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What does the navigator system in interventional procedures 
in the hybrid room?
O que o sistema navegador agrega aos procedimentos intervencionistas na sala híbrida?

Denisse Guzman Ramirez1 ; Jose Maria Hernandez Hernandez2,3 

Hospital de Cardiología Unidad Medica de Alta Especialidad No. 34, Instituto Mexicano del Seguro Social1, Monterrey, México.
Doctors Hospital2, Monterrey, México. SISIAC3, Santiago, Chile. 

What does the navigator system add to 
interventional procedures in the 
hybrid room?

The usefulness of two-dimensional fixed projection 
fluoroscopic imaging in the characterization of soft tissues 
and complex cardiac anatomy is limited. Moreover, it is 
currently insufficient for cardiac structural interventionism. 
Including recent three-dimensional cardiac ultrasound imaging 
techniques is necessary to improve anatomical images and 
spatial resolution.1

Fusion or hybrid imaging using two-dimensional fluoroscopy 
in combination with static or dynamic imaging obtained 
from cardiac computed tomography angiography (CCT), 
cardiac magnetic resonance (CMR), and transesophageal 
echocardiography (TEE) have been successfully used for 
structural cardiac interventions.2 A fusion image is the 
superimposition of images acquired from different modalities 
within the same spatial coordinate. This image mapping 
process is called co-registration or image registration.

As the echocardiography/fluoroscopy fusion image arises in 
the catheterization laboratory, we must understand the need 
to obtain adequate-quality three-dimensional moving images 
since the use of static pre-procedural images such as CMR/CCT 
cannot improve the intraprocedural situation. With emerging 
technologies constantly improving TEE resolution, this imaging 
modality is considered ideal for guiding structural cardiac 
interventions. The first published proposal, provided by Gao 
et al. in 2010, merged echocardiographic and fluoroscopic 
images using specialized software.3

Concept
This method uses an image based on a two-/

three-dimensional registration algorithm to locate the 
transesophageal probe; in this way, it is possible to follow 
its movement and superimpose the echocardiographic 

Keywords
Echocardiography; Fluoroscopy; Cardiac Surgical 

Procedures.

image on the fluoroscopic image when the C-arc moves. 
The fluoroscopic image is transferred together with the 
echocardiographic image; the initial clinical precision in the 
tissue was 1.5–4 mm. This technology was FDA approved 
for use in 2013 for the EchoNavigator (Philips Healthcare, 
Best, The Netherlands) and in 2017 for the TrueFusion 
(Siemens Healthineers, Erlangen, Germany).2 The first study 
of the software prototype, published in 2013 in Switzerland, 
compared two groups of non-randomized patients who 
received mitral clips.4

Strengths
Using this technology, the TEE field of view is displayed 

as an outline to provide an additional point of reference 
by showing both fused images in motion. The TEE image 
provides critical perspectives on soft tissue anatomy. This 
fusion technology allows the use of markers placed on the 
echo image and automatically appears on the image fused 
with a fluoroscopic image. Finally, on the screen, three 
simultaneous viewing perspectives can be changed at the 
operator’s convenience, which favors the intervention work’s 
fluidity. (Table 1)

Disadvantages
Availability and cost are the most important factors 

influencing its routine use. Limited evidence-based information 
is currently available; in fact, experiences of some medical 
centers and publications of clinical cases are the primary 
data sources.

New Formats
Clinical cases have been published explaining 

echocardiographic fusion using CCT and fluoroscopy. Fusion 
with CCT allows the superimposing of images taken on 
previous days with fluoroscopy in real time. The information 
obtained from both imaging modalities is synergistic during 
structural cardiac interventions in which immediate feedback 
and precision are essential.2,5 The preload conditions may vary 
between the timing of the tomographic acquisition and the 
timing of the intervention, causing some anatomical variability. 
Another limitation of CCT fusion is that the correlation with 
thoracic anatomy may become inconsistent after catheters 
and wires invade the thorax.

New TEE/fluoroscopic fusion versions have optimized this 
technology by adding a touch screen to the echocardiographic 
equipment to introduce markers and automatic reconstruction 

https://orcid.org/0000-0001-6072-499X
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plans for the aortic, mitral valve, and left atrial appendage 
(Figure 1). Both technologies feature these characteristics 
in which one-click valve modeling provides automated 
landmarks for live fusion.

The EchoNavigator added Truevue glass technology with 
Doppler color to evaluate the valvular regurgitation site in 
the fused image. Moreover, cavities such as the ventricle and 
atrium can be traced by the echocardiography equipment and 
the relevant images transmitted to the main screen (Figure 2).

Conclusions
Fusion echocardiography fluoroscopy is a valuable tool 

that can guide structural cardiovascular interventional 
procedures. This technology facilitates teamwork and 

potentially contributes to reducing the time, amount of 
radiation, and amount of intravenous contrast. It continues 
to be modernized, most recently with the advent of specific 
protocols for structural interventionism.

Authors’ contributions
Guzman-Ramirez D and Hernandez-Hernandez JM: main 

ideas, selection of images; Guzman-Ramirez D: writing of 
the article, selection of articles; Hernandez-Hernandez JM: 
organization of the manuscript.

Conflict of interest
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Figure 1 – Left atrial appendage closure guidance. Note the oval mark is showing the site of the left atrial appendage ostium. 

Source: Dr. Jose Maria Hernandez, Monterrey, México.

Table 1 - Echocardiography/fluoroscopy fusion utility procedures.

Procedure Radiation 
reduction

Contrast agent 
reduction Time reduction

Catheters, guidelines, 
and device 

visualization

Landmarks during 
procedure

Safety and 
feasibility

Transeptal punction 88 p; retrospective2 88 p; retrospective2 88 p; retrospective2 88 p; 
retrospective2

Paravalvular leak 
closure

Sometimes can obscure 
guides and catheters2

Small paravalvular 
defects or retrograde 
approach2

Transcatheter mitral 
valve repair

21 p vs 21 p; non-
randomized4

21 p vs 21 p; non-
randomized4

21 vs 21 p;4

in more than one 
implanted clip, a clinical 
reduction in time was 
noted

Can be useful in 
suboptimal image quality 
or shadowing from the 
guide catheter2

21 p vs 
21 p; non-
randomized4

Left atrial appendage 
closure Theoretically2 Facilitate LAA 

cannulation2
Facilitate device 
implantation2 Theoretically2

Transcatheter aortic 
valve replacement

Theoretic reduction 
in CKD non-suitable 
for CCT2

Theoretically better 
evaluation of wire and 
device position2

Congenital heart 
disease in adults

51 p;6

improved confidence 51 p6

CCT, cardiac computed tomography; CKD, chronic kidney disease; LAA, left atrial appendage. p: patients; Green: advantages obtained in the study; Orange: some 
advantages and disadvantages observed in the study; Red: no benefits observed in the study.
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Figure 2 – Fusion echocardiography/fluoroscopy in mitral clip guidance. Notice the three landmarks that provide safety during device implantation. 

Source: Dr. Jose Maria Hernandez, Monterrey, México.
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Right Ventricle.

Pulmonary hypertension (PH) causes great clinical and 
functional limitations and significantly impacts quality of 
life and survival.1,2 Current pharmacological treatment 
options for PH include phosphodiesterase-5 inhibitors, 
endothelin receptor antagonists, and prostanoids. 
However, an early diagnosis and etiological definition are 
essential to improve prognosis.3

Transthoracic echocardiography (TTE) is the first-line test for 
suspected PH, as it is widely available, noninvasive, relatively 
low cost, does not involve radiation exposure, and carries 
minimal risk to patients. However, TTE can only suggest the 
diagnosis of PH since the definitive diagnosis requires invasive 
hemodynamic measurements via right heart catheterization.4

In addition to measuring pulmonary artery systolic pressure 
by analyzing the peak tricuspid regurgitant velocity, TTE 
evaluates diagnostic and prognostic variables.4,5

Brito et al. correlated parameters evaluated by TTE and 
invasive hemodynamic analysis, considered the diagnostic 
gold standard.6 Despite the limited sample size, the study had 
adequate methodology and analyzed parameters such as right 
atrial area, mean pulmonary artery pressure, and right atrial 
strain in addition to conventional quantitative variables and 
free wall strain to analyze right ventricular systolic function. 

Studies correlating right atrial deformations using invasive 
measurements are quite scarce in the literature, which makes 
the study by Brito et al. original and interesting. The analysis 
of atrial myocardial deformation may detect early signs of 

diastolic dysfunction; however, unlike left atrial strain analysis, 
which has an increasing role in several clinical scenarios, the 
value of right atrial strain analysis in clinical practice remains 
uncertain. The Brito et al. study presented a relevant proposal 
by incorporating new echocardiographic variables such as right 
atrial strain and right ventricular free wall strain associated with 
conventional measurements such as right atrial area, with a 
moderate correlation with invasive data. The analysis of the 
indexed volume of the right atrium and/or the association 
of variables in a study with a larger number of patients may 
improve the efficiency of TTE in the initial evaluation of 
patients with suspected PH.

Thus, although the definitive diagnosis of PH requires 
invasive right heart catheterization, new echocardiographic 
variables such as atrial and right ventricular strain analysis in 
addition to traditional right heart indices have a promising 
role in refining PH diagnosis, refining classification as well 
as improving prognosis.
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Echocardiography is the primary diagnostic method 
for assessing ventricular function in children and patients 
with congenital heart disease; however, it traditionally 
focuses on systolic function. Despite the growing interest in 
echocardiographic parameters for assessing diastolic function 
in children, diastolic dysfunction has been less investigated 
and, therefore, is less understood.

Some factors have limited this assessment:1,3

Although diastolic dysfunction is a component of pediatric 
heart disease, it remains rare in this population.
1. Doppler assessment parameters vary significantly with age, 
body surface area, and heart rate.
2. No single measurement adequately describes diastolic 
function like ejection fraction does for systolic function.
3. A gold standard parameter to diagnose diastolic dysfunction 
is lacking. Even measurements obtained during cardiac 
catheterization are inaccurate and provide partial information 
about ventricular diastole characteristics.
4. Considering these difficulties, available guidelines for 
assessing diastolic function apply to adults, not children.

The latest American Society of Echocardiography guidelines 
for echocardiographic studies in children were published 12 
years ago and included diastolic function analysis parameters.4 
The recommended echocardiographic parameters for 
assessing diastolic function in this document include (Figure 1):
1. Mitral flow pulsed-wave Doppler: E and A wave velocities, 
E/A ratio, and E wave deceleration time;
2. Pulmonary venous flow pulsed-wave Doppler: S, D, and 
reverse A (Ar) wave velocities and Ar wave duration;
3. Left ventricular inlet/outlet flow continuous-wave Doppler: 
Isovolumetric relaxation time (IVRT);
4. Tissue Doppler: e’ and a’ wave velocities, E/e’ ratio, and 
IVRT; and
5. Left atrial volume obtained in the apical four- and two-
chamber planes.

Obtaining normal values for the pediatric population is 
challenging. Cantinotti and Lopez3 critically analyzed 33 
studies of parameter nomograms obtained by Doppler to 
assess diastolic function, aiming to establish an ideal diastolic 
function nomogram for children and review its limitations, 
especially in neonates, and highlight its strengths. However, the 
authors reported several methodological limitations, such as a 
lack of standardization for obtaining parameters, normalizing 
the data, and presenting normal Z scores, percentiles, or mean 
values. Most studies adjusted for age, but few adjusted for 
body surface area and heart rate. The authors also reported 
a wide range of normal values for similar age groups.

Could the guidelines on diastolic dysfunction in adults 
prepared by the American and European Societies5,6 
(Figures 2 and 3) apply to children?

Dragulescu et al.2 and Chang et al.7 evaluated this question. 
Dragulescu et al.2 evaluated children with dilated, restrictive, 
and hypertrophic cardiomyopathies and reported that these 
criteria were inadequate for diagnosing diastolic dysfunction 
in the study group and misdiagnosed diastolic dysfunction in 
the control group. They also observed that the wide range of 
pediatric normal reference values limited the diagnosis of diastolic 
dysfunction to a small number of cases. Chang et al.7 evaluated 
children and adolescents with systemic lupus erythematosus and 
reported that all diastolic function parameters were changed in 
the study versus control group. However, none of the cases met 
the criteria for diastolic dysfunction found in the adult guidelines.

Considering this complexity, how should left ventricular 
diastolic function be assessed in children? We suggest the 
method proposed by Frommelt1, which included a Doppler 
analysis of pulmonary and mitral venous flow in all children 
(Figure 4) followed by tissue Doppler assessment of the 
mitral annulus, atrial volume, and strain rate. Despite its 
challenges, diagnosing diastolic dysfunction in children, 
an echocardiographic evaluation is critical. However, new 
standardized studies should be conducted to determine 
normal parameters for different age groups.
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Figure 1 – A: Mitral flow pulsed-wave Doppler: E and A wave velocities, E/A ratio, and deceleration time (DT). B: Pulmonary venous flow pulsed-wave Doppler: S, D, 
and reverse A wave velocities, and reverse A wave duration. C: Left ventricular inlet/outlet flow continuous-wave Doppler: isovolumetric relaxation time (IVRT). D: Tissue 
Doppler: e′ and a′ wave velocities, E/e′ ratio, and isovolumetric relaxation time (IVRT). E: Left atrial (LA) volume obtained in the apical four- and F: two-chamber planes.

Figure 2 – Algorithm for diagnosing left ventricular diastolic dysfunction in adult patients with a normal left ventricular ejection fraction. 

TD: tempo de desaceleração; TRIV: tempo de relaxamento isovolumétrico; AE: átrio esquerdo; VE: ventrículo esquerdo; VD: ventrículo direito; AD: átrio direito.

Source: Nagueh et al.6 LA, left atrium; TR, tricuspid regurgitation.
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Figure 4 – Algorithm for assessing left ventricular diastolic function in children. 
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Introduction
A clinical history, physical examination, and focused 

ultrasound can accelerate the appropriate diagnosis and 
treatment of patients with progressive or acute dyspnea.1 
Extravascular lung water (EVLW) is easily detected with lung 
ultrasound (LUS). Pivetta et al.2 reported excellent accuracy 
detecting EVLW by clinical evaluation and by the presence of 
“B” lines on LUS heigher than B natriuretic peptide dosage.

The usefulness of LUS for intensive care unit patients was 
described in the 1980s, later than that of other ultrasound 
modalities.3 LUS is useful not only for diagnosing EVLW but 
also for risk stratification in myocardial infarction4 and acute 
congestive heart failure (CHF).5

Echocardiologists can easily learn this technique, which 
requires moving the transducer only a few centimeters from 
the usual accustic window used in echocardiography.

My approach to the technique

Equipment and transducers
Simple and hand-held ultrasound equipment can obtain 

adequate LUS images. If the equipment has no lung presets, 
the abdominal preset is most appropriate due to its higher 
persistence. However, the adult cardiac preset can be used 
without losing information despite its reduced persistence.

Three types of transducers can be used for LUS: 5-MHz 
convex, 3–5-MHz sectorial, and 5–12-MHz linear, the latter 
specifically to better assess the pleural line and slip. The sector 
transducer is most commonly used by echocardiologists due to 

Maria Estefânia Bosco Otto1,2 Vanessa Andreoli Esmanhoto3,4

ease of use and its narrow surface, which facilitates its transverse or 
longitudinal placement in the intercostal spaces.6 The transducer 
can be used perpendicularly to the rib cage for rib visualization 
above and below the intercostal space. The ribs generate acoustic 
shadows that form an image called the bat sign (Figure 1).

Patient positioning and LUS protocols
LUS can be performed with the patient in supine or seated 

position. Air-predominant structures will be positioned more 
apically and anteriorly (such as air trapped in a pneumothorax), 
while fluids will be located more inferiorly and posteriorly (as in 
pleural effusion). Thus, the patient should be kept at a 30–45 
degree chest inclination for the assessment of pleural effusion.7

The Bedside Lung Ultrasound in Emergency (BLUE) 
protocol, schematically described in Figure 2A, enables a more 
systematic chest evaluation.8 This protocol divides the anterior 
region of the chest into eight segments from the right and left 
anterior axillary line. Each segment should be evaluated for the 
presence of the pulmonary artifact patterns described below. 
In addition to these eight anterior quadrants, the right and left 
costophrenic space region in the posterior axillary line should 
be evaluated for pleural effusion (Figure 2B).

LUS findings

Normal findings

Pleural line
The pleural line is a more superficial hyperechogenic structure 

that is actually the only normal lung image finding that is not an 
artifact. This line slides (between the parietal and visceral pleura) with 
respiratory movements. The absence of this movement may indicate 
pneumothorax which is beyond the scope of this article (Figure 1).9

A lines
The presence of air in the lung prevents proper ultrasound 

imaging. Thus, aerated lungs result in no interpretable 
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Figure 1 – Lung ultrasound image with the transducer in the longitudinal position. Larger arrow, pleural line; smaller arrows, acoustic shadow of the rib called the bat sign.

Figure 2 – Schematic representation of the Bedside Lung Ultrasound in Emergency (BLUE) protocol. A. Anterior chest analysis; B. Costophrenic sinus analysis using 
the posterior axillary line as a reference. A, B: Model to locate the points to be evaluated by lung ultrasound (LUS) using the BLUE protocol. Figure A: Using both hands 
on the patient’s hemithorax with the superior little finger just below the clavicle (black line above the little finger) excluding the thumbs, and the inferior region of the other 
hand is positioned at the diaphragmatic line (black line). The “superior BLUE” point (red) is in the middle of the superior hand. The “inferior BLUE” point is in the middle 
of the inferior palm. These four points follow the anatomy of the lung and avoid the cardiac area. Figure B: The costophrenic sinus region point (red) is constructed from 
the horizontal line continuing the inferior BLUE point and the vertical line continuing the posterior axillary line (black). A superior point can be added between the posterior 
and anterior axillary line on the upper thorax floor. Thus, we will have four points in each hemithorax. This is a suggestion of a standardized location, but depending on 
the patient’s anatomy and size of the cardiac area, adaptations can be made to obtain the pulmonary window.

Source: Internal archive of the Echocardiography Department of Dante Pazzanese Cardiology Institute. 

Source: Image produced by Dr. Maria Estefânia Bosco Otto based on information from several sources.6,8–10

ultrasound findings. However, the hyperechogenic pleural line 
causes part of the ultrasound to reflect back to the transducer 
and another part to propagate in the aerated lung, causing 
a reverberation phenomenon with several equidistant “A” or 
pleural lines. This normal finding is called the “A” pattern and 
is more visible in thin patients or those with lung hyperinflation 
(emphysema) (Figure 3A).9

Abnormal findings

B lines

As the air content of the lung parenchyma is reduced, the 
density of the lung increases due to the increased presence 
of EVLW, exudate, transudate (in edema), collagen, or blood. 
Increased parenchymal density leads to contrast between lung 
structures, which now contain water in addition to air, and 

the ultrasound wave can be repeatedly reflected at deeper 
points from the pleura, creating vertical reverberation artifacts 
extending through the entire ultrasound accustic window 
depth. These artifacts are called “B” lines or comet tails. B lines 
move along the pleural line following its sliding with breathing. 
The number of B lines increases with increasing EVLW 
volume. A diagnosis of increased EVLW in a chest quadrant 
is significant in the presence of more than two B lines, being 
bilaterally considered significant EVLW by the BLUE protocol 
if four quadrants present more than two B lines (Figure 3B).9 
Sometimes B lines coalesce, forming a gray or white lung 
pattern that hinders A line visualization (Figure 3C).9,10

Consolidation

Other findings such as consolidation and air bronchograms 
reflect the presence of a pulmonary process with increased 

A B
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Figure 3 – Lung ultrasound findings in the parenchyma. Internal archive of the Echocardiography Department of Dante Pazzanese Cardiology. A. Lung ultrasound (LUS) 
quadrant. Thick arrow: pleural line; slin arrow: A line. B. LUS quadrant. Arrow: B line. C. LUS quadrant with coalescing B lines (arrows). It is not possible to differentiate 
A lines, only the pleural line. D. LUS quadrant showing consolidation and some air bronchograms (arrow). 

Figure 4 – Costophrenic space with pleural effusion. 

Source: Institute and the Cardiology and Transplant Institute of the Federal District.

Source: Internal archive of the Echocardiography Department of Dante Pazzanese Cardiology Institute. L, liver; PE, pleural effusion (arrow); S, spine.

extravascular fluid. These findings are common in pulmonary 
embolism, bacterial or viral pneumonia, and atelectasis (Figure 3D).9

Search for pleural effusion

LUS is a sensitive tool for detecting pleural effusion. It 
can detect effusion volumes of 20 ml, while a chest X-ray 
detects only volumes larger than 100 ml. Pleural effusion 
detection should include a bilateral costophrenic sinus analysis 
(Figures 2B, 4). Some authors recommend the use of formulas 
to evaluate pleural effusion volume. The most commonly 
used is the Balik formula, in which effusion volume (ml) = 
20 × the greatest transversal distance containing the pleural 
effusion in millimeters.7

How to describe changes in a structured 
lung report

Figure 5 shows a sequential report model for the eight-segment 

BLUE protocol understanding of the findings clinician’s 
understanding of the findings. It is essential to describe findings 
on the right and left sides of each segment using a table. 
For more extensive lung involvement, segmentation can be 
expanded to 12, 16, or 32 segments.9,10 However, the eight-
segment protocol is practical and adds important information 
for echocardiologists who use LUS as a complement to 
echocardiography.

Conclusion
LUS was neglected for decades, but it has recently 

become indispensable for outpatient follow-up11 or for 
the emergency treatment5 of patients with dyspnea. LUS is 
fast and simple and provides crucial information. It is also 
of low cost and can be performed at the bedside using 
portable equipment. LUS is not a substitute for clinical 
examinations and should be considered in the context of 
the patient’s history.

L

PE

S
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Echocardiography, the first-line diagnostic screening 
method for non-compacted myocardium (NCM), is easy to 
perform and features low cost and low risk for patients. It is 
also widely available in clinical practice. However, it is also 
an operator-dependent method, with limitations including 
a dependent echocardiographic window, primary focus 
of visualizing the ventricular apex, and operator difficulty 
accurately distinguishing between compacted and non-
compacted ventricular layers.

Another important limitation of echocardiography is the 
presence of greater trabeculations among healthy populations 
of Black people, athletes, and pregnant women, which may 
overestimate diagnoses. Thus, some authors determined 
diagnostic criteria for NCM by echocardiography. The currently 
most accepted criteria were proposed by Chin et al.1, who 
analyzed five men with NCM by analyzing the parasternal 
view, short and apical axes, left ventricular (LV) free wall in 
maximum diastole, distance from the epicardial surface to the 
trabecular recess (X), and distance from the epicardial surface 
to the peak of the trabeculae (Y). The NCM diagnosis is made 
when X/Y < 0.5.

Other criteria were proposed by Jenni et al.2, who studied 
34 patients (25 men) with NCM and analyzed the location 
of the trabeculae in the apical, medial, and inferior medial 
LV walls and LV wall thicknesses of the compacted (C) versus 
non-compacted (NC) regions. Using this classification, the 
NCM diagnosis is made when NC/C > 2 in the short-axis 
view at the end of systole.

Stöllberger et al.3 and Kohli et al.4 analyzed 62 patients (49 
men) with NCM and identified defined it as the presence of 
more than three trabeculations in the LV wall in the apical 
area of the papillary muscles and visible in a single apical four-
chamber plane. On color Doppler, intertrabecular spaces are 
filled with blood from the ventricular cavity.

Paterick et al.5 recently proposed the diagnosis of NCM as 
NCM/compacted myocardium > 2, with parasternal short-axis 
view measurements taken at end-diastole. This criterion showed 

What do cardiologists expect from Echocardiography in the 
evaluation of non-compacted myocardium
O que o cardiologista espera do Ecocardiograma na avaliação de miocárdio não compactado

Luciano Nastari1
1Assistant Physician - Clinical Unit Cardiomyopathies and Aortic Diseases - Instituto do Coração - HCFMUSP (InCor), São Paulo, SP, Brazil.

a good correlation with cardiac magnetic resonance findings 
and, according to the authors, provided more accurate NCM 
and myocardium layer thickness measurements. However, this 
requires validation, additional confirmation, and comparison 
with other populations with structural heart disease before it 
can be accepted as a viable diagnostic option.

Another study4 compared 199 patients, 143 of whom had 
an LV ejection fraction (LVEF) < 40%, referred to an accredited 
heart failure assessment center with 60 healthy volunteers 
(30 Black). The authors used the three echocardiographic 
definitions to identify NCM, assessed trabeculation number 
and size as well as the relative thickness of the non-compacted 
layer whenever possible. The three echocardiographic 
definitions showed a poor correlation, with only 29.8% of 
patients fulfilling all three criteria. Also, 8.3% of the normal 
controls met the criteria for NCM. Five subjects in the control 
group (four Black, one White) met at least one diagnostic 
criterion for NCM. This result emphasizes the limitation of 
echocardiographic criteria for diagnosing NCM, especially in 
Black individuals, leading to its overdiagnosis. In that study, 
if the control group included individuals with heart failure, 
these results could have been even more discrepant. The study 
findings suggest that current echocardiographic diagnostic 
criteria are very sensitive and result in NCM overdiagnosis in 
patients with LV systolic dysfunction. This seems particularly 
true in the Black population. 

Extensive and detailed studies including normal populations 
of different races are necessary to determine the upper 
limits of normal trabecular patterns to avoid unnecessary 
investigations and treatments in patients and their relatives. 
Hypertrabeculation can also be a transient phenomenon. A 
study6 of 102 primiparous pregnant women undergoing serial 
echocardiographic tests showed that 26 developed increased 
trabeculations during pregnancy (8 women met NCM criteria). 
These patients were followed up for a mean two years, with total 
trabeculation reductions occurring in 19 women and marked 
trabeculation reductions occurring in the remaining group. The 
inability to distinguish noncompaction from hypertrabeculation 
cardiomyopathy has significant clinical implications.

Despite the increasingly frequent diagnosis of NCM, the 
echocardiographic criteria are based on studies of limited 
numbers of patients and different methods. The point in the 
cardiac cycle at which NCM and compacted myocardium 
thickness are measured directly influences the relationship 
between the two evaluated layers.  Myocardial thickness 
peaks in systole and troughs in diastole, directly affecting the 
relationship between NCM and compacted myocardium. In 
addition, we must consider the echocardiographic view in 
which these measurements are taken. Most criteria suggest 
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that these measurements be taken in the parasternal short-axis 
view; however, in daily clinical practice, they are often taken 
in the apical two- and four-chamber views.7  Finally, some 
studies showed that a considerable number of young athletes 
met NCM diagnostic criteria, highlighting the non-specificity 
of the current diagnostic criteria for highly trained athletes.8

Thus, consensus is lacking about which classification is 
the most efficient for diagnosing NCM. In this situation, 
patients fulfilling all three diagnostic criteria would be ideal. 
In current clinical practice, the Jenni et al.2 criteria are the 
most widely used, but increased ventricular trabeculation 
(without the criteria defined above) and echocardiography 
findings suggestive of possible NCM are also common; thus, 
the clinician is expected to perform another imaging test to 
confirm the diagnosis.

Another important factor worth considerat ion 
is the underestimation of familial NCM disease since 
echocardiography is used to screen for it and has a high 
misdiagnosis rate. The trabeculae are better assessed 
with echocardiographic contrast and three-dimensional 
echocardiography. Some recent publications9–11 with small 
sample sizes compared NCM patients with healthy and 
dilated cardiomyopathy subjects. Thus, subclinical myocardial 
impairment was identified by speckle tracking10 in patients 

with a preserved LVEF and NCM versus normal subjects. Other 
authors identified LV longitudinal strain reductions in the mid 
and apical regions and normal motility in the basal region, 
unlike patients with dilated cardiomyopathy, who presented 
reduced motility in the three regions in apical sections. The 
authors suggested that longitudinal strain may contribute to the 
differentiation of cases of dilated cardiomyopathy, therefore 
reducing NCM overdiagnosis.9–11

As for the current guidelines, we have the following 
recommendations and evidence levels.12

Recommendation level IIb; evidence level B
• In individuals with suspected NCM, diagnostic criteria on 
echocardiography or magnetic resonance imaging may be 
reasonable for establishing the diagnosis when measured as 
an effective NC/C.
• In individuals with suspected NCM and ventricular 
arrhythmias, magnetic resonance imaging or other advanced 
cardiac imaging tests may be able to establish the diagnosis 
and perform the risk stratification.12
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Abstract
Cardiac tumors (CTs) in children are very rare, but their 

diagnosis is crucial for patient management. Echocardiography 
is the most commonly used cardiovascular imaging modality 
in clinical practice for the initial diagnosis of CTs in pediatric 
patients. Knowing the echocardiographic characteristics 
of CTs can enable an increasingly early diagnosis and the 
identification of its most likely etiology. Primary and benign CTs 
are the most frequent types in the pediatric population. Among 
benign CTs, the most frequent in fetuses and neonates are 
rhabdomyomas and teratomas. In children and adolescents, 
rhabdomyomas and fibromas are more common. Here we 
describe the echocardiographic characteristics of the most 
common CTs in pediatric patients.

Introduction
Cardiac tumors (CTs), rarely encountered in clinical 

practice, are classified into primary and secondary types 
according to their site of origin. In the pediatric age group, 
CTs occur in 0.001–0.03% of autopsy findings, with primary 
CTs (PCTs) being the most prevalent and usually benign1,2. 
The most frequent benign PCTs in fetuses and newborns 
are rhabdomyomas, followed by teratomas and fibromas; 
in older children, these are rhabdomyomas and fibromas. 
In adults, myxomas are the most common benign PCTs3-5. 
As for malignant PCTs, sarcomas are the most frequent in 
both children and adults. In adults, secondary malignant CTs 
(metastatic) are more frequent than primary ones, unlike 
in the pediatric population5-8. Characteristics such as CT 
density, number, and location aid the identification of CT 
type (Figure 1, Table 1). Echocardiography is an accessible 
non-invasive test and the most commonly used imaging 
method for the initial evaluation of cardiac masses in routine 
clinical practice. In this scenario, the analysis of CT aspects 
by echocardiography and its association with patient age 

groups and other epidemiological aspects can significantly 
impact the therapeutic approach and clinical evolution of 
these patients. Although rare, CTs should be considered a 
differential diagnosis with other types of cardiac masses such 
as thrombi and vegetations. This pictorial review aimed to 
describe the characteristics of echocardiographic images of the 
main PCT types found in the pediatric population, providing 
tools for its diagnosis.

Benign CTs
Most (90%) pediatric primary CTs (primary site: heart) 

are benign3. In the pediatric population, rhabdomyomas, 
teratomas, and fibromas are the most prevalent PCTs2,3,7. 
Other rarer benign pediatric PCTs are hemangiomas, 
myxomas, and hamartomas2,6. Next we will describe the 
main echocardiographic characteristics of the most frequent 
benign PCTs.

Rhabdomyomas
Rhabdomyomas are the most common benign PCTs 

in children, constituting 45–60% of tumors in this age 
group2,3,7-9. In a review including 27,640 patients with 
PCTs, Beghetti et al. described that rhabdomyomas were 
diagnosed as multiple or single CTs when associated with 
a family history of tuberous sclerosis or the involvement of 
other organs (central nervous system, kidneys, and skin)7,8. 
Rhabdomyomas are homogeneous masses that vary in size. 
They generally present as multiple well-delimited masses 
(in >60% of these patients) or, less commonly, as a 
pedunculated mass in the cardiac cavity (Figures 2A and B; 
Video clip 1). They typically occur at an equal distribution in the 
right and left ventricular (intracavitary) cardiac chambers9,10. 
Rhabdomyomas can also occur in the interventricular 
septum, and they can occasionally be intramural.

Most patients are asymptomatic; however, depending on 
their location, rhabdomyomas can cause arrhythmias (when 
located in the atrioventricular region), heart failure (HF), and 
signs of low cardiac output (ventricular) outflow obstruction10. 
In cases of hemodynamic repercussions, pharmacological 
treatment (rapamycin inhibitor [Everolimus]) or surgical 
treatment may be indicated7,11-13.

These tumors usually occur in the fetal period or during 
the first year of life, as they are hormone-dependent and can 
grow in the fetal period until the 32nd week of pregnancy14. 
The presence of multiple cardiac masses on obstetric 
ultrasonography and/or fetal echocardiography should draw 
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Figure 1 – Pediatric primary cardiac tumor locations. Schematic image of the heart with the most typical locations of where the more common different types of pediatric 
primary cardiac tumors are located. 

Figure 2 – Imaging of rhabdomyomas. Pediatric echocardiogram demonstrating multiple ventricular masses (red arrows) appearing as rhabdomyomas: (A) in the 4-chamber 
subcostal view (Video clip 1) and (B) in the parasternal left ventricle (LV) view by scanning the LV more apically. Note that the (increased) echogenicity of masses differs 
from that of the myocardium of the adjacent ventricular cavities.

attention to the diagnosis of rhabdomyomas. In some cases, 
the masses can be large and obstruct the ventricular outflow 
and/or inlet tracts. In such cases, blood flow obstruction may 
occur, carrying the risk of HF and fetal death. In the postnatal 
period, the tumor masses may shrink or even completely 
regress, especially in early childhood. 

There is a strong association between rhabdomyoma and 
tuberous sclerosis, especially in cases of multiple cardiac 

masses. About 60–80% of patients with rhabdomyomas have 
tuberous sclerosis6,7,15, a genetic syndrome with variable clinical 
presentation, including cognitive deficit, seizures, multiple 
facial angiofibromas, skin patches (hypochromic “coffee 
au lait” spots), multiple retinal hamartomas, and cardiac 
rhabdomyomas, among other features. Rhabdomyoma-type 
CT is most common fetal and neonatal clinical presentation 
of tuberous sclerosis. Therefore, the presence of multiple 

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

Ao, aorta; IVS, interventricular septum; LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle 

Table 1 - Typical characteristics of the most common pediatric primary CTs.

Cardiac Tumor Type Location/Association Echo Features

Rhabdomyoma Ventricular cardiac chambers, interventricular septum
Associated with tuberous sclerosis 

Homogeneous and well-delimited masses, variable in size, multiple 
or less commonly as a pedunculated mass

Fibroma Interventricular septum and the ventricular free wall
Associated with Gorlin syndrome

Heterogeneous and well-delimited large solid mass (single tumor); 
calcification is an important sign

Myxoma Atrial septum, left atrium
Associated with Carney complex

Single mobile, heterogeneous (pedunculated) mass; papillary 
myxomas are smaller with an elongated appearance

Teratoma Pericardium, base of Ao/PA and SVC
Associated with pericardial effusion

Non-homogeneous density, (cystic and multilobulated aspect); large 
mass

Ao, aorta; CTs, cardiac tumors; PA, pulmonary artery; SVC, superior vena cava.



of 9Page 3 << CONTENTS

Bravo-Valenzuela et al.
Pediatric Cardiac Tumors

Arq Bras Cardiol: Imagem cardiovasc. 2022;35(3):eabc302

Special Article

Figure 3 – Fetal rhabdomyoma in a case of tuberous sclerosis. Fetal echocardiogram showing multiple masses (1, 2, 3) in ventricular cavities and interventricular septum 
in a case of rhabdomyoma and tuberous sclerosis. 

Figure 4 – Fibroma. Transthoracic echocardiogram showing the presence of a large (single) homogeneous mass corresponding to a fibroma. The large single mass is 
visible in the LV free wall from the parasternal view by scanning of the LV long (A/ Video clip 2) and short axes (B). The cardiac tumor was removed by cardiac surgery 
and a histopathological examination confirmed the echocardiographic diagnostic hypothesis. 

CTs in fetuses and children should draw attention to the 
diagnosis of rhabdomyoma and its association with tuberous 
sclerosis (Figure 3). The identification of mutations in the 
TSC1 or TSC2 genes is sufficient for the diagnosis of tuberous 
sclerosis, and genetic research should be requested in cases 
of rhabdomyomas16,17.

Fibromas
Although rare, fibromas are the second most common 

benign PCTs in pediatric patients except fetuses and 
neonates2,7. On echocardiography, these CTs usually 
present as a large solid myocardial mass (single tumor mass) 
that is well-delimited, non-contractile, echogenic, and 
heterogeneous within the myocardium (Figure 4, Video 
clip 2). Their central portion may have calcifications that 
are pathognomonic, reflecting a poor blood supply to the 
tumor. Calcification is an important tool that enables the 
differentiation of fibroma from rhabdomyoma within a single 
tumor mass. The most common fibroma locations are the 
interventricular septum and the ventricular free wall, and its 
extension into the ventricular cavity can lead to obstruction 

and HF symptoms. Alternatively, myocardial location can 
lead to arrhythmias3,19.

These tumors do not regress spontaneously and often 
require resection. Surgical excision of CTs is recommended 
and can be subtotal to minimize loss of the myocardial mass. In 
cases of the evolution to myocardial failure or the involvement 
of a large cardiac area with the impossibility of complete tumor 
resection, a heart transplant may be considered.

Patients with multiple basal cell carcinomas should be 
screened for Gorlin syndrome20, an autosomal dominant disease 
caused by a mutation in the PTCH1 gene. Gorlin syndrome is 
characterized by skeletal and developmental abnormalities 
with a tendency for neoplasms such as medulloblastomas, basal 
cell carcinomas, and cardiac fibromas. In such cases, genetic 
counseling is crucial and the diagnosis is made through DNA 
analysis, even from the prenatal period21.

Myxomas
Cardiac myxomas, the most common PCTs in adults, 

usually present at age 30–60 years, most frequently in women. 
However, they are rare in children. Most of these PCTs (60%) 

Ao, aorta; IVS, interventricular septum; LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle. 

Ao, aorta; LA, left atrium; LV, left ventricle; T, tumor (fibroma).
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are located within the left atrium, characteristically originating 
from the middle portion of the atrial septum by a narrow 
pedicle, while 28% originate in the right atrium22.

On echocardiography, myxomas usually present as a 
single mobile and heterogeneous (pedunculated) atrial mass 
(Figures 5A, 5B). Polypoid myxomas are larger with a smooth 
surface and a rough core and include cystic areas due to 
hemorrhage and necrosis. Papillary myxomas tend to be 
smaller and have an elongated appearance with multiple villi. 
Papillary myxomas are associated with embolic phenomena, 
while polypoid myxomas tend to obstruct the blood flow, 
with HF symptoms being the most frequent (Video clip 3). 
Patients with myxomas may present with systemic symptoms 
such as fever, weight loss, night sweats, and arthralgia and 
exhibit laboratory abnormalities such as anemia and elevated 
inflammatory markers.

Cardiac myxomas may be associated with Carney complex, 
a syndrome inherited in an autosomal dominant pattern23. 
Carney complex results in several neuroendocrine tumors and 
cardiac and cutaneous myxomas associated with changes in 
skin pigmentation resulting from mutations in the PRKAR1A 
gene. Myxomas in this syndrome occur at an earlier age and 
tend to recur more frequently24-27.

An atrial myxoma warrants resection due to the risk of 
cardiovascular embolization, complications, and sudden 
death. Surgical resection is associated with low operative 
mortality rates and good outcomes. A small percentage of 
patients (up to 5%), typically those with a family history, 

show smaller tumors or ventricular locations and are at risk 
of recurrence or new myxomas, highlighting the importance 
of periodic follow-up.

Teratomas
Teratomas are PCTs of which 70% of cases occur in 

childhood, more frequently in fetuses and neonates3. The 
main echocardiographic characteristics of teratomas include 
large masses with a non-homogeneous density and a cystic 
and multilobulated aspect, as they contain all germinative 
layers3,28. Their most common location is the pericardium, 
close to the base of the great arteries (adherent to the aorta 
and pulmonary arteries), and the superior vena cava. In some 
cases, extrinsic compression of these vessels can occur3,28. 
These patients may have dyspnea and HF signs. Pericardial 
effusion is generally present and may progress to cardiac 
tamponade, especially in fetuses6,28.

Teratomas are frequently detected on prenatal ultrasound 
or fetal echocardiography with a risk of fetal death of 
extrinsic compression or cardiac tamponade (Figure 6). 
These fetuses may benefit from prenatal intervention3,28,29. 
Teratomas have a good postnatal prognosis after curative 
surgical resection and generally show no recurrence in 
long-term follow-up7,30.

Hemangiomas
Hemangiomas are rare CTs usually located in the right 

Figure 6 – Fetal teratoma. Three-dimensional fetal echocardiogram with power and color Doppler imaging demonstrating a teratoma in a fetus at 32 weeks’ gestation. 
Note the large pericardial mass (A) and pericardial effusion (B). 

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

Figura 5 – Left atrial myxoma. Transthoracic echocardiogram (apical 4-chamber view) demonstrating a large mobile mass (red arrow) in the left atrium with irregular 
contours (A) obstructing the LV inlet tract flow (B; Video clip 3). 

LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.
A B
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atrium and right ventricle. Depending on their location 
and size, they can cause systemic venous congestion, right 
ventricular outflow tract obstruction, elevated right ventricular 
end-diastolic pressure, and irreversible right ventricular 
dysfunction. Electrocardiography can reveal ST-segment 
abnormalities, signs of right ventricular hypertrophy, signs of 
pre-excitation, and arrhythmias. The presence of pericardial 
effusion is prevalent in hemangioma cases31. Remarkably, this 
type of CT has the best prognosis due to the possibility of its 
spontaneous regression32.

Malignant CTs
Malignant tumors account for about 15% of CTs and 

are rather rare in childhood30. They typically show rapid 
growth, local invasion, hemorrhagic pericardial effusion, and 
precordial pain. Among them, the most prevalent are sarcomas 
and rhabdomyosarcomas.

a. Sarcomas
Sarcomas are the most common among malignant 

CTs and typically diagnosed in the mid-4th decade of 
life. Undifferentiated sarcomas appear as broad masses 
on echocardiography, typically in the left atrium (which 
allows differential diagnosis with myxomas), heterogeneous 
echogenicity, and hypoechoic areas, indicating tumor 
necrosis. The most common sarcoma in the heart is 
angiosarcoma. It is often located to the right, particularly the 
right atrium. Echocardiograms show a clearly heterogeneous 
lobulated mass with areas of necrosis and hemorrhage but 
without a pedicle, differentiating it from other tumors. 
Sarcomas tend to show direct involvement with the 
pericardium, resulting in hemorrhagic effusion that may or 
may not cause tamponade.

Angiosarcomas tend to replace the cardiac wall of the right 
atrium and fill the chamber. Depending on their location 
and hemodynamic repercussions, they can show signs 
and symptoms of pericardial precordial pain, obstruction, 
congestion, dyspnea, and fatigue. Unfortunately, metastasis 
to the lung is common at diagnosis and the prognosis 
is restricted, even after surgery, due to recurrence and 
metastasis3,31.

b. Rhabdomyosarcomas
Rhabdomyosarcomas, the second most common malignant 

tumor type, can appear in any cardiac structure without 
location preference. They tend to occupy multiple areas 
and can cause obstructions. They grow quickly, involve the 
pericardium early, and carry a poor prognosis4,31.

Leiomyosarcomas, osteosarcomas, fibrosarcomas, and 
undifferentiated sarcomas are other rare types that have a 
very poor prognosis3,21.

c. Lymphomas
In general, due to cardiac involvement in patients 

with Hodgkin’s and non-Hodgkin’s lymphoma, however. 
Primary cardiac lymphomas show an increased incidence in 
immunocompromised patients, those after transplantation, 
and those infected with HIV. These tumors are most commonly 
diffuse large B cell lymphoma. On echocardiography, they are 
homogeneous and infiltrative, leading to wall thickening and 
hemodynamic restriction, with nodular masses occupying the 
cardiac chambers, mainly the right atrium (Figure 7, Video clip 4). 
The atrioventricular region can be affected, involving the right 
coronary artery and pericardial effusion.

Transesophageal echocardiography is the best imaging 
technique and should be performed to identify tumor type. 
Depending on its location, it can generate symptoms of inlet 
obstruction, leading to vena cava syndrome, HF, and arrhythmias 
such as complete atrioventricular block and embolism.

The diagnosis can be made by pericardial effusion cytology 
or echo-guided biopsy. Cytology is the key to lymphoma 
prognosis, which is usually much better than that of other 
primary CTs, especially if patients are candidates for adequate 
chemotherapy. Radiotherapy is less favorable, while surgical 
resection of the entire tumor is very difficult4,31.

d. Mesothelioma
Mesotheliomas represent half of primary pericardial 

tumors, the other half being benign (teratomas, fibromas, 
and lipomas). Their symptoms include chest pain, cough, 
and palpitations. These tumors form bulky nodules within 
the pericardial cavity, circumventing the heart, mimicking 

Figure 7 – Lymphoma. Two-dimensional echocardiogram showing a large nodular mass (lymphoma) in the RA cavity (red arrow). The features of this mass in an adolescent 
patient infected with the human immunodeficiency virus raised the suspicion of this diagnosis. 

LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle; T, tumor (lymphoma).
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pericarditis, and cardiac tamponade30. Echocardiography 
typically reveals pericardial effusion and a tumor involving 
the heart, but a mild mass may not be seen. The patient 
prognosis is restricted, although surgery and radiotherapy 
can provide palliative benefits.

e. Metastasis
Cardiac metastasis is not uncommon, with an incidence 

of around 0.7–3.5% in the general population that reaches 
7.1% in people with known malignancies3. They can invade 
the heart by hematogenous dissemination, contiguity, or via 
the venous/lymphatic route. Heart metastasis is most common 
in primary breast and lung tumors, esophageal carcinoma, 
malignant lymphoma, leukemia, and malignant melanoma 
(Figure 8). Melanoma is more prone to cardiac metastasis due 
to its hematogenous spread. The pericardium is more seriously 
affected, with an effusion that can even be asymptomatic. 
However, metastasis should be considered in any patient with 
a known malignant disease and new cardiovascular symptoms.

Echocardiography should be performed as an initial diagnostic 
test for the presence of metastatic implants, and it can be 
complemented with other imaging tests. Unfortunately, metastatic 
cardiac disease occurs in patients with already disseminated 
disease, making its prognosis quite poor when identified3,33.

We can currently detect CT, make the diagnosis, and treat 
and follow patients, but in this chain, the missing link is very 
first one: What causes CTs, and why? To answer this question, 
international cooperation is needed, as is the establishment 
of national databases. Is it possible that air pollution plays a 
role? The first such suggestion came from Poland34.

Differential diagnosis
The main differential diagnosis of CTs is thrombi, which occur 

more frequently on the right side of the heart and are related 
to a clinical history of central venous catheter use (Figure 9A) 
or structural heart diseases with dilated cardiomyopathy 
(Figure 9B). Cardiac thrombi generally appear as mural masses 
or pedunculated and mobile intraluminal masses. Unlike CTs, 
they are avascular and do not show increased echogenicity 
on contrast-enhanced echocardiography3,30,35,36.

Left ventricular diverticulum is another differential diagnosis 
characterized by the image of a structure connected to the 
ventricular cavity by a narrow pedicle presenting asynchronous 
contractility with the left ventricular myocardium (Figure 10)3,37.

Other differential diagnoses are pericardial cysts and 
vegetations, the latter being associated with a clinical history of 
fever and, in general, the presence of structural heart disease 
(valvular disease or shunt heart disease with communication 

Figure 8 – Transthoracic echocardiogram showing a secondary cardiac tumor (metastasis) in the aorta in an adult patient. Secondary cardiac tumors are encountered 
more frequently in the adult population than in the pediatric population.

Figure 9 – Cardiac thrombus. Transthoracic echocardiogram showing a thrombus (red arrow): (A) in the right atrium adherent to a catheter and (B) in the LV apical wall. 
The first was identified in a child with a central venous catheter and the latter was identified in an adolescent with myocardial disease. 

Ao, aorta; DAo, descending aorta; T, secondary cardiac tumor (red arrow).

LA, left atrium; LV, left ventricle; RA, right atrium; T, thrombus (red arrow).

A B
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Figure 10 – Ventricular diverticulum. Transthoracic echocardiogram (4-chamber view) of a child with left ventricular diverticulum. Observe the color Doppler on the narrow 
pedicle demonstrating that this structure is communicating with the ventricular cavity. 

Figure 11 – Infective endocarditis in a pediatric patient affecting the anterior cusp of the mitral valve on the atrial side of the valve (Video clip 5). 

D, diverticulum (red arrow); LA, left atrium; LV, left ventricle 

a, anterior cusp; LA, left atrium; LV, left ventricle; M, mitral valve; MR, mitral regurgitation; p, posterior cusp; V, vegetation.

between the left and right sides of the heart) (Figure 11, Video clip 
5)3,30,38. Vegetations generally appear as echogenic masses attached 
to the atrial side of the atrioventricular valves or the ventricular 
side of the semilunar valves. Indeed, important features of 
vegetations on echocardiography are isoechoic to the tissue, move 
independently, and are associated with valvular regurgitation38-40.

Conclusions
Although CTs are rarely encountered in the pediatric 

age group, their early diagnosis can impact the conduct 
and prognosis of these patients. Primary CTs are most 
frequently seen in children, with a high prevalence of a 
benign nature. Echocardiography, the most commonly used 
cardiovascular diagnostic test, provides important tools for 
an initial diagnosis. Knowledge of the echocardiographic 
characteristics of pediatric CTs can enable the identification 
of different CT types and their differential diagnosis with other 
images of masses such as thrombi, contributing to treatment 
optimization (Table 1, Figure 12).
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 Impairment of Right Ventricular Function in Patients with Systemic 
Sclerosis and Interstitial Lung Disease: 
Tissue Doppler Evaluation 
Acometimento da Função Ventricular Direita em Pacientes com Esclerose Sistêmica e Doença Pulmonar 
Intersticial: Avaliação pelo Doppler Tecidual

Ana Clara Tude Rodrigues1 ; Fernando U. Kay1 ; Marina Roque1 ; Thais Emerick Henriques Gripp1 ; 
Derly Becker1; Ana Lucia Arruda1 ; Giovanni Guido Cerri1 ; Percival D. Sampaio-Barros2  
InRad - HC- University of São Paulo1, São Paulo, SP, Brazil. Division of Rheumatology, Hospital das Clínicas HCFMUSP, School of Medicine2, 
University of São Paulo, São Paulo, SP, Brazil.

Abstract

Introduction: Systemic sclerosis (SSc) is an autoimmune tissue connective disease that courses with fibrosis and microvascular 
dysfunction. Involvement of the visceral organs, including the lungs and heart, is the main cause of death among patients 
with SSc. In this context, here we analyzed the relationship between right ventricle (RV) parameters assessed by tissue 
Doppler echocardiography and lung involvement in patients with SSc. 

Methods: Patients fulfilling the 2013 SSc Classification Criteria underwent tissue Doppler echocardiography for the assessment 
of left ventricular (LV) systolic function (ejection fraction) and RV fractional area change (FAC), tissue Doppler s’ (systolic) 
velocity, myocardial performance index, and tricuspid annular plane systolic excursion for the assessment of RV systolic 
function. Pulmonary systolic pressure was estimated using tricuspid regurgitation. Chest high-resolution computed tomography 
was used to evaluate the presence of pulmonary fibrosis. The patients were divided into two subgroups accordingly: Group I, 
patients with pulmonary fibrosis (n=26); and Group II, those without fibrosis (n=17). 

Results: Among the 43 patients with SSc, most were female (86%), and the mean age was 51 ± 12 years. All patients 
had normal systolic ventricular function as evidenced by an LV ejection fraction  > 55% and an RV FAC > 35%. 
No significant intergroup difference was noted in age or disease duration. Except for a decreased tissue Doppler s’ 
velocity in patients with lung fibrosis, all indexes of RV performance were similar. Conclusion: In patients with SSc and 
pulmonary fibrosis, tissue Doppler identified early RV longitudinal myocardial involvement despite preserved RV radial 
systolic performance.

Keywords: Systemic Sclerosis; Tissue Doppler; Pulmonary Fibrosis.

Resumo

Introdução: A esclerose sistêmica (ES) é uma doença autoimune do tecido conjuntivo que cursa com fibrose e disfunção microvascular. O 
envolvimento dos órgãos viscerais, incluindo os pulmões e o coração, é a principal causa de óbito na ES. Nesse contexto, analisamos a relação 
entre os parâmetros ventriculares direitos (VD) pela ecocardiografia com Doppler tecidual e o acometimento pulmonar em pacientes com ES. 

Métodos: Os pacientes que preencheram os Critérios de Classificação da ES de 2013 foram submetidos à ecocardiografia com Doppler tecidual 
para avaliação da função sistólica (fração de ejeção) ventricular esquerda (VE), enquanto a função sistólica do VD foi avaliada por meio da fração 
de variação de área do VD (fractional area change — FAC), velocidade (sistólica) do Doppler tecidual, índice de desempenho miocárdico (IDM) 
e excursão sistólica do plano anular tricúspide (TAPSE). A pressão sistólica pulmonar foi estimada por insuficiência tricúspide. A tomografia 
computadorizada de alta resolução (TCAR) de tórax avaliou a presença de fibrose pulmonar. De acordo com os resultados da TCAR, os pacientes 
foram divididos em 2 subgrupos: Grupo I, incluindo pacientes com fibrose pulmonar (n=26), e Grupo II sem fibrose (n=17). 

Resultados: Entre os 43 pacientes com ES, a maioria era do sexo feminino (86%) com idade de 51±12 anos. Todos os pacientes apresentavam 
função ventricular sistólica normal, avaliada pela FEVE>55% e FAC VD>35%. Não houve diferença significativa em termos de idade ou duração 
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da doença para os grupos. Exceto pela diminuição das velocidades do Doppler tecidual em pacientes com fibrose pulmonar, todos os índices 
de desempenho do VD foram semelhantes. 

Conclusão: Em pacientes com ES e fibrose pulmonar, o Doppler tecidual identifica acometimento miocárdico longitudinal precoce do VD, 
apesar do desempenho sistólico radial preservado do VD.

Palavras-chave: Esclerose Sistêmica; Doppler tecidual; Fibrose Pulmonar.

Introduction
Systemic sclerosis (SSc) is an autoimmune connective 

tissue disease that courses with endothelial dysfunction, 
resulting in diffuse vascular lesions, excessive collagen 
production, and fibrosis of the skin and major organs, 
including the lungs, kidneys, and heart.1 As the pulmonary 
fibrotic and vascular manifestations of SSc, including 
pulmonary hypertension and lung fibrosis, are the leading 
cause of death,2 the early recognition of lung and heart 
involvement are essential for the proper management of 
these patients. Cardiac involvement includes right heart 
dysfunction due to pulmonary hypertension, myocardial 
fibrosis, and pericardial involvement and is usually associated 
with a poor prognosis.3 It is unclear whether involvement of 
the right ventricle (RV) results directly from organ lesion or 
indirectly from lung disease (pulmonary hypertension and 
fibrosis). Thus, the noninvasive estimation of RV function 
with imaging is challenging due to the complex RV geometry. 
As tissue Doppler echocardiography has been adequately 
used to assess RV function and pulmonary pressures, here 
we analyzed the relationship between RV performance and 
lung involvement in patients with SSc.

Methods
Patients: Our population consisted of outpatients older 

than 18 years of both sexes who were diagnosed with 
SSc according to the 2013 Classification Criteria.4 Only 
patients with a normal systolic left ventricular (LV) function 
(LV ejection fraction > 0.55) and preserved RV function 
(as assessed by a fractional area > 35%) were included in the 
study. Patients with suboptimal echocardiography windows 
were excluded. All patients provided written informed 
consent to participate. The study was approved by the local 
institutional ethics committee.

Echocardiography: A comprehensive echocardiography 
examination was performed of all patients by an experienced 
echocardiographer using commercially available equipment 
(Artida, Toshiba, Japan). LV diameters and systolic function 
(Teichholz formula) and mass were measured from 
bidimensional images obtained from the parasternal long-
axis view. Left atrial volumes were obtained on two- and 
four-chamber views using the modified Simpson’s biplane rule. 
Diastolic function was evaluated with transmitral Doppler, with 
the sample volume placed at the tips of the mitral valve on 
the apical four-chamber plane to obtain velocity recordings 
of early (E) and late (A) wave and E wave deceleration time. 
Tissue Doppler velocities were obtained from basal septal 
and lateral mitral annulus to record early (e’) tissue Doppler 

myocardial velocities. Images were obtained at end expiration, 
and the average of three cycles was used in the analysis.

Assessment of RV function: RV performance was evaluated 
using RV fractional area change (FAC) defined as: (end-diastolic 
area − end-systolic area)/end-diastolic area × 100. From the 
apical four-chamber view, endocardial borders of the RV free 
wall and septum were traced to obtain end-diastolic area 
identified as the onset of the electrocardiography R wave from 
a simultaneously recorded electrocardiogram and end systole 
considered the smallest RV cavity size before tricuspid valve 
opening. Tissue Doppler myocardial systolic (s’) velocity was 
obtained from the apical four-chamber view, with the sample 
volume placed at the lateral base of the tricuspid annulus. 
Myocardial performance index (MPI) was obtained from tissue 
Doppler recordings measured from the lateral RV wall and 
calculated as (a − b)/b, where (a) was the interval from the 
end of the late diastolic annular velocity to the onset of the 
early diastolic annular velocity and (b) was measured from 
the onset to the end of the systolic annular velocity. Tricuspid 
annular plane systolic excursion (TAPSE) was acquired by 
the placement of an M-mode cursor through the tricuspid 
annulus and the measurement of the distance of longitudinal 
movement of the annulus during systole. Pulmonary systolic 
pressure was measured from tricuspid regurgitation jet velocity 
and added to the right atrial pressure estimated as the inferior 
vena cava diameter at rest and after respiratory excursion. 
The diagnosis of pulmonary hypertension was considered 
when estimated pulmonary systolic pressure was >36 mmHg 
on Doppler echocardiography.

Chest high-resolution computed tomography (HRCT): 
Chest HRCT was performed within 1 month of the 
echocardiography to assess the presence of lung fibrosis. 
Fibrotic interstitial lung disease was considered present based 
on any of the following findings: reticular opacities, traction 
bronchiectasis, or honeycombing (isolated or in combination). 
According to the chest HRCT results, patients were divided 
into two groups: Group I, SSc patients with pulmonary fibrosis; 
and Group II, SSc patients without pulmonary fibrosis. Studies 
were reviewed to consensus by cardiothoracic radiologists with 
1 (T.G.) and 6 years (F.K.) of experience with HRCT. (Figure 1)

Statistics: Continuous variables are expressed as mean ± 
standard deviation, while categorical variables are expressed 
as percentages. Continuous variables were compared using 
the two-sided Student’s t test, whereas categorical variables 
were tested with the Chi squared or Fisher’s exact test. Values 
of p < 0.05 were considered statistically significant.

Echocardiographic measurements of RV function (FAC, 
TAPSE, IPM, RV s’) were repeated for 15 patients by two 
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readers (ACR and MR) for the assessment of intra- and 
interobserver variability. Variability was calculated as the 
difference between the two observations divided by the mean 
of the observations expressed as percentages.

Results
Among the 51 patients who underwent echocardiography, 

eight were excluded, five of them for not having undergone 
chest HRCT, two for having suboptimal echocardiographic 
images, and one for severe LV dysfunction; thus, the final group 
included 43 patients. Most patients were female (86%), with 
a mean age of 51 ± 12 years and a mean disease duration of 
11.4 ± 8.7 years (median, 9.5 years). The mean LV ejection 
fraction was 0.63 ± 0.04, while the LV mass index was 92 ± 
28 g/m2. Regarding the RV assessment, the measurement of 
pulmonary artery systolic pressure from tricuspid regurgitation 
was feasible in 33 patients, with a mean value of 30 ± 
14 mmHg. Pulmonary hypertension was uncommon in this 
group, with only five patients (15%) having a pulmonary systolic 
pressure > 36 mmHg. The other indices used to assess RV 
performance were normal as observed by TAPSE (22 ± 4 mm) 
and RV s’ wave (12.7 ± 2.7 cm/s). The mean FAC was 47 ± 
7%. The mean tissue Doppler RV MPI for the entire population 
was also within the normal range (0.47 ± 0.10).

Chest HRCT analysis: According to the HRCT results, 
there were 26 patients in Group I (lung fibrosis) and 17 
patients in Group II (no lung fibrosis). There was no significant 
intergroup difference in age or sex, but disease duration was 
longer for patients with pulmonary fibrosis (12.9 ± 10 years 
vs. 8.1 ± 4.9 years, p < 0.03). LV systolic function and mass 
were also similar between groups. Regarding the assessment 
of RV function, except for the significant (p = 0.02) decrease 
in tissue Doppler s’ velocities in patients with pulmonary 
fibrosis on chest CT, all indexes of RV performance were 
similar. (Table 1)

Discussion
As lung fibrosis and pulmonary hypertension are the 

leading causes of death in SSc,5 the 2013 Classification 

Criteria defined visceral involvement as the lung only.4 
The early recognition of lung involvement is essential as more 
than two-thirds of patients will have interstitial abnormalities 
on chest HRCT,6 which is well-established as an accurate and 
noninvasive tool for detecting and characterizing lung fibrosis.7 
The HRCT pattern in SSc patients is generally nonspecific 
interstitial pneumonia, with a greater proportion of ground-
glass opacity and a lower proportion of coarse reticulation.8 
We studied two groups of patients with SSc with HRCT, one 
with lung fibrosis and the other without fibrosis, and showed 
that patients with SSc and lung fibrosis have significant lower 
tissue Doppler s’ velocities than patients without fibrosis. 
A decrease in tissue Doppler velocities in patients with SSc, 
along with an increase in MPI, was already observed in 
association with a worse prognosis,9 allowing the speculation 
that RV dysfunction could be related to RV fibrosis. Our 
findings are new because we showed the association between 
decreased longitudinal RV function and the presence of 
lung fibrosis. RV myocardial fibrosis reportedly occurred 

Tabela 1 - Clinical and echocardiographic variables of patients with 
(Group I) and without (Group II) lung fibrosis.

Group I
(n=26)

Group II
(n=17) p

Age, years 53±11 51±12 NS
Female sex 23 (88%) 16 (94%) NS
Disease duration,  years 12.9±10 8.1±4.9 0,03
LV EF, % 62±2 64±4 NS
LV mass index, g/m2 92±18 89±34 NS
E/e′ septal 11±4 11±3 NS
FAC, % 48±6 45±6 NS
RV s′, cm/s 11.9±1.6 13.5±2.4 0,02
RV MPI 0.48±0.1 0.46±0.1 NS
TAPSE, mm 22.0±3.2 23.3±4.8 NS
PASP, mmHg 32±16 28±12 NS

EF, ejection fraction; FAC, fractional area change; LV, left ventricular; MPI, 
myocardial performance index; PASP, pulmonary artery systolic pressure; RV, 
right ventricular; s′, systolic tissue Doppler wave; TAPSE, tricuspid annular plane 
systolic excursion. Values are shown as mean ± standard deviation or n (%). 

Figure 1 – High-resolution chest computed tomography images of patients with systemic sclerosis showing (A) coronal reconstruction of a normal lung parenchyma; and 
(B) coronal reconstruction of fibrotic interstitial lung disease associated with systemic sclerosis showing reticular opacities, traction bronchiectasis, and honeycombing.
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concomitantly with lung fibrosis in pathological studies, so it 
is conceivable that RV dysfunction (assessed by RV s’ velocity) 
results from RV fibrosis, particularly in this sample with a low 
prevalence of pulmonary hypertension (only five patients). 

We acknowledge that this hypothesis is predominantly 
speculative, as endomyocardial biopsies were not 
performed to correlate histopathological findings with 
imaging techniques; however, these patients had no other 
right heart disease that would fully explain the decrease 
in tissue Doppler velocity. Furthermore, endomyocardial 
biopsy also has some disadvantages: myocardial fibrosis 
can be found in a patchy distribution throughout the 
myocardium, thus limiting biopsy accuracy, apart from 
being invasive and not without risk, in addition to a lack of 
studies with subclinical heart disease. 

Histopathological studies comparing patients with SSc 
and idiopathic pulmonary hypertension showed a similar 
degree of RV myocardial fibrosis but greater inflammation 
in the former.10 Tissue Doppler was able to identify incipient 
RV dysfunction better than other conventional parameters 
of RV performance. Tissue Doppler velocities are reduced 
in cardiomyopathies and have been used for the preclinical 
detection of several diseases. We also found no association 
with TAPSE, mainly due to pulmonary hypertension.11 

The assessment of RV function is critical in these patients, as 
studies analyzing survival among patients with SSc have shown 
worse survival in patients with a high mean right atrial pressure 
and low cardiac index. A study comparing SSc patients with 
a control group using echocardiography with tissue Doppler 
observed a decrease in biventricular systolic and diastolic 
dysfunction; after a 3-year follow-up, the deterioration of 
these indices was also reported.12

The prevalence of PH in SSc is variable and depends 
on the method of detection and the population studied. 
Although cardiac catheterization is considered the gold 
standard for investigating PH, Doppler echocardiography 
is an important screening factor in daily rheumatologic 
practice.13 Using transthoracic Doppler echocardiography, 
the prevalence of PAH is reportedly 13–35%.14 This study 
had a low prevalence of PH, most likely due to the exclusion 

of patients with right and left myocardial dysfunction. 
Additionally, there was no significant difference in the 
presence of PH between subgroups.

Therefore, tissue Doppler s’ velocity could be used 
as a potential predictor of RV dysfunction and possible 
pulmonary fibrosis in patients with SSc. Tissue Doppler 
has the advantage of being less dependent on load than 
usual indexes used to evaluate RV myocardial performance 
and could be used to serially monitor RV performance in 
patients with SSc. The RV s’ velocity represents the integral 
of myocardial shortening velocity from base to apex; 
therefore, it provides information on global rather than 
regional ventricular function.

Limitations: As stated above, the presence of RV myocardial 
fibrosis can only be speculated since endomyocardial biopsies 
were not performed in this population. Moreover, delayed 
enhancement magnetic resonance imaging has been used 
to assess the presence of myocardial fibrosis in the LV,15 so 
additional studies are necessary to identify the pattern and 
presence of RV fibrosis in association with lung fibrosis in 
patients with SSc.

In conclusion, this study showed that tissue Doppler 
systolic velocity may be an early indicator of myocardial 
RV involvement in patients with SSc and pulmonary fibrosis 
and could potentially be used to monitor RV performance 
in this population.
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of Patients with Pulmonary Hypertension
Correlação entre Medidas Ecocardiográficas e Hemodinâmicas na Avaliação do Átrio Direito e Ventrículo 
Direito em Pacientes com Hipertensão Pulmonar
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Abstract

Introduction: Pulmonary hypertension (PH), a serious clinical condition, can lead to right ventricular systolic dysfunction 
(RVSD) with prognostic implications. Patients with suspected PH should undergo transthoracic echocardiography (TTE) for 
diagnosis and evaluation as the main screening and follow-up exam.

Objective: To verify the associations of and agreement between measurements of mean pressure in the right atrium (RA) and 
RVSD with TTE 

Method: Individuals diagnosed with PH were included. All patients underwent TTE and RCC. The following were evaluated 
by TTE: right atrial area (RAA), mean right atrial pressure through the diameter and collapsibility of the inferior vena cava 
(RMAPTTE), RA strain (RAS), tricuspid annular plane systolic excursion, fractional area change, RV free wall strain, and 
tricuspid s’ wave. Mean RA pressure (RMAPRCC) and cardiac index (CI) were evaluated through the RCC.

Results: Of the 16 patients, 13 were female. The mean patient age was 44.4 (±14.9) years. An association was found 
between RMAPRCC and AAD, RMAPTTE, and RAS (r=0.845, r=0.621, and r=-0.523, respectively; p<0.05). There was 
an association between the mortality risk categories measured by the RAA and RMAPRCC measures (X2=10.42; p=0.003), 
with moderate agreement (k=0.44; p=0.012). RVSDJ was present in 10 patients. There was an association between RVSD 
(present or absent) and CI (r=0.522; p=0.04) with moderate agreement (k=0.43; p=0.037).

Conclusion: The TTE and RCC measurements showed an association in the assessment of mean right atrial pressure, especially 
between RAA and RMAPRCC. An association with RVSD and moderate agreement between methods were also noted.

Keywords: Hypertension, Pulmonary, Echocardiography,  Ventricular Dysfunction, Right, Catheterization.

Resumo
Introdução: Hipertensão Pulmonar (HP), uma condição clínica grave, pode levar à disfunção sistólica do ventrículo direto (DSVD), com 
implicações prognósticas. Pacientes com suspeita de HP devem ser submetidos ao ecocardiograma transtorácico (ECOTT) para diagnóstico e 
avaliação, colocando-o como o principal exame de triagem e acompanhamento.

Objetivo: Verificar a associação e a concordância das medidas referentes à pressão média no átrio direito (AD) e à disfunção sistólica do 
ventrículo direto (DSVD) ao (ECOTT) e ao cateterismo de câmaras direitas (CCD) em pacientes com (HP).

Métodos: Foram incluídos indivíduos com diagnóstico de (HP). Todos os pacientes foram submetidos ao ECOTT e CCD. Avaliou-se pelo 
ECOTT: área do átrio direito (AAD), pressão média do átrio direito (AD) através por meio do diâmetro e da colapsabilidade da veia cava inferior 
(PMADECOTT), strain AD (SAD), TAPSE (excursão sistólica do plano anular tricúspide), MAF (mudança da área fracional), SPLVD (strain da parede 
livre do VD) e onda s´ tricuspídea. Pelo CCD avaliaram-se pressão média do (PMADCCD) e índice cardíaco (IC).
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Resultados: Dos 16 pacientes, 13 eram do sexo feminino. A idade média foi de 44,4 anos (±14,9). Constataram-se associação entre 
pressão média do átrio direito PMADCCD com área do átrio direito, PMADECOTT pressão média do átrio direito e SAD strain do átrio 
direito (r=0,845, r=0,621 e r=-0,523, respectivamente; p< 0,05). Verificou-se associação entre as categorias de risco de mortalidade, 
mensuradas pelas medidas AAD da área do átrio direito e pressão média do átrio direito PMADCCD (X2=10,42; p=0,003), com 
concordância moderada (k=0,44; p=0,012). DSVD A disfunção sistólica do ventrículo direto estava presente em dez pacientes. Houve 
associação entre disfunção sistólica do ventrículo direto DSVD (presente ou ausente) e índice cardíaco IC (r=0,522; p=0,04), com 
concordância moderada (k=0,43; p=0,037).

Conclusão: As medidas do ecocardiograma transtorácico (ECOTT) e cateterismo de câmara direita (CCD) demostraram associação na avaliação 
da pressão média do átrio direito com melhor associação entre área do átrio direito AAD e pressão média do átrio direito (PMADCCD). Houve 
associação com concordância moderada quanto à disfunção sistólica do ventrículo direto (DSVD) entre métodos.

Palavras-chave: Hipertensão pulmonar, Ecocardiografia,  Disfunção Ventricular Direita, Cateterismo.

Introduction
Pulmonary hypertension (PH) is a potentially severe clinical 

condition characterized by hemodynamic changes resulting 
from several pathophysiological mechanisms that can lead 
to progressive right ventricular (RV) failure and even death.1

The early detection and accurate disease severity 
classification are essential for diagnosing PH and ensuring that 
patients receive the best treatment.2

All patients with suspected PH should undergo transthoracic 
echocardiography (TTE) to diagnose and evaluate PH 
repercussions as the main screening test.3,4 RV systolic 
pressure and right atrial (RA) mean pressure are estimated 
by TTE. Additionally, right chamber characteristics are 
evaluated, especially regarding PH-related structural and 
functional disorders.2,3,5 TTE measurements have prognostic 
importance in PH patients. Those referring to RV systolic 
function assessment, which can be determined by quantifying 
the tricuspid annular plane systolic excursion (TAPSE), RV 
fractional area changes (FAC), tricuspid annular systolic velocity 
(tricuspid s′), and RV free wall strain (RVFWS) stand out.6 
Adequate RA assessments are highly relevant in the context 
of PH, as mean RA pressure and its dimensional increase are 
prognostic factors for patients with PH,7–9 but the reliability 
and accuracy of noninvasive assessments are limited. RA strain 
(RAS) analysis also has prognostic importance for patients 
with PH.6

PH treatment is linked to an adequate diagnosis, which 
starts after clinical suspicion and echocardiogram compatible 
with the disease, followed by the PH group identification. 
After concluding the diagnosis of pulmonary arterial 
hypertension (group 1), a differential diagnosis is made 
between several causes with a subsequent risk stratification 
(1-year mortality). This stratification considers clinical, imaging, 
and hemodynamic parameters, including RA area (RAA) and 
mean pressure obtained by right chamber catheterization 
(RCC). This assessment is recommended every 3–6 months to 
achieve/maintain a low-risk profile with treatment associated 
with good exercise capacity, good quality of life, good RV 
function, and a low risk of mortality.4

Most patients with PH are referred for RCC to confirm 
the diagnosis and assess its severity, prognosis, and response 
to specific therapies during the disease course. This test 

is considered the gold standard for these assessments.10 

Although safe, RCC is invasive and its generalized use is not 
recommended, as its acquisition and interpretation require 
special attention and expertise.11,12

Thus, this study aimed to verify the accuracy and precision 
of mean pressure parameters in RA and RV dysfunction on 
TTE versus the corresponding measurements obtained by RCC 
in patients with PH.

Methods
The study was developed in accordance with the Regulatory 

Guidelines and Norms for Human Research (resolution 
466/2012 of the National Health Council and Declaration 
of Helsinki) and approved by the local institutional ethics 
committee. All participants signed an informed consent form.

Participants
This study population consisted of patients referred for 

RCC for PH assessment in 2019–2021. The inclusion criteria 
were age over 14 years, being of either sex, and diagnosis of 
PH in groups 1 (pulmonary arterial hypertension, including 
idiopathic disease) and 4 (chronic thromboembolic pulmonary 
hypertension) according to clinical PH classification.13 
The exclusion criteria were significant arrhythmia, severe 
heart failure, inadequate TTE echocardiographic window, and 
incomplete invasive measurements.

Instruments and procedures
The patients initially attended pre-scheduled appointments 

at cardiology outpatient clinics for inclusion criteria screening. 
The included patients were evaluated for demographic 
data collection (age, sex, body mass index [BMI]) and 
clinical and physical examination findings (functional class, 
group, medication use) after signing the informed consent 
form. Subsequently, all patients underwent TEE in the 
echocardiography laboratory and, after 3–4 h, underwent 
RCC in the hemodynamics laboratory.

Transthoracic echocardiography
All patients underwent TEE performed by a single 

experienced echocardiographer using a Philips CX 50 device 
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with a 2.5–3.5 MHz multifrequency transducer. Cardiac 
chamber echocardiographic measurements were performed 
according to the transthoracic echocardiographic examination 
guidelines of the American Society of Echocardiography14 
and the consensus document of the European Society 
of Cardiovascular Imaging and the American Society of 
Echocardiography for left atrial, RV, and RA deformity imaging 
on echocardiography.15

The following hemodynamic measurements were obtained 
and/or calculated by TTE: RV systolic pressure (RVSP; 
in mmHg) calculated by the formula 4 × peak tricuspid 
regurgitation velocity² + estimated mean RA pressure 
(MRAPTTE); and mean pulmonary artery pressure (MPAP; in 
mmHg) calculated by the formula 0.6 × pulmonary artery 
systolic pressure (PASP).

The RAA (in cm2) was measured in the four-chamber apical 
plane at the end of ventricular systole (frame before tricuspid 
valve opening). The RAS and RVFWS were analyzed through 
optimized images obtained in the apical four-chamber plane 
focused on the RV, with a frame rate > 50 Hz with the QRS 
as the reference point. QLAB 13 (Philips) software version 
13.0 (2019) was used for these analyses. The RVFWS was 
calculated as the mean peak systolic deformity of each of the 
three long free wall segments expressed as an absolute value. 
The mean RAS of each atrial wall segment (reservoir function) 
was calculated through the positive peak wave at the end of 
ventricular systole.

The parameters used to analyze RV systolic function 
obtained in the apical four-chamber plane were TAPSE 
obtained by positioning the unidimensional mode cursor 
(M) in the basal region of the lateral tricuspid annulus (VN > 
16 mm); FAC obtained in two-dimensional mode by tracing 
the RV endocardial borders and area in systole and diastole 
and using the formula: FAC=100 (RV area in diastole – RV 
area in systole)/RV area in diastole (VN>34%); tricuspid 
s-wave velocity with the positioning of the tissue Doppler 
volume sample in the basal region of the lateral tricuspid ring 
(VN>9.4 cm/s), and RVFWS previously described (absolute 
VN>19%). When one of the four parameters was changed 
on echocardiography, the diagnosis of RV systolic dysfunction 
(RVSD) was confirmed.

MRAPTEE evaluated through the inferior vena cava was 
estimated by images acquired in the subcostal window. The 
diameter was measured 1–2 cm distant from the junction of 
the inferior vena cava (IVC), with the RA and the diameter 
evaluated at the end of expiration. An IVC diameter < 2.1 cm 
that collapsed > 50% with inspiration received a MRAP value 
of 3 mmHg, while an IVC diameter > 2.1 cm that collapsed 
to < 50% received a value of 15 mmHg. In scenarios in which 
the IVC diameter and collapse did not fit this parameter, an 
intermediate value of 8 mmHg was used.4

Right chamber catheterization
RCC was performed according to the American Heart 

Association guidelines4 using a Philips FD10 fluoroscopy 
device and a TEB SP12 polygraph machine. A JR catheter 
was introduced through the right cubital or right femoral 
vein and advanced under radioscopic guidance through 

the superior vena cava, RA, and tricuspid valve to the 
pulmonary artery (PA).

Systolic pressure, diastolic pressure, and MPAP were 
measured in this position in addition to pulmonary capillary 
pressure, cardiac output (CO), and cardiac index (CI). CO was 
calculated using the indirect Fick method.

As for RCC, the following measurements were extracted 
from the pulmonary systolic pressure (systolic PP, in mmHg) 
and mean systolic pressure (mean PP, in mmHg). RA pressure 
(RAP; in mmHg) and CI (in L/min/m2) were also measured to 
identify patients with ventricular dysfunction (<2.8 L/min/m2) 
and no dysfunction (>2.8 L/min/m2).

Statistical analysis
SPSS software version 25.0 was used for all statistical 

analyses.
Initially, normality and homogeneity were verified using 

the Shapiro-Wilk and Levene tests, respectively.
Categorical variables are presented as absolute (n) and 

relative (%) frequency, while parametric continuous variables 
are presented as mean and standard deviation (SD) or median 
and interquartile range.

Linear regression and the Pearson chi-square test 
were performed for continuous and categorical variables, 
respectively, to verify the association between the TTE and 
RCC measurements. The magnitudes of the correlations were 
analyzed based on Munro’s classification: low (0.26–0.49), 
moderate (0.50–0.69), high (0.70–0.89), and very high 
(0.90–1.00).16 A significance level of 5% was used here.

Bland-Altman and intraclass correlation coefficient (ICC–k) 
analyses were performed after identifying the associations. 
The Bland-Altman analysis brings two important pieces of 
information: (1) the bias, which consists of the difference 
between the measurements and whether this is constant between 
the range of measurements; and (2) the limit of agreement, 
which represents the range of possible errors. Therefore, the bias 
informs the accuracy and the limit of agreement (precision).17 A 
significance level of 5% was considered for all analyses.

Results

Participants
The study included 19 participants referred for RCC, 

with three being excluded due to the unavailability of TEE 
or RCC data.

Of the 16 participants, 13 (81.3%) were women. Patient 
ages were 14–69 years, and only three participants were older 
than 60 years (18.8%). Patient BMI was 13.9–42.30 kg/m2, 
with most participants being within the normal range (n=10 
[62.5%]). Regarding New York Heart Association functional 
classification, 37.5% of the patients were class III and 31.2% 
were class II. Group 1 was predominant (n=13 [81.2%]) with 
the most common etiology being congenital heart disease 
(n=7 [53.8%]), followed by idiopathic (n=4 [30.8%]).

Another finding was that half of the patients took 
specific medications for PH treatment, with 4 (25%) taking 
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two medications, including riociguat, bosentan, sildenafil, 
and ambrisentan.

RV systolic pressure was estimated using the peak velocity 
of tricuspid regurgitation in all patients.

Table 1 presents the participants’ demographic, clinical, 
and physical examination data.

Table 2 presents the echocardiographic measurements of 
the participants’ cardiac chambers and ventricular function.

Table 3 presents the TEE and RCC hemodynamic 
measurement values.

Right atrium
In the linear regression analysis, a positive strong association 

was found between MRAPRCC and RAA; a positive moderate 
association between MRAPRCC and MRAPTEE; and a negative 
moderate association between RAP and RAS (Table 4 and 
Figure 1). However, no agreement was observed between 
measurements (Figure 2).

An association was found between risk categories (1-year 
mortality from PH) measured by MRAPRCC and MRAPTTE 
(X2=10.42; p=0.003), with moderate agreement (k=0.44; 
p=0.012;). (Table 5)

Ventricular dysfunction and cardiac index
RVSD was present in 10 participants (62.5%). A moderate 

association was observed between ventricular dysfunction 
categories (present and absent) measured by TTE and RCC 
(r=0.522; p=0.04), with moderate agreement (k=0.43; 
p=0.037; Table 6). However, no associations were observed 
between categories (with and without dysfunction) identified 
through the CI variable (RCC) for each of the echocardiographic 
criteria analyzed alone (TAPSE, tricuspid annulus s’, FAC, RAS, 
and RVFWS;). (Table 7)

Discussion
The study verified the association between TEE and RCC 

RA and RV morphofunctional assessment values in a group 
of participants with PH.

Table 1 - Patients’ demographic, clinical, and physical examination 
data (N=16).

Data Values
Sex
Women 13 (81.2)
Men 3 (18.8)
Age, years 44.4 (14.9)
BMI, kg/m2 26.5 (7.5)
BMI category
Low weight 1 (6.2)
Normal weight 10 (62.6)
Overweight 1 (6.2)
Grade I obesity 1 (6.2)
Grade II obesity 1 (6.2)
Grade III obesity 2 (12.5)
NYHA functional classification
I 3 (18.8)
II 5 (31.2)
III 6 (37.5)
IV 2 (12.5)
PH group
1 13 (81.2)
Congenic cardiopathy 7 (53.8)
Idiopathic 4 (30.8)
Rheumatologic disease 2 (15.4)
4 3 (18.8)
Chronic PTE 3 (18.8)
Medication use
Yes 8 (50.0)
No 8 (50.0)

BMI, body mass index; NYHA, New York Heart Association; PH, pulmonary 
hypertension; PTE, pulmonary thromboembolism. Data on age and BMI are 
presented as mean and SD; data on sex, BMI category, functional class, 
etiology, and medication use are presented as absolute (n) and relative 
(%) values.

Table 2 – Echocardiographic measurements. 

Variable Values
LA, mm 35.19 (±3.67)
RVOT, mm 35.13 (±7.56)
Basal RV, mm 48.13 (±11.18)
Medium RV, mm 36.81 (±10.34)
Longitudinal RV, mm 78.25 (±8.09)
RV thickness, mm 6.08 (±1.94)
RAA, cm² 23.71 (±9.34)
RVDD, mm 45.38 (±7.03)
RVSD, mm 29.31 (±5.06)
LVEF, % 64.50 (4.50)
TAPSE, mm 1919 (±5.83)
Tricuspid s′, cm/s 10.61 (±2.79)
FAC, % 34.56 (±15.03)
RVFWS, % 19.68 (±8.50)
RAS, % 24.57 (±11.27)

Data are presented as mean ± standard deviation except for LVEF and 
RVFWS, which are presented as median (interquartile range). FAC, fractional 
area change; LA, left atrium; LVDD, left ventricular diastolic diameter; LVEF, 
left ventricular ejection fraction; LVSD, left ventricular systolic diameter; RAA, 
right atrial area; RAS, right atrial strain; RV, right ventricle; RVOT, RV outflow 
tract; RVFWS, right ventricle free wall strain; TAPSE, tricuspid annular plane 
systolic excursion; tricuspid s′, tricuspid annulus s′ wave. 

Table 3 - Hemodynamic TEE and RCC measurements.

Measurement TTE
RVSP, mmHg 59.44 (24.10)
Mean PAP, mmHg 44.21 (20.37)

Measurement RCC
SPAP, mmHg 68.50 (28.71)
MPAP 37.37 (15.37)
MRAPRCC, mmHg 12.69 (8.14)
CI, L/min/m2 3.43 (1.57)

Data are presented as mean (standard deviation). CI, cardiac index; MPAP, 
mean pulmonary artery pressure; MRAPRCC, mean right atrial pressure by 
right chamber catheterization; PAP, pulmonary arterial pressure; RCC, right 
chamber catheterization; RVSP, right ventricular systolic pressure; SPAP, 
systolic pulmonary artery pressure; TTE, transthoracic echocardiography. 
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Tabela 4 – Associação entre PMADCCD e AAD, PMADECOTT e SAD.

Variable R value P value
RAA 0.845 <0.001
RAP 0.621 0.010
RAS -0.523 0.038

MRAPRCC, mean right atrial pressure by right chamber catheterization; 
RAA, right atrial area; MRAPTTE, mean right atrial pressure on transthoracic 
echocardiography; RAP, right atrial pressure; RAS, right atrial strain.

Figure 1 – Association between MRAPRCC, RAA, MRAPTEE, and RAS.

Figure 2 – Bland-Altman plots of MRAPRCC, RAA, MRAPTEE, and RAS values.

The mean RAP measured by RCC (MRAPRCC) was associated 
with RA measurements taken on TEE (RAA, MRAPTTE, and 
RAS). These data corroborate the study findings of Yuko 
Fukuda et al. including a moderate correlation with the sum 
of the three RAS components (reservoir, content, and pump) 
and MRAPRCC (r=0.56, p=0.005). The sum of RAS also 
demonstrated prognostic value in that study.9 However, in 
our study, despite the association, no agreement was noted 
between measurements, probably due to the sample size.

RAA is accurately assessed through two-dimensional 
planimetry only in the apical four-chamber plane, which has 
implications since RA performance is a three-dimensional 
phenomenon. However, when RA measurements were 
evaluated in our study, the RA showed a strong association with 
MRAPRCC. Greater software availability in the future that can 
examine cardiac resonance will provide relevant information 
about this framework in the context of PH.9

MRAPTTE is performed through the respiratory variability of 
the IVC, which has limited accuracy due to being relatively 

subjective. In addition, a certain degree of an RA pressure 
increase may be required before IVC dilation. As this 
measurement is used to calculate pulmonary pressures (PASP 
and MPAP), an inappropriate sum of values may occur. This 
influence depends on PH level, being less important in more 
severe than borderline cases.18 Venkateshvaran et al. showed 
that RA pressure estimated by TEE was falsely increased in 
more than 1/3 of cases, which led to overestimated RVSP 
and MPAP values.20 Thus, the use of the absolute tricuspid 

Table 5 – Association between categories determined by RAA and 
MRAPRCC.

MRAPRCC risk category RAA risk category
Low Moderate High

Low 3 (18.75) 2 (12.50) 0 (0.00)
Moderate 1 (6.25) 3 (18.75) 1 (6.25)
High 0 (0.00) 2 (12.50) 4 (25.0)

Data are presented as absolute and relative frequency. MRAPRCC, mean 
right atrial pressure by right chamber catheterization; RAA, right atrial area.
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Table 6 – Association between ventricular dysfunction categories by 
TEE and RCC measurements.

RCC: presence of CI TTE: presence of CI
Absent Present

Absent 6 (37.5) 5 (31.2)
Present 0 (0.00) 5 (31.2)

Data are presented as absolute and relative frequency. CI, cardiac index; 
RCC, right chamber catheterization; TTE, transthoracic echocardiography.
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regurgitation velocity is recommended in PH assessment as 
recommended by international guidelines.4,19

PH can be classified as carrying a low, intermediate, or 
high risk of clinical worsening or death. Patients judged at low, 
intermediate, or high risk have an estimated 1-year mortality 
of <5%, 5–10%, and >10%, respectively.4 MRAPRCC and TEE 
RAA are used to determine PH prognostic scores.4 This study 
showed a strong association with moderate agreement between 
these measurements at each risk level, showing good accuracy.

Due to its anatomical complexity, the RV is the most difficult 
cardiac chamber to analyze functionally. Cardiac resonance, 
the gold standard for RV morphofunctional analysis, has 
no technical limitations in image acquisition, but its lower 
availability, greater complexity, and higher cost make it 
unfeasible as a method of choice. On the other hand, TEE 
has low cost and high feasibility, making it the most attractive 
method for the initial assessment of global RV function and 
leaving cardiac resonance for selected cases.21,22

RV systolic function can be identified by reduced CI values 
on RCC and RVSD measurements on TEE. We found an 
association between LVSD measurements on TEE and CI on 
RCC with moderate agreement. In this study, CO was calculated 
using the indirect Fick method, which is less accurate than the 
direct Fick method and thermodilution with the Swang Ganz, 
which may explain this result. In addition, RV measurements 

by TEE change early, before an effective CO change on RCC 
occurs, which could corroborate this finding.17,23

No associations were observed between categories (with 
and without dysfunction) assessed through the CI variable 
(RCC) for each of the echocardiographic criteria analyzed 
alone. This result is probably due to the small number of 
patients in our sample.

Study limitations
This study has limitations such as its small sample size. 

However, we consider this a pilot study from which we 
will expand our sample to obtain more robust results. 
Cardiac resonance imaging is not available in our service 
to correlate echocardiographic measurements with the 
gold standard method, but the tests were performed by an 
experienced echocardiographer and patients with inadequate 
windows were excluded. Another limitation was the lack 
of echocardiographic intra- and interobserver variation 
assessments, but the tests were performed by an examiner 
with extensive experience testing patients with PH. Use of 
the indirect Fick method to perform the RCC hemodynamic 
measurements may be another limiting factor, but since the 
high cost of the Swan Ganz catheter limits its routine use, the 
thermodilution method was not used in this study.

Conclusions
TEE and RCC measurements showed an association in the 

assessment of MRAP, especially between RAA and MRAPRCC. 
An association with RVSD and moderate agreement between 
methods were also noted.
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Table 7- Association between ventricular dysfunction variables by 
TTE and RCC.

Variable Presence of 
dysfunction

CI: Presence of dysfunction p valueNo Yes

TAPSE
No 9 (56.2) 2 (12.5)

0.107
Yes 2 (12.5) 3 (18.8)

Tricuspid s′
No 9 (56.2) 2 (12.5)

0.107
Yes 2 (12.5) 3 (18.8)

FAC 
No 7 (43.8) 1 (6.2)

0.120
Yes 4 (25.0) 4 (25.0)

RAS
No 7 (43.8) 1 (6.2)

0.120
Yes 4 (25.0) 4 (25.0)

RVFWS
No 5 (31.2) 1 (6.2)

0.363
Yes 6 (37.5) 4 (25.0)

Data presented as absolute and relative frequency. CI, cardiac index. Other 
abbreviations are as shown in Table 2.
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Abstract
Mitral annulus disjunction (MAD) is an abnormal insertion 

of the flexion line of the mitral annulus into the atrial wall. 
The annulus presents a separation (disjunction) between the 
posterior leaflet–atrial wall junction and the left ventricular 
myocardial crest.1 MAD was first described more than 30 years 
ago in an autopsy study and is reportedly related to mitral valve 
prolapse (MVP) in 92% of cases.2 Since then, several studies 
have been conducted, and reports on the prevalence of MAD 
in patients with MVP have varied. Ultimately, it may or may 
not be associated with mitral regurgitation.

Transthoracic echocardiography is part of initial MVP 
assessment, allowing its diagnosis and the assessment of 
related complications. As new diagnostic methods emerged, 
cardiac magnetic resonance imaging and transesophageal 
echocardiography improved the assessment of this pathology 
in terms of its diagnosis, extension, and location.

However, the phenotypic characteristics of MVP that are 
more closely associated with MAD remain uncertain mainly 
due to the limited number of patients in classic studies on 
the subject.

Patients with MAD may develop symptoms related to 
ventricular arrhythmias, configuring the MAD arrhythmic 
syndrome, which may progress to sudden death.

The literature presents conflicting prognostic data among 
several studies on the subject from clear diagnostic criteria and 
best imaging method to be used to treatment and prognosis. 
This review describes MAD characteristics associated (or not) 
with valve prolapse to improve the diagnosis and management 
of this important pathology.

Mitral annulus disjunction and diagnostic 
imaging modalities

Mitral annulus disjunction (MAD) has been suggested 
as a structural abnormality often associated with mitral 
valve prolapse (MVP) and malignant arrhythmias. To date, 
transthoracic echocardiography (TTE), transesophageal 

echocardiography (TEE), and cardiac magnetic resonance 
imaging (CMRI) have been used to assess MAD. However, 
none of these modalities has been adopted as a standard 
reference for the diagnosis of this entity.3

Mitral annulus disjunction analysis by transthoracic 
echocardiography and transthoracic echocardiography 

MAD can be diagnosed by TTE in the parasternal 
longitudinal view and, less commonly, in the apical four- and 
two-chamber views. MAD distance is usually measured on TTE 
from the junction of the mitral valve and the left atrial wall 
to the base of the left ventricular wall during end-systole and 
in the parasternal long-axis view defined as the longitudinal 
distance of the MAD inferolateral wall. Equivalent CMRI 
projections can also detect MAD presence, extent, and 
location in the systolic phase.4

Although the two-chamber view is rarely analyzed in MAD 
assessments, it seems plausible that it can be clinically identified 
by echocardiographic imaging along the lower left ventricular 
(LV) wall similarly to the way it is identified in the inferolateral 
wall since pathological studies describe MAD at any point 
around the mitral valve annulus. These observations further 
reinforce the importance of a routine assessment of the MAD 
that includes the entire circumference of the valve annulus.

Another important aspect that must be analyzed on TTE 
is the presence of the Pickelhaube sign (Figure 1). This is an 
S wave with a high-velocity systolic peak on mitral annulus 
tissue Doppler (annular systolic velocity > 16 cm/s) that 
may be useful for detecting significant mitral valve annulus 
hypermobility. Although consistent data are still lacking in 
the literature, some studies label it as a risk marker for the 
arrhythmogenic syndrome associated with MAD.5

The study by Tan et al. (2018) analyzed TTE results of 185 
patients with severe mitral regurgitation (MR) due to MVP. 
In this analysis, the researchers classified patients into four 
subtypes based on valve annulus mobility: type 0, no MAD; 
type I, hypermobile basal left ventricular segment without 
MAD; type II, MAD < 5 mm; and type III, MAD > 5 mm. 
In this scenario, 66.5% of patients were classified as type I, 
25.4% as type II, 7.6% as type 0, and only 0.5% as type III.6 
However, these findings may be underestimated due to the 
greater accuracy of CMRI at detecting MAD, especially when 
close to 2 mm.4

LV ejection fraction (LVEF) should be cautiously measured 
during TTE using the Simpson method as the disjunction region 
does not include myocardium and should be excluded from 
the analysis. Thus, although some case series demonstrate 
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Figure 1 – Images A and C demonstrate the presence of MAD associated with mitral regurgitation. B. Pickelhaube sign. 

a decreased LVEF in these patients, this may actually be 
due to miscalculation. In these cases, it is also important to 
consider that a decreased LVEF may be more closely related 
to concomitant MR.3

In clinical practice, TEE is requested mainly in patients with 
inconclusive or technically difficult TTE to better define mitral 
valve anatomy before surgery. However, it is not routinely used 
to assess MAD due to its semi-invasive nature.7

Mitral annulus disjunction analysis by cardiac magnetic 
resonance imaging 

The ability to visualize the valve annulus and its disjunction 
varies between different imaging techniques. CMRI can 
distinguish adjacent structures and characterize myocardial 
tissue, detecting a minimal disjunction of up to 01 mm from 
the posterior mitral valve annulus of the left ventricle (LV) wall 
(Figure 2). In addition, it can accurately identify the presence 
of myocardial fibrosis in the posterior region of the papillary 
muscle and in the inferior basal segment of the LV by late 
gadolinium enhancement.4

Dejgaard et al. studied patients with MAD by CMRI and 
found that gadolinium enhancement in the papillary muscle 
and the longitudinal MAD distance in the inferolateral wall 
were predictive of the presence of ventricular arrhythmia. 
Furthermore, the study reported that late gadolinium 
enhancement in the anterolateral papillary muscle was strongly 
associated with a severe arrhythmic event.3

Comparison of echocardiography and resonance analysis 
of Mitral annulus disjunction

Mantegazza et al. studied 130 patients with MVP and MAD 
to analyze the agreement between the findings documented 
by the three imaging modalities (TTE, TEE, and CMRI). Their 
study established a disjunction ≥ 2 mm detected by CMRI 
as MAD. In this scenario, 88.7% of patients diagnosed with 
MAD by CMRI were also diagnosed by TTE and 94.7% were 
also diagnosed by TEE. TTE and TEE accuracy improved to 
97.0% and 96.5%% assuming a cutoff value for MAD length 
by CMRI ≥ 6 mm and ≥ 4 mm, respectively.4

The lower MAD detection rate by TTE can be justified by 

different mechanisms such as inadequate acoustic window, shading 
or reverberations caused by posterior calcification of the mitral 
valve annulus, and lower spatial resolution compared to CMRI.7

Large-scale studies showed that small disjunctions (< 4 
mm) can cause malignant ventricular events; thus, CMRI may 
be a desirable test that can better identify the presence of 
MAD and MVP with high arrhythmogenic risk.8

MAD myocardial deformation analysis via different methods
MAD may be associated with different left ventricular 

myocardial deformation due to reduced cardiac muscle in 
the disjunction segment, such as in the inferolateral basal 
segment (Figure 3). Accordingly, Wang et al. (2021) analyzed 
global, radial, and circumferential longitudinal strain using TTE 
and CMRI in 63 patients divided into three groups of equal 
numbers of participants (group I, patients with MAD and MVP; 
group II, patients with MVP only; and group III, patients with 
no structural cardiac changes).8

A strain analysis by CMRI showed that patients with MAD 
and MVP have statistically lower values in the basal segments, 
especially in the inferolateral segment in circumferential and 
radial strain analyses. Although not statistically significant, there 
was a similar trend of a lower magnitude in the basal segments 
by longitudinal strain in the group of patients with MAD and 
MVP compared to the other groups (Figure 4). The CMRI global 
circumferential strain cutoff point was -18.0%, with a sensitivity 
of 76% and specificity of 76% for identifying MAD (area under 
the curve, 0.75). These observations on myocardial deformation 
by CMRI in patients with MVP and MAD can be explained by 
the disjunction segments being dragged in the longitudinal and 
apical direction by the rest of the myocardium during systole, 
although with less vigorous deformation and contraction in the 
circumferential or radial direction.9

Literature findings show that patients with MAD present 
unique strain patterns compared to those with MVP but 
without MAD, especially in the basal segments.8 In addition, 
CMRI may be better able than TTE to assess LV characteristics 
associated with MAD.9 Longitudinal, circumferential, and 
radial strain values by TTE were lower in patients with MAD 
in both studies; however, the differences were not statistically 

AO, aorta; LA, left atrium; LV, left ventricle; MR, mitral regurgitation; RV, right ventricle. Images cordially provided by Hospital São Rafael - BA.
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Figure 2 – CMRI image showing a MAD measuring 6.65 mm during ventricular systole (red marks). 

Figure 4 – Global longitudinal strain (GLS) in a patient with mitral annulus disjunction. This example shows regional impairment (basal septum) with a preserved GLS.

Figure 3 – Cardiac magnetic resonance image of a patient with mitral annulus disjunction. A. Late enhancement showing fibrosis in the anterolateral papillary muscle. 
B. Late enhancement showing fibrosis in the inferolateral wall.

significant. Future prospective imaging studies with larger 
cohorts are necessary to confirm these findings and further 
assess the usefulness of the strain technique by TTE and CMRI 
in patients with MAD.

MAD in the normal heart
MAD anatomical findings have received increasing 

focus in recent studies. Complementary imaging methods 

play a fundamental role in better characterizing the mitral 
annulus in the diagnosis of MAD.10 However, controversy 
persists about the prevalence of MAD in healthy people, 
as it remains unclear whether the anatomical diagnosis 
alone has a prognostic relationship regardless of MVP and 
associated valve regurgitation. Further prospective studies 
are necessary to better understand the role of MAD in 
normal hearts.

AO, aorta; LA, left atrium; LV, left ventricle.

Images cordially provided by Hospital São Rafael – BA.
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Tricuspid annulus disjunction 
Tricuspid annulus disjunction (TAD) involves separation 

between the tricuspid valve annulus and the basal myocardium 
of the right ventricle (RV) at the end of systole. It can be 
associated with tricuspid valve prolapse (TVP) and MVP and 
has a high correlation with MAD, being present in 50% of 
cases. This strong correlation can be explained by the presence 
of fibrous annulus disease in this group of patients.11,12

Aebal et al. evaluated the right side of the heart in 84 
patients previously diagnosed with MAD and reported the 
presence of TAD in 42 of them. In that study, TAD was defined 
by CMRI as a longitudinal distance greater than 1 mm between 
the tricuspid leaflet and the basal segment of the free wall of 
the RV both in the lateral (four-chamber window) and in the 
inferior region of the free wall of the RV (inlet and outlet).

There was a strong association between the presence of 
bi-annulus disjunction and older age, greater MAD distance, 
circumferential mitral disjunction, and MVP. However, there was 
no association with cardiac arrhythmias, which may be a selection 
bias, showing the need for more studies to evaluate TVP and TAD.11

Clinical implications
The clinical course of MAD remains a controversial topic 

that has generated more studies due to its association with 
arrhythmias and sudden death in the presence or absence of 
MVP, which is called MAD arrhythmic syndrome and includes 
the signs and symptoms of arrhythmias present in patients with 
MAD. Palpitations is the most common clinical presentation, 
but pre-syncope, syncope, and documented ventricular 
arrhythmias are also included.3

MAD can be detected both in patients with MVP and 
in those without structural changes on echocardiography. 
However, MAD is more frequently encountered in patients 
with TVP. Retrospective studies reported a MAD prevalence 
of 16–71% in patients with MVP.13

Several factors may be associated with a higher MAD 
frequency in patients with MVP. Putnam et al. retrospectively 
investigated 90 patients with severe MVP and MR who 
underwent preoperative computed tomography. MAD was 
detected in 20% of these patients, being most often associated 
with female sex, smaller mitral annulus size, and greater 
posterior leaflet length.14

The presence of MAD in patients with MVP is also related 
to an increased risk of arrhythmias and sudden death. One of 
the mechanisms studied is that greater leaflet mobility leads 
to mechanical stress in the inferolateral wall and papillary 
muscles of the LV, resulting in hypertrophy and subsequent 
myocardial fibrosis.2

 A previous study by Perazollo et al. reported a significant 
correlation between longer MAD and the presence of late 
enhancement on CMRI in patients with MVP (R = 0.61, p 
< 0.001). An anatomopathological analysis of sudden death 
cases showed a longer MAD in 50 cases with MVP and 
myocardial fibrosis and in 20 cases without MVP.15

MAD extension is significantly related to the presence 
of non-sustained ventricular tachycardia, with an extension 
greater than 8.5 mm being a predictor.5

Dejgaard et al.³ studied 116 patients with MAD diagnosed 
by echocardiography and CMRI. Palpitations were the most 
common symptom (71% of cases), and severe ventricular 
arrhythmias were detected in 12% of cases. Cases of 
arrhythmias were more common in younger patients with 
a lower LVEF and higher frequency of papillary muscle 
fibrosis.  Greater MAD extension in the inferolateral wall 
by CMRI was an independent risk factor for ventricular 
arrhythmias. MVP was detected in 78% of these patients, 
but there was no association with ventricular arrhythmias, 
suggesting that MAD is related to symptoms and arrhythmias 
regardless of MVP status.3

The presence of MR and MVP should increase the degree 
of suspicion of the possibility of associated MAD. However, it 
can also be present alone, especially in the young population 
with unexplained ventricular extrasystole.

CMRI may be useful in risk stratification for detecting 
papillary muscle fibrosis and measuring longitudinal MAD 
distance in the inferolateral wall.16,17 However, the clinical 
course of MAD remains a controversial topic still in the 
knowledge construction phase.

Predictive factors in surgical repair
Surgical repair in patients with MVP and MR is already a 

well-established procedure in clinical practice with proven 
safety and efficacy. However, the increasing ability to diagnose 
MAD has raised questions about its surgical prognosis and 
immediate and late results. The real effects of changed lateral 
mitral annulus dynamics on the subvalvular apparatus in these 
situations and its influence on final mitral repair result remains 
uncertain. Thus, better understanding is important to enable 
surgical planning.

MAD is usually related to MVP with the phenotypic 
expression of severe diffuse myxomatous disease, profound 
annular dynamics changes, and excessive annulus dilation at 
the end of systole, which may reduce the coaptation of its 
leaflets and be associated with severe MR. However, MAD 
does not impair valve repair viability and quality, requiring 
careful suturing of the annulus to the LV so that residual 
MAD does not persist after repair. Thus, MAD must be 
diagnosed in the preoperative evaluation and the condition 
shared with the surgeon and heart team of patients with 
MVP and severe MR.18

A recent study analyzed patients with MVP associated 
with severe MR eligible for mitral valve repair. The surgical 
outcome was studied in patients with MAD associated or 
not with MVP, and the groups were compared for surgical 
success. MAD was observed in approximately 40% of patients 
with MVP, with involvement of the two cusps being the most 
frequent type and invariable involvement of the P2 segment. 
Mitral repair was performed in 60 patients (98%), and leaflet 
resection was required more frequently in patients with versus 
without MAD. There was no intergroup difference in cord 
implantation, presence or absence of residual MR, or time 
of aortic clamping. The factors with statistically significant 
differences that influenced the surgical outcomes of patients 
with or without MAD were intercommissural diameter, leaflet 
area, and prolapse volume.18
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After almost two decades of studies and debates, 
the annulus in MR correction is used at the surgeon’s 
discretion. However, large series in centers of excellence 
demonstrated the effectiveness of the annulus in 
preventing late MR recurrence. DiBardino et al. and 
Gillinov et al. confirmed the significant advantage of 
ring annuloplasty over ringless mitral repair in terms of 
reconstruction durability.19,20

A rigid saddle-shaped mitral annulus ring has been widely 
recognized as able to prevent MR recurrence in cases of 
MVP.21 In fact ringless repair is an independent risk factor for 
postoperative MR recurrence.22

Jensen et al. showed that saddle-shaped rigid ring 
annuloplasty can uniformly distribute tension forces compared 
to flexible rings and can maintain the medial alignment of the 
papillary muscles, improving leaflet coaptation and presenting 
greater repair durability.23–25

To date, consensus is lacking on the effectiveness of surgical 
repair in the presence of MAD, only reports that the use of 
rigid saddle-shaped rings by experienced surgeons would 
theoretically increase life expectancy.9

Final considerations
MAD is frequently associated with MVP, and its diagnosis is 

based on multimodal cardiovascular imaging. Echocardiography 
and CMRI play a complementary role in diagnostic assessments 
and prognostic characterization. Although the clinical course can 
vary, part of the growing importance of this diagnosis stems from the 
possible association with ventricular arrhythmias and sudden death.
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Abstract
The need to examine the heart using a three-dimensional 

(3D) tool is not new. This complex and dynamic organ has 
always required 3D and real-time understanding. Without 
this feature, the examiner has to transform two-dimensional 
images to understand its volume, which requires complex 
knowledge and approximation interactions. Echocardiography 
was invented three decades ago, and its improvements resulted 
in commercial products at the beginning of the century. Some 
studies demonstrate 3D equivalence with gains in handling 
the necessary time. We use triplane modalities in our routine, 
with time gain and less stress on the examiner’s upper limb. 
Thus, 3D examinations can answer more complex questions 
and provide a more geometric approach to contraction, with 
thickening being analyzed in the background.

Three-dimensional imaging needs
The first machine capable of presenting three-dimensional 

(3D) ultrasound images was described1 in the 1990s. With the 
technology available at that time, it produced low-definition 
images, but it was able to provide valuable volumetric 
information. A long path has been traced toward image 
enhancement, evolving with transducers with numerous 
crystals and a high processing capacity. However, the greatest 
difficulty remained, the need to penetrate between the ribs 
and reduce the possibility of transducer lens expansion. 
According to specialists,2 after nearly 20 years of development, 
the technology was ready for use. However, the high cost of 
3D cardiac examination machines remains an obstacle to the 
expansion of their use in small- and medium-sized services. 
A complete device with a 3D heart probe can cost up to four 
times that of a machine without 3D capabilities but with all 
current technologies embedded.

A relevant aspect in Brazil is the lack of reimbursement for 
3D echocardiography, making the acquisition of the machine 
a complex step to justifying the investment. In our opinion, 
the use of 3D stress echocardiography may justify the higher 
outlay with increased productivity.

Stress echocardiography: A proven and 
widespread methodology

The most recent stress echocardiography guidelines show 
a safe and sensitive method of diagnosing several pathologies 
that can be observed in addition to the rest test.3 The main 
mode indicated for investigating induced myocardial ischemia 
is the one with an exercise bicycle or treadmill, which is 
justified for use in valve and structural pathologies as well as 
in diastolic dysfunction analyses. The use of stress medication 
is limited to patients who cannot exercise and specific aortic 
stenosis and feasibility research cases despite the possibility 
of also evaluating exercise feasibility.4

We recommend a complete rest test first. However, the 
stress test should focus on changes in parameters relevant to 
its completion.

In our services, we use a horizontal exercise bicycle to 
produce effort with access to all exercise images and phases, 
following the Balke protocol for increasing loads (Table 1).

We have used the above mode to examine a wide range 
of pathologies5 far beyond coronary artery disease6 and based 
on extensive literature, mostly on the use of two-dimensional 
(2D) images and Doppler.

3D echocardiography in stress 
echocardiography

The use of real-time 3D images in stress echocardiography 
seems natural and can greatly expand our understanding of 
ischemic phenomena and ventricular geometry changes.

Peteiro was one of the first echocardiographers to compare 
3D and 2D imaging for exercise-induced ischemia7, as was Yang8, 
who used the dobutamine protocol. Sensitivity and specificity 
were comparable during effort, with 3D being slightly worse 
for ease of execution. Dobutamine had a significantly reduced 
image acquisition time with comparable sensitivity and specificity.

The advantages of 3D imaging include a sequence of better 
ventricular apex visualization, rapid peak image acquisition 
before heart rate decline, and evaluation of multiple segments 
from a single position in the apical view.9

Table 1 - Exercise images and phases.

Rest 4-chamber 2-chamber Apical long
Low load 4-chamber 2 chambers Apical long
Peak 4-chamber 2-chamber Apical long
Recovery 4-chamber 2-chamber Apical long

https://orcid.org/0000-0001-6737-4187
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Figure 1 – Three simultaneous planes obtained only in the apical four-chamber view.

4C: four chambers; 2C: two chambers; LV: apical long axis view.

These advantages are more evident when using new 
devices with higher frame rates and quick access buttons 
for programmable functions.10 Learning and understanding 
3D imaging requires targeted training and is unnatural for 
echocardiographers trained only in 2D imaging.

Badano et al.11 analyzed 44 patients undergoing angiography 
and reported that 3D had sensitivity and specificity comparable 
to 2D in devices with higher frame rates and was better to 
analyze apical changes in the anterior descending territory. 
The group considers 3D echocardiography equivalent to 
2D with advantages in some relevant aspects, making 3D 
echocardiography appropriate for different applications.

Routine use
We have been using 3D devices in stress echocardiography 

for just over 2 years, initially in a public university hospital 
and later in a supplementary medicine laboratory. The first 
advantage of this is the triplane method with three simultaneous 
planes, which provides apical long-axis and apical four- and 
two-chamber views. When we obtain a good four-chamber 
window, this setting automatically shows the other windows 
with a good frame rate, normally above 30 frames per second 
and commonly reaching 60 frames per second. Acquiring just 
one window to look at all windows reduces the time to acquire 
the clip by one-third. Performing the tests during the Balke 
protocol allows image capture at any time during exercise or 
after interruption, with repeated effort for the left upper limb, 
which is spared by performing only the four-chamber sections 
without rotation to obtain the two following sections (Figure 1).

A test routine that could involve up to 12 tests per period 
uses limb tension equivalent to four tests with 2D and the 
necessary transducer rotations.

The high frame rate and speed to obtain the complete 
frame have made this approach the favorite in our stress 
echocardiography service, where we have already performed 
more than 3,000 tests since arrival of the 3D machine. All 
tests start with the triplane mode and all images used in the 
analysis were in triplane format.

This mode is also easier for beginners, as rotating the 
transducer to obtain the three necessary planes can be 
challenging. We noticed the superior performance of the 
residents when using the triplane method, especially for 
obtaining the long-axis view, which requires greater transducer 
rotation and loss of the ideal spot for fast imaging that the 
test requires.

Real-time 3D use
The triplane mode has some advantages, but it remains 

a 2D demonstration of the cardiac chambers and does not 
replace the volumetric view. After decades of technological 
evolution, 3D images offer a reasonable frame rate with good 
image resolution. This frame rate can be significantly improved 
using device settings, ranging from 12 to 24 volumes per 
second with common settings such as depth and width but 
also decreasing or removing multi-beat analysis and gaining 
control and volume (Figure 2).

Adaptation to 3D analysis was facilitated in our stress 
echocardiography service, which maintains a geometric 
assessment of contraction and placing geometry variation as 
the first stress analysis. Thickening is in the second plane and 
mostly used when geometric variations are found. Using this 
protocol, the dependence on a high frame rate is much lower, 
being similar to other imaging methods that also work with 
low frame rates such as cardiac resonance.

The analysis of the entire heart is facilitated with 3D and 
provides, even for professionals non-initiated in the method, 
the understanding that ventricular deformation occurred in 
the stress condition. The disadvantage is the need to acquire 
apical long-axis and four- and two-chamber images as each 
slice presents a volume range.

We performed a volume analysis faithful to the ventricle’s 
geometry that ignored the fast frame rate of the triplane mode.

We should make choices during the test, always starting 
with the triplane mode. Normal ventricles at rest are 
completely evaluated using this method. Abnormal ventricles 
may require 3D technology to ensure more accurate diagnosis. 

LV
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Figure 2 – Comparable ventricular volumes in the dynamic examination.

4C: four chambers; 2C: two chambers.

The analysis alternates between the two modalities, takes 
only seconds, and can be performed during exercise without 
difficulty. We also capture 3D for training purposes and to 
enable more complete interpretation of the images, but we 
use the triplane mode for the indispensable test basis.

Conclusion
Our extensive experience recommends the use of a 3D 

device to perform stress echocardiography using the triplane 
mode and real-time 3D.

Reimbursement difficulties are overcome by greater 
productivity and examiner comfort. However, this scenario 
is favorable for high-volume services performing above 200 
tests monthly.

We believe that technological improvements will still 

reduce the cost of the machine to the point of being accessible 
to stress echocardiography services of any size.
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Abstract 
Here we describe a case of a 19-year-old asymptomatic 

man with a left ventricular fibroma on follow-up for 15 years 
with no treatment required. 

Introduction
Cardiac fibroma, first described in 1855, is a benign 

tumor mainly affecting the left ventricular (LV) free wall that 
occasionally extends to the interventricular septum. Affected 
children may be afflicted by significant arrhythmias, creating 
a sudden death risk requiring prompt surgical treatment.1 An 
asymptomatic presentation as well as first manifestation in 
adults is unusual and follow-up has not been well reported. 
Here we present the case of an untreated asymptomatic adult 
who was followed up for 15 years. 

Case report
An enlarged heart was incidentally detected on the chest 

radiograph of a 4-year-old child with respiratory complaints 
(Figure 1A). Cardiac examination findings were normal. A 
12-lead electrocardiogram (EKG) disclosed LV hypertrophy 
and inverted T waves in the anterior leads (Figure 1B). 
A 4.1 × 3.7 cm round mass was documented by two-
dimensional echocardiography in the apical-lateral LV wall 
with unobstructed flow (Figure 2A). Twenty-four-hour Holter 
monitoring revealed one 7-beat episode of non-sustained 
ventricular tachycardia. On cardiac magnetic resonance 
(CMR), a 4.7 × 4.2 cm well demarcated mass was found in 
the lateral-inferior LV wall with late gadolinium enhancement 
consistent with cardiac fibroma (Figures 2B, 2C). Despite the 
brief tachycardia episode, surgery was not recommended. For 
14 years, the uneventful follow-up was marked by irregular 
hospital visits every 1–2 years due to personal reasons 
including long distance to travel, but telephone consultations 

were frequently performed. Currently, as an asymptomatic 
19-year-old with normal cardiac examination findings, he 
leads a normal life including moderate physical exercise and 
is taking no medication. 

Recent chest radiography (Figure 1C), EKG (Figure 1D), 
and echocardiography (Figure 2D) findings were similar to 
those obtained 15 years prior. Holter monitoring findings were 
normal and arrhythmias were not triggered by a recent exercise 
test. Sequential CMR showed small growth of the lesion 
(dimensions: 5.0 × 4.3 cm), which remained stable for the 
last 9 years (Figures 2E, 2F). Steady-state free precession (SSFP) 
cine images in systolic (Figures 3A, 3C) and diastolic (Figures 
3B, 3D) phases on CMR showed no significant repercussions 
in left ventricular function at 5 and 19 years of age. The case 
has been recently discussed and no consensus was reached 
regarding surgery. According to patient and family desire, 
regular 6-month follow-ups were offered after a detailed 
explanation about the risks and benefits of such an approach.

Discussion
Cardiac fibroma, an unencapsulated tumor composed of 

fibroblasts and connective tissue, is rarely found in adults and 
usually diagnosed by echocardiography. After the detection of 
such a mass on echocardiography, the differential diagnosis 
includes other benign cardiac tumors (especially lipoma and 
hemangioma).2 Computed tomography and CMR may define 
lesion extension and tissue characteristics, thereby improving 
diagnostic accuracy and treatment planning as in other 
tumors.3 In this scenario, CMR has an important role due to 
its unique capability to provide an advanced myocardial tissue 
characterization mainly through late gadolinium enhancement 
sequences, which allows the detection of fibrotic tissue, the 
main component of cardiac fibroma.4 Its clinical presentation 
in children may include syncope, dyspnea, chest pain, 
episodes of ventricular tachycardia, and, more rarely, cardiac 
arrest. In this setting, agreement exists regarding complete 
surgical resection, which, whenever accomplished, is curative 
with excellent early and late results.5 However, opinions 
diverge in cases of the asymptomatic child in whom the risk 
of sudden death is used to justify a preventable surgical policy, 
although fatal arrhythmia appears to occur more frequently 
in the first few years of life. 

In 29 recently reported cases, eight patients experienced 
cardiac arrest in the first three years of life, seven within the 
first year.6 In this remarkable retrospective investigation, an 
interdigitating and entrapped myocardium was uniformly 
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Figure 1 – Chest radiographs taken at 4 (A) and 19 (C) years of age. Electrocardiogram taken at 4 (B) and 19 (D) years of age.

Figure 2 – Echocardiogram at 4 (A) and 19 (D) years of age (LV, left ventricle; Tu, tumor). Cardiac magnetic resonance imaging late gadolinium enhancement at 4 (B) 
and (E) and 19 (C) and (F) years of age. (B) and (C) Four-chamber view characteristic hyperintense signal (arrow); (E) and (F) Two-chamber view quantitative analysis of 
myocardial fibrosis using the full-width half-maximum method showing the hyper-enhanced tumor (star) without areas of fibrosis mixed with normal myocardium (gray zone).

Figure 3 – Relationship of cardiac fibroma with left ventricular contractility. Steady-state free precession cine magnetic resonance images in systolic (A and C) and 
diastolic (B and D) phases. (A) and (B) Four-chamber view. (C) and (D) Two-chamber view. White arrows: cardiac fibroma – note the isotense signal of the tumor related 
to myocardium in these sequences.
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present to various extents within the tumor in at least 80% 
of cases and presented three interesting features: they were 
more extensive at a younger age at the time of surgery, were 
of moderate or marked extension in the majority of patients 
with cardiac arrest, and tended to gradually disappear with 
age. This peculiar histologic aspect is similar to the one found 
in peri-infarct zones and is very likely the arrhythmia substrate 
since complete surgical resection eliminated the arrhythmia 
in these cases.

Management of the adult with a cardiac fibroma is 
debatable. Although surgery is not without risk and ventricular 
reconstruction might be difficult, 38 patients over 16 years 
of age were reported by 2011; surgery was performed in 
34 of them, including four who were asymptomatic.7 The 
case presented here, as well as other non-operated patients 
without8 or with routine9 follow-up, should not be used to 
recommend a conservative approach for the asymptomatic 
adult. The consensually obtained recommendation against 
surgery when the patient was 4 years old was not uniform 
when he was 19 years old, including a detailed debate in 
an international panel. The possible risks and benefits of the 
clinical or surgical management that emerged from these 
discussions were presented to the patient and his family, 
who opted for clinical management considering the patient’s 
well-being and strong religious belief. It is interesting to note 
that the recently described myocardial tongues/entrapment 
characteristics6, which tend to disappear with age, suggest 
that the asymptomatic adult probably has a low risk of 

arrhythmia; thus, surgery can be avoided. The CMR tumor 
signal homogeneity demonstrated here, suggestive of a low 
mixture of normal and pathological tissue, is very likely 
responsible for the electrical stability noted in our patient. 
Could this gray zone10 absence be considered an expression 
of scarce interdigitating/entrapped myocardium and be used 
to decide its appropriate management? Which degree of this 
myocardium abnormality would identify a high-risk patient? 
There are currently no answers for these questions which 
could eventually be achieved using a specific registry of a good 
number of patients adequately followed up, however difficult. 
In the meantime, common sense and shared decision-making 
with the patient and family seems the best policy.
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Abstract 
Native valve bacterial endocarditis is an uncommon, 

complex, and highly morbid disease that requires prolonged 
clinical treatment and challenging surgical interventions. 
Transthoracic and transesophageal echocardiography are 
paramount assessment tools whose findings are included in 
the diagnostic criteria. Three-dimensional echocardiography 
shows further realistic imaging details.

Here we present a case demonstrating the role of 
echocardiography in the diagnosis of endocarditis and the 
identification of its complications to show how advanced 
imaging techniques may have a remarkable resemblance with 
in vivo surgical findings. 

Introduction
A 60-year-old woman presented to the emergency 

department with important lumbar pain, malaise, loss of 
appetite, and nausea. She reported a progressive weight 
loss of more than 20 kg over the previous couple of months. 
She was an obese and fully functional woman. The patient 
had a Guillain-Barré syndrome episode complicated 
by deep venous thrombosis some years prior with no 
clinically relevant sequelae. She was undergoing testing for 
normocytic and normochromic anemia on an ambulatory 
basis. She had no previous cardiovascular conditions and 
no specific family history. 

Her vital signs were unremarkable. A physical examination 
showed normal neurologic status with pale and hydrated 
mucosae. The cardiac findings were a 3/6 rough systolic 
murmur in the aortic and mitral areas and a 3/6 aspiration 
diastolic murmur in the aortic area. This finding led to careful 

examination of the skin and extremities: her peripheral 
pulses were of increased amplitude and duration (Corrigan’s 
sign), the fingertips had papular ecchymosis compatible with 
Janeway’s lesions, and the nail beds had a pulsatile “ebb and 
flow” capillary filling (Quincke’s sign). Crackles were detected 
at the bases of both lungs.

The differential diagnosis implied systemic inflammatory 
diseases. She presented with insidious symptoms of lumbar 
pain and malaise. Deep muscle or bone infections should 
be considered. Inflammatory myopathies, connective tissue 
diseases, or neoplasm could also explain those findings. 

The specific physical examination signs pointed to valvular 
heart disease. The systolic murmur could be secondary to a 
benign preexistant condition as simple as mild mitral regurgitation 
or aortic sclerosis. However, the diastolic murmur should indicate 
a pathology, especially when it has intense character.

It was unclear if the patient had a previously unknown 
chronic heart condition that presented as another inflammatory 
disease or if there was a unique clinical entity responsible for 
all of the findings. 

Considering the peripheral pulse and skin findings, a 
possible diagnosis was sought and complementary exams 
were ordered. 

Investigations
The blood cell count showed anemia (hemoglobin, 8 g/

dL) with normocytic normochromic features, a leftward shift 
of the white blood count, and an increased serum C reactive 
protein level. The electrolytes and urinary panel findings were 
unremarkable. 

Abdominal computed tomography (CT) showed 
inflammation and bone erosion on lumbar vertebral bodies 
of L2–3 compatible with spondylodiscitis. A bilateral pleural 
effusion was noted, as were contrast perfusion deficits 
compatible with renal and spleen infarction. 

A transthoracic echocardiogram showed normal LV systolic 
function. The mitral valve demonstrated a central regurgitation 
jet compatible with severe mitral insufficiency. There was 
irregular thickening on both leaflets and nodular vegetation 
on the atrial face of the anterior leaflet. The aortic valve had 
thickened cuspids and a central regurgitation jet of severe 
intensity. Transesophageal echocardiography further detailed the 
aortic and mitral valves, showing a vegetation on the anterior 
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Figure 1 – Mitral valve with anterior leaflet perforation and vegetations (transoperative view).

Figurw 2 – Top left: Surgeon’s view perspective of a central vegetation and perforation on mitral valve anterior leaflet (AL). Top right: Three-dimensional transesophageal 
echocardiogram (3D-TEE) showing the same view on True-View filter. Bottom left: Central regurgitation through the perforated leaflet and severe mitral insufficiency. 
Bottom right: 3D-TEE on a traditional filter. 

mitral leaflet with a central perforation. The aortic valve leaflets 
had increased motion and at least two prolongations (8 mm 
each) were depicted. 

Blood cultures drawn at admission tested positive for 
Enterococcus faecalis. 

Management 
The broad-spectrum antibiotics vancomycin and cefepime 

were initiated. The therapy was modified to ampicillin plus 
gentamicin after the bacteria was cultured and the endocarditis 
diagnosis was made.

The patient remained stable for the next few days despite 
her malaise being cumbersome and feeling fatigued after 
trivial efforts such as bathing. Considering the complicated 
endocarditis (mitral and aortic severe regurgitation), surgery 
was indicated. 

A large vegetation was found on the atrial aspect of the 
anterior mitral leaflet with a round perforation. The aortic 

leaflets were friable, were clad in inflammatory pannus, and 
had three vegetations. 

The transoperative findings (Figure 1) were remarkably 
similar with the pre-procedure echo images (Figure 2, 3, and 4).

Severe bleeding occurred during the operation that 
required major volumes of blood products. Although the 
replacement of both affected valves was technically successful, 
the patient developed progressive multiorgan failure and 
died of refractory shock within a few days despite intensive 
medical support. 

Discussion
Native valve infective endocarditis is currently an 

uncommon disease. Its clinical presentation varies from a very 
severe onset of sepsis to an insidious and progressing condition 
diagnosed weeks later. 

The possibility of this indolent course implies the need 
for a high grade of suspicion and adequate workup before 

Ao, aorta; LA, left atrium; LV, left ventricle.
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Figure 3 – Top left: Zoomed-in view of the structure and prolongations array of the mitral valve anterior leaflet vegetation. Top right: three-dimensional transesophageal 
echocardiogram (3D-TEE) True-View image showing remarkable similarity with the surgical findings. Bottom left: Vegetations (*) on both sides of the anterior mitral leaflet 
and aortic cuspids. Bottom right: Traditional 3D-TEE of the vegetation and mitral valve. 

Figure 4 – Left: Longitudinal transesophageal echocardiogram (TEE) view in end systole. Irregular thickening of the aortic cuspid and an elongated vegetation (*) are 
evident. The anterior mitral leaflet with the reported vegetation. Right: Longitudinal TEE view in diastole and color Doppler. An aortic regurgitation jet is occupying almost 
the entire outflow tract (†).

complications ensue.¹ The most important risk associated factors 
are implanted prosthetic heart valves or devices, hemodialysis, 
indwelling catheters, immunosuppression, and the use of 
injectable recreational drugs.² Emboligenic complications can 
seed virtually any vascularized tissue, culminating in visceral 
and neurologic sequelae, sepsis, and death. 

This patient presented with lumbar pain and was diagnosed 
with spondylodiscitis, a serious infection of the deep bone 
tissue of possible emboligenic origin. Thus, the diagnosis 
of endocarditis was made due to the embolization seen in 
multiple territories (renal and spleen infarctions). The patient 
had plenty auscultatory findings; however, these are not 
always present and a normal cardiac examination alone does 
not rule out the diagnosis, especially in cases with an earlier 
clinical presentation. 

In addition to a careful history-taking and physical examination, 
echocardiography is the first-choice exam when suspicion of 
endocarditis occurs.3,4 The transthoracic examination is the initial 

Ao, aorta; LA, left atrium; LV, left ventricle.

evaluation exam, with sensitivity as high as 80% in more recent 
clinical series. As it cannot rule out the diagnosis, transesophageal 
echocardiography can accurately detail the valves, with a 
sensitivity of 90–100% and a specificity of 90%.¹,² One must 
also exclude complications such as perforation, annular abscess, 
and fistula. The testing should be repeated within the treatment 
course if the initial imaging exams are negative and clinical 
suspicion persists, as it increases the sensitivity to near 98%.5

The three-dimensional transesophageal echocardiography 
is becoming more familiar to cardiologists. It has a realistic 
approximation and can show additional morphological 
details of lesion mechanisms and refine surgical planning. 
This modality requires newer ultrasonography machines and 
software, although it is not cumbersome to learn and perform.6

Conclusion 
Native valve infective endocarditis is a serious disease whose 

clinical presentation ranges from subtle to dramatic. It requires 
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detailed imaging attention with transthoracic and transesophageal 
studies. Its three-dimensional echocardiographic findings show 
notable resemblance to operative findings.
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Case report
A previously healthy 14-year-old male patient sought 

emergency care complaining of dyspnea. He was New York 
Heart Association (NYHA) functional class III and had a 1-month 
history of orthopnea and night sweats. Auscultation abolished 
in the left hemithorax, while a chest X-ray revealed extensive 
opacity in that region. Chest computed tomography (CT) 
showed a large mediastinal mass with concomitant involvement 
of the left pleura and retroperitoneal lymph nodes. No other 
palpable lymph nodes were present on physical examination.

The patient underwent pleuroscopy for pleural biopsy, 
which identified lymphoid cell proliferation in a “starry sky” 
pattern compatible with lymphoma and a histochemical 
pattern compatible with precursor T-cell lymphoblastic non-
Hodgkin lymphoma (NHL) (pan-T and TdT, CD4 and CD4 co-
expression, and high cell proliferation rate with positive Ki67 
test results in 90%). Blast tests in the medulla and cerebrospinal 
fluid were negative.

Transthoracic echocardiography (TTE) was part of the 
workup to assess dyspnea and a potentially cardiotoxic pre-
chemotherapy protocol. A mediastinal 12 × 5.5 cm mass 
with an isoechoic and heterogeneous pattern adjacent to the 
great vessels and causing extrinsic compression with reduced 
pulmonary artery trunk diameter was visualized (Figure 1). 
Pulmonary artery flow was turbulent, with a high peak gradient 
measuring 44 mmHg. The pulmonary valves seemed normal 
(Figure 2 and Video 1).

He also had a mild anechoic pericardial effusion 
of 10 mm without hemodynamic repercussions. The 
longitudinal function was preserved with mitral annular 
plane systolic excursion of 12 mm and mitral S’ wave 
of 9.9 cm/s. No other changes were identified, with an 
anatomically normal heart and acquired extrinsic valve 
disease related to the volume and site of the mediastinal 
mass. Chemotherapy was promptly initiated with a 
regimen consisting of cyclophosphamide, vincristine, and 
prednisone as well as daunorubicin.

Imaging tests (chest CT and TTE) were repeated after the 
treatment started, and the patient reported complete symptom 
improvement. CT showed complete mediastinal mass and 
pulmonary involvement remission in addition to a reduced 
number and volume of mesenteric and retroperitoneal lymph 
nodes (Figura 1). TTE showed preserved left ventricular 

longitudinal function (GLS, -21%) and normal pulmonary 
artery flow without turbulence or systolic gradients. The patient 
was discharged on prophylactic Bactrim® and scheduled to 
return for chemotherapy maintenance.

From an oncological point of view, NHL is the fourth most 
common neoplasm in children and adolescents. Survival rates 
with current treatment exceed 80%, with T-cell or follicular 
lymphomas representing less than 5% of cases in this population. 
The Ann Arbor classification, widely used in the adult population, 
was not adapted for the pediatric population, with a preference 
for staging using the modified St. Jude classification, which 
considers the primary site of involvement, extranodal sites, and 
lymph node chain involvement above or below the diaphragm. 
Lymphoblastic lymphomas most commonly have a T-lineage 
(90%) and are diagnosed at more advanced stages (stage III–IV > 
90%) with bone marrow (30%) and central nervous system (CNS) 
(5%) involvement. Treatment protocols include several potentially 
cardiotoxic drugs, such as anthracyclines and vincristine, in 
addition to corticosteroids and specific protocols for preventing 
CNS involvement (considered a “sanctuary” for lymphoma).

Mediastinal lymphomas commonly involve the great 
vessels with hemodynamically significant obstructions capable 
of generating murmurs or symptoms since they tend to 
grow laterally and not anteroposteriorly. In case of cardiac 
involvement, the most common symptoms are chest pain and 
dyspnea, with an audible murmur noted in 81% of patients. 
The prognostic implication of the presence of acquired 
pulmonary stenosis in NHL cases is unknown.

Acquired pulmonary stenosis is rare, with the congenital 
form being the most common and affecting up to 10% of the 
pediatric population in varying degrees of importance. Cases 
of extrinsic compression with supravalvular pulmonary stenosis 
or right ventricular outflow tract obstruction are even more 
uncommon, being reported only in case reports or series. 
Obstruction is usually caused by mediastinal tumors, the most 
frequent being lymphoma. Other possible causes include aortic 
aneurysm, mediastinal cysts, extra-mediastinal tumors, and 
fibrosing mediastinitis. Fixed pulmonary artery obstruction may 
contribute to symptoms of exertional dyspnea and orthopnea.

Long-term persistent obstruction can increase right 
chamber pressure, causing tricuspid insufficiency and, in the 
presence of patent foramen ovale, a right-to-left shunt with 
cyanosis, and an increased risk of paradoxical embolism. 
TTE has paramount importance in defining the etiology 
of pulmonary stenosis — in the case reported here, the 
mediastinal mass and its compressive effect are clearly visible 
in the parasternal short-axis window as well as the pulmonary 
valves with normal morphology, suggesting an external cause 
of the flow turbulence.

According to Tesoro-Tess et al., basal vessel involvement 
is more frequent in NHL (42%) than in Hodgkin’s lymphoma 
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Figure 1 – Comparison of diagnostic (left images – A and C) and post-chemotherapy (right images – B and D) chest tomography images showing complete regression of 
the mediastinal mass. The images below (C and D) show the extrinsic pulmonary artery compression and its subsequent relief in the post-treatment period.

Figure 2 – Transthoracic echocardiogram in the parasternal short-axis window with continuous Doppler of the pulmonary artery showing a maximum velocity of 3.3 m/s 
and peak gradient of 44 mmHg due to extrinsic compression by the mediastinal mass.

(23%). Treatment is based on the underlying cause, consisting of 
chemotherapy, radiotherapy, or surgery depending on the type 
of mass identified. When the mass is successfully reduced, the 
pulmonary circulation flow is restored to normal and symptoms 
are expected to be resolved. With intensive treatment, refractory 
or recurrent disease occurs in 10–20% of patients, mainly with 
local recurrence in cases of T lymphoblastic lymphoma. In 
these cases, the cure rate decreases to 30%, so patients must 
maintain regular follow-up and closely monitor their symptoms.
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Abstract
Cor triatriatum is a rare congenital heart anomaly often 

diagnosed in early childhood. This case study features an 
adult with an incidental finding of cor triatriatum sinistrum. 
Based on the clinical presentation, the patient was treated 
conservatively. Cor triatriatum sinistrum echocardiographic 
image findings of this patient are presented along with a 
narrative review of the literature about this disease.

Introduction
Cor triatriatum sinistrum (CTS) is a rare congenital heart 

disease that consists of a fibromuscular membrane obliquely 
dividing the left atrium into two chambers, one proximal, which 
receives the pulmonary veins, and the other distal, which contains 
the left atrial appendage and is continuous with the mitral valve. 
CTS was first observed in 18681 by Andral and Church; in 1905, 
Borst called it “cor triatriatum.” It occurs in 0.1% of clinically 
diagnosed cases of congenital heart disease (CHD) and in 0.4% 
of autopsy cases of CHD. The prevalence of CTS in the general 
population is likely less than 0.004%. The embryological origin 
is controversial; some theories have been created to explain it, 
the most commonly accepted being the poor incorporation of 
the common pulmonary vein into the left atrium creating two 
chambers separated by a septum. Several congenital anomalies 
may be associated, primarily the ostium secundum atrial septal 
defect (ASD) and anomalous pulmonary venous drainage.2

CTS can be classified by the pulmonary venous drainage 
and the presence of ASD using Lam classification (Table 1).3

The clinical presentation of CTS depends on the total area 
of the orifice(s) and the presence and severity of any associated 
defects. Most patients are symptomatic since early childhood 
with findings similar to severe mitral stenosis (dyspnea and 
pulmonary congestion).3  In the natural history of the disease, 
75% of untreated affected patients die during childhood4 due 
to congestive heart failure and pulmonary edema. Patients with 
relatively large orifices may remain asymptomatic for life and 
their condition be incidentally discovered,5 or they may develop 
symptoms secondary to stenosis by fibrosis and calcification or 
mitral regurgitation (MR) after the second and third decades of life.2

In adults, dyspnea, hemoptysis, and orthopnea are more 
common2 due to pulmonary venous drainage obstruction, 
pulmonary venous/arterial hypertension, and heart failure. 
Palpitations may also occur due to the presence of cardiac 
arrhythmias (extrasystole or atrial fibrillation)6 and systemic 
thromboembolism due to intra-atrial thrombus formation.7

Physical examination findings will vary depending on the 
associated anomalies. Electrocardiogram (ECG) and chest X-ray 
findings also depend on the anatomical changes consequent 
to the severity of these concomitant pathologies.

Echocardiography (ECHO), whether two-dimensional, 
three-dimensional, or transesophageal, is an important tool 
in the diagnosis of this congenital condition.8

CTS management depends on the hemodynamic effects of 
the atrial membrane. Patients with restrictive and symptomatic 
orifices should undergo surgical membrane resection at any age.

This report describes the case of a patient with CTS evaluated 
with two- and three-dimensional transthoracic Doppler ECHO, 
transesophageal ECHO, and cardiac magnetic resonance 
imaging (CMRI) and the management adopted for the case.

Case report and discussion
An asymptomatic 52-year-old man attended a scheduled 

medical check-up. He was a car driver born in the state of MG, 
Brazil. He was not using any medications. Pathological history: He 
reported being hospitalized several times as a child with shortness 
of breath. His mother said it was asthma. He had a normal 
childhood and played like other boys his age. He denied having 
diabetes mellitus, rheumatic fever, alcoholism, or smoking. Family 
history: His brother and mother died of acute myocardial infarction 
(AMI), but he id not remember exactly at what age. Physical 
examination: Normal color. Medium height. Blood pressure: 
140/110 mmHg, Heart rate: 72 bpm. An irregular heart rhythm 
with 2 sound and a B1 split on inspiration was noted. The patient 

Table 1 – Lam classification.

Type Description

A
The proximal chamber receives the pulmonary veins, while the distal 
chamber contains the left atrial appendage and the mitral valve. There is 
no defect in the interatrial septum.

A1 Interatrial communication between the right atrium and the proximal chamber.
A2 Interatrial communication between the right atrium and the distal chamber.
B The pulmonary veins drain into the coronary sinus.

C No anatomical connection between the pulmonary veins and the proximal 
chamber.

Source: Lam CR, Green E, Drake E. Diagnosis and surgical correction of 
2 types of triatrial heart. Surgery 1962; 51:127–37. Saxena P, Burkhart 
HM, Schaff HV, Daly R, Joyce LD, Dearani JA. Surgical repair of cor 
triatriatum sinister: the Mayo Clinic 50-year experience. Ann Thorac Surg. 
2014;97(5):1659-63.
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Figure 1 – Chest X-ray in posteroanterior position. The arrow indicates posterior left atrial enlargement.

Figure 2 – Transthoracic color Doppler echocardiogram in parasternal section and longitudinal axis. The red arrow indicates the membrane dividing the LA into two 
chambers (LA1 and LA2). 

AO, aorta; IVS, interventricular septum; LV: left ventricle chamber LA1, left atrium chamber; LV2, left atrium chamber 2; MV, mitral valve; RV, right ventricle.

presented systolic regurgitation murmur ++/(6) in mitral focus. 
The lungs were clinically clean. The pulse was irregular but 
universally palpable and of good amplitude. ECG: Sinus rhythm 
with several ventricular extrasystole and S/V, left atrial enlargement, 
right atrial enlargement, and an incomplete right bundle branch 
block. Although the chest X-ray findings were normal, we 
observed a posterior left atrial increase in the posteroanterior view 
(Figure 1). Two-dimensional ECHO (2D ECHO) with Doppler 
showed thoracic aortic ectasia (3.7 cm/2.3 cm/m2 in the sinuses 
of Valsalva and 3.25 cm/2.0 cm/m2 in the ascending proximal 
segment). Bi-atrial augmentation and mild to moderate MR were 
also noted. The interatrial septum was intact. The ejection fraction 
calculated using Simpson’s method was 78%. Pulmonary arterial 
systolic pressure (PASP) was estimated at 33 mmHg. Imaging 
findings were suggestive of CTS (Figure 2). Abdominal ultrasound 
(11/24/20) revealed hepatic steatosis and a renal cyst.

A three-dimensional ECHO (Figure 3) showed a clear left 
intra-atrial membrane (cor triatriatum). MR was moderate to 
severe due to mitral annular displacement and mitral valve 
prolapse (MVP). The leaflet was inserted in the posterior part of 
the left atrium but not in the muscular mitral annulus crest. This 
type of prolapse is often associated with cardiac arrhythmia.

Transesophageal ECHO showed (Figure 4) enlarged left cavities 
and slightly decreased global LV systolic function (45.95% ejection 
fraction using the Teichholz method) with diffuse wall hypokinesia. 
LV wall hypertrophy was evident. Cor triatriatum was noted in 
the LA with a maximum gradient of 11 mmHg (mean, 4 mmHg). 
He also presented MVP with signs of myxomatous degeneration 
and high posterior leaflet insertion into the LA. Doppler showed 
moderate MR. Tricuspid valve prolapse with signs of myxomatous 
degeneration were evident. Mild tricuspid regurgitation was noted 
with an estimated PASP of 21 mmHg.

CMRI confirmed the CT findings, ruling out other possible 
associated myocardial structural anomalies (Figure 5).

The patient also underwent a stress test on a treadmill and 
remained asymptomatic, reaching 9 metabolic equivalents at 
the end of the test, when he reached 100% of the maximum 
predicted frequency.

Discussion
CTS is a rare congenital heart malformation with an estimated 

incidence of 0.1–0.4% among CHDs. In cor triatriatum, the 
atrium is divided into two parts by a tissue fold, membrane, or a 
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Figure 3 – Three-dimensional echocardiogram. The red arrow indicates the membrane dividing the LA into two chambers (LA1 and LA2). 

Figure 4 – Transesophageal echocardiogram. The red arrow indicates the membrane dividing the LA into two chambers (LA1 and LA2). 

Figure 5 – Cardiac magnetic resonance image. The red arrow indicates the membrane dividing the LA into two chambers (LA1 and LA2). 

LA1: left atrium chamber 1; LA2: left atrium chamber 2; LV: left ventricle chamber; MV: mitral valve; RA: right atrium.

LA1: left atrium chamber 1; LA2: left atrium chamber 2; LV: left ventricle chamber; MV: mitral valve; RA: right atrium; RV: right ventricle.

LA, left atrium; LV, left ventricle; MV, mitral valve; RA, right atrium; RV, right ventricle.
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fibromuscular band that can occur in the CTS and the right atrium. 
In the pediatric population, this anomaly may be associated with 
major congenital cardiac defects, while in adults, cor triatriatum is 
often an isolated and even rarer finding. The literature reports that 
adult patients with CTS are rarely asymptomatic.2,5 ECHO is the 
most common imaging technique for diagnosing cor triatriatum, 
although transesophageal ECHO is also needed to precisely 
define membrane anatomy, its relationship to other structures, 
and the pulmonary venous drainage pattern.8

As the patient was asymptomatic with a New York Heart 
Association functional class I, we chose to control his systemic 
blood pressure with an angiotensin II AT1 receptor blocker 
(ARB) and to follow him up.

Conclusion
During a routine check-up visit, an asymptomatic man 

was diagnosed with CTS. This congenital condition is rare in 

adulthood. We performed several imaging tests and a functional 
test and performed a narrative review of the literature. We 
opted for conservative treatment and observational follow-
up. Imaging findings classified our patient as Lam type A 
(Table 1). The patient signed an informed consent form 
allowing the publication of his data.
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Introduction
Abdominal aortic aneurysm (AAA), with an estimated 

prevalence of 4–8% and a higher incidence in men, older 
people, hypertensive patients, and smokers,1 can be treated 
with surgical or endovascular aneurysm repair (EVAR). 
When well-indicated, EVAR is primarily used since it is 
less invasive and has lower morbidity and mortality rates.2 
However, due to possible complications, routine clinical 
and imaging surveillance is necessary to identify or prevent 
periprosthetic leaks (endoleaks) associated with aneurysmal 
disease progression.3

Accordingly, computed tomography angiography (CTA) 
has always been considered the gold standard for endoleak 
surveillance due to its high image quality and usefulness for 
two- and three-dimensional reconstruction; however, its use 
of iodinated contrast and exposure to ionizing radiation are 
disadvantages. Therefore, other post-EVAR control imaging 
methods such as contrast-enhanced  ultrasound (CEUS) 
have been studied as an endoleak dynamic and high-quality 
assessment method.4,5

The present case report highlights the importance of CEUS 
as a diagnostic method for detecting endoleak after EVAR, 
showing its advantages and disadvantages versus those of the 
current gold standard method.

Case report
A 65-year-old hypertensive and diabetic man had a 

family history of cerebral aneurysm and AAA. In June 
2014, he was diagnosed with an infrarenal AAA up to the 
aortoiliac bifurcation with a transverse diameter of 8.7 × 
8.3 cm and a left common iliac artery (LCIA) aneurysm with 
a diameter of 2.1 cm.

In July 2014, he underwent infrarenal abdominal aorta 
EVAR with aortoiliac endoprosthesis placement and left 
hypogastric artery (HA) embolization (Figure 1).

In October 2019, a follow-up CTA showed an AAA 
measuring 9.5 × 9.1 cm without evidence of an endoleak. 
A CEUS type II endoleak was diagnosed and corrected with 
inferior mesenteric artery (IMA) embolization (Figure 2).

The aneurysmal sac diameter transversely increased to 9.8 
cm over 2020 and 2021, but no evidence of an endoleak was 
seen on CTA. In January 2022, spectral B-mode Doppler CEUS 
recorded a large infrarenal fusiform aneurysmal dilatation 
of 9.5 cm × 9.0 cm in transverse and anteroposteriorly, 
pulsatile flow inside the aneurysm sac on spectral Doppler, 
and, after the injection of 2.5 mL of microbubble contrast 
(SonoVue-Bracco), signs of leakage in a peripheral vein 
inside the aneurysmal sac originating from a lumbar artery 
(LA) from the right lateral wall and the right branch of the 
endoprosthesis, which aided the diagnosis of type II and III 
endoleaks, respectively (Figure 3).

CTA initially performed during the EVAR procedure in 
April 2022 (Figure 4 A) simultaneously with angiography 
detected an AAA with a transverse diameter of 9.58 cm, 
no sign of a type III endoleak, and only LA retrograde flow. 
Regardless, considering the CEUS findings (Figure 3), we 
proceeded with the therapeutic strategy, bilaterally implanting 
iliac endoprostheses to cover the previous endoprostheses 
(Figure 4B). At the end of the procedure, CTA showed 
correct endoprosthesis positioning with no signs of endoleak 
(Figure 4C, Video 1).

The patient recovered well with no recurrence and was 
discharged on the second postoperative day.

Discussion
Due to increasingly advanced techniques and devices for 

AAA treatment, most current cases can be endovascularly 
treated using fenestrated, branched, or even parallel stents. 
Constantly progressing treatments require intensified 
surveillance due to the possibility of several complications.2

Endoleak, the most frequent complication after EVAR with 
an incidence of 20–25% among treated patients, is defined 
as persistent blood flow inside the aneurysm but outside the 
endoprosthesis, perpetuating aneurysmal sac pressurization 
and all related risks.6 Endoleaks can be anatomically classified 
into five types. Type I endoleaks involve a leak related to 
lack of endoprosthesis apposition to the healthy wall of the 
proximal (Ia) or distal (Ib) neck or due to lack of occlusion plug 
sealing in the iliac branch associated with blood flow from 
the crossed graft (Ic). Type II endoleaks involve aneurysmal 
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Figure 1 – Infrarenal and left common iliac artery endovascular aneurysm repair with aortoiliac endoprosthesis placement and left hypogastric artery embolization.

Figure 2 – (A) B-mode ultrasound image used to take the transverse diameter measurement. (B) Color Doppler anechoic images inside the aneurysmal sac, mainly on 
the posterior wall, where pulsatile flow was recorded on spectral Doppler suggestive of the presence of a type II endoleak. (C) Contrast-enhanced ultrasound (SonoVue, 
Bracco) image showing low-pressure leakage in the anterior wall of the aneurysmal sac at the height of the proximal segment of the endoprosthesis, probably from the 
inferior mesenteric artery suggestive of a type II endoleak.

Figure 3 – (A) B-mode ultrasound image used to take anteroposterior and transverse diameter measurements.(B) Spectral Doppler image showing high-velocity flow 
inside the aneurysmal sac. (C) Contrast-enhanced ultrasound (SonoVue, Bracco) image showing leakage through the right branch of the endoprosthesis. 

sac perfusion by flow from the collateral arteries such as the 
LA, IMA, and HA. In type III endoleaks, leakage results from 
the disconnection or structural failure of the endoprosthesis 
components. In type IV endoleaks, tissue porosity leads to 
leakage. Finally, type V endoleaks present as aneurysmal sac 
pressurization without evidence of blood flow on imaging 
tests, known as endotension.2,6 Type I and III endoleaks carry 
an increased risk of rupture due to pressurizing more quickly 
and should be treated as soon as possible. Thus, frequent 
monitoring is imperative as this classification defines a care 
and action algorithm.7

CTA is the standard after EVAR imaging surveillance tests at 
1-, 6-, and 12-month follow-up and annually thereafter. This 
test is fast, is reproducible, has excellent spatial resolution, 
and uses iodinated contrast with image acquisition through 
the emission of ionizing radiation.8

CTA disadvantages include its use of iodinated contrast, which 
is nephrotoxic, a limiting factor for non-dialysis-dependent kidney 
disease patients, and the use of ionizing radiation, which can have 
deleterious and cumulative effects, such as the development of 
cancer. An important limitation is not assessing hemodynamics or the 
flow direction that resulted in leakage in cases of type II endoleaks.3
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Figure 4 – (A) Computed tomography angiography (CTA) image taken in the sagittal plane demonstrating the anteroposterior diameter of the aneurysmal sac.(B) CTA 
image taken in the coronal plane. (C) CTA image taken in the sagittal plane. 

Other imaging methods, such as CEUS, have been 
highlighted after EVAR surveillance. CEUS uses contrast 
agents with gas microbubbles (perfluorocarbon or sulfur 
hexafluoride) surrounded by a phospholipid that are injected 
into the bloodstream and work as intravascular reflectors 
of ultrasound waves. Consensus is still lacking on the ideal 
dose, but recommendations state 1–2.4 mL administered 
as a peripheral intravenous (IV) bolus. Low-frequency probe 
scanning is performed for about 5 min after the IV injection. 
The test assesses the presence of contrast in the aneurysmal sac 
and endoprosthesis and the perfusion time in relation to inflow 
and outflow vessels in addition to wave speed and shape in 
spectral mode.3 This type of contrast is quickly absorbed into 
the bloodstream and eliminated by the respiratory system, 
making it safe for patients with compromised kidney function; 
it also has the advantage of no radiation exposure.9

Recent studies showed that this method has high diagnostic 
value and is suitable for following this complication.7 CEUS also 
has higher sensitivity for detecting endoleaks than CTA, mainly 
due to detecting flow velocity and direction despite a lack in 
significant specificity differences between the two imaging 
modalities.9 Another CEUS benefit reported in the literature 
is lower follow-up cost than CTA with high sensitivity.7–9

The specific analysis of CEUS for type II endoleaks can 
stratify cases at greatest need of additional intervention 
according to endoleak flow velocity and width, parameters 
that indicate treatment need when >80 cm/s and >4 mm, 
respectively. Test sensitivity and specificity were 0.62–0.83 
and 0.90–0.97 for all types, respectively, and 0.40–0.97 and 
0.97–1.00 for types I and III, respectively, thus demonstrating 
that CEUS is accurate and effective.10

However, despite having these advantages, CEUS is 
limited by being an operator-dependent technique that 
requires specific training and equipment and can be 
affected by patient-related factors such as a high body mass 
index, intestinal gas, aortic wall calcifications, or ascites, 
and the acquisition of CTA images may be necessary to 
better characterize the detected leaks and complete the 
surgical planning.9

In the reported case, CTA identified aneurysmal sac 
dilation but did not visualize the leak (Figure 4) However, 
CEUS classified the endoleak as type III (Figure 3), enabling 
safe intervention and repair due to the risk of aneurysmal sac 
rupture and corroborating the data in the literature about its 
greater sensitivity.

Therefore, the case described here highlights the 
importance of CEUS as an alternative to the current gold 
standard for following up and monitoring endoleaks after 
EVAR. Despite its limitations, this US method improves the 
detection of this complication, leading to early diagnosis and 
favorable outcomes.
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Symptomatic Aortic Mural Thrombus in a Patient With COVID-19
Trombo Mural Aórtico Sintomático em Paciente com Covid-19
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A 56-year-old male former smoker with a history of 
diabetes mellitus developed flu-like symptoms (cough, fever, 
and myalgia) that worsened after nine days (dyspnea and 
asthenia) sought medical attention in an emergency care unit. 
He was hospitalized with novel coronavirus (sudden acute 
respiratory syndrome coronavirus 2) infection confirmed by 
polymerase chain reaction testing. His condition progressed 
with sudden pain in the left lower limb, toe coldness and 
paresthesia without motor changes, and pain in the third 
finger of the left hand associated with non-fixed cyanosis. 
The patient was referred to the emergency room of Hospital 
das Clínicas of Ribeirão Preto with acute arterial occlusion. 
On evaluation, he presented non-fixed cyanosis in the distal 
phalanx of the third finger of the left hand with no pulse or 
neurological changes throughout the limb. The left lower 
limb presented no pulse of or arterial flow in the anterior and 
posterior tibial arteries. He underwent urgent thrombectomy 

(Rutherford class 2A) with thrombus removal, and limb 
perfusion was restored with pulsatile tibial artery flow. 
The patient remained on anticoagulant therapy with 
unfractionated heparin. Computed tomography angioplasty 
used to analyze the embolism demonstrated mural thrombi 
at the origin of the left subclavian artery and in the infrarenal 
aorta (Figures 1A, 1B). The patient progressed with good 
arterial condition (resolution of left upper limb non-fixed 
cyanosis and presence of pulse in the left leg), stayed in the 
intensive care unit for three days, and was discharged after 
two days of anticoagulant treatment (rivaroxaban [Xarelto®]). 
In outpatient follow-up, he remained asymptomatic and 
presented no new embolic events, and the mural thrombi 
resolved completely after one year of anticoagulant therapy 
(Figures 1C, 1D).

Coagulopathy associated with coronavirus infection has 
been described in a globally increased number of cases of 

Keywords
SARS-CoV-2, Thrombosis, Aorta.

Figure 1 – (A e B) Computed tomography angiography images showing mural thrombi at the origin of the left subclavian artery and in the infrarenal aorta. (C e D) Complete 
resolution of mural thrombi after one year of anticoagulant therapy.
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venous thromboembolism and arterial thrombosis, mainly 
acute myocardial infarction, stroke, and limb ischemia.1 
Multifactorial mechanisms involve endothelial dysfunction 
interacting with an intense inflammatory condition caused 
by cytokine storm and complement activation combined with 
immobilization and a hypercoagulability state.2–4 The virus 
itself may directly activate the clotting cascade.2

Aortic mural thrombus without occlusive atherosclerotic 
or aneurysmal disease is an uncommon entity with 
potentially poor outcomes due to multiple or massive 
embolizations.5 Incidental aortic thrombus has an incidence 
of 0.75% among infected patients with moderate to severe 
conditions, representing approximately 6.6% of arterial 
thrombosis cases. This finding highlights critical forms of 
the disease that are partly mediated by a hypercoagulability 

state characterized by macro- and microvascular thrombotic 
angiopathy.6,7
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