.10 
Findings from these studies suggest that myo-pericardial as well 
as pleural and parenchymal pulmonary involvement is common, 
although their long-term clinical significance remains unknown.

This hypothesis brought forth here, like hypotheses in general, 
leads us to additional questions. Why would subepicardial 
damage, if extending inwards from the pericardial leafs by 
contiguity, or as a marker of myocardial inflammation, be so often 
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limited to the subepicardium? Much attention has been given 
to the subepicardium for several reasons, including its proposed 
distinct embryologic origin.11 Its pivotal role in preserving left 
ventricular geometry in the face of non-transmural ischemic injury 
or infarction is well recognized. If by contiguity, the preferential 
subepicardial localization of myocarditis associated injury can 
be explained by immediate adjacency to the pericardial space 
and leaflets. However, this contiguity hypothesis does not 
explain the other patterns, which not infrequently associate with 
viral myocardial disease. In addition, it does not take into full 
consideration the extent of infection and inflammation across 
the entire myocardium, frequently documented in processes 
associated with most pathogens, including SARS-CoV-2. Other 
pathways would have to be invoked to address those questions. In 
this regard, animal models of viral myocarditis do not reproduce 
the entire spectrum of disease typically seen in patients, 
highlighting the importance of clinical phenotypic COVID-19 
studies during acute infection and convalescence. In the past, 
important pathophysiologic insights from endemic myocardial 
diseases, like Chagas heart disease, provided important insight 
into the pathogenesis of cardiac disease caused by diverse.12 Initial 
observations from patients with COVID-19 or convalescing from 
SARS-CoV-2 infection suggest that the magnitude of pericardial 
involvement accompanied or not by subepicardial myocardial 
injury deserves further study.7

In conclusion, our hypothesis places emphasis on the 
pericardial inflammation as a possible answer to subepicardial 
injury in myocarditis, based on the findings in post-COVID 
patients.  By analogy, pericardial and subepicardial involvement 

Figure 1 – Example of patient with a post- COVID myocarditis- late gadolinium enhancement  and evidence of active inflammation. Late gadolinium enhancement 
imaging (A and B) shows patchy areas of subepicardial enhancement in the basal inferior wall (white arrows). Short axis steady state free precession image 
(C) shows small pericardial effusion, and the T2-weighted image shows a small myocardial edema in the same region.

from myocardial diseases caused by other viruses and infectious 
pathogens should also be further investigated.
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Regarding article “Automatic Measurement of Mitral Valve Based on Echocardiogram Using Digital Image Processing”

Echocardiography, since its initial descriptions in the 
1950s, has evolved every decade with the incorporation 
of numerous new techniques, enabling structural cardiac 
analysis from multiple planes of spatial observation in real 
time. This occurred with the advent of nanotechnology, digital 
technology, application of modifiable algorithms based on the 
concept of machine learning and deep learning through the 
development of artificial intelligence (AI).1-6 The use of AI is 
an ever-increasing reality in medicine as a whole, mainly in 
operator-dependent imaging areas, such as ultrasonography 
imaging. 

In the concept of analyzing the confluence of a very large 
number of pieces of information (e.g. radiomics, metabolomics, 
proteomics) for the formation of data clusters with the aim 
of integrated patient observation, the formation of precision 
medicine, AI is used in a rational and organized way. The use of 
AI allows faster, more balanced and homogeneous observation 
of inputs, in the sense of minimizing inter and intraobserver 
errors.1-6 In the specific echocardiographic evaluation, the use 
of AI presents a very wide range of applications, having been 
used for the acquisition of echocardiographic information 
for the quantification of left ventricular volumes and mass, 
analysis of biventricular systolic function, segmentation and 
qualification of the cusps, annulus and mitral valve apparatus, 
analysis of hypertrophic phenocopy (athletes, patients with 
hypertrophic cardiomyopathy), to predict the outcome of 
percutaneous hemodynamic procedures (e.g.: mitraclip).1 
We are currently working on a project in association with the 
University of Chicago for AI analysis of patients affected by 
transthyretin cardiac amyloidosis.

Regrettably, rheumatic disease remains, in the 2020s, a 
pathology of great epidemiological expression, especially 
in underdeveloped and developing countries.7 Therefore, 
it seems highly appropriate and of special interest the 
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echocardiographic analysis using AI and its various algorithms 
for interpreting patients suffering from rheumatic disease. 
Rheumatic disease is the most prevalent etiology of mitral valve 
stenosis, with mitral stenosis being the most expressive chronic 
lesion of rheumatic cardiac involvement.7,8 Echocardiography 
is an essential diagnostic tool in the recognition and 
determination of the extent of cardiac involvement in 
rheumatic disease, especially in mitral valve dysfunction, by 
demonstrating typical findings such as reduced mobility due 
to leaflet thickening, commissural fusion, involvement of the 
subvalvular apparatus (shortening, thickening and fusion of 
the chordae tendineae) and valve and annulus calcification.7-9 
The progressive reduction of the valve area is accompanied 
by a gradual increase in left atrial pressure, pulmonary venous 
pressure and the onset of more common symptoms such as 
dyspnea.7-9 The grading of mitral stenosis requires careful 
valve morphofunctional evaluation, as well as an accurate 
analysis of associated pathologies due to the implications in 
the therapeutic decision and the choice from different types 
of intervention (percutaneous or surgical approach in its 
multiple possibilities).7-9

Echocardiography is the first-line imaging technique for 
analyzing the mitral valve, offering numerous advantages 
over other analysis techniques (real-time analysis, devoid of 
radiation, based on three-dimensional projections, low cost, 
widely available); however, it has limitations, such as the great 
dependence on the quality of the acquired image, dependence 
on the cardiologist’s experience during the acquisition and 
interpretation of images, especially in the three-dimensional 
study, which requires additional training and experience, for 
better multiplanar reconstruction of cardiac structures. Real-
time three-dimensional echocardiography shows the leaflets 
in multiple planes, providing a more accurate identification of 
the most anatomical opening of the mitral valve.7-9 Evaluation 
of valve segmentation, important in minimally invasive 
structural cardiac intervention, showed great progress in 
recent years, due to the applicability of AI to cardiovascular 
imaging tests.4,9 This AI analysis of the mitral valve apparatus 
has evolved rapidly over the last few years, from the analysis 
that required many steps for its final elaboration to the 
semiautomatic, rapid and very expressive analysis of the mitral 
valve anatomy.4,9 We are currently working on a project for the 
rapid semiquantitative analysis of the surgical results of patients 
with mitral valve disease due to fibroelastic etiology and valve 
prolapse, with pre and post-operative analysis after double 
teflon repair. This analysis shows the observation of more 
than 30 elements that constitute the mitral valve apparatus.
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AI technology has the potential to optimize and revolutionize 
the practice of echocardiography, creating opportunities 
for standardization, improving accuracy and efficiency in 
cardiovascular imaging laboratories.1-6 In recognition of this 
growing influence in echocardiography laboratories, Professor 
Vera Rigolin, from the Northwestern Memorial Hospital, 
Chicago, USA, introduced the concept of the four pillars of AI, 
namely: education, image acquisition, analysis and integration 
with clinical data.5 These actions tend to minimize intra- and 
interobserver variability, inherent in the echocardiographic 
method, through the creation of protocols for the acquisition 
and analysis of images to quantify left ventricular ejection 
fraction, myocardial strain and grading valve lesion severity, 
among other application possibilities.5 

AI-based digital image processing (DIP), a method proposed 
by Barros Filho et al.,10 published in this issue of Arquivos 
Brasileiros de Cardiologia: Imagem Cardiovascular, has the 

purpose of improving the visual information of the mitral valve 
for analysis, automating the determination of the valve area 
by planimetry and transmitting and storing this information. 
Usually, image processing after acquisition tends to be hard 
work, requiring specific training and knowledge. The proposed 
DIP may eventually have a great clinical impact by minimizing 
this difficulty by using an easy, fast and intuitive language 
system with adequate reproducibility, with the potential to 
reduce human distraction and fatigue, inherent in complex 
and prolonged work, limiting intra- and inter-observer 
variability and assisting the interpretation of multiple and 
complex data.

Therefore, we recommend reading the article “Automatic 
Mitral Valve Measurement Based on Echocardiography 
Using Digital Image Processing,”10 by Barros Filho et al., 
congratulating the group of researchers for the excellence of 
the investigation.
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A Clinician’s View of Tricuspid Regurgitation: What do I Need to 
Know? When to Intervene?
Tiago Bignoto1

Universidade de São Paulo,1 São Paulo, SP – Brazil

Tricuspid valve dysfunction was considered a benign 
clinical situation for a long time, but with the advancement of 
diagnostic imaging methods and better clinical stratification of 
patients with structural heart disease, adequate classification 
of tricuspid regurgitation has become fundamental to decision 
making in the context of a Heart Team.1

The first assessment to be taken into account is the etiology 
of the dysfunction. With a low prevalence, the primary 
etiology, mainly due to rheumatic and congenital causes, has 
a well-established intervention flowchart, primarily based on 
the presence of symptoms or hemodynamic repercussions on 
the right side of the heart.2

The secondary etiology is the most prevalent, and it brings 
many challenges in its approach, as there are a number of 
conflicting publications regarding proposal of intervention.3,4

During the natural history of heart failure with reduced 
left ventricular ejection fraction, tricuspid insufficiency of at 
least moderate intensity is common, and it has an unfavorable 
impact on morbidity and mortality. In this context, even mild 
regurgitation that is considered progressive, with evolution 
between serial echocardiograms of 0.2 cm2 in the effective 
regurgitation orifice (ERO) and 15 mL/beat in the regurgitant 
volume, has an unfavorable prognosis.5

Some clinical aspects must be taken into account when 
evaluating tricuspid insufficiency of functional etiology in order 
to select patients who may have worse prognosis, and, in this 
context, the criterion with the greatest impact is permanent 
atrial fibrillation.5 This clinical condition leads to progressive 
dilation of the tricuspid annulus and is time-mediated; that 
is, the longer the patient spends in permanent fibrillation, 
the greater the dilation and, consequently, the greater the 
degree of reflux.6

Evaluation with multimodal diagnostic imaging methods is 
currently the recommended systematized approach, seeking 
anatomical and functional substrates of the tricuspid valve 
complex and the right ventricle.7
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Transthoracic echocardiography is the first test to be 
indicated to assess the presence, etiology, and severity 
classif ication of tricuspid insufficiency. This valve 
dysfunction is very sensitive to pre- and post-load, and 
attention should be paid to the volume status and clinical 
stability of heart failure during image acquisition.7

Understanding the limitations of the method, qualitative 
data, such as anatomical alterations and coaptation failure, 
and quantitative data, such as ERO and regurgitant volume 
calculated by proximal isovelocity surface area (PISA), 
should be analyzed together by an echocardiographer who 
has experience with structural heart disease. Services that 
have complementary 3-dimensional echocardiography 
should use the method to improve the accuracy of 
the assessment, and complementary transesophageal 
echocardiography often adds little information, except in 
limited thoracic acoustic windows. 

Compared to other diagnostic imaging methods, cardiac 
magnetic resonance has excellent spatial resolution, and it 
is especially valuable for assessing right ventricular function. 
Due to the merely moderate correlation of quantitative 
assessment with echocardiography and the few data 
available in the literature on clinical impact, the use of the 
method is still limited.8 Cardiac tomography is important in 
planning a possible structural intervention with assessment 
of the annular shape, perimeter, diameter, location, and 
trajectory of the right coronary artery.7

Ef forts  for adequate c lass i f icat ion of  t r icuspid 
insufficiency are currently directed toward the following 2 
main groups: those where it is possible to indicate the exact 
moment when the physiological limits were exhausted 
and the overload begins to negatively impact ventricular 
function, and those considered as having important 
tricuspid insufficiency, but well above the cutoff values. 
For the latter group, 2 new classifications have emerged, 
torrential and massive, which have negative prognostic 
and evolutionary impacts.7,9

After obtaining multimodality images and extensive 
discussion in a Heart Team, the criteria for indicating 
intervention in tricuspid insufficiency are aligned with the 
main international guidelines. As previously mentioned, 
primary tricuspid insufficiency in the presence of 
symptoms or hemodynamic repercussions on the right 
ventricle is a clear indication for intervention, valve repair 
being the first option. In the event that this is technically 
impossible, the implantation of a biological prosthesis 
is a viable alternative, even with the high prevalence 
of thromboembolic phenomena, which discourages the 
implantation of mechanical devices in this topography.2,4
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Regarding functional etiology, if a patient has significant 
tricuspid regurgitation and a clear indication for intervention 
due to another reason, such as left-sided valve disease or 
even myocardial revascularization, the tricuspid lesion 
should be corrected during the same surgical time.2,4,10

The presence of a tricuspid annulus greater than or 
equal to 40 mm assessed by echocardiography through 
the apical 4-chamber window also indicates a concomitant 
approach at the same surgical time.2,4,10

The most challenging situation in the presence of 
functional tricuspid insufficiency is the isolated lesion, with 
no other indication for intervention. In this context, the 
data in the literature are controversial as to whether there 
is clear indication for the approach. Conventional surgery 
with repair and implantation of a semi-rigid ring does not 
apparently benefit survival when compared to optimized 
clinical treatment, but, in very symptomatic cases, valve 
correction improves functional class.3,4

The isolated approach may have a slightly clearer benefit 
in patients with very symptomatic functional tricuspid 
insufficiency in the presence of permanent atrial fibrillation 
or even in the presence of pacemaker electrodes altering 
the tricuspid valve dynamics. This fact has also led to a new 
etiological classification, creating a separate group within 
the secondary etiology for cases caused by the presence 
of this device.4,7

In an era of catheter-based technologies, the selection of 
a device based on the analysis of anatomical characteristics 
is essential to obtain the best results. Assessment of the 
regurgitation mechanism should include the annular, 
leaflet, and subannular components.7

In low-risk patients, surgery remains the gold-standard 
treatment for functional tricuspid insufficiency, but, in cases 
of high surgical risk, especially during the past decade when 
a large number of transcatheter devices were developed 
based on established surgical procedures, the clinical 
decision may be different.7

The greatest experience is related to valve repair with 
edge-to-edge clipping, in which the most robust data 
show a reduction in the degree of regurgitation, good 
echocardiographic evolution, and improved functional 

class, with little evidence of improvement in mortality, 
including cases considered to have torrential tricuspid 
insufficiency.2,7

Some annuloplasty devices can be used in patients whose 
leaflet tethering is less pronounced. The combination of 
procedures and devices may also be an interesting strategy, 
depending on the pre-procedure anatomical and functional 
evaluation.7

With the advancement of diagnostic methods and new 
devices for correcting tricuspid dysfunction, we will, in the 
coming years, be able to accompany a series of interesting 
data on clinical impact in the management of these 
patients, including changes in the level of recommendation 
for intervention depending on the clinical, anatomical, and 
functional characteristics, which will always be at the center 
of the discussion about tricuspid insufficiency.
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Contemporary Non-Invasive Imaging in Chronic Coronary Syndrome: 
What Stress Cardiovascular Magnetic Resonance has to Offer
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Non-invasive cardiac imaging has an established diagnostic 
and prognostic role in patients with suspected or known 
ischemic heart disease (IHD) and the imaging technology has 
significantly evolved over the years. Cardiovascular magnetic 
resonance (CMR) has emerged as a robust diagnostic and 
prognostic imaging modality and it currently represents a valid 
alternative to other existing and well-validated techniques, but 
also as a possible first-line strategy. 

Major clinical practice guidelines have been increasingly 
incorporating stress CMR as a clinical test indicated in patients 
with chest pain, receiving a Class I recommendation first in 
the 2014 European Society of Cardiology (ESC) guidelines for 
revascularisation, followed by the 2017 ESC guidelines in the 
diagnosis and management of ST-elevation myocardial infarction 
which has been recommending CMR as an alternative test for left 
ventricular (LV) function when echocardiography is suboptimal, 
but also for the evaluation of myocardial viability and ischemia.1 
The recently published 2021 American Heart Association (AHA)/
American College of Cardiology (ACC) Guidelines also indicate 
stress CMR with class I recommendation in patients with acute 
and chronic chest pain and intermediate risk of coronary artery 
disease (CAD) (Table 1).2 

Whilst CMR is the gold standard test for the calculation of 
left and right ventricular volumes, it is unique compared to 
other imaging modalities due to its ability to non-invasively 
characterize the myocardial tissue. Using T2-weighted 
sequences, CMR can visualize myocardial oedema, whilst 
the use of T1-weighted sequences with gadolinium-based 
contrast agents allow the delineation of presence and extent 
of myocardial scarring or fibrosis, thus determining myocardial 
viability. Finally, its high spatial resolution in stress perfusion 
(~ 2 mm, compared to ~ 10 mm of single-photon emission 
computed tomography [SPECT] and ~ 4 mm of positron 
emission tomography — PET), provides high diagnostic 
accuracy for the detection of myocardial ischemia (inducible 
perfusion defects). 
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A multi-parametric CMR protocol that includes myocardial 
edema, viability and ischemia aims at identifying the cause 
of chest pain both in the acute and in the chronic setting. 
Clinical scenarios include identifying the ischemic territory, 
if any, in patients with known or suspected CAD, identify 
the culprit vessel (edematous territory) in patients with acute 
coronary syndrome and multivessel disease with unclear 
culprit lesion, and assess the extent of myocardial viability and 
hibernation to guide revascularization. In the acute setting, 
the presence of edema can guide clinical management such 
as the identification of recent and old infarction or determine 
the differential diagnosis in patients with suspected myocardial 
infarction and unobstructed coronary arteries (MINOCA), 
whether acute myocarditis, takotsubo cardiomyopathy, or 
small myocardial infarction. All these differentials can be 
achieved based on the different patterns of myocardial 
oedema and fibrosis which differ in each condition. 

Finally, initial sequences covering the whole mediastinum 
and the upper portion of the abdomen are helpful in detecting 
some of the most common extracardiac causes of atypical 
chest pain, such as pleural effusion and hiatus hernia. 

The CMR stress perfusion protocol is straightforward, with 
some similarities with the SPECT protocol. The stressor used 
is mainly a vasodilator, either adenosine at an infusion rate of 
140 mcg/kg/min for 2 to 4 minutes (titrated to 210 mg/kg/min 
to maximize response) or regadenoson as a single injection of 
0.4 mg.3 At maximal vasodilation, contrast agent is injected 
and first pass perfusion images are acquired (typically 3 short-
axis images: base, mid, apical), which are later repeated at 
rest for comparison. Contraindications are limited, and they 
include advanced second-degree atrioventricular block, 
systolic blood pressure < 90 mmHg or > 220/120 mmHg, 
severe sinus bradycardia (< 40 bpm), active bronchospasm or 
known hypersensitivity. Dobutamine is used in selected cases 
such as patients with severe asthmas or those with coronary 
anomalies and myocardial bridges, following a protocol 
similar to echocardiography with incremental doses up to a 
maximum of 40 μg/kg/min. Inducible myocardial perfusion 
defect, a surrogate for inducible myocardial ischemia, can 
be assessed qualitatively (visually) as hypointense “darker” 
(hypoperfused) areas (Figure 1). A semi-quantitative evaluation 
can complement the visual assessment. Recent technical 
developments include a respiratory motion corrected method 
with automated in-line perfusion mapping which provides a 
quantitative assessment of myocardial blood flow (MBF) and 
myocardial perfusion reserve (MPR) at a segmental or global 
level. This novel method has been validated against invasive 
angiography and demonstrated an excellent diagnostic 
performance and reproducibility.4
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There is a wealth of literature and randomized clinical 
trials underpinning the clinical use of CMR in patients with 
IHD and its inclusion in all major clinical practice guidelines. 

The Magnetic Resonance Imaging for Myocardial Perfusion 
Assessment in Coronary artery disease-2 (MR-IMPACT-2) 
study demonstrated higher sensitivity of stress CMR than 
SPECT in detecting CAD.5 The Clinical Evaluation of Magnetic 
Resonance Imaging in Coronary Heart Disease (CE-MARC) 
trial was a head-to-head comparison of stress CMR and SPECT 
in patient with known or suspected CAD, using invasive 
angiography as gold standard. It demonstrated that stress CMR 
has increased diagnostic accuracy compared to SPECT, both in 
single and multivessel disease, as well as in males and females.6 
Further, the CE-MARC 2 trial demonstrated that the use of 
a functional test (SPECT or CMR) significantly reduced the 
probability of unnecessary coronary angiography in patients 
with known or suspected CAD (28% versus 7.5% and 7.1% 
when using stress CMR or SPECT, respectively as gatekeeper 

for invasive angiography).7 Most recently, the MR Perfusion 
Imaging to Guide Management of Patients With Stable 
Coronary Artery Disease (MR-INFORM) trial  randomized 
918 patients with known or suspected CAD to either stress 
CMR evaluation or invasive fractional flow reserve obtaining 
similar clinical outcomes in the two groups, but the coronary 
revascularization rate was reduced when using CMR.8 In terms 
of prognostication, data coming from the Stress CMR Perfusion 
Imaging in the United States (SPINS) study also proved that 
patients with a negative stress CMR or negative late gadolinium 
enhancement had very low annual rates of cardiovascular 
death or nonfatal myocardial infarction (< 1%) and coronary 
revascularization (1% to 3%) during the 5-year follow-up.9 
The non-invasive CMR-based approach has also proven to 
be cost-effective for healthcare systems, as demonstrated by 
consistent savings.10 

Importantly, approximately half of patients with angina 
do not have evidence of obstructive CAD, and, if imaged 

Table 1 – Role of cardiac magnetic resonance according to current European and United States Guidelines

Clinical scenarios Warranty period High-risk markers Added benefits 

ESC guidelines

Chronic IHD including:
patients with an inconclusive 

echocardiographic test.  
In high-risk asymptomatic adults.

To prove myocardial ischemia before 
revascularization.

1 year 

 2 or more of 16 
segments with stress 

perfusion defects or ≥3 
dobutamine-induced 

dysfunctional segments.

Useful to establish 
other etiologies 

(myocarditis etc.)

ACC-AHA chest pain 
guidelines 

Acute and chronic chest pain:

Intermediate-risk patients with acute chest 
pain and no known CAD who are eligible 

for cardiac testing.

Suspected scar.
Suspected microvascular disfunction.

Acute chest pain plus intermediate risk 
with known CAD.

Patients with an inconclusive 
echocardiographic test (2a).

Chronic:
In intermediate to high risk patients with 
stable chest pain and no known CAD, it 
is effective for diagnosis of myocardial 

ischemia and for estimating risk of major 
adverse cardiac events (1b).

Patients with obstructive CAD who have 
stable chest pain despite optimal medical 

treatment (1b).

Patients with known extensive 
nonobstructive CAD with stable chest pain 

symptoms  (2a).

Patients with persistent stable chest pain 
and nonobstructive CAD, with the addition 

of MBFR measurement (2a).

1 year 

Useful to establish 
other etiologies 

(myocarditis etc).

Higher diagnostic 
accuracy for CMR 
versus other non-
invasive methods.

CMR followed by 
selective ICA had 
projected reduced 

costs by ∼25% when 
compared with direct 

referral to ICA.  

AHA/ACC: American Heart Association/American College of Cardiology; CAD: coronary artery disease; CMR: cardiac magnetic resonance; ESC: European 
Society of Cardiology; ICA: invasive coronary angiography; MBFR: myocardial blood flow reserve; IHD: ischemic heart disease.
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adequately, there is demonstration of MVD.11 This is more 
prevalent in women than in men and in patients with 
hypertension and diabetes. Quantitative stress CMR is 
increasingly used in patients with ischemia and unobstructed 
coronary arteries (INOCA) with excellent diagnostic accuracy. 
Recent data published by Kotecha and colleagues confirmed 
the usefulness of these non-invasive CMR parameters of MBF 
and MPR, with an additional potential role in discriminating 
between three-vessel disease and MVD, two conditions that 
are often hard to distinguish without an anatomical test.4 A 
global stress MBF < 1.82 ml/g/min has in fact been proposed 
as a cut off to discriminate obstructive 3-vessel disease from 
MVD (area under the curve: 0.94; p < 0.001).4

Limitations of CMR include the relatively limited 
availability (although every MRI scanner has a cardiac 
package, often unused), high cost, limited access to 
existing MRI facilities, and a lack of trained CMR imaging 
specialists. In addition, there are some restrictions when 
performing CMR in patients with non-conditional devices, 
and the overall quality of the images acquired could be 
severely and unpredictably reduced in presence of metallic 
implants. Gadolinium-based contrast agents are relatively 
safe. However, caution should be used in presence of 
severe renal failure due to potential risk of nephrogenic 
systemic fibrosis and during pregnancy where a careful 
risk-benefit assessment is mandatory. Nevertheless, the 
role of CMR has evolved from mainly a research tool to a 
multi-purpose clinical tool with unquestionable advantages 

Figure 1 – Cardiac magnetic resonance in a patient with angina. Stress first-pass perfusion images showed significant inducible myocardial perfusion defect 
during adenosine infusion in the RCA territory (A, red arrows). The perfusion defect was confirmed by automated in-line perfusion mapping (B, blue areas) 
and quantified as segmental stress myocardial blood flow (MBF map, bottom right). Late gadolinium enhancement images showed no myocardial infarction or 
scarring, with all segments fully viable (panel C). The patient was therefore referred for coronary angiography that demonstrated significant stenosis in the RCA. 
RCA: right coronary artery.

compared to other modalities. This recognized role of 
CMR in the recently published ESC and AHA/ACC chest 
pain guidelines is a testament that this technique is part of 
modern cardiology, and it is here to stay.
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Abstract
Left atrial (LA) dilation is a common indicator of diastolic 

dysfunction, and its analysis through a volume calculation 
reflects the cumulative effects of the left ventricular (LV) filling 
pressures. However, an increase in LA volume is not exclusive 
to diastolic dysfunction, which has also been observed in other 
clinical conditions. Thus, the evaluation of the LA strain enables 
a functional study of this chamber, adding to the morphological 
analysis through the volume calculation.

The LA strain, measured using the speckle tracking technique, 
brings information on the reservoir, conduction, and contractile 
functions of the LA, and is related to the LV function. Moreover, the 
changes in the LA strain precede the volumetric changes by nearly 
a decade, and correlate inversely with the degree of LA fibrosis – 
this has an important relationship with the diastolic dysfunction 
and its grading system. Albeit insufficient to explain its totality, LA 
fibrosis can partially justify the functional changes of this heart 
chamber and can favor the use of this variable as a complement 
to the current protocols for the analysis of the diastolic function.

Although further study is still warranted to establish other 
clinical applications, the LA strain stands out in the analysis 
of diastolic dysfunction and can be considered ready to use, 
offering a great potential to improve the evaluation of the overall 
cardiac function.

Introduction
The study of myocardial deformation can be considered 

definitely implemented in the current echocardiographic 
routine. Although some people believe this topic is recent, or 
in the research and pre-implementation stage, it is not true. 
The first studies of myocardial deformation are as old as the 
use of two-dimensional images in echocardiography, and the 
vast majority of these studies address left ventricular myocardial 
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deformation. From the first experimental studies with 
sonomicrometry crystals directly inserted into the myocardium 
of dogs through the use of Doppler echocardiography, maturity 
was reached with the development of speckle tracking, a widely 
validated method for use in echocardiography and magnetic 
resonance imaging.1–3

Multiplicity of speckle tracking variables in the assessment of 
different cardiac structures

Speckle tracking is the standard tool to study myocardial 
deformation by echocardiography and, when applied to the 
left ventricle (LV), provides a great amount of information that 
goes beyond the mere quantification of absolute deformation. 
Therefore, it is essential to standardize these measures.

The expression strain is used as a synonym for myocardial 
deformation, which reduced the applicability of the method 
to this measure, which is certainly incomplete, because 
speckle tracking also allows for the measurement of rotational 
variables, even enabling to estimate myocardial work. Although 
terminology is internationally standardized, misunderstandings 
are still frequent. In Brazil, for example, the expression “two-
dimensional strain” is used to refer to speckle tracking, which 
is in disagreement with international standards.4

LV longitudinal strain is the most renowned measure for 
use in speckle tracking echocardiography (STE). Examples of its 
applicability include: determination of subclinical myocardial 
disease in apparently normal ventricles, early diagnosis of 
chemotherapy cardiotoxicity, differentiation between the main 
causes of increased myocardial thickness, risk segmentation 
in different heart diseases, and in a myriad of other clinical 
conditions affecting the myocardium.5–8

LV circumferential and radial deformations can also be 
measured by the same method; moreover, the velocity at 
which these deformations occur, the so-called strain rate, 
can also be obtained. Rotational variables measured at the 
basal, medial, and apical segments may also complement the 
assessment, as well as LV twist, which is the difference between 
LV basal and apical rotations.4 These assessment methods have 
a complementary role to that of LV longitudinal strain and do 
not imply its replacement.

The right ventricle can also be assessed with regard to 
deformation; in this case, longitudinal strain of its free wall 
is the most validated and recommended measure.9–12 The 
same applies to left atrial (LA) longitudinal strain, a promising 
approach for functional studies and the focus of this review, 
which will subsequently describe the peculiarities of this 
measure, focusing on the study of LV diastolic function (DF).
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Quantification of cardiac mechanics and its studies in 
diastology

There is a significant number of publications on the 
complementation of DF analysis by techniques to quantify cardiac 
muscle mechanics, and the vast majority of these publications is 
related to the study of the LV with a focus on determining its filling 
pressure.13–16 Despite the favorable results of these techniques, 
their effective implementation to this end did not occur, which 
may be explained, among other reasons, by the complexity of 
these analyses compared to the traditional measures of LV DF by 
Doppler echocardiography.17

However, although the assessment of LV filling pressure by 
STE is not part of 2016 recommendations for the assessment 
of DF, STE is indeed recommended to determine myocardial 
disease, especially LV global longitudinal strain, which may be 
used to determine myocardial disease and thus help in the initial 
analysis of DF.18

What is the role of LA in the assessment of LV DF?
Differently from other techniques to assess DF, which reveal 

cardiac hemodynamic status at the time of examination, the 
assessment of LA by calculating its volume reflects the cumulative 
effects of LV filling pressures. 

The use of LA dimensions in clinical practice precedes even the 
first guidelines for the assessment of DF diastole by the American 
Society of Echocardiography (ASE), published in 2009.19 Many 
studies showed that increased LA volume is closely related not 
only to diagnosis, but also to the prognosis of patients with diastolic 
dysfunction (DD).20–28 However, it is important to emphasize that 
LA enlargement is not exclusive to DD and can also be observed 
in mitral valve disease, long-lasting arrhythmia, anemia, and 
intense and prolonged practice of physical activity. However, LA 
enlargement in patients with arterial hypertension is considered, 
by some authors, as a diagnostic feature of DD, even when not 
associated with other echocardiographic features of DD.29

From another perspective, the identification of normal-sized 
LA does not rule out the presence of DD, because recent or 
intermittent increases in LV filling pressure may not be sufficient 
to cause LA enlargement, which certainly makes it possible for 
this cavity to be assessed not only morphologically, but also 
functionally, more specifically by measuring its strain.

Functional analysis of the LA by speckle tracking and its 
potential applicability in diastology

Morphofunctional knowledge

Relationship between LA function and LV function
LA strain as measured by STE provides information on the 

reservoir, conduit, and contractile functions of this chamber 
(Figure 1). The usefulness of these measures is based on the close 
relationship between LA and LV functions. For example, the 
performance of reservoir and conduit functions is determined by, in 
addition to atrial compliance, ventricle relaxation and by transmitral 
pressure gradient.30 The conditions that impair any aspect of atrial 
function, especially mechanical alterations that lead to abnormalities 
in pressure-volume relationships, may affect overall cardiac 
performance, leading to unfavorable symptoms and outcomes.31

Causes of LA dysfunction
The hemodynamic effects of ventricle diseases seem 

insufficient to explain all the changes leading to LA dysfunction, 
because, in some patients, this dysfunction occurs even in the 
absence of significant morphological and/or functional changes 
in the LV.32 This is corroborated by studies with previously 
healthy populations, in which LA function and its remodeling 
were independently associated and preceded the clinical 
manifestation of heart failure.33 Another aspect that favors 
functional studies of LA results from the fact that, although 

Figure 1 – Phases of left atrial function evidenced by the study of longitudinal deformation. LA: left atrial.
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LA strain is not totally independent from load, myocardial 
deformation tends to be less affected by load than LA volume 
would be.34 Furthermore, changes in LA strain precede volume 
changes in almost a decade.35

LA dysfunction is believed to result, at least in part, from 
LA myocardial fibrosis. This process has been associated with 
several biological factors, practically the same one that impact 
ventricular myocardium.33 LA strain is inversely correlated 
with the degree of LA fibrosis (Figure 2).36, 37 This association 
alone would not be sufficient to favor the use of this variable 
as a complementary tool in current protocols of DF analysis. 
However, LA function was shown to be a determinant factor 
of the time of decompensation of heart failure with preserved 
ejection fraction (HFpEF), one of the reasons for the discussion 
on the potential use of LA strain as a marker of elevated LV 
filling pressures.38 However, although functional changes may be 
partially justified by LA fibrosis, it is insufficient to fully explain 
the phenomenon, which is one of the topics that justify studies 
on the applicability of LA strain in diastology.

Applicability of functional analysis of LA aimed at the study 
of LVDD

To apply the study of LA deformation in LV diastology, it is 
important to first consider the intended purpose, which may be:

1. To optimize the diagnosis of DD in general;
2. To determine the presence or absence of increased filling 

pressure.
A significant number of studies confirm the usefulness of 

measuring LA strain to diagnose DD by demonstrating a decrease 
in LA reservoir strain in critical situations such as hypertension, 
diabetes, and chronic kidney disease, even when LA volume 
and/or emptying pressure is still normal.39–41 Similar findings were 
observed in a study of patients with hypertension, diabetes, or 
coronary disease, all of them with preserved LVEF, which revealed 
an increase close to 10% in the diagnosis of diastolic dysfunction 
when adding LA strain to the algorithm for DD detection used 
in the 2016 guidelines of ASE with the European Association of 
Cardiovascular Image (EACVI) (Figure 3).42

In addition to diagnosis, LA strain may also be applied to 
categorize DD, because both reservoir and conduit functions 
decrease as the grade of DD increases.43 Analyses of ROC 

curve show that reservoir strain has high accuracy to grade 
DD compared to LV volume index.44

Despite this gradual and progressive reduction of reservoir 
and conduit functions, it should be observed that, a different 
behavior was observed in the first phases with regard to 
contractile function, which increases in DD grade 1 before 
decreasing, after grade 2.44 Another interesting observation is 
that, in cases of changes in LV relaxation, there is an increase 
in the relative contribution of LA contractile function to its 
filling, while the conduit function decreases. When LV filling 
pressures increase significantly, the limits of LA preload are 
reached, and the LA will behave predominantly as a conduit.45 
Such characteristics would not necessarily be useful to make 
the use of LA strain effective in diastology, but its knowledge 
may help avoid mistaken interpretations by simplifying the 
effects of LV diastolic function on LA.

Standardization and atrial strain measures by speckle 
tracking

Despite measuring LA two-dimensional strain by STE 
is relatively simple and direct, methodological differences 
initially contributed to a certain variation in normal values. 
This was improved with the recent systematization and 
standardization proposed by several international societies and 
by the industry, which defined the longitudinal strain, which 
is the strain the direction tangential to the endocardial atrial 
border in an apical view, as the only one recommended. The 
same document advise against a segmental study; therefore, 
only the overall value obtained in the analyzed view.46

It is possible to combine measures obtained by the 4- and 
2- chamber views to calculate global longitudinal LA strain, 
and it was even recommended in a previous consensus 
(Figure  4).47 However, studies using a single view are 
acceptable, specifically the 4-chamber view in this case, due 
to its practicality. Results from a recent meta-analysis including 
30 studies, totaling 2038 healthy individuals, provided the 
normal reference values currently accepted for LA strain during 
the reservoir, conduit, and contraction phases.48

Therefore, recommendation allows for the analysis to be 
conduct in an apical 4-chamber view, avoiding cavity shortening, 
and with the region of interest measuring nearly 3 mm in width.46

Without fibrosis Fibrosis

LA strain

LA myocardial fibrosis

Figure 2 – LA strain and myocardial atrial fibrosis. LA: left atrial
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Normal values of left atrial strain
As observed in Figure 1, LA deformation may be assessed 

by means of 2 peaks: maximum deformation (also known as 
reservoir strain) and atrial contraction deformation (also known 
as contractile strain), and the difference between these peaks, 
which is the third measure known as conduit strain. Normal 

values currently accepted derive from the aforementioned 2017 
meta-analysis and are the following:48

• Reservoir strain 39% (95% confidence interval: 38% to 41%)

• Conduit strain 23% (95% confidence interval: 21% to 25%)

• Contractile strain 17% (95% confidence interval: 16% to 19%)

Figure 3 – Increase in the diagnosis of DD by including LA strain to the algorithm. Adapted from Morris et al. (reference 42). E: E wave velocity of the transmitral 
flow in pulse Doppler; e’: mitral annulus protodiastolic velocity in tissue Doppler; LA: left atrial; LVEF: left ventricular ejection fraction; TR: tricuspid regurgitation; 
DD: diastolic dysfunction.

Patients with preserved LVEF with risk for DD

> 50% of positive (altered) variables

Increase of approximately 10% in the rate of diagnosis of DD

1. Average E/e’ > 14
2. Septal e’ velocity < 7 or lateral e’ velocity < 10 cm/s
3. TR velocity > 2.8 m/s
4. LA volume index > 34 mL/m2 or LA strain < 23%

Figure 4 – Measures of left atrial strain by speckle tracking. Orange and green arrows point to peak reservoir strains for the 4- and 2-chamber echocardiographic 
views, respectively. Red and yellow arrows indicate the automatic results for the reservoir, conduit, and contraction measures in the 4- and 2-chamber views, 
respectively, and the blue arrow highlights overall results (mean values) for the 2 views.
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How to use altered LA strain values in diastology?
It would be convenient, with regard to diagnosis and 

classification of DD, that abnormal LA strain succeed elevated 
LV filling pressures, being a direct consequence of the latter. 
However, as previously shown, what actually occurs is the 
progressive reduction of LA strain as DD grade increases; 
therefore interpretation of the abnormality should be performed 
with caution and contextualized in the interest of the investigation.

Applicability of LA strain to determine cardiovascular prognosis
Abnormalities resulting from LA deformation may be studied 

in order to determine cardiovascular risks. In these cases, 
these abnormalities show an independent correlation with 
cardiovascular events.49,50 Cutoff values found in these situations 
would not necessarily be useful to determine and categorize DD. 

Applicability of LA strain to classify DD
Measures of LA deformation can also be used to help grade 

DD, which will also imply in determining prognosis, because, 
as already well established, the risk of cardiovascular events is 
directly correlated with grade of DD.51,52

Many studies were conducted to correlate reduction in LA 
myocardial deformation with increased LV filling pressures, 
especially pulmonary artery systolic pressure (PASP) and mean 
pulmonary capillary wedge pressure. One of these studies, 
conducted in 2009 by Kurt et al., assessed the so-called LA 
stiffness, calculated as the ratio of E/e´ (average) to LA strain 
during systole (currently more often referred to as LA reservoir 
strain). These researchers showed that LA stiffness presented a 
good correlation with the invasive measure of PASP.53 Subsequent 
studies started to focus on reservoir strain alone.

In 2019, Singh et al. showed that peak LA strain lower than 
20% was able to accurately identify pre-A wave LV diastolic 
pressure higher than 15 mmHg, significantly improving the 
classification of DD made by current guidelines (2016), especially 
in individuals with preserved LVEF.54 Similar results were published 
in 2021 by Inoue et al., in whose study LA reservoir strain < 
18% and LA contractile strain < 8% determined increased LV 
filling pressure better than LA volume and other conventional 
Doppler parameters.55

In 2020, an editorial published in Journal of American College 
of Cardiology - Cardiovascular Imaging by Jae Oh proposed 
a new diagnostic approach of DD. Of the proposals, the use 
of LA reservoir strain to differentiate undetermined cases.56 In 
2021, following exactly the same line, LA strain was included 
in an European consensus, in the case concerning the use of 
multimodality imaging in patients with HFpEF.57 This incorporation 
took into account the 2016 algorithm for the analysis of DF and 
the results from the study by Inoue et al. (Figure 5).55

When not using LA strain to classify DD
In some situations, the measure of LA strain should not be 

considered, such as in limitations of echocardiographic images 
and in detriments to the analysis of two or more LA wall segments.

Similarly, patients with AF should not have their LA reservoir 
strain analyzed for the purpose of estimating LV filling pressure.55 

This also applies to patients who presented with episodes of AF for 
more than 48 hours in the 90 days before the test. Such fact results 
from the possible presence of LA myocardial stunning, a situation 
characterized by very low reservoir strain low values. Therefore, 
this measure should not be used to diagnose HFpEF when there 
is possibility of atrial stunning.

Final considerations
The importance of assessing LA function is unquestionable 

in several clinical situations and in specific patient populations. 
Considering the presented studies and the current technologies 
involved, the authors believe that LA strain is indeed ready to 
use, because it was shown that LA strain, especially its reservoir 
component, progressively decreases as LVDD worsens and may be 
useful in the reclassification of “undetermined” cases. Obviously, 
many questions remain to be answered regarding changes in LA 
function, especially in the context of diastology. However, this tool 
has potential for immediate use as a complementary diagnostic 
parameter.

The EACVI made a right decision when recommending the use 
of LA reservoir strain as an additional measure in cases when filling 
pressures would be classified as undetermined by the algorithm of 
the 2016 guidelines to assess DF.57

It is important to emphasize that the use of LA strain is not 
limited to diastology, as previously described. Changes in LA 
deformation are associated with prognostic implications in 
several scenarios, such as in the prediction of a cardioembolic 
event.58 Furthermore, LA has been the focus of discussions and 
investigations that reinforce its role in a myriad of cardiovascular 
situations, including new concepts, such as the definition of atrial 
failure.59

Hence, there is a great potential in the use of LA myocardial 
deformation in the context of analysis of LV DF to improve the 
accuracy of algorithms employed in clinical practice. 
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Figure 5 – Algorithm proposed to grade DD using left atrial reservoir strain. Adapted from Smiseth et al. (reference 57). A: transmitral flow A wave velocity 
in pulse Doppler; E: E wave velocity of the transmitral flow in pulse Doppler, e’: mitral annulus protodiastolic velocity in tissue Doppler; LA: left atrial; TR: 
tricuspid regurgitation.
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Abstract
Circulatory shock is characterized by a state of inefficient 

tissue oxygen supply and multiple organ dysfunction. Patients 
with circulatory shock require fast and assertive diagnosis and 
therapies to reduce its high lethality. Echocardiography has 
already been established as a fundamental method in managing 
patients with circulatory shock. It provides crucial assistance in 
etiological diagnosis, prognosis, hemodynamic monitoring, and 
volume estimation in these patients; its potential advantages 
include portability, absence of contrast or radiation, low cost, and 
real-time serial assessment. In the intensive care unit setting, it 
demonstrates a high correlation with invasive (pulmonary artery 
catheter) and minimally invasive (transpulmonary thermodilution) 
forms of hemodynamic monitoring. Currently, other techniques, 
such as pulmonary ultrasound and VExUS score, have been 
added to echocardiographic assessment, making the method 
more comprehensive and accurate. These techniques add 
relevant data to blood volume estimation in critical patients, 
influencing the probabilistic decision of fluid responsiveness and 
providing additional information in the diagnostic reasoning of 
the causes of shock, thus optimizing these patients’ prognosis. 
Point of care ultrasound (POCUS) aims to make abilities to obtain 
information at the bedside more accessible to physicians who 
are not specialists in radiology, by means of ultrasound, which 
assists them in decision-making. This article addresses the diverse 
applications of echocardiography in patients with circulatory 
shock, including prognostic evaluation and etiological diagnosis 
by means of the parameters found in the main causes of shock, 
in addition to hemodynamic monitoring, evaluation of fluid 
responsiveness, and practical use of pulmonary ultrasound. 

Introduction
The use of the echocardiogram is becoming more 

common in the daily practice of the intensive care unit 
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(ICU), thus bringing several forms of application in the 
handling of the critical patient. Besides the many types 
of information that can be obtained by the examination, 
there are advantages brought by the method itself, such as 
portability, lack of contrast or radiation, low cost and serial 
evaluation in real-time.1

Circulatory shock is characterized by a state of 
inefficiency of the tissue oxygen offer, leading to cell failure 
and multiple organ dysfunction. Therefore, patients with 
such a condition require fast and assertive diagnosis and 
therapies for the reduction of its high lethality. The point of 
care ultrasound (POCUS) aims at making the skills to obtain 
bedside information more accessible for the physician that is 
not specialized in radiology, through the ultrasound, helping 
them in the decision-making process.2 Complementation 
with a comprehensive echocardiography, performed by an 
imaging expert, makes this relationship even narrower and 
beneficial, optimizing the prognosis of the critical patient. 

In this article, we describe several forms of application of 
the echocardiogram and POCUS in patients in circulatory 
shock, including diagnosis, prognosis, hemodynamic 
monitoring, fluid-responsiveness evaluation and use of a 
lung ultrasound.

Echocardiographic evaluation by etiology

Cardiogenic shock 

Cardiogenic shock is caused by a severe involvement 
of the myocardial function, leading to reduced cardiac 
output, tissue hypoperfusion and hypoxia. In patients 
hospitalized with acute heart failure (HF), the incidence of 
cardiogenic shock is of about 12%, and ischemic disease 
is responsible for approximately 80% of these cases. 3 
Despite the significant advances in reperfusion therapy and 
circulatory support devices, mortality rates remain high, 
reaching up to 50%.4

Due to the multiplicity of causes and physiopathological 
mechanisms that lead to cardiogenic shock, its recognition 
is based on the combination of low cardiac output, signs 
of high filling pressure and structural and functional heart 
disease. The typical pattern includes low systolic volume 
associated with high left atrial pressure (increased mitral 
flow E-wave velocity and E/e’ ratio).5 The left atrium (LA) and 
left ventricle (LV) size may provide clues about the duration 
of the contractile involvement, and dilation indicates a 
stage of chronicity. 
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The LV ejection fraction (LVEF) is a traditional and 
practical parameter, besides a useful bedside guide to 
estimate systolic function. The interpretation needs to 
consider the preload effects (volemia), blood pressure 
(afterload), inotropics and vasopressors. The estimation 
of the LV systolic volume and cardiac output through the 
echocardiogram is well validated, being a useful parameter 
for the diagnosis of cardiogenic shock. The velocity time 
integral (VTI) of the left ventricular outflow tract (LVOT) 
can be used as a replacement for systolic volume, being 
a more practical parameter to be obtained, with lower 
interobserver variability. If it is higher than 18 cm, it is 
suggestive of proper systolic volume.6	   

In cardiogenic shock caused by ischemia, it is important 
to assess the associated mechanical complications: acute 
mitral insufficiency (MI), rupture of the interventricular 
septum (IVS) or the myocardial wall with or without 
formation of a pseudoaneurysm. All of these complications 
usually have a bimodal peak incidence.7

Cardiogenic shock associated with isolated right HF is 
characterized by low cardiac output associated with high 
right atrial pressure, dilated right atrium (RA) and dilated 
inferior (IVC) and superior vena cava, without significant 
pulmonary hypertension (PH), besides the finding of a 
dilated right ventricle (RV) with dysfunction. It is associated 
with inferior wall acute myocardial infarction (AMI), with 
proximal occlusion of the right coronary artery, and it is an 
adverse prognostic marker.8

Valvulopathy is a major cause of cardiogenic shock. 
The echocardiogram plays an essential role at identifying 
valvular disease, its severity and possible complications. 
Atrial fibrillation with high ventricular response in patients 
with mitral stenosis, significant valvular regurgitation due 
to infectious endocarditis or degenerative disease (chordae 
tendineae rupture) or aortic failure secondary to aortic 
dissection are some examples of acute causes, which lead 
to a challenge in the echocardiographic evaluation. Severe 
aortic stenosis can also be presented in cardiogenic shock, 
but it is usually secondary to acute decompensation in the 
context of subjacent severe chronic systolic dysfunction.4

There are many other conditions, such as stress 
cardiomyopathy, acute myocarditis, tachycardiomyopathy, 
which can be presented as cardiogenic shock. In these cases, 
the echocardiogram will show a compromised LV systolic 
function, with reduction of the VTI of the LVOT, suggesting 
the cardiogenic origin of the shock. The systolic dysfunction 
of the LV is usually characterized by diffuse hypokinesis, 
except for cardiopathies that can lead to segmental changes 
in contractility, such as ischemic cardiopathy or Takotsubo 
cardiomyopathy. Regional involvement is characteristic of 
the latter, showing apical ballooning and hypercontractility 
of basal segments.9

Acute pulmonary thromboembolism (APT)
In acute pulmonary embolism, there is a sudden increase 

in pulmonary vascular resistance (PVR), overlapping the 
capacity of the RV, which is adapted to a low-pressure 
regime. Consequently, there is acute dilation in the 

basal and medium regions of the RV, associated with a 
compromised systolic function. There is some preservation 
of the apical region of the RV, limited by the insertion of a 
lateral moderator band, in which systolic function is normal 
or increased. This finding, called “McConnell’s sign”,10 is 
characteristic, but not pathognomonic, also occurring in 
RV infarction. 

The RV prolongs its systolic time when faced with an 
afterload increase, so that the pressure in the RV exceeds 
the pressure in the LV at the end of the systole; such an 
effect is exacerbated by the underfilling of the left heart due 
to pulmonary oligoemia. Therefore, we find the paradoxical 
motion of the IVS with systolic rectification (observed at the 
parasternal short axis view when the LV takes on a D-shape 
during systole). The dilation of the RV is the keystone, 
and its association with the paradoxical septal motion 
defines the acute cor pulmonale. The dilation of the RV is 
promptly evaluated in the apical four chamber view, when 
the RV/LF ratio is >0.6; severe dilation is seen with a >1.0 
proportion.11 Acutely, the diameter of the pulmonary artery 
and the volume of the RA remain normal.

The evaluation of the LV is also informative in massive 
pulmonary thromboembolism (PTE), with small cavity and 
reduction of cardiac output. The presence of thrombus in 
the right chambers, IVC or pulmonary artery is occasionally 
seen, and reinforces PTE as a shock etiology – characterized 
as a low-flow obstructive shock, when VTI of the LVOT and 
cardiac output are typically low.12

The measures of the pulmonary artery systolic pressure 
(PASP), systolic function of the RV and PVR are useful to 
confirm the increased afterload of the RV, and especially to 
assess the effects of thrombolysis and other interventions.

• PASP is more commonly obtained through the peak 
tricuspid regurgitation velocity, using the modified Bernoulli 
equation. It is important to pay attention to the alignment 
and obtaining of accurate Doppler signals to prevent the 
underestimation of measures. In the absence of a reliable 
signal of tricuspid regurgitation, the pulmonary ejection 
acceleration time (PAAT) can be used. As a reference, 
a 70-90 ms PAAT indicates PASP > 70 mmHg. The 
presence of a mid-systolic notch at the pulse Doppler in 
the right ventricular outflow tract (RVOT) also indicates 
severe pulmonary arterial hypertension (PAH).13 In acute 
pulmonary embolism with hemodynamic repercussion, we 
typically see PASP with mild to moderate increase. 

• The systolic function of the RV can be normal, 
hyperdynamic, right after the pulmonary embolism insult, 
or hypodynamic in further stages. The tricuspid annular 
plane systolic excursion (TAPSE) is an acceptable and easy 
method to be used at the bedside, with a narrow learning 
curve (normal value ≥ 17 mm). The velocity of the lateral 
tricuspid annular plane at the tissue Doppler can also 
be used, and the value of < 9.5 cm/s means ventricular 
dysfunction. More accurate parameters should be used 
whenever possible, such as: variation of the fractional 
area (normal value ≥ 35%), right ventricular free wall 
longitudinal strain (normal value > 20%), and ejection 
fraction in the 3D echocardiogram (normal value ≥ 45%); 
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however, these are not always feasible for the critical ICU 
patient at bedside.14

• PVR: the gold standard for PVR is right heart 
catheterization; however, several methods have been 
proposed to estimate PVR using the echocardiogram, each 
one using the principle of pressure in relation to cardiac 
output (that is, the ratio between the pressure in the 
pulmonary arterial bed and cardiac output). The following 
formula, proposed by Abbas and collaborators, can be 
used:15 PVR = TRV / VTIRVOT x 10 + 0.16, in which TRV is 
the tricuspid regurgitation velocity, which corresponds to 
the transpulmonary pressure gradient, and VTIRVOT is the VTI 
of the RV outflow tract, which corresponds to pulmonary 
blood flow (PBF). When compared to the PVR estimated by 
hemodynamics, the author obtained excellent correlation, 
R = 0.929. However, this calculation can be influenced by 
other factors, such as the variation of the alveolar pressure 
and pulmonary venous pressure: the increased pressure in 
the LA reduces PVR. 

Therefore, in practical terms, the echocardiographic 
findings of RV dilation, paradoxical septal motion and 
McConnell sign suggest the diagnosis of PTE with obstructive 
shock as a cause, and the findings of elevated PSAP and 
PVR, together with reduced cardiac outflow and systolic 
function of the RV, support it, being an essential tool in the 
indication of thrombolysis. 

Sepsis
Sepsis is the most prevalent cause of shock in an ICU, 

and it is closely related to cardiac injury in severe cases. 
In practice, septic shock has a distribution pattern, and is 
characterized in the echocardiogram by the presence of 
hyperdynamic ventricles and high cardiac output (normal or 
high VTI in RVOT associated with tachycardia).16 However, 
the evolution with concomitant ventricular dysfunction is 
observed in 20-60% of the severe cases and is associated 
with worse outcomes.17

A major pathological contribution for shock in sepsis 
is peripheral vasoplegia. Systemic vascular resistance 
(SVR) can be calculated using the formula: SVR = (mean 
arterial pressure - ventral venous pressure / cardiac output) 
x 79.9 (dyn.s/cm-5), and is typically reduced in these 
patients. Besides, hypovolemia is frequently associated 
as a consequence of the reduced effective circulating 
volume related to venous dilation and to the increased 
capillary permeability with losses for the third space. Heart 
dysfunction is mainly caused by the liberation of cytokines, 
mitochondrial dysfunction and tissue hypoxia, which lead 
to myocardial lesion.17

The spectrum of involvement in septic cardiomyopathy 
can range, including dysfunction in the LV and/or RV, 
global hypokinesia or changes in segmental contractility 
and subtle findings only identified with strain.18 The 
diastolic dysfunction of the LV with high filling pressure is 
also very common in this scenario. A recent meta-analysis 
showed reduced e’ wave associations and high E/e’ ratio as 
predictors of higher mortality rates among critical patients 
with sepsis.19

Many patients with myocardial depression in sepsis do 
not require the use of inotropic agents, because cardiac 
output is adequate even at the presence of damaged cardiac 
function, due to the associated reduction of the LV afterload 
and its mild dilation. 

It is important to highlight that contractile dysfunction is 
almost always reversible throughout the days, except in the 
presence of concomitant subjacent coronary artery disease 
or myocarditis. The reduction in the LV afterload may mask 
systolic dysfunction, which can become obvious only after 
the correction of hypotension.20

The echocardiogram plays a pertinent role in the 
evaluation of the valves in septic shock. Endocarditis 
or perivalvular abscesses can be the cause of shock. 
Transesophageal echocardiogram (TEE) is the technique of 
choice in the presence of such a suspicion, even though 
the transthoracic echocardiogram is still valuable in the 
acute scenario. 

The RV can also be impacted by the combined effects 
of sepsis in contractility and higher RV afterload (acute 
respiratory distress syndrome [ARDS] and mechanical 
ventilation). In 20% of the patients, RV dysfunction is the 
prevalent characteristic.21

Finally, it is important to verify the presence of dynamic 
outflow tract and mid-ventricular obstructions in the LV, 
once the combination of the hyperdynamic state and 
hypovolemia can induce them and contribute with the 
genesis of hypotension. 

Therefore, the bedside echocardiogram in patients with 
septic shock provides valuable information and can help 
with strategies to handle this context.

Cardiac tamponade
Pericardial effusion is the accumulation of fluid in 

the pericardial space beyond the physiological volume. 
It is especially related to inflammatory causes, post-
operative periods of heart surgery and as a complication 
of percutaneous heart procedures. Cardiac tamponade 
is a clinical diagnosis that happens when the pressure 
made by the pericardial fluid overcomes the pressure in 
the heart chambers. The classical signs of the Beck’s triad 
(hypotension, jugular venous distension and muffled heart 
sounds) have limited sensitivity, turning clinical diagnosis 
into a challenging task.22

The echocardiogram plays an essential role in the 
quantification of pericardial effusion, definition of the 
etiological suspicion and its repercussion in ventricular 
filling, especially in the finding of early changes that 
precede the clinical tamponade. In the physiopathology of 
cardiac tamponade, the velocity of the installation of the 
effusion plays an essential part, beyond its magnitude. This 
information becomes relevant in scenarios in which the fast 
installation of the small pericardial effusion (right ventricular 
free wall rupture after the infarction, hemopericardium 
as a complication during percutaneous heart procedures) 
is sufficient to determine hemodynamic involvement. 
The volemic status of the patient also contributes with 
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the occurrence of clinical repercussion, and this data is 
also accessible in a non-invasive manner, through the 
echocardiogram. Besides, the echocardiogram can be 
essential in urgent situations, to guide the subxiphoid 
puncture for pericardiocentesis (Marfan’s puncture). 

The first step in the diagnosis of pericardial effusion is to 
differentiate it from the pleural effusion. In the parasternal 
long axis window, pericardial effusion is in an anterior 
position in relation to the descending thoracic aorta, in 
a cross-sectional view; the pleural effusion is posterior 
to that structure (Figure 1). It is important to differentiate 
the epicardial fat from the pericardial effusion, which has 
lower echogenicity in comparison with the myocardium, 
and moves along with it. 

The quantification of the pericardial effusion is based 
on the size of the layer of fluid measured in diastole. If 
the layer is smaller than 10 mm, the effusion is considered 
as mild; between 10-20 mm, moderate; and higher than 
20 mm, it is a major pericardial effusion.23 It becomes a 
challenge to accurately quantify and grade the effusion 
when its distribution is heterogeneous. 

The presence of debris, mass or clots should also 
be reported in the exam’s report, contributing with the 
etiological diagnosis and proper treatment.

In the patient with hemodynamic instability associated 
with pericardial effusion, some objective data from the 
M-mode analysis and bidimensional method, besides 
changes in blood flow by the Doppler, are able to determine 
the presence of restriction in ventricular filling.23

The following findings can be observed in patients with 
cardiac tamponade (Figure 1): 

a. Paradoxical motion of the IVS: bulging of the IVS 
towards the LV during inspiration. Echocardiographic 
representation of ventricular interdependence, being the 

mechanism in charge of the pulsus paradoxus that is present 
in tamponade. 

b. Diastolic collapse of the RA: sensitive and early finding 
because it is a low-pressure chamber. This finding has more 
value when the duration of the RA collapse is superior to 
one third of the cardiac cycle.

c. Diastolic collapse of the RV: less sensitive finding, 
however, more specific for the tamponade diagnosis.

d. Respiratory variation of the mitral flow E-wave (> 
25%) and of the tricuspid flow E-wave (> 40%). 

e. Reduction of systolic volume and cardiac output 
during inspiration (echocardiographic representation of 
the pulsus paradoxus).

f. Dilated inferior vena cava (IVC > 21 mm) associated 
with respiratory variation lower than 50%. This is a very 
sensitive finding in the tamponade diagnosis, however, little 
specific, since it can be present in other clinical conditions.

Hypovolemia
The echocardiogram may provide several objective 

parameters of hypovolemia, which help in the etiological 
diagnosis of shock and in the monitoring of the response 
after volemic repositioning. 

In severe hypovolemia we can see the collapse of the 
LV at the end of systole, sign that is classically called “kissing 
walls”. However, this finding is not specific for the diagnosis 
of hypovolemia, since it can be present in conditions of low 
SVR, hyperdynamic states with high cardiac output or use of 
inotropics. Among hypovolemic patients, it is also possible to 
find reduced final diastolic diameter of the LV, inferring low 
preload. On the other hand, the fixed bulging of the interatrial 
septum addressed to the RA suggests increased left atrial 
pressure and possible reestablishment of normovolemia.24 

Figure 1 – Evaluation of pericardial effusion and signs of cardiac tamponade. A. Differentiation between pericardial effusion (anterior to the descending aorta – 
yellow arrow) and pleural effusion (posterior to the descending aorta – red arrow). B. Transient collapse of the right atrium (arrow). C and D. Diastolic collapse 
of the right ventricle (arrow). There is presence of debris (asterisk). E. Paradoxical movement of the interventricular septum – displacement of interventricular 
septum towards the left ventricle during inspiration (echocardiographic representation of ventricular interdependence). F and G. Significant respiratory variation 
of E-waves of the mitral and tricuspid flow. H. Subcostal window showing plethoric inferior vena cava. 



Arq Bras Cardiol: Imagem cardiovasc. 2023;36(1):e202300135

Review Article

Fernandes et al.
Echocardiographic evaluation of a patient in circulatory shock

Another parameter that is usually found among 
hypovolemic patients is collapsed IVC or with reduced 
dimensions. It is important to remember that in situations 
of right ventricular dysfunction, significant pericardial 
effusion, increased intra-abdominal pressure and in patients 
on mechanical ventilation, the use of IVC diameter and its 
respiratory variation becomes less reliable.24

Other common findings, however, not specific of 
hypovolemic shock, are VTI of LVOT below 18 cm, low 
systolic volume, low cardiac output and high SVR. One 
of the ways to distinguish it from a cardiogenic shock is to 
assess the filling pressure through the E/e’ ratio, which will 
be reduced (E/e’ < 8) in hypovolemic shock, besides the 
absence of dilation or LV dysfunction.25

The echocardiogram in hemodynamic monitoring 
As observed, the echocardiogram can provide, in a 

non-invasive and serial manner, hemodynamic parameters 
using data from the Doppler and measures from the 
bidimensional method. In Figure 2, we describe how 
to classify the patient in circulatory shock profiles using 
echocardiographic parameters.

Besides showing high correlation with invasive 
(pulmonary artery catheterism) and minimally invasive 
forms (transpulmonary thermodilution) of hemodynamic 
monitoring, the echocardiogram presents the advantage 
of directly visualizing the heart structures and their 
functionalities.24 Nowadays, other techniques, such as 
pulmonary ultrasound (PUS) and the VExUS score, have 
been added to the echocardiographic evaluation, making 
the method more comprehensive and accurate.26,27

The E/e’ ratio, parameter that is exclusively obtained 
by the echocardiogram, has high correlation with the 
filling pressure of the left heart chambers, with significant 
prognostic value in the clinical context of the critical patient. 
Several studies have demonstrated that the E/e’ ratio > 15 
is predictive of an unfavorable outcome.28

The ventricular-arterial coupling (VAC) has become 
popular in the evaluation of the patient with cardiopathy. It 
is defined as the inter-relation between the left ventricular 

function and the arterial system, thus reflecting the global 
cardiovascular performance.29 Mathematically, VAC is 
defined by the arterial elastance (Ea) divided by ventricular 
elastance at the end of the systole (Ees). Deriving from the 
Chen formula, the non-invasive measure of Ea and Ees is 
taken using simple data, such as systolic blood pressure, 
diastolic blood pressure, systolic volume, ejection fraction, 
time of total ejection and pre-ejection time. The normal 
values considered in consensus are: Ea = 2.2 ±0.8 
mmHg/ml and Ees = 2.3 ±1.0 mmHg/ml. VAC (Ea/Ees) 
= 1 represents the ideal coupling, when there is the best 
ventricular work. Ea/Ees > 1 represents the ventricular-
arterial decoupling, demonstrating inefficiency of the 
ventricular work. In the patient with decompensated HF, 
we can use VAC to guide therapy. When VAC >1 due to 
expressive increase in Ea, the therapy with vasodilators 
would reduces the Ea and, consequently, VAC. In the case 
of VAC > 1 due to reduction of Ees, therapy with inotropics 
would bring the ratio closer to the ideal value of 1.30 As to 
the patient with septic shock, it is usual to see ventricular-
arterial decoupling, especially due to expressive reduction 
of Ees. In this case, therapy with fluids and inotropics would 
restore the Ea/Ees ratio. On the other hand, the use of 
vasopressors alone would lead to worse coupling due to 
the isolated increase of Ea.31

Figure 3 shows how to measure the main echocardiographic 
parameters and their respective formulas. 

  
Evaluation of fluid responsiveness

In-water resuscitation of the patient with circulatory shock 
aims at incrementing systolic volume and, consequently, 
cardiac output to improve tissue oxygenation. However, 
about half of the patients are considered as non-responsive 
to fluid therapy, and the early identification of this profile 
may prevent the risk of water overload.32 Several parameters 
have been assessed as echocardiographic predictors of 
response to fluids. IVC is one of the classic parameters in 
the composition of the fluid responsiveness evaluation, 
and its plausibility is based on the lung-heart interaction. 
The variation of transpulmonary pressure while breathing is 
transmitted to the right cavities, making the venous return 

Figure 2 – Behavior of echocardiographic parameters according to type of shock. IVC: inferior vena cava; RAP: right atrium pressure; CVP: central venous 
pressure; PCP: pulmonary capillary pressure; CO: cardiac output; CI: cardiac index; SVR: systemic vascular resistance; PVR: pulmonary vascular resistance.
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vary. This ratio is influenced by the ventilatory mode and 
the complacence of the vena cava.33

IVC

The current recommendations suggest the evaluation 
of IVC to estimate the pressure inside the RA in non-
ventilated patients, due to collapsing during inspiration: 
IVC diameter < 21 mm and collapsing > 50% suggests 
normal pressure (between 0 and 5 mmHg), whereas 
diameter > 21 mm and collapsing < 50% suggests high 
pressure (between 10 and 15 mmHg).(32) Vena cava 
diameter < 10 mm is common in states of hypovolemia 
and may indicate higher probability of response to fluids, 
whereas a diameter higher than 25 mm is associated 
with high volemic status and low probability of response 
to fluids. However, these static values are limited in 
the prediction of response to fluids, and the dynamic 
method based on the variation of IVC while breathing 
(distensibility index) allows to assess fluid-responsiveness 

more accurately. This calculation can be made using two 
different formulas, using the diameter of IVC at the end 
of inspiration and the end of expiration.34 In ICUs with 
non-ventilated patients, the studies show high specificity, 
but low sensitivity.

Variation of systolic volume

The variation in systolic volume is a good indicator of 
fluid responsiveness, being easy to acquire and reproduce.35 

A variation in systolic volume higher than 12% was accurate 
to predict fluid responsiveness with values higher than 14%, 
being a strong predictor, and values below 10% with low 
correlation and response to volemic repositioning. 

Even though static parameters have a limited value in the 
prediction of responsiveness to volume, such parameters 
can provide additional information for the probability 
evaluation in bedside decisions regarding resuscitation with 
fluids in the circulatory shock. 

Figure 3 – How to measure hemodynamic parameters with the echocardiogram. A and B: Cardiac output (CO) calculation, using the LVOT diameter (A) and LVOT 
VTI (B). Calculation of systemic vascular resistance, using CO, MAP and CVP estimation by the collapsibility index of the inferior vena cava; C and D: Calculation 
of pulmonary vascular resistance, using RVOT VTI (C) and tricuspid regurgitation velocity (D); E and F: Calculation of the E/e’ ratio, using the E-wave mitral flow 
velocity (E) and the e’wave derived from the lateral mitral annular tissue Doppler (F). Calculation of PCP, using the E’e ratio by the Nagueh formula. CO: cardiac 
output; HR: heart rate; LVOT: left ventricle outflow tract; VTI: velocity time integral; SVR: systemic vascular resistance; PVS: pulmonary vascular resistance; TRV: 
tricuspid regurgitation velocity; RVOT: right ventricle outflow tract; PCP: pulmonary capillary pressure.

How to measure

Cardiac output (CO) = Systolic volume x HR

DC = ÁREAVSVE x VTIVSVE x FC (L/min)

CO = 3.14 x (DiameterLVOT/2)2 x LVOT VTI x HR

RVS = (PAM – PVC)/ DC x 79,9 (dyn.s/cm -5)

PVR = (TRV/VTI RVOT) X 10 = 0.16

E/e’ratio

PCP (Nagueh Formula) = 1.34 x E/e’ + 1.9 mmHg
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Figure 4 – Systemic venous flows used in VExUS score.

Normal

No congestion Severe congestion

Hepatic 
vein

Portal 
vein

Renal 
vein

Mild Severe

Cavity dimension

The presence of reduced LV dimensions with final 
diastolic area of the LV in the cross-sectional axis at 
the level of papillary muscles < 10 cm2 with signs of 
hypercontractility (“kissing walls”) is a strong predictor of 
hypovolemia.33

The RV dilation after massive administration of fluids 
is usually seen in patients in volemic resuscitation, and 
it may work as one of the parameters for the adoption of 
protective ventilatory measures and interruption of the 
strategy of fluid administration. 

Passive leg raising (leg elevation test)

A simple method used at bedside that uses the elevation 
of lower limbs at 45º and parameters of systolic volume 
or isolated VTI with variation above 10% suggests fluid 
responsiveness.33	 Echocardiogram remains as a practical 
instrument and with a valuable additional resource in 
the decision of administering fluids in the resuscitation 
of patients with acute circulatory failure, aiming at 
incrementing the systolic volume, and, consequently, 
cardiac output. 

VExUS Ultrasound

The presence of right heart chamber overload, 
determining systemic venous congestion, has been 
underestimated in the evaluation at bedside of the critical 
patient due to the limitation of the traditional physical 
exam. The development of a tool addressed to systemic 
venous ultrasound (VExUS) and the growth of the “point 
of care” in the past decade enabled the use of a useful tool 
in the intensive care practice.26

Recent data guide the role of the VExUS score ultrasound 
for the evaluation of systemic congestion through the 
assessment of VCI and the venous flow of hepatic, renal 
and portal veins (Figure 4).

Under normal circumstances, the venous compartment 
is highly complacent with high capacitance; therefore, the 
more distal the heart, the more blunted the venous pulse, so 

that in smaller veins the flow becomes wavy, with a phasic 
nature. However, in states of right ventricular failure or 
overload in intravascular volume, the venous compartment 
is congested, and the limits of venous complacence are 
reached. Under these circumstances, the normal blunting 
of the venous pulse, due to the complacent nature of the 
smaller veins, is lost, and the pulsations are transmitted in 
a retrograde manner to the smaller veins.36

Hepatic venous circulation follows this path: portal 
vein, hepatic sinusoids, hepatic veins and IVC. Due to the 
distance from the heart, the normal portal venous flow is 
wavy and has a phasic nature. While the venous congestion 
increases, the retrograde flow of the hepatic vein generated 
by atrial contraction is transmitted by hepatic sinusoids and 
to the portal vein, where the impedance to the hepatoportal 
flow begins. This makes the normal wavy flow become 
progressively pulsatile, and this phenomenon is aggravated 
when there is systolic reversion of the venous return to the 
heart. Eventually, pulsatility becomes significant enough to 
cause a biphasic pattern. The intrarenal Doppler signal is 
usually a continuous monophasic flow below the baseline. 
With the increasing venous congestion, venous flow 
becomes pulsatile, and then progresses to an interrupted 
biphasic flow that is correlated with the S and D waves of 
the hepatic vein flow.36

PUS in shock
The use of a PUS has been highlighted in several clinical 

scenarios, and especially in critical intensive care patients. 
In patients with shock, it has a huge potential of helping the 
etiological diagnosis, besides providing information related 
to the level of lung involvement, associated congestion 
and/or complications related to mechanical ventilation.37 
Its feasibility at bedside, low cost, absence of radiation and 
obtention of this information in a serial manner are, without 
question, advantages of this method in relation to the others.  

Technical aspects of PUS 
PUS may require sectoral, convex or linear probes. Due 

to the physical principles inherent to the method, those 
transducers with lower frequency (sectoral and convex) will 
be ideal to assess lung parenchyma, whereas those with 
higher frequency will better visualize the subpleural and 
pleural space.38 We should sweep using the ultrasound in 
several zones, and the disposition of the transducer can be 
perpendicular to the ribs, as well as along the intercostal 
spaces.

PUS can be performed both in the sitting and in the 
supine position; however, the position should be constant, 
because pulmonary fluid changes according to posture, 
and this must be written in the report. The device should 
be configured for the better processing of the image, 
adjusting frequency, depth, focus and gain appropriately. 
Each point should be assessed for at least one complete 
respiratory cycle.38

Many protocols have been validated in the literature, 
with the thoracic wall being divided in quadrants and 
the changes reported by sectors, or as a sum of each 
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Figure 5 – Normal and pathological findings in pulmonar ultrasound. Normal pulmonary ultrasound using a sector transducer (A) and a convex transducer (B). 
C. B lines in small quantity. D. B lines in large quantity with spared areas. E. B lines in large coalescent quantities. F. To the left, there are A lines in 2D and, to 
the right, the typical pattern of pneumothorax M-mode (arrow demonstrating lung point). G. Pleural effusion. H. Pneumonia.

region.39 A more comprehensive and systematic approach 
is recommended whenever possible, dividing the thorax 
in 12 (upper and lower portion in the anterior, lateral 
and posterior region of each hemithorax), or 8 quadrants 
(excluding the posterior region). However, in emergency 
situations, requiring fast bedside answers, we can use a 
more focused and simple analysis. In this sense, a total 
of 6 quadrants is recommended: anterior, upper and 
posterolateral of each hemithorax. 

Applicability of the PUS 
The normal PUS image is characterized by lung sliding 

and by repetitions of hyperechogenic horizontal lines, 
called A Lines. The reduction in lung aeration due to 
inflammatory alveolar infiltration or congestion triggers 
the onset of vertical hyperechogenic lines, called B lines.40

PUS is more sensitive to detect pulmonary congestion 
when compared to the clinical exam and/or thoracic X-ray. 
Besides, the early detection of pulmonary congestion at 
bedside is essential to optimize the treatment and improve 
the prognosis of unstable patients with decompensated HF.41 

The detection of B lines is originated due to an artifact caused 
by the presence of extravasated fluid in the interstitium and 
pulmonary alveoli, reducing lung aeration. Therefore, other 
pathologies that lead to this physiopathological process can 
originate the same ultrasound image (viral pneumonitis 
and ARDS, for instance). Therefore, there are some 
signals suggesting that B lines are caused by congestion: 
1) concordance with echocardiographic parameters of 
increasing filling pressures in the LV or increased atrial 
pressure; 2) thin pleural line with preserved sliding; 3) 
absence of subpleural involvement; 4) bilateral distribution 
of B lines, with prevalence in basal pulmonary segments; 5) 
coalescent B lines and absence of spared areas; 6) coexisting 
pleural effusion.41

Besides making the diagnosis of pulmonary involvement 
and its probable etiology, it is essential to quantify the level 
of B lines identified in PUS, monitoring the treatment and 
helping care management in a serial manner.

There are several ways described in the literature for 
that quantification.41 The most practical way is to add the 
number of B lines visualized in the full sweep: 6 to 15 – 
mild; 16 to 30 – moderate; > 30 – major. Another validated 
way is to add up the score found in each studied zone, and 
the points would be discriminated as follows: 0 (absence 
or up to 3 B lines), 1 (> 3 B lines), 2 (coalescent B lines) 
and 3 (consolidation). 

The quantification of B lines carried out by PUS is highly 
correlated with the findings of the computed tomography 
and in the evaluation by transpulmonary thermodilution.42 

The monitoring of pulmonary involvement and the serial 
bedside evaluation are useful tools in many situations, 
such as: 1) identifying the ideal moment for the weaning 
of invasive mechanical ventilation and as a predictor 
of a flawed extubation, 2) assessing the response after 
interventions, such as maneuvers of physical therapy 
recruitment, ideal positive end-expiratory pressure (PEEP) 
adjustment, therapeutic bronchoscopy, estimation of 
volemia and response after diuretic therapy and evolution 
of lung aeration after devices of pulmonary circulation 
assistance. 

PUS is also accurate to diagnose other conditions 
associated with critical patients (pneumothorax, pleural 
effusion, pneumonia and pulmonary embolism). In Figure 5, 
we describe the normal pattern and the images found in 
several pathological situations. 

Some algorithms were proposed in the literature to 
guide the diagnosis based on PUS.43 We can emphasize 
the modified BLUE and FALLS protocols (Figure 6), both 
with excellent accuracy and an important tool in the 
etiological investigation of patients with respiratory failure 
and circulatory shock, respectively. 

   

Limitations of the PUS 

Even though the method is easier to execute than 
other modalities of ultrasound, it requires training and 
development of skills; its learning curve is relatively short. 
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Figure 6 – LL: lower limbs; ARDS: Acute respiratory distress syndrome; DVT: deep venous thrombosis; PLAPS: posterolateral alveolar and/or pleural syndrome; COPD: 
chronic obstructive pulmonar disease; RV: right ventricle; LV: left ventricle; IVC: inferior vena cava. Source: Adapted from Lichtenstein DA (2015).43
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The inter and intra-observer variability is small (lower than 5%), 
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Abstract
Exercise-induced adaptation may occur in amateur and 

professional athletes. This condition is commonly named 
“athlete’s heart”. The alterations observed include dilation of 
the heart chambers, increased myocardial thickness, improved 
ventricular filling, increased left ventricular trabeculation, 
dilation of the inferior vena cava, among others. These changes 
can also be observed in some heart diseases, such as dilated, 
hypertrophic and other cardiomyopathies (CMP). Thus, 
cardiac imaging tests are fundamental in identifying these 
alterations and in differentiating between “athlete’s heart” 
and possible heart disease.

Introduction
Exercise-induced structural and/or functional heart 

alterations have been the object of study for more than 
100 years, with their first reports appearing at the end of 
the nineteenth and the beginning of the twentieth century, 
referent to a dilated heart and a lower heart rate.1 The 
development of complementary exams showed changes in 
electrocardiograms, chest X-rays, echocardiography, among 
other exams in athletes.1 

Exercise-induced cardiac remodelling depends on a wide 
range of variables, including the type of exercise, the intensity, 
and the duration of training, generally with a “dose-effect” 
relation.2 It is interesting to note that other variables are also 
involved in the adaptation, such as age, ethnicity, gender, 
and body size.2

The growing number of amateur and professional athletes 
periodically submitted to a cardiological evaluation before 
participating in activities or during the years of sports practice 
has led to a challenge in recognizing exercise-induced 
adaptation and its difference from potentially fatal heart 
conditions, such as hypertrophic cardiomyopathy (CMP), 
dilated CMP, arrhythmogenic right ventricular CMP, and non-
compacted myocardium.1
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Types of exercise
Sports activities can be divided, in a simplified manner, into 

four categories: skill, power, endurance, and mixed. These 
activities mix, in greater or lesser quantity, isotonic (dynamic) 
and isometric (static) exercises, according to that described 
in Chart 1:2

In this sense, the type of exercise will result in the exercise-
induced cardiac remodelling observed in these individuals’ 
imaging exams. Thus, the greater the load of isotonic exercise, 
the greater the volume overload and the greater the possibility 
of observing a dilation in the heart chambers. By contrast, the 
greater the pressure overload, the greater the possibility of 
finding a dilation in the myocardial thickness.2 

It is also important to observe that no type of sport is 
purely isotonic or isometric. Therefore, physical activities 
can present a greater or lesser predominance of one type of 
exercise, such as that mentioned above.2 The classification 
adapted from the European Association of Cardiovascular 
Imaging and from the European Association of Preventive 
Cardiology is presented below, which shows the quantity 
of isometric and isotonic exercise associated with the main 
sports, as well as the intensity of the cardiac remodelling to 
them (Chart 2).2

Thus, it is possible to predict the exercise-induced cardiac 
remodelling that can be observed in the imaging exams3 
(Chart 3). 

Other adaptations are observed with sports practice4-6 
(Chart 4).

Intensity and prevalence of exercise-induced cardiac 
remodelling

Though explained well in the literature and with a 
consensus regarding the exercise-induced cardiac remodelling 
described in this text, it is important to emphasize that not all 
of the athletes present these adaptations in imaging exams.2,7,8 

For example, many studies conducted to evaluate the 
different ethnicities and modalities have shown the following 

Chart 1 – Types of exercise and their alterations in 
cardiovascular physiology2

Type of 
exercise Characteristic Cardiac 

output

Peripheral 
vascular 

resistance
Result

Isotonic Dynamic
Significant 
increase

Decrease
Volume 
overload

Isometric Static
Slight 

increase 
Increase

Pressure 
overload
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prevalence of left ventricular myocardial thickness ≥ 12 mm2 
(Chart 5).

One study evaluating elite athletes showed that 48% of 
them present a left ventricular diastolic diameter (LVDD) of 
above 55 mm, while only 14% present a LVDD ≥ 60 mm. The 
average LVDD among women was 48.4 ± 4.2 mm (varying 
from 38 to 66 mm), whereas among men the average was 
55.4 ± 4.3 mm (varying from 43 to 70 mm).  There was a 
correlation between the LVDD and the body surface area  
(r = 0.76; p < 0.001).7 Figure 1 demonstrates an example 
of dilation of the left atrium and left ventricle in an amateur 
street race athlete.

It is important to highlight that in one study published by 
Caselli et al. in 2015 in the Journal of the American Society 
of Echocardiography, the left ventricular ejection fraction 
(LVEF) was normal throughout the studied population (1,145 
Olympic athletes), with the lower limit for LVEF being 53%.8

This same study also showed that the left atrial diameter 
was larger than that of non-athletes; however, no differences 
were found when the diameter was indexed for the body 
surface area. Among athletes, 10% presented an LA diameter 
of above the reference values. In addition, 5.5% of the athletes 
presented an LVDD of above 60 mm and only 2.6% showed 
a myocardial thickness ≥ 13 mm.8

In children and adolescent athletes, one can also observe 
a dilation in the LA and LV, and a slight increase in the 
myocardial thickness.9  

Differentiation between the exercise-induced adaptation 
and heart diseases

Some echocardiographic tools, such as the Tissue Doppler 
(TD) and cardiac magnetic resonance (CMR) aid in the 
differentiation between the “athlete´s heart” and heart 
diseases.10,11

The exercise-induced alterations do not reduce the speed 
of the wave e´ or increase the E/e´ ratio.4

Another important point, and which can aid in determining 
the differentiation in relation to heart diseases, is the absence 
of a decrease in myocardial deformation (Strain values) in 
the “athlete’s heart”, observing negative values of higher 
than -18%.10

Chart 2 – Characteristics of the exercises of different sports and intensity of the cardiac remodelling2

Skill Power Endurance Mixed

Isotonic +/- +/++ +++/++++ ++/+++

Isometric +/- +++/++++ ++/+++ ++/+++

Cardiac remodelling +/- +/++ ++++ ++/+++

Sports

Table tennis, 
Karate, 
Golf,

Yachting, 
Equestrianism

Weight lifting,
Judo,

Boxing,
Short-distance running.
Discus/Javelin throw,
Olympic Gymnastics, 

Short-distance skating

Medium/Long-distance running,
Medium/Long-distance cycling,

Medium/Long-distance swimming,
Triathlon, 

Canoeing/Rowing,
Long-distance skating

Soccer,
Volleyball
Basketball,

Tennis,
Handball,
Rugby,

Water polo,
Fencing

Chart 3 – Cardiac remodelling according to the characteristic 
of the exercise3

Isotonic (dynamic) 
Exercise

Isometric (static) 
Exercise

LV Dilation
Minimum alteration in 
volume and without 
dilation

LV myocardial 
thickness

No alteration or 
minimal alteration

Increase

LV geometry Excentric hypertrophy Concentric hypertrophy

LA Dilation
Dilation and/or 
hypertrophy

RV Dilation No alteration

RA Dilation No alteration

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

Chart 4 – Adaptations observed with sports practice.4-6

Structure Adaptation

Improved left  
ventricular filling

Wave e´ > 9 cm/s
E/e´ Ratio < 6

Inferior vena cava Dilation

Myocardial trabecular 
Prominent trabeculations

Increase in trabecular volume

Chart 5 – Prevalence of LV myocardial thickness ≥ 12 mm2 
according to ethnicity

Ethnicity Prevalence

Blacks 18%

Caucasians 2%

Asians 2%

Arabs < 1%
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In questionable cases, the CMR is also very important 
in the differentiation between the athlete’s heart and heart 
diseases, given that, in the athlete’s heart, there is no delayed 
enhancement, no hypersignal in T1, or myocardial fat (this 
final concept in the differentiation from right ventricular 
arrhythmogenic CMP).11

According to the characteristics observed in each “athlete’s 
heart”, the diagnostic differentiation should be performed 
with hypertrophic CMP, dilated CMP, arrhythmogenic right 
ventricular CMP, and/or non-compacted myocardium. In some 
specific cases, this differentiation can be more challenging, 
since it can exist in a “grey area” with similar characteristics 
among the different heart diseases and the exercise-induced 
adaptations (Figure 2).2,4

Below are some points that aid in the differentiation in 
relation to each of the following heart diseases2,4,11 (Chart 6).

Conclusion
The regular and intense practice of physical activity can 

induce a wide range of cardiovascular adaptations, including 
electric, structural, and functional adaptations. These exercise-
induced adaptations can often coincide with alterations 
observed in some heart diseases. Cardiac imaging plays a 
key role in the differentiation between the “athlete’s heart” 
and pathological cardiovascular alterations, particularly in 
structural and functional evaluations.

Author Contributions
Conception and design of the research, acquisition of data, 

analysis and interpretation of the data, statistical analysis, 
obtaining financing, writing of the manuscript, critical revision 
of the manuscript for intellectual content:   Mancuso FJN.

Chart 6 – Elements that help in the differentiation between 
adaptation to exercise and cardiomyopathies2,4,11

Dilated myocardial thickness (13 to 16 mm) – Findings that suggest 
hypertrophic CMP

– Normal or reduced LVDD (< 54 mm)

– Segmental hypertrophy of the LV

– Obstruction of the left ventricular outflow tract

– Alteration of the diastolic function  
(wave e´ < 8.0 cm/s and/or E/A relation < 1.0)

– Left atrial dilation disproportional to the left ventricular dilation

– Delayed enhancement in the CMR 

Heart chamber dilation – Findings that suggest dilated CMP

– Left ventricular dilation disproportional to the other heart chambers

– Left ventricular diastolic dysfunction

– Alteration in segmental contractility

– Reduced systolic volume

– Delayed enhancement in the CMR 

Prominent Trabeculation in the LV – Findings that suggest non-
compacted myocardium

– Left ventricular dilation disproportional to the other heart chambers

– Left ventricular systolic dysfunction

– Trabeculation associated with the thinning of the myocardial wall

– Delayed enhancement in the CMR

Heart chamber dilation – Findings that suggest arrhythmogenic right 
ventricular CMP 

– Right ventricular dilation disproportional to the other heart 
chambers

– Alteration in segmental contractility of the right and/or LV

– Delayed enhancement in the right and/or LV in the CMR

CMP: cardiomyopathy; LV: left ventricle; LVDD: left ventricular diastolic 
diameter; CMR: cardiac magnetic resonance.

Figure 1 – Longitudinal parasternal cut in an echocardiography exam of a 
36-year-old man, amateur athlete in marathons (10 K, half-marathons, and 
marathons). We observed an increase in the diameter of the left atrium (LA) 
(45 mm) and the diastolic diameter of the left ventricle (LV) (60 mm). RV: 
right ventricle; LV: left ventricle; LA: left atrium; AO: aorta. Figure 2 – “Grey area” of the overlapping between the “athlete’s heart” and 

some heart diseases (CMP).2 CMP: cardiomyopathy.

NON-
COMPACTED 

MYOCARDIUM

ATHLETE’S 
HEART

ARRHYTHMOGENIC 
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Abstract
Right ventricular strain analysis has emerged as an important 

diagnostic tool in the detection of early right ventricular systolic 
dysfunction not detected by conventional echocardiography 
techniques. Furthermore, it is capable of providing additional 
diagnostic and prognostic information to the traditional 
parameters for evaluating right ventricular systolic function in 
various pathologies. The echocardiography method of choice 
for its assessment is longitudinal strain derived from speckle-
tracking. This method has been shown to be more sensitive for 
small changes in systolic function when compared to tricuspid 
annular plane systolic excursion, tissue Doppler imaging of the 
tricuspid annular s’ wave, and right ventricular fractional area 
change. Advances in artificial intelligence and software with 
automated analysis have been introduced to this scenario with 
the aim of making the method simpler and quicker to apply, 
with lower inter- and intra-observer variability. The objective 
of this review article is to demonstrate the technique step by 
step, from image optimization and acquisition to interpretation 
of results, with illustrative figures of selected cases.

Introduction
The assessment of right ventricular (RV) systolic function 

has long been neglected. In recent years, there has been a 
great leap in the understanding of the importance of the 
RV in cardiac function. This has given rise to advanced 
non-invasive echocardiographic techniques that make 
functional assessment more accurate.

Several different acquired and congenital cardiac 
diseases can affect RV systolic function, leading to reduced 
stroke volume and cardiac output.

The analysis of RV systolic function has extremely 
peculiar characteristics. First, its complex geometry 
prevents two-dimensional (2D) volumetric analysis with 

the application of geometric assumptions routinely used to 
measure left ventricular volumes. The RV is composed of 
an inlet, body, apical region, and outflow tract (Figure 1), 
making it necessary, by means of 2D echocardiography, 
to use different views in different echocardiographic 
windows to assess its function, and it is impossible to 
estimate RV ejection fraction using 2D echocardiography. 
Furthermore, estimated RV systolic function is influenced 
by phasic changes in breathing and left ventricular 
mechanics that interfere with ventricular interdependence. 
It is also fundamental to understand that the myocardial 
contractility of the RV walls shows a different pattern of 
deformation in relation to the left ventricle. Finally, the 
RV myocardial wall is more trabeculated, which makes it 
more difficult to define its endocardial borders and the 
blood-tissue interface.1

RV systolic shortening occurs mainly due to the 
myocardial deformation of the fibers with longitudinal 
arrangement, which correspond to approximately 75%, 
and the contribution of the deformation of the radial 
fibers is very low. It is precisely for this reason that RV 
longitudinal strain has emerged in recent years as an 

Figure 1 – Three-dimensional reconstruction of the right ventricle using 
automated software demonstrating its peculiar geometry.
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important tool in the assessment of RV systolic function.2

There are two ways to study RV longitudinal strain: 
strain derived from tissue Doppler and strain derived 
from speckle-tracking. The second form is preferred and 
is widespread in the main echocardiography laboratories 
worldwide, due to the non-dependence on the angle 
between the longitudinal deformation and the ultrasound 
beam. Using the speckle-tracking technique, it is possible 
to measure RV free wall longitudinal strain (mean peak 
systolic strain of the 3 free-wall segments) and the 
6-segment longitudinal strain (mean peak systolic strain 
of the 3 septum segments and the 3 segments of the free 
wall) (Figure 2). RV free wall longitudinal strain is the most 
validated technique due to the fact that left ventricular 
mechanics participate greatly in septal deformation.3-5

 Initially, the existing software on the market for 
evaluating 2D strain derived from speckle-tracking 
were exclusively intended for evaluating left ventricular 
myocardial deformation, and analysis of the RV was 
performed using this same software, which often made 
the analysis difficult, leading to inaccurate results.

With technological advances and the emergence of 
artificial intelligence, it is now possible to analyze RV 
longitudinal strain in a completely automated manner, 
using 2D and 3D images with dedicated software for this 
purpose, with minimal need for adjustments.1

Clinical applicability
There are multiple clinical indications for evaluating 

RV systolic function by means of longitudinal strain. It 
plays an important role in several diseases involving the 
RV. It is already well documented in the literature that 

RV longitudinal strain has additional prognostic value to 
conventional echocardiographic parameters as a predictor 
of death and rehospitalization due to heart failure, detection 
of subtle involvement in patients with hypertrophic 
cardiomyopathy, and prediction of the development of this 
disease in family members. It is also able to predict survival 
of major cardiac events after acute myocardial infarction 
more accurately than the tricuspid annulus plane systolic 
excursion (TAPSE) and the RV fractional area variation 
(FAC),2 RV longitudinal strain having a better correlation 
with magnetic resonance imaging in estimating its systolic 
function.6-10

RV longitudinal strain already demonstrates superiority 
to TAPSE in predicting events in different etiologies and 
degrees of pulmonary hypertension. In severe tricuspid 
insufficiency, it is an independent factor associated with 
all-cause mortality, demonstrating additional prognostic 
value to TAPSE and FAC. Finally, in congenital heart diseases 
such as tetralogy of Fallot, it is a sensitive parameter for 
detecting RV systolic dysfunction and a predictor of 
functional capacity on exertion and postoperative systolic 
dysfunction.2,11

Image acquisition
The quality of the images acquired is fundamental to 

obtain accurate results. The steps for acquiring ideal images 
for 2D longitudinal strain derived from speckle-tracking in 
automated software are as follows:

1. Acquire an apical 4-chamber view focused on the 
RV (Figure 3). Analysis in this view is preferable because 
of better visualization of the RV free wall. For acquisition, 
after performing a conventional 4-chamber apical view, it is 

Figure 2 – Analysis of free wall longitudinal strain and 6-segment longitudinal strain, estimated at –15.2% and –12.8%, respectively, in a patient with 
arrhythmogenic RV cardiomyopathy, using automated software.
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necessary to move the patient’s right shoulder backwards 
and tilt the transducer toward the liver. In this manner, it is 
possible to keep the emitting ultrasound source close to the 
apex of the left ventricle with the RV properly positioned 
in the center of the image.

2. The image must have a frame rate between 50 and 
80 Hz. To optimize the temporal resolution, it is necessary 
to reduce the sector width and the depth.

3. The image must be acquired after at least 2 to 3 
cardiac cycles with the patient in expiratory apnea, with 
the goal of better subsequent recognition of the speckles 
by the software.

4. In the current automated software, it is not necessary 
to mark the effective time of RV systole (time from the peak 
of the R wave to the closure of the pulmonary valve), which 
was routinely done for analysis in non-automated software 
and usually acquired by means of pulsed Doppler of the 
RV outflow tract.

5. For accurate results, it is ideal for the patient to have 
a heart rate between 60 and 100 bpm and a regular heart 
rhythm. If the patient is in atrial fibrillation rhythm, heart 
rate variability between beats should not exceed 10%.2,3

When measuring RV longitudinal strain by means of 
3D echocardiography with automated software that uses 
artificial intelligence, it is possible to measure RV free wall 
longitudinal strain from a “full volume” acquisition in the 
dynamic heart model (DHM) modality. The steps to acquire 
a large 3D pyramidal block that contains the entire RV 
geometry consist of the following:

1. Perform an apical 4-chamber view focused on the RV.
2. Activate the heart model (HM) acquisition mode, 

preferably with a double layout, paying attention to the 
fact that the lateral size of the 3D block and the width of 
the elevation contain the entire RV (Figure 4).

3. Ideally, the volume rate of the 3D block should be 
greater than 20 Hz, requiring adjustments to the width of 
the elevation and the lateral size to optimize the temporal 
resolution.

4. At least 2 to 3 cardiac cycles must be acquired, with 
the patient in expiratory apnea and preferably regular 
heart rhythm.1,12

Analysis of results
In recent years, despite demonstrating that the evaluation 

by RV longitudinal strain using the speckle-tracking method in 
2D echocardiography has important implications for diagnosis, 
prognosis, and treatment of patients in different clinical 
contexts, its application in daily practice has been challenged 
by a lack of the standardization of methods, software, and 
reference values. A 2016 publication suggested cutoff values 
of −20.2% for the arithmetic mean of the 6-segment model 
(including the free wall and interventricular septum) and 
−23.3% for the 3-segment model (free wall).13

Since then, a task force3 and a review article14 have 
attempted to standardize the acquisition method, strengthening 
as a standard the acquisition of an apical 4-chamber view 
focused on the RV. However, in many articles published to 
date, evaluation began from the apical 4-chamber view. There 
is also a great variability of results depending on manufacturer, 
software developer, and sex (higher values for women). 

Furthermore, data are limited for healthy individuals over 
60 years of age and are still scarce and inconsistent for the 
pediatric population, with values ranging from −20.8% to 
−34.1%, with a mean of −30.1% in the 3-segment model 
(free wall), for example.

The use of automated software with artificial intelligence, 
in addition to optimizing the workflow, may help standardize 
the results in the future, reducing the interobserver difference.

Figure 3 – Apical 4-chamber view focused on the right ventricle.
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Figure 4 – “Full volume” 3D acquisition in HM mode with dual layout.

As previously mentioned, RV strain derived from speckle-
tracking can be used to evaluate patients with pulmonary 
hypertension (including patients with acute or chronic 
pulmonary embolism), valve diseases (mitral stenosis, 
functional tricuspid insufficiency), and heart failure with 
reduced or preserved ejection fraction. A recent review 
article15 cited the advantages of the method as an additional 
parameter in the assessment of RV systolic function, with 
high predictive value, high reproducibility, and mechanical 
assessment of the entire RV free wall thickness that are 
relatively load- and angle-independent. In addition, it has 
high availability, low cost, short acquisition time, and no 
need for advanced training, albeit with the disadvantages of 
lack of consensus regarding normality values and the 6- or 
3-segment model, the need for a high temporal resolution, 
difficulty with limited echocardiographic windows and free 
wall visualization, and the need for stable heart rhythm. The 
applicability of RV longitudinal strain has shown to be more 
robust in studies focused on the assessment of pulmonary 
hypertension, heart failure with reduced ejection fraction, 
and tricuspid insufficiency. In other clinical contexts, such as 
heart failure with preserved ejection fraction, aortic stenosis, 
and mitral insufficiency, data remain scarce and further 
investigation is needed.15

Regarding the analysis of the results, instantaneous strain 
values are displayed on a percentage myocardial strain rate 
curve as a function of time. In the case of longitudinal 
strain, the curves are traced below the neutral horizontal 
line, considering the nadir as the maximum value (Figures 
5, 6, 7, 8 and 9). By convention, systolic fiber shortening 
is represented by negative values, and lengthening is 
expressed by positive values. The result is shown in 
percentage values. Normal longitudinal strain values vary 
according to age, sex, and software. The lower limit of 
normality is −20.0% for the 3-segment model (free wall) 

and −18.2% for the 6-segment model, using TomTec 
automated software with images from Philips, Siemens, 
and General Electric ultrasound systems, as suggested in 
a recent study,16 with a sample of 1,913 patients in which 
this system was used.

Another advantage of evaluating the free wall using the 
method of RV strain compared to traditional quantification 
methods is that we can analyze the strain values in the apical, 
middle, and basal segments, as exemplified in Figure 8 (non-
compaction cardiomyopathy) and Figure  9 (hypertrophic 
cardiomyopathy, apical form), where the absolute values were 
notably reduced in the apical segments of both cases. 

After acquiring a 3D pyramidal block of the RV, it is possible 
to perform an automated analysis using dedicated software 
(for example, 3D Auto RV by Philips). In addition to providing 
detailed information on 3D RV volumes and ejection fraction 
(Figure 10), it is possible to obtain 2D parameters from 
the 3D block, such as linear measurements and systolic 
function parameters, including TAPSE, FAC, and 2D strain 
in the model that includes the septum and free wall, as in 
the example below (Figure 11), with values of −17.6% and 
−18.9%, respectively.

Conclusion
Automated 2D and 3D software facilitates the workflow, 

making it possible to incorporate the method of 2D RV 
longitudinal strain into clinical practice. The results obtained 
in recent studies demonstrate a prognostic role in the 
clinical context of different diseases, such as heart failure 
with reduced ejection fraction, tricuspid insufficiency, and 
pulmonary hypertension.

A value of −20% is considered as the lower limit of normality 
for RV free wall strain, considering the latest literature data 
obtained with TomTec’s “agnostic” automated software.16
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Figure 7 – AutoStrain RV TomTec: examination performed on the same patient in Figure 6 with acute pulmonary thromboembolism two days after treatment 
with fibrinolytics and full anticoagulation (value of –22.5% obtained for free wall strain).

Figure 6 – Pulmonary hypertension due to acute pulmonary thromboembolism (value of –8.0% obtained for free wall strain).

Figure 5 – AutoStrain RV TomTec: Primary pulmonary hypertension (obtained value of –14.1% for free wall longitudinal strain).
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Figure 9 – AutoStrain RV TomTec: apical form of hypertrophic cardiomyopathy (value of –14.7% obtained for free wall strain, with a lower absolute value in the apical segment).

Figure 8 – AutoStrain RV TomTec: non-compaction cardiomyopathy (value of –18.1% obtained for free wall strain).

Figure 10 – RV volumes and ejection fraction obtained automatically using the software 3D Auto RV (TomTec).
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Figure 11 – Information obtained automatically from a 2D image derived from the 3D volume, using the software 3D Auto RV (TomTec).
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Abstract
Constrictive pericarditis (CP) is a condition in which 

scarring and loss of elasticity of the pericardium result in 
impaired ventricular filling, diastolic dysfunction, and right 
heart failure. The diagnosis of this pathology is challenging, 
with frequent need for multimodal imaging techniques, 
among which echocardiography represents the initial 
imaging modality for the diagnostic evaluation, in addition 
to allowing the differentiation of CP from restrictive 
cardiomyopathy (RCM) and other conditions that mimic 
constriction.

How I Perform Echocardiographic 
Assessment for CP

Introduction
Constrictive pericarditis (CP) is characterized by focal or 

global scarring and loss of elasticity of the pericardium with 
or without associated thickening. Abnormal pericardium 
prevents diastolic filling, causing elevation of systemic 
venous pressures, despite preserved myocardial function 
of the ventricles. Therefore, it results in right heart failure, 
with the classic manifestations of edema of the lower limbs, 
pulsatile hepatomegaly, ascites, pleural effusion, fatigue, 
and low tolerance for effort.1,2

The symptomatology of CP is not specific, and its 
manifestations can be confused with myocardial, coronary, 
pulmonary, or even gastrointestinal conditions, such as 
liver cirrhosis, RCM, endomyocardial fibrosis, among other 
pathologies, making the diagnosis challenging.3,4

Several conditions can lead to CP, including infectious 
etiologies, connective tissue diseases, trauma, metabolic 
disorders (uremia), iatrogenic etiologies (pericardiotomy, 
radiotherapy), neoplasms or even idiopathies.5 In Europe and 
the United States, the most frequent etiology is idiopathic, 
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followed by post-cardiac surgery, while in other parts of the 
world, such as Brazil, tuberculosis is more common.5-7

The pathophysiology of CP is related to the elevation and 
equalization of cardiac pressures, since the heart is located 
in a fixed space determined by the rigid pericardium, 
to exaggerated ventricular interdependence and to the 
dissociation of intrathoracic and intracardiac pressures.6,7

During inspiration, the rigid pericardium promotes the 
dissociation of intrathoracic and intracardiac pressures 
by preventing the decrease in intrathoracic pressure from 
being fully transmitted to the cardiac chambers. Thus, as the 
pressure in the extrapericardial pulmonary veins decreases 
during inhalation, there is attenuation of the pulmonary 
venous gradient toward the left atrium, contributing to the 
reduction of left ventricle (LV) filling.5,6

During inspiration, the decrease in LV filling allows for an 
increase in right ventricle (RV) filling with a deviation of the 
interventricular septum to the left, configuring ventricular 
interdependence. Consequently, fillings related to the left 
heart (mitral, aortic, and pulmonary venous flows) decrease, 
while fillings related to the right heart (tricuspid, hepatic, 
pulmonary artery, and inferior vena cava) increase. During 
expiration, all of the above mechanisms are reversed, 
except the superior vena cava (SVC) flow, which is not 
influenced by respiration in CP.8

The restriction to emptying of the left atrium during 
diastole results in an increase in its pressure and, 
subsequently, in pulmonary venous pressure.

In CP, there is no impairment of ventricular relaxation 
during the initial phase of diastole, with early filling being 
faster than normal due to increased driving force resulted 
from high atrial pressure. However, the myocardium cannot 
continue its relaxation after meeting the rigid pericardium 
during middle and late diastole, leading to increased end-
diastolic pressure in the ventricles and atria.8

There are three subtypes of CP, namely transient, 
chronic, and effusive constrictive pericarditis. Transient 
CP is a temporary form of constriction due to underlying 
inflammation, which may resolve spontaneously or after drug 
treatment. Chronic CP results from chronic inflammation 
and permanent scarring, potentially necessitating surgical 
intervention. Effusive CP is characterized by the coexistence 
of constriction by the visceral pericardium and tense 
pericardial effusion, with elevated right atrial pressure 
persisting after pericardiocentesis.7

Pericardiectomy is the definitive treatment in refractory 
patients to clinical treatment, as it relieves pericardial 
containment and, in the absence of concomitant myocardial 
dysfunction, effectively restores diastolic filling.9
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How to assess?
Suspicion of CP is based on clinical history and physical 

examination, and requires evaluation and confirmation by 
imaging and hemodynamic data.6

Echocardiography is the most commonly used imaging 
modality for the initial assessment of pericardial disease, as it 
is widely available, safe, fast, and inexpensive compared to 
other methods, aiding in the diagnosis of CP and excluding 
other causes of diastolic heart failure.10

Doppler echocardiographic findings in constriction:

• Increased pericardial thickness (≥ 3 mm), which 
may be absent in up to 12 to 18% of patients.7 Due to the 
exacerbated pericardial refraction, even in normal individuals, 
it may be difficult to detect pericardial thickening and 
calcification, mainly by transthoracic echocardiogram, with 
the transesophageal echocardiogram having much higher 
sensitivity and specificity;   

• During systole, restricted movement of the posterior wall 
of the left ventricle is observed due to pericardial adhesion. 
There is also an abrupt relaxation of the posterior wall with 
subsequent flattening of the endocardial movement during 
the rest of the diastole, which can be well observed in the 
M-mode;6

• Mitral annulus reversus, present in 74% of patients with 
CP, which represents the reversal of the normal ratio of early 
diastolic myocardial velocities with lateral e’ smaller than septal 

e’.6 The septal e’ / lateral e’ ratio ≥ 0.91 has a sensitivity (S) of 
75% and specificity (E) of 85%9 (Figures 1A, 1B, 1C and 1D);   

• Normal or increased mitral inflow propagation velocity 
(> 100 cm/s) in Color M-Mode (S 74%; E 91%)9 (Figure 2);    

• Abnormal and oscillatory movement of the interventricular 
septum beat to beat, related to ventricular interdependence 
due to subtle differences in the timing of mitral and tricuspid 
valve opening and left and right atrial contraction (AC). In 
M-mode, a notch is observed at the beginning of diastole, 
followed by paradoxical movement and then normal 
movement of the interventricular septum7 (Figure 3);   

• Presence of a septal leap with respirophasic deviation of 
the interventricular septum toward the left ventricular cavity 
during inspiration (two-dimensional mode: S 62% and E 93%; 
M-mode: S 93% and E 69%)9,11 (Video 1);

• Ventricular interdependence with respiratory variation ≥ 
25% of peak mitral E wave velocity (S 88%; E 67%) or ≥ 40% 
of peak tricuspid E wave velocity (S 90%; E 88%) determined 
by pulsed wave Doppler at the level of the cuspid tips in an 
apical four-chamber view. The consensus for calculating the 
percentage of respiratory variation is (expiration - inspiration)/
expiration9,12 (Figure 4A and 4B); 

• Preserved or increased velocity e’ of the septal mitral 
annulus, ≥ 9 cm/s (S 83%; E 81%);7,9

• Percent change in mitral flow E velocity between 
inspiration and expiration ≥ 14.6% (S 84%; E 73%);11

Figure 1 – Tissue Doppler demonstrating the phenomenon of annulus reversus in Figures 1A and 1B, in which the velocity of the septal mitral annulus (18.1 
cm/s) is greater than the lateral velocity (10.7 cm/s). After pericardiectomy, there was normalization of this relationship, with the septal velocity (12.1 cm/s) 
lower than the lateral velocity (15.4 cm/s), demonstrated in Figures 1C and 1D.
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Figure 2 – Color Doppler M-mode recording in a patient with CP. Note the rather steep propagation velocity (Vp) (> 100 cm/s), helping
to differentiate between constrictive and restrictive physiology.

Figure 3 – Beat-to-beat oscillatory movement of the interventricular septum and respirophasic movement recorded in windowed M mode
parasternal long axis.
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Figure 4 – Demonstration of transmitral (4A) and transtricuspid (4B) flow variation during breathing in a patient with CP. In the same patient,
note the presence of reverse flow in the hepatic vein during expiration (4C), as well as dilation of the inferior vena cava with reduced collapsibility (4D).

Video 1 – Representation of the phenomenon of ventricular interdependence in a patient with CP. Note the deviation of the septum to the left during inspiration
and shift to the right during expiration.
Link video 1A: http://abcimaging.org/supplementary-material/2023/3601/ABC-366-video-1A.mp4
Link video 1B: http://abcimaging.org/supplementary-material/2023/3601/ABC-366-video-1B.mp4

A B

http://abcimaging.org/supplementary-material/2023/3601/ABC-366-video-1A.mp4
http://abcimaging.org/supplementary-material/2023/3601/ABC-366-video-1B.mp4
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Table 1 – Echocardiographic aspects in the differentiation between CP and RCM

Echocardiographic findings CP RCM

E/A Ratio Increased (E/A> 2) Increased (E/A> 2)

E deceleration time Short (≤ 160 ms) Short (≤ 160 ms)

Respiratory variation in mitral and tricuspid 
E-wave velocity

Δ VMi ≥ 25%
Δ VTri ≥ 40%

Not variable

Velocity of annular e’ Normal Reduced

Breathing movement of the interventricular 
septum

Present Absent

Pulmonary hypertension Rare Frequent

Mitral inflow propagation velocity (color M-mode) Increased (> 55 cm/s) Reduced

LV isovolumetric relaxation time Variable with breathing Stable with breathing

Flow in the pulmonary veins S > D, with small increment of D on expiration S < D throughout the respiratory cycle

Diastolic reverse flow in the hepatic vein During expiration During inspiration

Flow in the SVC
S < D, with a slight reduction in D during 
expiration and no variation in AC with the 

respiratory cycle

S <<< D, with a decrease in D on expiration and 
an increase in AC on inspiration

Strain analysis

Reduced circumferential strain, torsion, and 
distortion velocity

Overall normal longitudinal strain, although there 
may be strain reversus

Normal circumference strain

Reduced longitudinal strain

Appearance of the pericardium Glossy/thick Normal

Atrial size Normal or slightly dilated Very dilated

S: velocity of the wave formed by the flow of the pulmonary veins towards the left atrium during ventricular systole; D: flow wave velocity from the pulmonary 
veins towards the left ventricle, using the left atrium as a conduit during ventricular diastole; ΔVMi: respiratory variation of E-wave velocity in the mitral valve; 
Δ VTri: respiratory variation of E-wave velocity in the tricuspid valve; E/A: ratio between the early diastolic velocity of the mitral flow (E) and the velocity of 
atrial contraction of the mitral flow (A).

• Marked increase in early diastolic filling velocity (E velocity) 
of mitral flow with a rapid deceleration and a decreased 
late diastolic filling velocity after AC (A velocity), resulting in 
increased E/A ratio (E/A > 2);6

• It is not uncommon to observe less typical patterns, in 
which there is a normal or inverted E/A ratio with exaggerated 
respiratory variation or in which only the tricuspid inflow reveals 
classic alterations;   

• Exaggerated respiratory variation in the isovolumetric 
relaxation time of the left ventricle;  

• In CP, the average of early diastolic myocardial velocities 
(lateral e’ and septal e’) is preserved, despite having higher 
filling pressures. Septal e’ velocity increases progressively with 
the worsening of CP, causing a drop in the E/e’ ratio despite 
the increase in pulmonary capillary pressure (PCP). This inverse 
relationship between PCP and E/e’ is called annulus paradoxus;7

• During expiration, there is reduced forward diastolic flow 
in the hepatic vein with prominent telediastolic reverse flow and 
increased systolic forward flow on inspiration. High specificity 
mainly if reverse flow velocity is ≥ 0.8 m/s7,11 (Figure 4C); 

• Hepatic vein diastolic flow reversal ratio (expiratory 
diastolic reversal velocity divided by forward diastolic hepatic 
vein flow velocity) ≥ 0.79 is one of the most specific findings 
(S 76%; E 88%; PPV 96%; NPV 49%);7,12

• Dilation of the inferior vena cava (≥ 21 mm) and the 
suprahepatic vein with reduced respiratory variation (< 50%) 
(Figure 4D);  

• The left atrium, which is only partially covered by the 
pericardium, may be enlarged. Enlargement of the right atrium 
may also occur (present in 61% of patients with CP);  

• Premature opening of the pulmonary valve;
• Slight increase in pulmonary artery systolic pressure 

(generally not exceeding 50 mmHg);  
• “Warm septum” sign on dot-tracking echocardiography: due 

to adhesion of the free walls by the diseased pericardium, mainly 
the lateral wall, the modular value of the longitudinal tension in 
these areas is reduced in relation to the septal wall, where it is 
increased (strain reversus).6,7,13

The classic findings of constriction are more prominent in 
euvolemic patients. If absent in patients with suspected CP, it 
is advised to reassess them after fluid replacement, if there is 
volume depletion, or to examine them in the sitting position, if 
there is volume overload.

Definitive diagnosis should be based on the combination 
of clinical and echocardiographic data, in addition to other 
complementary methods (e.g., computed tomography, 
magnetic resonance or invasive hemodynamic evaluation), 
when necessary.
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How to differentiate CP and RCM
Both CP and RCM manifest themselves as a chronic 

clinical condition of volume overload, making the evaluation 
of multiple echocardiographic parameters important 
to establish the differential diagnosis, which has major 
implications for therapy and prognosis (Table 1).

In both conditions, increased E/A ratio with a shortened 
deceleration time can be noticed, however the respiratory 
variation in the velocity of the E wave is increased in 
constriction (> 25%), while in RCM it is normal or slightly 
variable (< 15%). In addition, this parameter tends to 
normalize in CP after pericardiectomy.1

Since RCM is a myocardial disease, it tends to have lower 
tissue (septal and lateral) Doppler velocities in contrast to CP.1

In CP, there is respirophasic movement of the 
interventricular septum, which is not usually present in RCM.

There is marked biatrial enlargement in RCM, but 
relatively normal or slightly increased sizes in CP.

Pulmonary hypertension is more common in RCM than 
in CP.

The left ventricular isovolumetric relaxation time is 
stable in RCM, while in CP there is exaggerated respiratory 
variation.1

Mitral valve propagation velocity with Color M-Mode 
is increased in CP (>55 cm/s), although reduced in RCM.1

In CP, during inspiration, the flow velocity in the 
pulmonary veins is predominantly systolic over diastolic, with 
a small increase in the latter in expiration, while in RCM, the 
flow in the pulmonary veins is consistently greater in diastole 
than in systole and persists throughout the respiratory cycle.14

In CP, there is an increase in diastolic reverse flow in 
the hepatic vein during expiration, while in RCM there 
may be reversal of diastolic flow in the hepatic vein during 
inspiration.6

In RCM, the flow in the SVC presents a much larger D 
wave than S wave, with a reduction in the D wave during 
expiration and an increase in reverse flow during AC during 
inspiration. In CP, the D wave is slightly larger than the S 
wave, with a slight reduction in the D wave during expiration 
and no change in the AC wave during the respiratory.14

CP is characterized by reduced circumferential strain, 
torsion, and shear rate, but with normal overall longitudinal 
strain despite regional differences. In RCM, there is reduced 
longitudinal strain but normal circumferential strain. This 
is due to the fact that subendocardial fibers, which are 
mainly responsible for longitudinal shortening, are more 
affected in RCM, while in CP there is greater involvement 
of subepicardial fibers, predominantly responsible for 
circumferential shortening.6,7,9,13,15

According to the study carried out at the Mayo Clinic 
between January 2008 and December 2010, whose 
population consisted of patients with surgically confirmed CP, 
it was concluded that echocardiography makes it possible to 
differentiate CP from RCM and severe tricuspid insufficiency. 
The three independent criteria most associated with the 
diagnosis of CP were: ventricular septal deviation related to 

breathing, preserved or increased e’ velocity of the medial 
mitral annulus, and prominent reversal of the expiratory 
diastolic flow of the hepatic vein.2,11 Each of these criteria was 
significantly associated with CP in the subgroup of patients 
with atrial fibrillation.11

According to the American Society of Echocardiography 
(2016), when the medial e’ velocity of the mitral annulus is 
> 8 cm/s, mitral annulus reversus and hepatic vein expiratory 
flow reversal are present, RCM can be excluded and CP 
diagnosis can be established with confidence.12

Limitations of echocardiographic assessment in CP
The e’ annular velocity through pulsed tissue Doppler may 

be reduced in cases of mitral valve replacement, severe annular 
calcification, and basal hypokinesia.

Diastolic dysfunction commonly associated with ischemia or 
advanced age can also make it difficult to interpret the mitral 
inflow pattern.

In aged and hypertensive patients, the LV cavity may be small, 
causing an increase in the propagation velocity of the mitral inflow 
despite the absence of CP.

A mitral flow pattern similar to that of CP can be seen in 
patients with chronic obstructive pulmonary disease, pulmonary 
thromboembolism, right ventricular infarction, shock, and large 
bilateral pleural effusion.

Diastolic posterior wall flattening during tachycardia may be 
difficult to detect.

In adolescents and young adults, the E/A ratio > 2 may be 
normal and they usually have mitral inflow propagation velocity 
> 100 cm/s and septal e’ > 12 cm/s.

Conclusion
CP is an underdiagnosed cause of right and/or left 

ventricular failure caused by a reduction in the elasticity of the 
pericardium, resulting in impaired cardiac diastolic filling.15 It 
has characteristic pathophysiological mechanisms, which can 
be identified with Doppler echocardiography, and this test is 
useful both for diagnostic confirmation and for follow-up of 
treated patients. The decision to perform additional tests, such 
as magnetic resonance imaging (MRI), computed tomography 
(CT) or invasive hemodynamic study, must be individualized.11
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Abstract
Sickle cell disease (SCD) is recognized as a global problem 

in public health, characterized by the alteration in the red 
blood cells to the sickle form. Moreover, chronic anemia 
can also be observed through the change in the rheology of 
the red blood cells, leading to a scenario of inflammation 
and oxidative stress, making SCD a multisystem disease. 
Cardiac output (CO) proved to be high, leading to an overall 
increase in the heart chambers and an eccentric myocardial 
hypertrophy. These heart alterations were attributed only to 
adaptive reactions to chronic anemia. Recent studies have 
more clearly recognized an association with pulmonary 
hypertension (PH), left ventricular diastolic dysfunction, 
arrhythmias, and sudden death. Moreover, what has also 
arisen in this context is the hypothesis of the existence of 
a sickle-cell cardiomyopathy, characterized by diastolic 
dysfunction and restrictive physiology. The echocardiogram 
represents a key tool in determining cavitary volumes, 
diastolic dysfunction, and the estimation of pulmonary 
pressure, as well as constitutes a valuable resource in 
the diagnosis and therapeutic treatment of acute chest 
syndrome. The myocardial strain, rotational variables, 
myocardial work, and 3D echocardiography can be applied 
in an attempt to aid in the early detection of patients who 
are at a higher risk of developing complications and evolving 
to death related to SCD.

Introduction
Sickle cell disease (SCD) is the most prevalent hereditary 

hematological condition in the world, affecting about 5 
million people, and it is estimated that 300,000 babies are 
born with SCD per year, being recognized by the World 
Health Organization (WHO) and Organization of the United 
Nations (UN) as a global public health concern.1,2 A typical 
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characteristic is the inheritance of mutant hemoglobin S, 
resulting from the replacement of a glutamic acid by a valine 
in position 6 of the beta chain, with consequent physical-
chemistry modification in hemoglobin molecule.3 SCD 
encompasses the homozygosity of hemoglobin S (SS), which 
constitutes sickle cell anemia (SCA), and associations with 
other hemoglobin variants, such as Hb C (SC), Hb D (SD), 
Hb E (SE), and interactions with thalassemias (Sβ0, Sβ+ and 
Sα). Sickle cell trait, heterozygosity for HbS, is not considered 
a disease.4

SCD is characterized by the strong tendency of mutant 
hemoglobin to polymerize, causing the red blood cell to 
change into a sickle shape, altering the erythrocyte membrane 
and the rheology of red blood cells, causing a scenario of 
intense hemolysis, occlusion of microvasculature, endothelial 
dysfunction, nitric oxide (NO) deficiency, inflammation, 
oxidative stress, increased neutrophil adhesiveness, activation 
of coagulation, making SCD a multisystem disease with high 
mortality, with a current average survival close to 50 years, 
even in developed countries.5,6 Mortality results mainly from 
target-organ lesion, with a high incidence of sudden death in 
young adults and, currently, cardiopulmonary complications 
are the most common cause of death in this population7 
(Figure 1).

Cardiovascular manifestation of SCD
The regime of chronic anemia leads to adaptations that 

maintain adequate supply of oxygen to the tissues due to 
compensatory mechanisms. Non-hemodynamic mechanisms 
(stimulation of erythropoiesis) and hemodynamic mechanisms 
acting through afterload reduction (bradykinin, adenosine, 
NO) and preload increase (renin-angiotensin-aldosterone 
system) and even greater inotropic and chronotropic 
stimulation resulting from greater reflex sympathetic activity 
justify the increase in left ventricular function and the state of 
high cardiac output (CO).8 These cardiac alterations classically 
found in SCD, such as enlargement of cardiac chambers, were 
only attributed to adaptive reactions to the chronic anemic 
state. Recent studies patently recognize the association 
with pulmonary hypertension (PH), left ventricular diastolic 
dysfunction, arrhythmia and sudden death and, in this context, 
the hypothesis of sickle cell cardiomyopathy characterized by 
diastolic dysfunction and restrictive physiology9 (Figure  1). 
Coronary artery disease and cardiomyopathy secondary to 
iron overload are infrequent in these patients.7 The most 
important aspects to be evaluated by echocardiography 
in SCD are presented below, as well as the indications for 
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echocardiography in the cardiological evaluation in this 
population (Table 1).

Quantification of the heart chambers
In SCD, CO is high due to increased systolic volume, with 

increased blood volume resulting from increased plasma 
volume and decreased peripheral resistance. Increased 
CO leads to enlargement of cardiac chambers globally, 
and eccentric-type myocardial hypertrophy. Abnormalities 
are of a progressive nature, and are more exuberant in the 
more advanced age groups. It is believed that right ventricle 
(RV) dilation occurs later and is less intense than that of 
the left cavities.

In order to properly quantify the cardiac chambers 
in this population, the internal linear measurement of 
the cardiac cavities and their walls should be carried 
out routinely and, ideally, cavity volumes must be 
measured by indexing the patient's body surface on 
two-dimensional echocardiography (Figure 2). Three-
dimensional echocardiography, if available, can more 
accurately and reproducibly assess not only cavity volumes, 
but also left ventricle (LV) mass and function.

It is also relevant to highlight some difficulties related 
to the echocardiographic evaluation of this particular 
population, since most patients have body mass index 
significantly reduced, chronic pain with relative limitation 
of mobility and, often, tachycardia during the test.

Systolic function and myocardial strain
Left ventricular systolic function seems to be preserved 

in most patients with SCD, despite significant LV dilation, 

which is the rule in this population (Figure 2). Segmental 
abnormalities and coronary artery disease are rare.9 When 
systolic dysfunction is present, it is mainly identified in older 
patients with associated diseases, such as systemic arterial 
hypertension and kidney disease.10

For many years, it has been considered that conventional 
parameters for measuring ejection fraction, due to their 

Figure 1 – Mechanism proposed for sickle cell cardiomyopathy. Source: modified Rai et al. 2017.7 LV: left ventricle; LA: left atrial; HbS: hemoglobin; NO: 
nitric oxide; O2: oxygen; CO: cardiac output.
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Table 1 – Echocardiogram indications in the cardiac 
assessment of patients with SCD

Assessment of signs suggestive of PH and estimation of pulmonary 
pressure through maximum TRV.

Assessment of cavity diameters and volumes.

Assessment of ventricular hypertrophy.

Analysis of systolic function and diastolic function.

Assessment of heart murmur evaluation and associated valvopathy.

Analysis of cardiac impairment due to associated comorbidities.

Cardiological assessment in ACS helps detect transient elevations  
in pulmonary pressure and right ventricular dysfunction in the  
acute period.

Assessment of patients with clinical and laboratory criteria of disease 
severity.

PH: pulmonary hypertension; TRV: tricuspid regurgitation velocity; ACS: 
acute chest syndrome.
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great influence from pre- and after-load abnormalities, 
would not serve to assess systolic function in patients with 
SCD, hiding the intrinsic function of the cardiac muscle. 
Therefore, preference should be given to the assessment of 
biventricular systolic function using two-dimensional and 
three-dimensional strain, if available, rotational variables 
(twist and torsion) and myocardial work (Figure 3).11-13

Several factors can influence the analysis by myocardial 
strain in the context of SCD: ethnicity, race, sex, age 
and hemodynamic factors (hyperdynamic state and 
hypervolemia).14 And there may be technical limitations 
for three-dimensional echocardiography: mobility difficulty 
and respiratory apnea in image acquisition, difficulty 
in image acquisition with high heart rate, and difficulty 
acquiring the full image in the large ventricles.

Diastolic dysfunction
LV diastolic dysfunction is common in patients with 

SCD, classically related to ventricular dilation and eccentric 
myocardial hypertrophy in response to chronic anemia, 
being an independent predictor of reduced exercise 
tolerance and mortality in these patients.15 Recently, some 
experimental studies with anatomopathological analysis and 
cardiac resonance analysis have considered the possibility 
of myocardial fibrotic involvement due to the sequelae 
of microscopic ischemic events, resulting in restrictive 
ventricular filling and left atrial (LA) enlargement9 (Figures 
1 and 4). 

Echocardiographic analysis of LV diastolic function is 
an integral part of the routine evaluation of patients with 
symptoms of dyspnea or heart failure. Diagnosis of diastolic 
dysfunction in this population is highly challenging, as 
patients usually have dilated LV and preserved ejection 
fraction, in addition to obvious signs of volume overload. 
To start the evaluation, it must be determined whether 
there is myocardial disease (evidence of relevant structural 
or functional heart disease, such as left ventricular 
hypertrophy — LVH — and/or systolic dysfunction) and, 
considering this determination, we suggest the evaluation 
of LV with routine two-dimensional strain for all patients. 
In addition, objective measures should be taken to assess 
filling pressures and diastolic function, which should be 
determined by analyzing echocardiographic variables, 
including mitral flow velocities, mitral annulus velocities, 
E/e' ratio, maximum tricuspid regurgitation velocity (TRV) 
and indexed LA volume. The four currently recommended 
variables and abnormal cutoff values are: 1) Mean E/e' 
ratio >14; 2) Abnormal velocity of septal e' <7 cm/sec 
or lateral e' <10 cm/sec; 3) Indexed LA volume >34 ml/m2;  
4) Maximum tricuspid regurgitation (TR)  speed >2.8 m/
sec.16 

PH
PH is a common serious complication in patients with 

SCD, being an important marker of mortality in these 
patients.17 PH in SCD is mixed, having a pre-capillary 

Figure 2 – (A) Two-dimensional echocardiography (parasternal long-axis view) in a 20-year-old patient with SCA, showing left ventricular diastolic diameter of 60 
mm. (B) Same patient, showing LA volume of 46 ml/m² (reference: <34 ml/m²). (C)/(D) Same patient, showing left ventricular volume of 118 ml/m² (reference: 
<74 ml/m²). LV: left ventricle; LA: left atrium; AO: aorta.

LVLVLVLV

LALALALA
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Figure 3 – (A) Transthoracic echocardiogram (apical view) for analysis of the longitudinal strain in 20-year-old patient with SCA, showing preserved contractile 
function in each of the segments with LV global longitudinal Strain : -19.9 (Reference: <-16.9). (B) Same patient, showing preserved contractile function in each 
of the RV free wall segments, analysis of right ventricular longitudinal strain with RV free wall strain result: -26.3 (Reference: <-20).

Figure 4 – (A) Diastolic flow in 20-year-old patient with SCA. Note the septal E/e´ ratio of 21, resulting in a worse prognosis. (B) Same patient, showing TRV of 
3.0 m/s, resulting in a worse prognosis.

arterial component (pulmonary arterial hypertension 
— PAH) due to progressive increase in pulmonary 
vascular resistance (hemolysis, ↓NO, inflammation, free 
radicals, endothelial dysfunction, hypercoagulability, 
chronic thromboembolism) and a post-capillary venous 
component (venous pulmonary hypertension — VPH) 
(LV diastolic dysfunction). It is currently classified in PH 
group 5 due to multifactorial mechanisms (Figure 4). 
Estimation of pulmonary pressure by echocardiography 
is carried out mainly by measuring the TRV by which the 
pulmonary artery systolic pressure — PASP — is estimated 
(derived from the Bernoulli equation; PASP = 4 times the 
determination of TRV squared, then adding an estimated 
right atrial pressure). TRV greater than 2.9 m/s defines a 
subgroup of risk, occurring in approximately 10% of adults 
with SCD, and is associated with a relative risk of death 
of approximately 10, according to previous studies.18 
Intermediate TRV values between 2, 5 and 2.9 m/s remain 
a source of controversy. However, these patients also seem 

to have decreased exercise capacity and increased mortality 
with 4 risk ratio of death.17  Although the vast majority of 
epidemiological studies conducted to date have shown that 
a mild to moderate elevation of RV systolic pressure (TRV 
≥2.5 m/s) is common in adults with SCD, it is associated 
with a higher rate of risk of early death. The 2.5 m/s cutoff 
leads to hyperdiagnosis of PH, and higher TRV thresholds 
(>2.9 m/s) improves specificity.18 Due to the high risk of 
developing PH, patients with SCD should undergo regular 
echocardiography scans at least every two or three years to 
identify the presence of increased pulmonary pressures.19

Acute chest syndrome
Acute chest syndrome (ACS) consists of a combination 

of signs and symptoms including dyspnea, chest pain, fever, 
cough and hypoxemia, associated with the emergence of 
a new pulmonary infiltrate. The etiology is complex and 
multifactorial, involving infectious and non-infectious causes 
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and in a high number of cases it is not possible to define 
the etiology. Diagnosis of ACS is extremely important due 
to significant morbidity and mortality and high recurrence. 
Echocardiography in this scenario is usually performed 
at the bedside and often shows a transient increase in 
pulmonary pressure and right ventricular dysfunction in 
the acute condition, having a fundamental diagnostic and 
prognostic application in this context. Patients with TRV 
≥3 m/s on echocardiography during the acute event are 
at particularly higher risk of multiorgan failure and sudden 
death. Point-of-care lung ultrasound has also proven to be 
an important tool in ACS, reducing diagnostic radiation in 
the sickle cell population.20

Conclusions
SCD evolves with cardiovascular manifestations 

characteristically with restrictive cardiomyopathy (diastolic 
dysfunction, LA enlargement and preserved ejection 
fraction) and PH (pulmonary arterial hypertension and 
pulmonary venous hypertension). The echocardiogram 
is a fundamental instrument for determining cavity 
volumes, diastolic function, and estimating pulmonary 
pressure, and constitutes a valuable resource in the 
diagnosis and therapeutic management of ACS. Myocardial 
strain, rotational variables, myocardial work and 3D 
echocardiography can be used in an attempt to support the 

early identification of patients at greater risk of developing 
complications and death related to SCD.
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Abstract
Severe tricuspid regurgitation (TR) is associated with high 

morbidity and mortality. Given that surgical treatment of TR 
alone has been associated with high mortality, transcatheter 
interventions in the tricuspid valve (TV) have been used for its 
treatment, with relatively lower risk. There is a delay in intervention 
for TR, and this is probably related to a limited understanding of 
the anatomy of the TV and the right ventricle, in addition to an 
underestimation of the severity of TR. In this scenario, it is necessary 
to have comprehensive anatomical knowledge of the TV, the 
pathophysiology involved in the mechanism of regurgitation, and 
more accurate grading. The TV has anatomical, histological, and 
spatial peculiarities that make its assessment more complex when 
compared to the mitral valve, requiring knowledge and training in 
the various echocardiographic techniques that will often be used 
in combination for accurate assessment.

This review will describe the anatomy of the TV, the role of 
echocardiography in the diagnosis, grading, and pathophysiology 
involved in TR; the main transcatheter treatment options currently 
available for TR; and the assessment of outcomes after transcatheter 
intervention by means of multiple echocardiographic modalities.

Introduction
Tricuspid regurgitation (TR) is a frequent echocardiographic 

finding that is present in 80–90% of normal individuals. Mild 
or minimal TR has no impact on clinical outcomes. However, 
moderate or severe TR is associated with worse prognosis 
regardless of left ventricular dysfunction or pulmonary arterial 
hypertension.1

The cause of TR may be related to the valve apparatus (primary 
TR) or the heart structure (secondary or functional TR), the latter 
being responsible for up to 90% of cases.2

In advanced stages, the conventional approach through open 
heart surgery may be indicated. Replacement of the diseased 
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valve is performed with mechanical or biological valve prostheses. 
The choice of device depends on availability and on the age of 
the patient. Another surgical option is valve repair, mostly with 
the implantation of an associated valve annulus to reduce the 
size of the native valve annulus. Surgical repair mortality ranges 
from 13.9 to 33%. On average, operative mortality of tricuspid 
valve (TV) surgery is 19% at 30 days.2 Due to advanced age and 
concomitant pathologies, many individuals with severe TR are 
considered inoperable or at prohibitive surgical risk, and only 
18% of them are actually referred for valve surgery.3

Successful development and outcomes of transcatheter aortic 
valve implantation, followed by transcatheter therapies for mitral 
valve disease, have opened up a plethora of opportunities for 
transcatheter treatment of TR, a valvular heart disease traditionally 
considered benign and often left untreated.4

Current transcatheter treatment options mimic surgical 
techniques and include European-approved solutions such 
as leaflet approximation, direct annuloplasty, and heterotopic 
vena cava implantation, as well as transcatheter TV replacement 
systems not yet commercially available, using orthotopic valve 
implant.4 (Figure 1) Compared to mitral procedures, transcatheter 
tricuspid valve interventions (TTVI) present several additional 
technical and anatomic challenges, including difficult visualization 
of the VT apparatus, variable anatomy with thinner valve leaflets, 
and a large coaptation gap. An algorithm for TTVI device selection 
was recently proposed.4 (Figure 2)

The TV anatomy
TV is the largest of the four heart valves, and its area varies 

between 7 and 9 cm2. Due to its large size and low pressure 
differences between the right atrium (RA) and right ventricle (RV), 
peak transvalvular diastolic velocities are typically smaller than 
1 m/s with mean gradients <2 mmHg.5 TV has anterior, septal, 
and posterior cusps. The anterior cusp is usually the largest, 2.2 
cm wide. The septal and posterior cusps are notably smaller and 
measure approximately 1.5 and 2.0 cm, respectively.6 In addition, it 
is the most apically positioned valve and, similar to the mitral valve, 
it consists of four components: the annulus fibrosus, the three cusps, 
the papillary muscles and the chordae tendineae.7 The anterior 
papillary muscle has chordae for the anterior and posterior cusps, 
and the medial papillary muscle for the posterior and septal cusps. 
The septal wall provides chordae for the anterior and septal cusps. 
In addition, there may be accessory chordae connections to the 
RV free wall and to the moderator band.8 The normal tricuspid 
annulus (TA) is triangular and saddle shaped.8 When functional 
dilation occurs, the TA becomes more circular and planar, dilating 
from the septum to the lateral wall (Figure 3E).9
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Figure 1 – Current options for transcatheter TV intervention that are approved or under clinical evaluation. Adapted from Praz F, et al.4
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Figure 2 – Algorithm for selecting the TTVI device. Adapted from Praz F, et al.4 TR: tricuspid regurgitation.
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 The role of echocardiogram 

Echocardiography is routinely used in clinical practice to assess 
the severity of TR. This is done in an integrated way, using the 
color Doppler study by calculating the jet area, evaluating vena 
contracta width, calculating convergence flow, in addition to 
the size and direction of regurgitant jet.10 On a two-dimensional 

transthoracic echocardiogram (2D TTE), the three cusps cannot 
be viewed simultaneously, requiring the acquisition of different 
echocardiographic windows. Through the longitudinal parasternal 
window via RV inlet, the anterior cusp will always be viewed in 
the proximal field, but in the distal field the septal cusp may be 
present (when the interventricular septum and/or the left ventricle 
are seen) or the posterior cusp (when the interventricular septum 
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is not seen).5 In the short-axis parasternal window, the cusp 
adjacent to the aorta is the septal (when the left ventricular 
outflow tract is seen) or anterior cusp (Figure 3A), and the cusp 
adjacent to the free wall is usually the posterior cusp (Figure 
3A).5 In the apical four-chamber window, the septal cusp will 
always be adjacent to the septum and the opposite cusp will 
be the anterior one when the transducer is angled anteriorly, 
and the aorta is seen (Figure 3B). However, if the transducer is 
angled posteriorly, displaying the coronary sinus, the opposite 
cusp will be the posterior one (Figure 3C).5 The transesophageal 
echocardiogram (TEE) includes additional images, many of 
which are intended to improve TV image. Given the position 
of the heart in relation to the esophagus and stomach, the mid-
esophagus, distal esophagus, transgastric, and deep transgastric 
views can bring the probe closer to the TV for two-dimensional 
(2D) and three-dimensional (3D) images.11

Multiple echocardiographic windows are needed to assess 
TV starting from the mid-esophageal plane. Four-chamber 
window displays the septal cusp and anterior cusp; Biplanar 
imaging can help clarify which cusp is displayed because 
the anterior cusp is normally seen adjacent to the aorta 
(Video 1). In the distal esophageal plane at the level of the 
coronary sinus, the posterior and anterior cusps are typically 
displayed. Advancing the TEE probe into the stomach and 
rotating approximately 20°–60° produces the transgastric 
short-axis view, which is the only two-dimensional view that 
generally provides simultaneous imaging of all three TV cusps 
(Figure  3D). Using the biplanar image, all cusp coaptation 
points can be seen. Advancing the TEE probe along with 
the right anterior flexion and returning the angle to 0°–20° 
produces a deep transgastric plane of the TV.11

Three-dimensional echocardiography significantly 
improved the accuracy of imaging and identification of cusps 

and associated anatomical components of the TV complex, 
eliminating the need for mental reconstruction of multiple 
2D planes.  Lang et al. suggested standardization of 3D 
acquisition of the VT, with the interatrial septum positioned 
inferiorly (at six o'clock), so that the anterior cusp is on the 
right, the posterior cusp on the left and the septal cusp on the 
distal field.12 Due to the more anterior position of the right 
heart chambers, 3D TV images on TTE can be equal to or 
sometimes better than the 3D images on TEE. As in TTE, 3D 
TV images on TEE must have the interatrial septum positioned 
inferiorly as standard. Thus, the anterior cusp is on the left, 
the posterior cusp on the right and the septal cusp in the distal 
field (Figure 3F).

Figure 3 – A) Parasternal short axis window (TTE). The leaflet adjacent to the free wall is posterior (green star) and the opposite leaflet adjacent to the aorta is 
anterior (blue star). B) Apical four-chamber window (TTE). The septal leaflet of the TV is adjacent to the septum (red star), while the opposite leaflet is anterior 
(blue star), once the aorta is displayed (white cross). C) Apical four-chamber window (TTE). The septal leaflet of the TV is adjacent to the septum (red star), 
while the opposite leaflet is posterior (green star), once the coronary sinus is displayed (“white X”). D) Transgastric short-axis view (TEE), which is the only 
two-dimensional view that generally provides simultaneous imaging of all three VT cusps. E) Evaluation of the measurements of the TA through multiplanar 
reconstruction (3D TEE). F)  3D TEE photorealistic rendering with transparency — atrial view of the TV and its relationships. (P: posterior cusp; S: septal cusp; 
A: anterior cusp); AoV: aortic valve; CS: coronary sinus; RAA: right atrial appendage)

Video 1 – Biplanar image through the middle esophageal plane (TEE). 
Commissural TV view (inlet and outlet of the RV), using a simultaneous 
orthogonal view for better identification of the cusps. (P: posterior cusp; S: 
septal cusp; A: anterior cusp)
Link: http://abcimaging.org/supplementary-material/2023/3601/convite-Bruna-
Leal-video_01.mp4

http://abcimaging.org/supplementary-material/2023/3601/convite-Bruna-Leal-video_01.mp4
http://abcimaging.org/supplementary-material/2023/3601/convite-Bruna-Leal-video_01.mp4
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Post-procedure assessment 
One of the main objectives of evaluating the success of 

percutaneous tricuspid procedure is evaluating residual TR. 
Similar to pre-procedure quantification, post-procedure 
assessment should attempt to quantify the severity of TR as 
much as possible. TR grading is well described both in the 
guidelines of the American Society of Echocardiography and 
in the European Cardiovascular Imaging Association.13,14 In 
both documents, significant TR is defined as vena contracta 
diameter ≥0.7 cm; PISA radius >0.9 cm (when aliasing 
speed=28 cm/s); ERO≥40 mm2; regurgitant volume ≥45 
ml; inferior vena cava diameter >25 mm; RA area >18 
cm2, triangular shape of TR on continuous Doppler flow, in 
addition to reverse flow in hepatic veins. Measurement of 
3D vena contracta area (VCA) has a good correlation with 
the regurgitant orifice area. A cut off >0.36 cm2 for 3D VCA 
values has been shown to present 89% sensitivity and 84% 
specificity in predicting severe TR.15 However, since patients 
undergoing TTVI often have an anatomical regurgitant area 
several times larger than an effective regurgitant orifice area 
(EROA) of 0.40 cm2, an extended classification to include 
“massive” and “torrential” TR (both associated with harmful 
results) has been recently proposed (Table 1). To date, the 
complete elimination of TR after a percutaneous procedure is 
not achievable with currently available technology. However, 
most patients show significant improvement in functional class 
with reduction of at least two degrees of TR severity (e.g., from 
torrential to severe TR).16

While it is important to assess residual TR, equally 
important is the assessment of RV size and systolic function.13 
Including TA plane systolic excursion (TAPSE), RV fractional 
area change (FAC), tissue Doppler-derived lateral TA systolic 
wave velocity, RV myocardial performance index (MPI), 
myocardial strain indices, such as the global longitudinal strain 
or longitudinal strain of the 2D RV free wall, in addition to RV 
ejection fraction by the three-dimensional method.  TAPSE 
values <17 mm, FAC <35%, S' <9.5 cm/s, RV free wall 
longitudinal strain <20% (absolute values), RV MPI by pulsed 
Doppler <0.43 s and 3D RV ejection fraction <45% are 
considered abnormal RV systolic function values13 (Figure 4).

Significant TA dilation is defined by a diastolic diameter 

of ≥40 mm or >21 mm/m2 by the apical four-chamber 
TTE window and is indicative of severe TR by the latest 
American Heart Association/American College of Cardiology 
guidelines.19 Besides, TV thetering distance measurements 
(>0.76 cm) and TV thetering area (>1.63 cm2) are predictors 
of TR recurrence after surgery.20,21

The TriClip system (Abbott Vascular, Abbott Park, Illinois) is 
an adaptation of the Abbott Vascular MitraClip system for the 
TV. The main objective of the tricuspid transcatheter edge-to-
edge repair system is to restore coaptation between leaflets 
and reduce the regurgitant orifice area.22 Quantification of TR 
severity can be challenging because TR jets are often deflected 
in multiple directions. Furthermore, it is important to inform 
the number of clips released, commissures/cusps captured 
and whether there is a single leaflet captured by the device. 
A mean transvalvular gradient <3 mmHg is acceptable after 
clip release.2

The FORMA Spacer System is a device that aims to fill the 
coaptation gap resulting from annulus and TV leaflet dilation. It 
consists of two pieces: a foam polymer balloon spacer placed 
in the regurgitant orifice, creating a surface for cusp coaptation 
and an anchorage system attached to the apex of the RV.  After 
the FORMA procedure, it is difficult to quantify TR due to non-
circular jets that appear around the device.22 It is important to 
describe the percentage of device length in RV and RA. 

RV inlet and outlet images are the main echocardiographic 
windows on TTE to assess device position (TriClip and 
FORMA). Short-axis parasternal and short-axis subcoastal 
windows are also helpful.5 On TEE, the distal esophagus plane 
is typically the best for assessing regurgitant jet, leaflet capture 
by the clip, and tricuspid transvalvular gradients.22 Transgastric 
planes are also useful for evaluating clip position, and Doppler 
scan in the deep transgastric planes.5 The PISA method is 
generally not suitable for evaluating multiple regurgitant jets. 
A semiquantitative approach based on color Doppler and 
multiple echocardiographic windows might be required in 
such patients. The vena contracta area measured by 3D can 
also be useful in this context to assess the severity of residual 
TR after the procedure.22

There are two TTVI devices available in Brazil: TricValve and 
the Valve-in-Valve Tricuspid. TricValve (P&F Products & Features 

Table 1 – Extended classification for grading TR. Adapted from Hahn et al.17,18

Parameters Mild Moderate Moderate/
Severe Severe Massive Torrential

Vena contracta 
width

< 3 mm 3–6.9 mm 6–6.9 mm 7–13 mm 14–20 mm ≥21 mm

EROA 20 mm2 20–29 mm2 30–39 mm2 40–59 mm2 60–79 mm2 ≥80 mm2

Regurgitant 
volume

< 15 mL 15–29 mL 30–44 mL 40–59 mL 60–74 mL ≥75 mL

3D ECHO 
Regurgitant 
Fraction (MRI)*

< 25% (30%)*
< 25–44% 
(30–49%)*

< 45% (50%)*

3D vena contracta 75–94 mm2 95–114 mm2 >115 mm2

EROA: effective regurgitant orifice area; MRI: magnetic resonance imaging.
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Figure 4 – Quantitative parameters for assessing RV function (TTE): A) TA plane systolic excursion (TAPSE); B) RV fractional area change (FAC); C) lateral TA systolic 
wave velocity derived from tissue Doppler; D) 2D RV free wall longitudinal strain; E) and assessment of RV volumes and three-dimensional RV ejection fraction.

Vertriebs GmbH, Vienna, Austria, in cooperation with Braile 
Biomedica, São José do Rio Preto, Brazil) consists of two 
self-expanding heterotopic bioprosthetic valves implanted 
in the superior and inferior vena cava and anchored 
in the cavo-atrial inflow. Transcatheter implantation of 
Valve-in-Valve Tricuspid through expandable balloon 
prosthesis consists of percutaneously treating dysfunction 
of TV bioprosthesis (Video 3). A recent pilot study carried 
out at Instituto do Coração do Hospital das Clínicas da 
Faculdade de Medicina da Universidade de São Paulo, 
from June 2015 to August 2022, evaluated 12 patients, 
most of them with congenital heart disease (66% Tetralogy 
of Fallot or Ebstein anomaly), who underwent percutaneous 
implantation of Valve-in-Valve in the tricuspid position 
due to symptomatic bioprosthesis dysfunction (50% NYHA 
functional class III-IV heart failure). The main mechanism 
of prosthetic dysfunction was failure (66%) and double 
prosthetic dysfunction (75%). Two expandable balloon 
prostheses were used: Inovare (Braile) in 10 patients and 
Sapien 3 (Edwards) in two patients. Mean length of stay was 
12±5.4 days, with  67% of patients discharged in NYHA 
functional class I. There were no in-hospital or 29-month 
follow-up deaths; the predominant antithrombotic regimen 
was vitamin K antagonist in 10 (83%) and late bioprosthesis 
thrombosis occurred in one (8.3%) patient (Video 2), 
due to Covid-19 infection.  One-year echocardiographic 
control showed a mean tricuspid gradient of 7.7±2.4 
mmHg and one case with moderate paravalvular leak. This 
pilot retrospective registry demonstrated safety, efficacy 
and significant improvement in symptoms in the medium 
term.23

The presence of potential short- and long-term 
complications, such as device detachment, degeneration, 
annulus or leaflet rupture, endocarditis, pericardial 
effusion or cardiac tamponade, prosthetic thrombosis and 
perivalvular regurgitation in cases of tricuspid valve-in-

Video 2 – 3D TEE Tricuspid endoprosthesis (Valve-in-Valve) with restricted 
leaflet mobility.
Link: http://abcimaging.org/supplementary-material/2023/3601/convite-Bruna-
Leal-video_02.mp4

Video 3 –  Tricuspid Valve-in-Valve image (Edwards 3 prosthesis number 29): 
endoprosthesis placement on three-dimensional TEE image.
Link: http://abcimaging.org/supplementary-material/2023/3601/convite-Bruna-
Leal-video_03.mp4

valve), in addition to impairment of right coronary artery 
should be investigated and detected by TTE. In case of 
doubtful findings, 2D/3D TEE should be requested.22

http://abcimaging.org/supplementary-material/2023/3601/convite-Bruna-Leal-Video_02.mp4
http://abcimaging.org/supplementary-material/2023/3601/convite-Bruna-Leal-Video_02.mp4
http://abcimaging.org/supplementary-material/2023/3601/convite-Bruna-Leal-video_03.mp4
http://abcimaging.org/supplementary-material/2023/3601/convite-Bruna-Leal-video_03.mp4
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and impairment of right coronary artery. Ideally, TTE should 
be performed at one, six and twelve months, and annually 
after the procedure.
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Introduction
The first transcatheter aortic valve implantation (TAVI) 

was performed by Alan Cribier in France in 2002 and the 
technique was introduced in Brazil in 2008. Since then, this 
modality has been consolidated and many patients have 
been approached using this technique. After more than 
10 years of the first TAVI in Brazil, an increasing number 
of late complications appear in the cardiovascular imaging 
laboratory, with challenging anatomical and functional aspects 
in daily practice. Late thrombosis of aortic endoprosthesis 
may be one of the causes of dysfunction in the follow-up 
after TAVI. This clinical entity can assume a complex profile 
for accurate diagnosis and proper patient management, 
since it can have a variable presentation, ranging from 
subclinical leaflet thrombosis to limiting symptoms related 
to heart failure.1 Transesophageal echocardiography (TEE), 
the additional resource of 3D echocardiography and high-
resolution computed tomography (CT) play a complementary 
role in the diagnosis of this etiology through anatomical 
valve reconstruction with evidence of hypoattenuated leaflet 
thickening (HALT) with or without hypoattenuation affecting 
motion (HAM) of one or more prosthetic valve leaflets.2,3 The 
risk of embolic events after diagnosis of leaflet thrombosis is 
still uncertain, especially for the central nervous system.4,5 
This case series presents two illustrative reports of aortic 
endoprostheses with high gradients and complementary 
aspects of the multimodality that direct the etiology to the 
diagnosis of late prosthesis thrombosis.

Case report

Case 1
Female patient, 87 years old, with stable coronary 

artery disease (CAD), history of coronary angioplasty and 
severe aortic stenosis, who underwent TAVI and definitive 
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pacemaker implantation in 2019, was admitted in June/2022 
due to chest pain. An electrocardiogram revealed no acute 
ischemic abnormalities and normal myocardial necrosis 
markers. The transthoracic echocardiogram (TTE) showed 
aortic valve with high gradients, mean of 43 mmHg, differing 
from the last test performed in 2021, and transesophageal 
echocardiogram (TEE) showed leaflet thickening with 
significant motion hypoattenuation of two of its mobile 
elements, suggestive of prosthesis thrombosis, with effective 
flow orifice estimated by 3D planimetry and 3D continuity 
equation to be 0.73 cm² and 0.48 cm²/m², indexed by the 
body surface (Figures 2 and 3).6 CT revealed advanced-grade 
HALT in the three leaflets: leaflet equivalent to that of the 
left coronary artery, involvement greater than 75% (grade 4); 
leaflet equivalent to that of the right coronary artery, 
involvement greater than 75% (grade 4). Full anticoagulation 
therapy was initiated and presented good evolution. The 
patient was discharged in June/2022, clinically stable and 
asymptomatic (Figures 1, 2, 3 and 4) for outpatient follow-up.

Case 2
Male patient, 70 years old, hypertensive, with virus C 

parenchymal liver disease and thrombocytopenia, bicuspid 
aortic valve with a history of TAVI five years prior and recent 
history of leaflet thrombosis with severe aortic stenosis, was 
taking Clopidogrel and direct oral anticoagulants (DOAC). 
The patient was hospitalized in June/22 with acute respiratory 
distress associated with cough and hemoptysis. Underwent CT 
angiography of the chest with negative result for pulmonary 
thromboembolism and a pattern suggestive of alveolar 
hemorrhage. During this hospitalization, a new transthoracic 
echocardiogram was performed with evidence of persistently 
high gradients of the aortic endoprosthesis (maximum: 50 
mmHg and mean: 28 mmHg), with HALT improvement on 
CT. The patient was discharged after clinical compensation, 
stable and, due to the high risk of bleeding, was maintained 
without anticoagulation (Figure 5).

Discussion
Transcatheter aortic valve replacement is a safe treatment 

and not inferior to conventional surgery for patients with 
severe symptomatic aortic stenosis and intermediate to 
high surgical risk.7,8 With the national experience in the 
long-term follow-up of patients undergoing TAVI, there is 
an increasing number of cases of prosthetic stenosis with 
increased gradients and transvalvular velocities. In these 
situations, transthoracic echocardiogram can support the 
screening and identification of high gradients, however, it 
has a limited role in the etiological investigation.
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Figure 1 – Images suggesting prosthesis thrombosis on TEE and cardiac CT. Reduced motion A and B: TEE at 45o and 130 o with evidence of leaflet thickening 
and reduced motion, respectively. C: HALT areas on cardiac CT.

Figure 2 – Echocardiographic findings of endoprosthesis dysfunction. A: High mean transprosthetic gradient at aortic position on transthoracic echocardiogram. 
B: TEE at 130o showing left ventricular outflow tract and aliasing on color Doppler flow through the endoprosthesis.

Aortic endoprosthesis valve dysfunction is defined 
by transthoracic echocardiogram when there is a mean 
transvalvular gradient greater than 20 mmHg or greater 
than 50% of the previous mean baseline gradient.2 
Transesophageal echocardiography may have sensitivity 
comparable to cardiac CT in identifying signs of thrombosis, 
such as reduced leaflet motion, leaflet thickening, or 
even the identification of thrombi, especially in patients 
at increased risk of contrast nephropathy, which may 
contribute to the identification of the mechanism of 
prosthetic dysfunction.2

In this context, TEE can provide additional inputs in the 
evaluation of prosthesis dysfunction in the late follow-up of 
these patients. Real-time 3D complementation can be used 
in the evaluation of differential diagnoses of endoprosthesis 
dysfunction, especially for identifying images suggestive 
of endocardit is, mismatch, pannus and ascending  
aorta pathologies.

CT plays a crucial role in the complementary evaluation 
for the accurate diagnosis of post-TAVI prosthesis 
thrombosis. This test can identify prosthesis thrombosis 
through morphological criteria with a finding of HALT 
that may be associated with HAM, and the possibility of 
assessing the thrombotic load, a parameter that has been 
correlated with adverse clinical outcomes.4,9,10 HALT can 
be classified according to the extent of leaflet involvement 
as <25%, 25–50%, 50–75% or >75%, with this assessment 
being performed on CT diastolic reconstructions (Figure 6). 
However, the presence of HALT is observed at similar rates 
for transcatheter and surgical prosthetic valves.5,11 

Some elements are recognized as factors that may 
function as independent predictors of evolution to late 
thrombosis in the follow-up after TAVI. Some of these 
characteristics are based on clinical attributes, such as 
atrial fibrillation, chronic obstructive pulmonary disease, 
male gender, absence of postoperative treatment with 
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Figure 3 – 3D reconstruction of the aortic endoprosthesis. TEE at 45o with leaflet thickening and reduced motion (indicated by the arrow) with no images 
suggesting endocarditis.

Figure 4 – 3D reconstruction of the aortic endoprosthesis. A: TEE at 45o with 3D reconstruction of the aortic endoprosthesis. B: estimation of effective flow 
orifice through 3D planimetry.

antiplatelet agents, obesity and active smoking. Other 
factors are related to the intra-procedure, such as the 
smaller diameter of the implanted prosthesis, the supra-
annular device implantation, balloon under-expansion and 
valve-in-valve procedure.10,12,13 As for imaging methods, 
reduced left ventricular ejection fraction and paravalvular 
leak are strong predictors that may indicate a higher risk 
of thrombosis of an evolutionary prosthesis. Some studies 
describe a two-fold increase in late thrombosis in patients 
with at least mild leak.11

Symptomatic thrombosis of aortic valve endoprosthesis 
leaflets is rare, representing about 0.6 to 2.8% of reported 
cases,8 contrasting with incidental finding in about 15–40% of 
subclinical thrombosis with evidence of HALT on cardiac CT, 
with a potential association with cerebrovascular events.5,7,9 
Optimal antithrombotic therapy is still the focus of clinical 
trials, with current guidelines recommending dual antiplatelet 
therapy (DAPT) for three to six months after TAVI and data 
regarding safety and longevity suggesting good durability in 
five years.1,7 However, some studies suggest that subclinical 
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Figure 5 – Multiplanar tomographic reconstruction A and B: long and short axis, respectively, showing non-coronary leaflet with grade 4 HALT. PRE: HALT 
before anticoagulation.
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Figure 6 – HALT classification through diastolic reconstruction by CT, cross-sectional and longitudinal axis. A: no leaflet involvement. B: leaflet involvement at 
≤25%, C: 26–50%. D: 51–75%. E: >75%. HALT: hypoattenuated leaflet thickening.

thrombosis is more common in those who did not receive 
anticoagulation, so that, after discontinuing DOAC, CT can 
reveal HALT in a variable degree, revealing its dynamic nature 
due to the potential of spontaneous progression or regression, 
even in asymptomatic patients.1,5,7,11 However, the GALILEO 
trial demonstrated that the use of routine oral anticoagulants 
should be avoided after TAVI in order to prevent subclinical 
structural alterations, with well-established indications in view 
of the increased risk of death and bleeding.14

The follow-up of patients diagnosed with TAVI thrombosis 
and establishment of the indicated therapy are not well 
established in the literature. This follow-up is usually 
carried out systematically and periodically using serial 
transthoracic echocardiography with comparative assessment 
of transprosthetic systolic gradients and velocities, associated 
with complementary CT imaging to assess the quantitative 
reduction in leaflet thickening and improvement of leaflet 
motion14 (Figure 7).

Conclusion
Aortic valve replacement with endoprostheses for the 

treatment of symptomatic aortic stenosis has raised the issue 
of long-term safety and longevity of the endoprosthesis. The 
use of multimodality in the follow-up of these patients has 
identified findings that vary from subclinical alterations to 
alterations that influence prognosis and symptoms. Based 
on a more accurate diagnosis of endoprosthesis dysfunction, 
through the combined findings of echocardiography and 
tomography, we can identify the precise mechanism of 
dysfunction in post-TAVI follow-up, allowing for more 
adequate quantification of leaflet involvement and motion 
restriction and earlier onset of specific therapy.14
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Introduction
Patent foramen ovale (PFO) is a common congenital 

cardiac lesion corresponding to a normal fetal interatrial 
communication that typically closes after birth with the fusion 
of the atrial septum primum to the septum secundum.1 When 
the foramen ovale persists, it is usually asymptomatic and 
benign, with no need for treatment.2 In rare cases, it can be 
implicated in the pathogenesis of some medical conditions, 
such as platypnea-orthodeoxia syndrome (POS). In this 
context, PFO closure may be indicated.2

Several occluder devices, traditionally based on a double-
disc design, have shown that percutaneous PFO closure is 
possible.3 Despite the proven efficacy, their use is not technically 
feasible for some patients. In addition, they have the potential 
to cause some complications.4 NobleStitch EL (NS) is an 
alternative percutaneous PFO closure technique available in 
Europe, European Commission (EC) marked for cardiovascular 
suturing and PFO closure, and in the US, with Food and Drug 
Administration (FDA) clearance for vascular and cardiovascular 
suturing. It consists of a “deviceless” system with two dedicated 
suture delivery catheters.5,6 To date, the experience with the NS 
device is limited, and we still lack information about its failure 
determinants, which could help select patients.6-8

Herein, we describe the case of a failed percutaneous PFO 
closure with NS that could add to the evidence that interatrial 
septum (IAS) anatomy may play a key role in the success of 
the procedure.

Clinical Case
We report the case of a 46-year-old man with a history 

of hypertension and acromegaly in the context of a pituitary 
adenoma, surgically removed in June 2020, and secondary 
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panhypopituitarism developed after the procedure. He 
went to the emergency department complaining of 6-week 
exertional dyspnea. On examination, he was polypneic but 
hemodynamically stable, with no cardiac murmurs or adventitious 
lung sounds. Blood gases showed a severe type 1 respiratory 
failure, with a PaO2 of 33 mmHg in room air. Electrocardiogram 
(ECG) revealed no relevant anomalies in sinus rhythm. His blood 
test results had no significant abnormalities, with hemoglobin of 
14 g/dL and no elevation of inflammatory parameters. A chest 
and abdominal computed tomography (CT) angiogram (Figure 
1A) ruled out the diagnosis of pulmonary thromboembolism and 
interstitial lung disease. The results described an abnormality in 
the normal liver morphology, with atrophy of the fourth segment, 
and kyphoscoliosis, determining a deformity of the anterior right 
costal grid. The oxygen saturation obtained in pulse oximetry was 
lower while the patient was standing or sitting. POS was then 
established. The patient was admitted for further study. 

A transthoracic echocardiogram (TTE – Figure 1B) showed left 
ventricular hypertrophy, aneurysmatic IAS, and mild aortic root 
ectasia of 39 mm. Additionally, it revealed an extrinsic compression 
of the right atrium by the ascending thoracic aorta and the liver. 
No other relevant findings were identified, including the stigma 
of pulmonary hypertension. Transesophageal echocardiography 
(TEE – Figure 1C; Video 1) corroborated the presence of PFO, 
which showed a spontaneous bidirectional flow. Right-sided 
catheterization confirmed that right chamber pressures were not 
increased; Qp/Qs in recumbent position was: 1.08.

Since the patient was clearly symptomatic, the decision was to 
proceed with percutaneous PFO closure. Given the marked right 
atrium deformation, he was considered a poor candidate for the 
placement of a traditional umbrella-like occluder device due to 
the high risk of wall erosion. The alternative chosen was the NS 
technique guided by fluoroscopy (Figure 2A) and TEE. Two sutures 
were placed due to the presence of a significant residual shunt 
after the first one (Figures 2B, 2C, and 2D; Video 2). After 3 days, 
the patient complained of recurrent dyspnea while standing. Re-
evaluation TTE showed the persistence of patency of the foramen 
ovale, and TEE revealed two linear echogenic structures compatible 
with previously implanted devices at the septum secundum, but 
detached from the septum primum (Figure 3A and 3B; Video 
3). The patient was subsequently referred to and accepted for 
surgical PFO closure with a bovine pericardium patch, which 
was performed without complications. Postoperative TEE showed 
no residual shunt. The patient was discharged after 6 days. At 
6-month follow-up, he was asymptomatic, reporting a significant 
improvement in quality of life.
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Figure 1 – Pre-procedure percutaneous images. A: CT showing thoracic deformation with close relationship between right atrium and the liver; B: TTE showing 
right atrium compression; C: TEE mid-esophageal short axis view at 60º showing right atrium compression and PFO.

Video 1 – Pre-procedure TEE showing right atrium compression and PFO 
with spontaneous bidirectional flow.
Link: http://abcimaging.org/supplementary-material/2023/3601/ABC-309-
video01.mp4

Discussion
POS is a rare syndrome caused by a right-to-left shunt 

(RLS) found in the heart or lungs. Most cases originate from an 
intracardiac shunt, which occurs when a structural component, 
such as interatrial communication, coexists with a functional 
component that favors an RLS in the upright position.9 This can 
happen with conditions that affect the position and anatomy 
of the heart, dictating a transient increase in pressure in the 
right atrium and/or favoring the flow direction from the inferior 
vena cava directly through the septal defect, such as: aortic 
dilatation (one of the most common), diaphragmatic paralysis, 
post-pneumonectomy, kyphoscoliosis, prominent Eustachian 

valve or Chiari network, lipomatous hypertrophy of the IAS, 
or pericardial disease.10

In our patient, thromboembolic disease, arteriovenous 
malformations, and interstitial lung disease were excluded 
by chest CT as plausible causes of POS. In the absence of 
abnormal liver function tests, hepatopulmonary syndrome 
seemed also unlikely. The PFO described in TEE prevailed as 
the only reliable cause for the syndrome manifestation. In our 
case, aortic ectasia, thoracic deformation, and liver distortion 
seemed to be the structural cause interfering with the heart, 
favoring the appearance of intracardiac shunt. 

The treatment for these patients consists of closing the atrial 
septal defect.2 This option should be considered after ruling 
out other alternative causes of POS; when it has a significant 
impact on the patient’s functional capacity; and there are 
no increased right chamber pressures.2 Our patient met all 
these criteria.

Whenever possible, percutaneous closure is preferred. 
Double-disc occluder devices are the most used in these 
procedures;3 however, they were not considered a good 
option for our patient, given the atypical anatomy of his right 
atrium, which did not have enough space to accommodate the 
device. Instead, we opted to use the NS device, which would 
allow us to overcome this limitation associated with classical 
devices; yet, the procedure was not successful. 

To date, the experience with the NS device is limited, with only 
one published registry,6 which seems to confirm the feasibility, 
safety, and efficacy of the procedure, with a documented closure 
rate (defined by RLS grade≤1) of 89% and a full closure rate of 
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75% at 12 months, results that are comparable with traditional 
devices. Nevertheless, we still lack experience and information 
on the determinants of residual RLS, which would help select 
patients with the most favorable anatomies for a suture-mediated 
closure technique. 

In the previous registry,6 the authors did not find a relevant 
correlation of significant RLS (grade≥2) or technique failure with 

the various baseline characteristics investigated. However, they 
highlighted that the presence of a wide redundant septum seemed 
to be a prevalent aspect in those patients. After a thorough literature 
search, we found only two case reports about NS failure. One was 
due to a septal tear, probably caused by the suture,8 and the other 
was related to a significant residual RLS in an individual who also 
had an aneurysmatic IAS.7

Conclusions
POS is a rare condition that can have a significant impact 

on the patient’s quality of life. When it is due to PFO-related 
intracardiac shunt, the defect closure is a curative treatment. 
Different percutaneous closure devices can be used. NS is an 
upcoming appealing alternative; yet, we still lack knowledge of 
the characteristics that should be considered in patient selection. 
Herein, we describe the case of another failed percutaneous PFO 
closure with NS that could add to the evidence that IAS anatomy 
may play a key role in the success of the procedure, with its use 
being less favorable in patients with aneurysmatic IAS.  
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Video 2 – Peri-procedure TEE images showing a significant residual shunt after 
placement of the first suture, which disappeared after the second suture was placed.
Link: http://abcimaging.org/supplementary-material/2023/3601/ABC-309-
video02.mp4

Figure 2 – Peri-procedure percutaneous images. A: Fluoroscopic image with a suture delivery catheter of the NobleStitch system; B and C: TEE mid-esophageal 
short axis view at 60° revealing significant residual shunt after placement of the first suture; D: TEE using the same view with the two sutures in place.
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Video 3 – Post-procedure TEE showing NS failure with the two previously 
implanted devices detached from the septum primum.
Link: http://abcimaging.org/supplementary-material/2023/3601/ABC-309-
video03.mp4

Figure 3 – Post-procedure percutaneous images. TEE mid-esophageal short axis view at 60º with linear echogenic structures compatible with previously implanted 
devices at the septum secundum but detached from the septum primum and evident interatrial shunt.
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Abstract
The authors report the case of a 29-year-old, female 

patient with palpitations, chest pain, and dyspnea on 
exertion. The patient was diagnosed with right coronary 
fistula and underwent percutaneous correction of the 
fistulous tract with an Amplatzer prosthesis.

Introduction
Coronary artery fistula is a clinical condition characterized 

by an abnormal connection between one or more coronary 
arteries and heart chambers or large vessels adjacent to 
the heart. It has a prevalence of around 0.002% in the 
population, equally in both sexes, and it accounts for 14% 
of all coronary artery anomalies.1-3

Approximately 55% of cases of fistulas originate from the 
right coronary artery (or its branches) and 35% from the left 
coronary artery. In some cases, both arteries are involved. 
Most fistulas drain into the right ventricle, right atrium, and 
coronary sinus. Other drainage sites include the pulmonary 
artery, left atrium, left ventricle, and superior vena cava.4

The clinical picture varies according to the location and 
size of the fistula. Smaller fistulas usually occur without 
clinical repercussions, with the possibility of conservative 
treatment. On the other hand, large fistulas can generate 
a coronary steal mechanism, which causes functional 
myocardial ischemia and consequent angina or dyspnea on 
exertion. In these cases, invasive treatment with surgery or 
percutaneous closure of the fistula should be considered.3

Case report
A 29-year-old female patient, who was an active smoker 

with no previous comorbidities, came to the consultation 
complaining of chest pain and dyspnea on moderate 

Mailing Address: Andrezza Lobo • 
Instituto Dante Pazzanese de Cardiologia. Avenida Dr. Dante Pazzanese, 500. 
Postal Code 04012-160. Vila Mariana, São Paulo, SP – Brasil.
E-mail: andrezzamed11@gmail.com
Manuscript received November 16, 2022; revised manuscript November 30, 2022; 
accepted December 1, 2022.
Editor responsible for the review: Simone Nascimento dos Santos

Keywords
Cardiovascular Malformation; coronary vessel anomalies; 

vascular fistula; coronary aneurysm

DOI: https://doi.org/10.36660/abcimg.2022364i

exertion for a long time. She had begun follow-up with 
a cardiologist 7 years prior, when she presented with 
palpitations, which frequently persisted until she arrived 
at the reference service.

Upon physical examination, she was normotensive, in 
regular rhythm, well perfused, without edemas or jugular 
swelling; lung auscultation revealed no alterations, and 
cardiac auscultation revealed continuous murmur (+3/+6) 
in the right hemithorax.

There were no significant alterations in laboratory tests. 
Chest X-ray showed evidence of increased cardiac area. 
Admission electrocardiogram revealed atrial flutter rhythm. 
Transthoracic echocardiogram showed preserved ejection 
fraction (62% by Simpson’s method), paradoxical movement 
of the interventricular septum (diastolic dysfunction 
suggestive of volume overload), preserved contractility 
in the other segments of the left ventricle, presence of 
pulmonary hypertension (pulmonary artery systolic pressure 
= 40 mmHg, estimated by tricuspid regurgitation), and 
heart valves without abnormalities. Dilation of the right 
coronary artery was observed, beginning in the right sinus 
of Valsalva (Figure 1A), with a very tortuous fistulous tract 
and the formation of a large aneurysm in the distal portion, 
draining into the right atrium, close to the inferior vena 
cava (Figure 1B), with systo-diastolic flow and velocity 
of approximately 1.15 m/s (Figure 1C). The aneurysmal 
portion of the right coronary artery measured 73 × 85 mm 
in its largest diameters, with an area of 46 cm² and marked 
slowing of the flow inside (spontaneous contrast), exerting 
compression on the right atrium (Figure 1D). There was 
presence of reverse holodiastolic flow in the descending 
thoracic aorta (secondary to the right coronary fistula to 
the right atrium).

The transthoracic echocardiogram findings were 
confirmed by chest angiography, and the patient was 
diagnosed with coronary-cavitary fistula with an aneurysm 
in its tract (fistula from the right coronary artery to the 
right atrium).

The patient was referred for cardiac catheterization, 
which did not show evidence of obstructive coronary 
lesions; however, it showed significant slowing of the distal 
flow of the right coronary artery, secondary to coronary 
steal of proximal flow through the fistulous tract to the 
aneurysmal portion (Figure 2A and 2B), which drained into 
the right atrium.

The decision was made to occlude the fistulous tract by 
means of a percutaneous procedure. Closing was performed 
with an 18 mm Amplatzer Vascular Plug II prosthesis, 
implanted shortly after the emergence of the fistulous tract, 
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blocking the flow to the aneurysmal portion (Figure 2C). 
During the procedure, an important improvement was 
already observed in the distal flow of the right coronary 
artery shortly after implantation of the prosthesis (Figure 
2D). The procedure took place without complications.

One day after the procedure, a control transthoracic 
echocardiogram was performed, which showed an 
aneurysmal portion with thrombotic content inside (Figure 
3A), already with signs of rejection by the right atrium and 
without blood flow between the cavities (Figure 3B), in 

Figure 1 – Longitudinal parasternal view of the aortic root at the emergence of the right coronary artery (important dilatation) in the sinus of Valsalva (A). Subcostal 
view showing the draining of the aneurysmal portion in the right atrium, close to the inferior vena cava (B) and Doppler with flow between the cavities (C). Apical 
4-chamber transthoracic echocardiography window, with and without color mapping, Doppler showing flow within the aneurysm cavity (D).

Figure 2 – Dilated right coronary artery with a distal bed with normal caliber and low flow, shortly after the emergence of the fistula toward the aneurysmal portion 
(A). Right coronary fistula draining into an aneurysmal sac, image with digital subtraction for better delimitation of the structures (B). Amplatzer prosthesis positioned 
between the proximal and middle portion of the fistula (C). After release of the prosthesis and significant improvement in the distal flow of the right coronary artery (D).
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addition to significant improvement in reverse diastolic 
flow in the descending thoracic aorta (Figure 3C and 3D).

Discussion
Coronary fistula was first described in 1886, with the 

first report of successful surgical correction in 1947. From 
an embryological point of view, it appears to represent 
the persistence of embryonic intertrabecular spaces and 
sinusoids.4-5 There is also an association of fistulas with other 
congenital anomalies, in approximately 20% of cases, such 
as tetralogy of Fallot, patent ductus arteriosus, and atrial and 
ventricular septal defects.6

In more than half of the cases, the fistula originates from 
the right coronary artery and is usually a dilated artery, with 
a long and tortuous tract before draining into the chamber or 
vessel. In approximately 19% of cases, it also presents with 
aneurysmal dilation. The most common drainage site is into 
the right heart chambers.5

The clinical picture is variable, and the majority of 
patients are asymptomatic. In the reported case, which is 
a high-caliber coronary-cavitary fistulous tract between the 
right coronary artery and the right atrium, during the entire 
cardiac cycle, the blood flow was directed to the right side, 
due to the greater pressure found in the arterioles and 
myocardial capillaries.6 As there is continuity of the distal 
right coronary tract after the fistula, flow competition occurs 

in that territory, whose perfusion becomes compromised, 
promoting functional myocardial ischemia.

In asymptomatic cases, with small fistulas and without 
a high risk of complications, follow-up may be considered 
with an echocardiogram every 2 to 5 years. For symptomatic 
or asymptomatic patients with small fistulas and risk of 
complications or larger fistulas with hemodynamic repercussions, 
invasive treatment (surgical or percutaneous) is recommended.6

After the development of new hemodynamic techniques, 
there has been a great resurgence of indications for closing 
fistulas by means of the percutaneous technique. The main 
advantages compared to the surgical technique include 
lower costs of the procedure, shorter recovery time, 
reduced morbidity, better aesthetic results, fewer episodes 
of bleeding, fewer arrhythmias, fewer infections, and less 
myocardial ischemia.7-8 

The first transcatheter coronary fistula closure occurred 
in 1983 by Reidy et al.6 The main techniques used are coil 
embolization or occlusion devices. In the reported case, an 
18 mm Amplatzer Vascular Plug II prosthesis was inserted 
between the proximal and middle thirds of the fistula; 
shortly thereafter, no residual shunt was observed, and there 
was significant improvement in distal coronary flow. The 
transthoracic echocardiogram performed one day after the 
procedure showed no complications and showed significant 
improvement in hemodynamic results (reduction of the 

Figure 3 – Apical 4-chamber view with the aneurysmal portion being rejected by the right atrium, with thrombotic content inside (A). Doppler showing that 
there is no more flow between the cavities (B). Tissue Doppler in descending thoracic aorta with reverse holodiastolic flow (before the procedure) (C) and 
subsequent control, without the initial findings (D).
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aneurysmal portion and absence of reverse diastolic flow in 
the descending thoracic aorta).

Six months after the procedure, angiography was 
scheduled to evaluate the involution of the aneurysmal sac, 
recovery of right atrial volume, and intracoronary thrombus. 
To date, the patient has shown clinical improvement, 
performing usual activities without limitations.
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Introduction
Patent foramen ovale (PFO) is a pathological condition 

characterized by an opening in the interatrial septum, that 
allows blood to flow from one atrium to the other. It is 
found in approximately 25% of the adult population, with 
no hemodynamic implications in most cases.1 However, due 
to persistence of the foramen, paradoxical embolism may 
occur as a cause of ischemic events; in some cases, closure 
of the PFO is indicated as a secondary prevention strategy for 
thromboembolic events.2

Studies have demonstrated an association between PFO 
and many clinical conditions, some potentially severe, such 
as ischemic stroke and pulmonary thromboembolism (PTE).3 

Although paradoxical embolism is a well-documented 
consequence of PFO, the passage of blood clot through the 
PFO has been little documented in the literature.3,4 Thus, the 
present study aimed to report a typical case of PTE associated 
with paradoxical embolism probably caused by PFO.

Clinical case  
A 58-year-old male patient urgently admitted with severe 

dyspnea, which started about one week before, and got worse 
within the last hours before admission. The patient reported 
no other comorbidities.

The patient underwent computed tomography angiography 
of the chest, with a PTE protocol, which revealed bilateral 
PTE (Figure 1).

During hospitalization, the patient had abdominal pain; 
an abdominal magnetic resonance imaging was performed, 
which revealed splenic artery embolism, areas of multifocal 
infarcts, and absence of aortic lesions that may explain the 
embolism (Figure 2).

 Full anticoagulation therapy with low molecular 
weight heparin was then initiated. In light of both arterial 
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and venous thromboembolic events, transesophageal 
echocardiogram (TEE) was performed and revealed 
lipomatous interatrial septum, with bulging of the fossa 
ovalis region into the left right atrium, associated with 
delamination, with no evidence of interatrial tunnel or 
prominent Eustachian valve. Aired saline solution was 
infused, and right-to-left flow through the fossa ovalis was 
then observed (Figure 3). 

The patient was regularly followed-up by the cardiology 
and vascular surgery staff. After excluding the presence of 
hematological disease, a percutaneous closure device was 
used to close the PFO (Figure 4).   

Fo l lowing  dev ice  implanta t ion,  t rans thorac ic 
echocardiogram confirmed complete closure of the PFO, 
with no residual flow. The patient was discharged with 
anticoagulation therapy and regular follow-up by the 
cardiology and vascular surgery staff.

Discussion
The presence of foramen ovale is essential in fetal life as it 

allows oxygenated blood to flow directly to systemic circulation, 
bypassing the lungs which are collapsed in this stage of life. 
However, with lung expansion at birth, fusion of the septa and 
closure of the foramen ovale occur around the first month of 
life. Nonetheless, in nearly 25% of the general population, 
complete closure of the foramen ovale does not occur, and it 
either remains patent throughout life or closes at first and then 
open in situations of right pressure overload.3

PFO may be diagnosed in association with PTE, and the 
concomitant presence of these both conditions is associated 
with systemic paradoxical embolism and greater severity of 
disease.4 In patients with acute pulmonary embolism, right 
atrial pressure is increased, with elevates the risk of blood 
flow from the right to the left atrium through the PFO and 
thus potentially the risk of paradoxical embolism. Many 
prospective and retrospective observational studies have shown 
a high prevalence of stroke in patients with acute pulmonary 
embolism, and a disproportionately high prevalence of PFO 
among patients with acute pulmonary embolism who had a 
stroke.5 In this case reported, the patient had PTE and probably 
progressed to systemic paradoxical embolism. Although 
the passage of the thrombus through the PFO could not be 
visualized, this was a potential causal factor based on the 
echocardiographic findings.

The foramen ovale can be defined as a risk factor for embolic 
events when it has specific echocardiographic features that 
become important in the therapeutic decision-making process.6 
Some characteristics of the PFO are associated with paradoxical 
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Figure 2 – T1 weighted axial magnetic resonance image, with fat suppression before (A) and after (B) administration of paramagnetic contrast, which showed 
low uptake of the contrast (white arrows), compatible with areas of splenic infarction.

Figure 1 – Sagittal sections of computed angiography showing several intraluminal filling defects in segmental and subsegmental branches of main pulmonary 
arteries (some of them indicated by white arrows), indicating bilateral PTE; A. left lung; B. right lung (arrows). 

embolism, including a long-tunnel PFO, hypermobile interatrial 
septum, prominent Eustachian valve or Chiari’s network, a large 
right-to-left shunt during Valsalva maneuver, and a low angle 
between the PFO and the inferior vena cava. When two or more 
of these characteristics are detected by TEE, there is a strong 
association of PFO with thromboembolic events and therefore 
these patients will benefit from the PFO closure.7

 The therapy adopted in the report was initially applied with 
the use of anticoagulant drugs and, later, percutaneous closure 
of the PFO, as already proposed by some studies.8

Paradoxical embolism with involvement of the splenic artery 
and association with pulmonary embolism implies the need for 

diagnostic investigation for a source of embolism, such as the 
interatrial shunt. In these circumstances, closure of the interatrial 
sept defect should be considered, in view of echocardiographic 
characteristics, in addition to a multidisciplinary approach 
on the anticoagulant therapy, aiming at preventing new 
thromboembolic events.
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Figure 3 – TEE (80º) showing passage of microbubbles (arrows), confirming the presence of PFO. LA: left atrium; RA: right atrium; IAS: interatrial septum.

Figure 4 – Implantation of a percutaneous closure device for PFO closure.
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Abstract
Criss-cross heart was first described in 1974. It is a rare 

congenital heart malformation that occurs in 8 cases per 
1,000,000 children, and represents only 0.1% of congenital 
malformations. The diagnostic methods of choice are 
transthoracic echocardiography, cardiac magnetic resonance 
(CMR), computed tomography angiography (CT) and, 
sometimes, cardiac catheterization. This report describes 
the case of a newborn with a criss-cross heart in addition 
to double-outlet right ventricle (RV), with poorly positioned 
vessels, in addition to atrial septal defect (ASD), interventricular 
septal defect, tricuspid valve dysplasia and persistent left 
superior vena cava. The exact etiology of this malformation 
is not known, but it seems to occur due to rotation of the 
ventricles in their longitudinal axis, not accompanied by 
rotation of the atrial and atrioventricular (AV) valves. This 
movement produces abnormal ventricular inlets, determining 
that the RV be positioned on a superior plane and the left 
ventricle on an inferior plane. Although the exact cause of 
this anomaly is still unknown, it is believed that a genetic 
abnormality may be leading to these cases: mutation of the 
Cx43 gene. Diagnosis of the case concerned was given by 
transthoracic echocardiography and computed CT of the aorta 
and pulmonary arteries, which showed, in addition to the 
criss-cross heart, other abnormalities, such as double-outlet 
RV, large ASD and ventricular septal defect (VSD).

Introduction
Criss-cross heart was first described in 1974, although it 

had been reported in 1961.1,2 It is a rare congenital heart 
malformation that occurs in 8 cases per 1,000,000 children, 
and represents only 0.1% of congenital malformations.3,4

Criss-cross heart appears when, during the embryonic 
period, the heart rotates around its own axis, resulting in an 
anterosuperior RV and a posteroinferior left ventricle. Due to 
the complex structural alteration, diagnosis is complicated, 
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and the clinical picture depends on other congenital cardiac 
abnormalities, commonly present in cases of criss-cross heart.

The diagnostic methods of choice are transthoracic 
echocardiography, CMR imaging, computed CT and, 
occasionally, cardiac catheterization.5 Transthoracic 
echocardiography is usually the first test to be performed. It 
identifies the position and morphology of the four chambers 
and AV valves and the connections between vessels and 
chambers.6 Furthermore, in the performance of this method, 
there is, dynamically, the impression that the atrium empties 
into the contralateral ventricle due to the crossing of blood 
flows.7,8 CMR imaging and computed CT provide more 
detailed information and on other planes, such as coronal, 
axial and sagittal positions.9 Cardiac catheterization may 
be necessary to assess intracavitary or vessel pressures and 
oxygenation in different locations, in addition to ruling out 
septal defects not seen in other scans.5

The malformation regarding the rotation of the heart itself 
does not indicate a surgical approach, however, most cases 
are associated with other anatomic abnormalities, which need 
to be evaluated individually to determine the conduct. The 
most frequent associated malformations include: tricuspid 
valve and right ventricular hypoplasia, VSD, ventricular arterial 
discordance and pulmonary stenosis.7 

In this report, we describe the case of a newborn with a 
criss-cross heart in addition to double-outlet RV, with poorly 
positioned vessels, in addition to ASD, interventricular septal 
defect, tricuspid valve dysplasia and persistent left superior 
vena cava.

Case report
Male child born on March 28, 2021, from home birth, 

was taken to a hospital in Colatina (ES) after birth, for 
evaluation. When examined by the attending physician, 
the heart test revealed an abnormality (saturation in the 
right upper limb = 92% and right lower limb = 92%). 
Transthoracic echocardiography was performed, suggesting 
a complex congenital heart disease with transposition of 
the great vessels with patent foramen ovale (PFO) ASD and 
large associated VSD.

Transferred to a reference pediatric cardiac surgery hospital 
in Vila Velha (ES) on March 30, 2021, for follow-up and 
treatment. Upon hospital admission to the pediatric intensive 
care unit (PICU), he had sucking issues, respiratory effort 
and drop in saturation during breastfeeding. On physical 
examination, he was afebrile, ruddy, acyanotic, diffuse toxic 
erythema, heart rate of 150 beats per minute, blood pressure 
of 60/35 mmHg in the right upper limb, 90/68 mmHg in the 
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right lower limb, 79/47 mmHg in the left upper limb and 
79/55 mmHg in the left lower limb, systolic ejection murmur 
++/6+ in the left sternal border, in addition to mild subcostal 
retraction.

Transthoracic echocardiography was performed on March 
31, 2021, which showed: situs solitus, levocardia; two-valve 
AV concordance with rotation of the AV connection and 
crossed ventricular inflow streams (Figures 1 and 2); double-
outlet RV ventricular-arterial coupling (Figure 3), with poorly 
positioned vessels; wide fossa ovalis ASD, 5.4 mm in its largest 
measurement, no flow acceleration, mean gradient of 1.7 mmHg, 
left-right flow; interventricular septum with overriding greater 
than 50% and apparent double infundibulum; large inlet VSD, 
10 mm, no significant gradient; moderate dilation of the right 
chambers and mild RV hypertrophy; preserved biventricular 
systolic function assessed by qualitative analysis; dysplastic 
tricuspid valve with straddling and moderate regurgitation of 
this valve allowing estimating right ventricular systolic pressure 
at 55 mmHg, 8.5 mm tricuspid annulus; trivalvular aortic valve 
anterior and to the right, no significant systolic gradient, mild 
regurgitation; trivalvular pulmonary valve with no significant 
systolic gradient at the time, mid-systolic notch and mild 
regurgitation; discrete stenosis in the left pulmonary artery; 
persistent left superior vena cava. 

While in hospital, the child presented clinical and 
radiographic signs suggestive of pulmonary hyperflow. 
Adjustments were made to diuretic doses and computed 
CT of the thoracic aorta and pulmonary arteries was 
performed on April 8, 2021 for better anatomic evaluation 
and approach planning. The scan revealed: situs solitus; 
levocardia; concordant systemic and pulmonary venous 
couplings; luminal reduction of the ostium of the left internal 
pulmonary vein — 6.4 mm²; double RV outlet ventricular-
arterial couplings (Figure 4); left ventricle inferior to the RV 
(criss-cross) (Figure 5); presence of a muscle band close to 
the aortic outflow tract; large inlet VSD; large ASD (Figure 6) 
and aortic arch on the left and abdominal aorta positioned 
on the left. Figure 7 reveals three-dimensional tomography 
reconstruction showing rotation of the ventricles around the 
largest axis and Figure 8 reveals normal AV couplings.

The patient underwent pulmonary artery banding cardiac 
surgery on April 20, 2021, uneventfully. In the immediate 
postoperative period, the patient developed supraventricular 
tachycardia, which improved after adjusting the temperature, 
required low-dose epinephrine, and presented oliguria 
requiring diuretic solution. The patient presented a positive 
outcome, allowing the diuretic solution and adrenaline 
to be suspended, and was extubated on April 22, 2021, 
uneventfully. Control transthoracic echocardiography on April 
22, 2021 showed effective pulmonary banding. 

Discussion
The exact etiology of this malformation is not known, but 

it seems to occur due to rotation of the ventricles around their 
longitudinal axis, not accompanied by atrial rotation and AV 
valve rotation. This movement produces abnormal ventricular 
inlets, determining that the RV be positioned on a superior 
plane and the left ventricle on an inferior plane.10 The other 

Figure 3 – Echocardiographic image showing double outflow of the RV.  
RV: right ventricle; AO: aorta; PT: pulmonary trunk.

Figure 1 – Echocardiographic image showing AD-RV connection rotation.  
RV: right ventricle; RA: right atrium.

Figure 2 – Echocardiographic image showing LA-LV connection rotation. 
LA: left atrium.

anomalies normally found are hypoplasia of the right tricuspid 
valve, pulmonary stenosis, inlet VSD and abnormal ventricular-
arterial coupling. Discordant coupling is more frequent, and 
double-outlet RV is rare.10,11
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Although the exact cause of this anomaly is not yet known, 
it is believed that a genetic abnormality may be leading to these 
cases — mutation of the Cx43 gene — and the exclusion of 
this gene would lead to a delay in the dextroposition of the 
heart, thus causing right ventricular defect, and not taking it 
into the correct position.12

The diagnosis of the case in question was given by through 
transthoracic echocardiography and computed CT of the 
aorta and pulmonary arteries, which showed, in addition 
to criss-cross heart, other abnormalities, such as double-
outlet RV, and large ASD and VSD. Due to the presence of 
double-outlet RV, in view of the high systemic resistance 
leading to the flow preferentially through the pulmonary 
trunk, with exacerbated pulmonary hyperflow, it was decided 
to perform the banding of the pulmonary arteries in order 
to increase or, at least, equalize the pulmonary resistance 
and, thus, cause the blood to be ejected preferentially to 
the systemic arterial bed instead of the pulmonary venous 
bed, thus protecting the pulmonary arterial vasculature.13 
The procedure was uneventful, but, due to other neonatal 
problems, the child had to remain hospitalized after hospital 
discharge from a cardiovascular point of view, but remained 
hemodynamically stable and in room air, which demonstrates 
the effectiveness of the procedure performed, in addition 
to the echocardiography postoperatively. An outpatient 
follow-up schedule was created so that, in the future, the 
best therapeutic strategy could be defined.
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Figure 4 – Double Outlet RV. AO: aorta; PT: pulmonary trunk.

Figure 5 – Left Ventricle Inferior to RV. RV: right ventricle; LV: left ventricle.

Figure 6 – Wide Interatrial Communication. RA: right atrium; LA: left atrium.
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Figure 7 – Three-dimensional tomography reconstruction showing the rotation 
of the ventricles in the major axis. RV: right ventricle; VSD: ventricular septal 
defect; LV: left ventricle; LA: left atrium; RA: right atrium; LAA: left atrial 
appendix.

Figure 8 – Tomography image showing normal AV connections. RV: right 
ventricle; RA: right atrium; LV: left ventricle; LA: left atrium.
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Importance of Echocardiography in the Differential Diagnosis of 
Rheumatic Mitral Regurgitation in Children and Adolescents
Camila Magalhães Silva,1  Maik Arantes,1  Fátima Derlene da Rocha Araújo,1  Adriana Furletti Machado 
Guimarães,1  Zilda Maria Alves Meira1

Hospital das Clínicas da Universidade Federal de Minas Gerais,1 Belo Horizonte, MG – Brazil

Introduction
Mitral regurgitation (MR) can be a result of abnormalities 

in different locations of the valve apparatus (cusps, annulus, 
tendinous cords and papillary muscles), being of acquired 
or congenital etiology.1 MR can be classified as primary, 
when resulting from a deformity in the valve structure, 
or secondary, when related to another heart or systemic 
disease. In our field, the main cause of MR in students 
and adolescents is the acquired one. Rheumatic fever 
(RF) is among the causes, as well as bacterial endocarditis, 
which should be considered in the differential diagnosis.2,3 
However, congenital anomalies, such as mitral valve 
(MV) prolapse, mitral cleft (MC), parachute MV and, 
rarely, isolated cleft MV (ICMV) should be ruled out.1,2  
The etiological diagnosis of MR is very important to 
determine the proper treatment, once it can be clinical or 
surgical, with definitive correction of the lesion. 

We present the report of a student whose clinical and 
echocardiographic scenario was first diagnosed as acute 
RF, showing the importance of echocardiography in the 
posterior differential diagnosis of MR.

Clinical case description
Male, 8-year-old student, was admitted in an intensive 

care unit presenting with rapid onset exhaustion, low 
fever and paleness. He denied articular involvement or 
abnormal movements. He reported previous episodes 
of pharyngotonsillitis unrelated to the current disease 
and denied previous hospitalization or regular pediatric 
follow-up. Negative family history of RF. At examination, 
his general status was compromised. He was feverish, 
acyanotic, anicteric, with no edema in the lower limbs, full 
and symmetrical peripheral pulses, moderate tachypnea, 
inspiratory crackles in lung bases and painful hepatomegaly. 
Cardiac auscultation showed three heart sounds, second 
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hyper phonetic sounds, holosystolic murmur grade III-IV/VI, 
in a mitral area irradiating to the axilla. Laboratory 
examinations showed leukocytosis, increased C-reactive 
protein, increased velocity of hemossedimentation and high 
levels of anti-streptolysin O; blood cultures were negative. 
Thoracic X-ray showed moderate cardiomegaly in the left 
chambers, besides lung congestion. Electrocardiography 
showed sinus rhythm and overload of the left atrium. The 
first echocardiography diagnosed major MR, increased 
left chambers and pulmonary hypertension, which raised 
the possibility of possible rheumatic etiology. The patient 
was treated for rheumatic carditis with corticotherapy, as 
well as clinical treatment for heart failure. After discharge, 
he was referred to the pediatric cardiology outpatient 
clinic using penicillin G benzathine 1.200.000 UI applied 
every 21 days, furosemide, captopril and prednisone, 
remaining stable.

Echocardiographic control confirmed the diagnosis of 
major MR (Figure 1), increased left chambers, pulmonary 
hypertension (systolic pressure of the pulmonary artery 
estimated in 80 mmHg) and left ventricular systolic 
dysfunction (LVSD 67%). However, morphological 
evaluation of the MV did not show thickening nor 
reduction of the cuspid mobility (video); a discontinuity 
was visualized in the middle third of the anterior cuspid, 
measuring about 4 mm (Figure 2). There was no change 
in the aortic valve. 

Mitral valvuloplasty was indicated and, during the 
surgical act, a cleft was identified in the anterior cuspid 
of the MV and enlargement of the valve ring . Cleft 
grafting was performed, as well as valve annulus plication, 
without intercurrences. In the follow-up, the child was 
asymptomatic, with no need for medications, normal 
cardiac auscultation and normalization of heart chamber 
dimensions, pulmonary pressure and presence of minimal 
MR jet.

Discussion
Rheumatic carditis corresponds to the most important 

manifestation of acute RF, occurring in about 40 to 70% 
of the cases. MV is the first to be affected in practically 
100% of the cases of carditis, manifesting as MR in different 
grades.2 Due to the epidemiology of the disease in our field, 
it should always be included in the differential diagnosis 
of acute heart failure and MR, especially in the pediatric 
age group.2 For the diagnosis of the first RF outbreak 
two major manifestations, or one major and two minor 
manifestations, are necessary, besides the evidence of 
previous infection by group A streptococcus.3,4 The child in 
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the report presented with a major manifestation (carditis) 
and two minor manifestations (fever and increased 
evidence of the inflammatory activity phase); previous 
streptococia was proven by dosing the antistreptolysin O. 
Therefore, he was treated for heart failure due to acute 
rheumatic carditis. However, a detailed analysis of mitral 
morphology showed that the regurgitating jet originated 
from a flaw along the anterior cuspid and, for that, the most 
likely diagnosis would be the perforation of the secondary 
cuspid to bacterial endocarditis, fact that was not proven 
by the surgical finding that showed an aspect compatible 
with congenital cleft isolated from the MV.

 ICMV is a rare congenital cause of MR with an 
incidence of 1:1340 in the pediatric population; it may 
occur both in the anterior and the posterior MV.5 It can 
be isolated or in association with other congenital heart 
lesions, and the most common ones are interventricular 
communication, accessory chordaea in the left ventricle 
outflow, without obstruction, the ostium secundum 
interatrial communication and the persistence of the 
arterial channel.6,7 When associated with other heart 
lesions, they can be more asymptomatic, and have 
an earlier diagnosis when compared to isolated cleft 
cases. However, after the advent of high resolution 
bidimensional echocardiography and the tridimensional 
echocardiography, the ICMV diagnosis has been earlier 
and more recurrent than in the past.8

This case shows how important the echocardiography 
is in the differential diagnosis of mitral valvulopathy, even 
in those patients who met the clinical criteria for RF, thus 

preventing a mistaken diagnosis and all of the implications 
related to secondary prophylaxis and late diagnosis of the 
true etiology.
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Figure 1 – RA: right atrium; RV: right ventricle; LA: left atrium; LV: left ventricle; Arrow points to the location of the cleft with ColorDoppler image compatible 
with major MR.
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Figure 2 – RA: right atrium; RV: right ventricle; LA: left atrium; LV: left ventricle; AL: mitral valve anterior leaflet. Arrow points to the cleft.
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