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Ebstein’s anomaly of the tricuspid valve management – 
the importance of right ventricle assessment
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Background

Ebstein anomaly of tricuspid valve (EA) is a  rare con-
genital heart defect with an incidence of 1 in 200,000 
live births (1). It is the most common congenital de-
fect affecting the tricuspid valve, characterized by the 
distinctive apical displacement of the septal leaflet by 
more than 8mm/m2 compared to the annulus of the 
mitral valve. This results in a  unique morphology of 
the heart, with a  “true” right ventricle (RV), atrialized 
RV, and right atrium. The tricuspid valve in EA exhibits 
abnormal morphology with adhesions, fenestrations, 
and often a  redundant and elongated anterior leaflet, 
leading to severe tricuspid regurgitation and its asso-
ciated hemodynamic consequences (2, 3).

In recent years, EA has been increasingly recognized 
as a  form of cardiomyopathy rather than just a  val-

vular disease. This is because the abnormalities in the 
RV myocardium are not only secondary to volume 
overload but also primary, often associated with non-
-compaction cardiomyopathy of the left ventricle (4). 
Given these complexities, cardiac magnetic resonance 
(CMR) imaging has emerged as the gold standard for 
diagnosing EA. CMR allows for precise evaluation of 
the function of the “true” RV, measurement of the 
volumes of the right-sided structures, and identification 
of associated congenital heart defects. However, CMR 
availability remains limited, particularly in Central and 
Eastern European countries.

Therefore, the objective of this study was to identify 
echocardiographic (ECHO) parameters that correlate with 
CMR findings and that can serve as suitable alternatives 
for long-term follow-up of EA patients.

From 1Slovak Medical University, and The National Institute of Car-
diovascular Diseases, ACHD Dept., Cardiology and Angiology Clinic, 
Bratislava, Slovakia and 2The National Institute of Cardiovascular 
Diseases, Children’s Cardiac Center & ACHD Dept, Cardiology and 
Angiology Clinic and Slovak Medical University, Bratislava, Slovakia
Manuscript received 12 July 2023; accepted for publication 
31  August 2023

Address for correspondence: MUDr. Filip Klaučo, Oddelenie 
pre vrodené chyby srdca v  dospelosti, Národný ústav srdcových 
a cievnych chorôb, a. s., Pod Krásnou hôrkou 1, 833 48 Bratislava, 
e-mail: filipklauco@icloud.com



345

Klauco F. Ebsteinova anomália...

Material and methods

A retrospective cross-section analysis from our re-
gistry was performed, which we consider national, as 
we serve as the only national adult CHD centre. Of the 
48  adult patients in the EA national registry, 28 non-
-operated adults (60% male, median age 39 (18–64) 
years) with performed CMR were included. Analyzed 
were ECHO and CMR RV characteristics, NTproBNP and 
6-minute walking distance (6MWD). ECHO parameters 
were evaluated as follows: 1. morphometric [tricuspid 
valve septal cusp displacement (mm), long-axis RV end-
-diastolic dimension (RVEDD,mm), long-axis end-diasto-
lic right to left ventricle diameter ratio (RV/LV)] and 
2.  functional [tricuspid annular plane systolic excursion 

(TAPSE, mm), RV fractional area change (FAC,%), RV 
tissue Doppler myocardial velocity (m/s)]. CMR-derived 
analyzed parameters were: ejection fraction (EF, %) 
and end-diastolic volume (EDV, ml) indexed per body 
surface area (BSA, m2). According to CMR-derived EDV, 
patients were divided into groups: 1. normal size RV 
(55–105 ml/m2), 2. dilated RV (>105 ml/m2) and 3. small 
RV (<55 ml/m2).

Results

For ECHO morphometric measurements, Spearman’s 
correlation (R) showed strong, statistically significant 
correlation of CMR-derived EDV with ECHO-based RV/LV 
ratio (R=0.6989, P<0.0001); and moderate, statistically 
significant correlation with ECHO-based RVEDD (R=0.55, 
P=0.004); No significant correlations between CMR-de-
rived EF and ECHO parameters were found (Table  1). 
CMR-derived EF and EDV were independent of the 
severity of septal leaflet displacement; CMR-derived EF 
was shown to be conditional to RV EDV, with mean EF 
in Groups 1/2/3 as follows: 57%/36.5%/25.8% (P=0.0013, 
Figure 1). CMR-derived Group 3 (small RV) compared to 
Groups 1 and 2 exhibited worst 6MWD (mean 416m) 
and highest NTproBNP (mean 1021ng/l), though without 
statistical significance (Figure 2).

Table 1   Correlation between CMR derived EF of RV and 
ECHO functional parameters

ECHO – CMR correlation with RV function 

ECHO parameters P value
TAPSE (mm) 0,84
TDI S (cm/s) 0,60
FAC (%) 0,37

No correlation between echocardiographic functional parameters 
and CMR derived EF of RV was found. TAPSE – Tricuspid annular 
plane systolic excursion. TDI S – Tissue Doppler imaging wave S. FAC 
– Fractional area change

Figure 1   Correlation between CMR derived EF of right ventricle to end-diastolic volume
A right ventricle with an end-diastolic volume of less than 55ml/m2 has the lowest ejection fraction compared to a normal-sized right 
ventricle (55-105ml/m2 in end-diastole) as well as dilated right ventricle (volume >105m/m2 in end-diastole)

80

70

60

50

40

30

20

10

0
small RV (<55ml/m2) normal size RV (55-105ml/m2) dilated RV (>105ml/m2)



Cardiology Lett. 2023;32(5):344–347

346

Discussion

Ebstein anomaly (EA) is a  rare and complex con-
genital heart defect characterized by morphological 
and functional abnormalities in the tricuspid valve, RV 
myocardium, associated congenital defects (most com-
monly atrial septal defect), and various arrhythmias. The 
presentation of EA varies due to the individual extent 
and severity of these pathologies. RV failure and the 
risk of sudden cardiac death are common outcomes 
of EA, leading to significantly worse survival compared 
to the general population, especially beyond the age 
of 40 (5). Surgical intervention with valvuloplasty or 
valve replacement is the primary solution. However, the 
prognosis for patients with severe but isolated tricuspid 
regurgitation after surgery is not superior to a  con-
servative approach (6). Multiple risk factors, including 
reduced RV systolic function, signs of right-sided heart 
failure, NYHA functional class III-IV, and RV dilation, 
contribute to the prognosis. These factors are typically 
present in adult patients with EA. Additionally, the age 
at the time of surgery is an important determinant of 
prognosis, emphasizing the need for early intervention, 
ideally in pediatric patients (7, 8). For adult patients with 
EA, careful decision-making considering the risk-benefit 

ratio of surgery for each individual is crucial, following 
the current recommendations of the European Society 
of Cardiology for adult CHD. In addition to symptoms, 
the severity of tricuspid regurgitation, RV function, and 
volume and their progressive deterioration should be 
assessed. Imaging modalities play a  central role in the 
diagnostic algorithm (9). Echocardiography (ECHO) is 
commonly used initially due to its affordability and 
efficiency, but it has limitations. The unique characte-
ristics of tricuspid regurgitation in EA patients, such as 
asymmetric and multiple jets, high compliance of the 
atrialized RV, and atypical jet direction, often lead to 
underestimation of its severity. Conversely, evaluation of 
longitudinal function (TAPSE, TDI wave S) tends to ove-
restimate RV systolic function, as observed in our study 
(10). Cardiac magnetic resonance (CMR) is considered 
the gold standard as it provides accurate assessment 
of “true” RV function, volumes of right-sided structures, 
exclusion of associated congenital heart defects, and 
suitability for long-term follow-up. CMR allows for the 
classification of a  heterogeneous group of EA patients 
based on various parameters, such as the size of the 
“true” RV. We have demonstrated that RV volume, 
derived from CMR, correlates with laboratory markers 
of heart failure (NTproBNP) and patient performance 

Figure 2   Relationship between 6MWD and NTproBNP with CMR derived EDV
A small RV with end-diastolic volume of <55ml/m2 is characterized by shortest distance in 6-minute walking test and highest levels of 
NTproBNP compared to normal-size RV (55-105ml/m2) and dilated RV (EDV >105ml/m2)
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(6MWD). Paradoxically, patients with a small RV volume 
exhibit the worst outcomes, which has both prognostic 
implications and potential for surgical decision-making. 
However, CMR is not widely available in many countries 
of Central and Eastern Europe, where ECHO is used as 
a  substitute. We have shown that the ECHO-derived 
RV/LV ratio correlates well with CMR-derived volumetric 
parameters. In the absence of CMR, ECHO can be utilized 
for long-term follow-up of EA patients and aids in the 
decision-making process for cardiac surgery, particularly 
when progressive RV dilatation is an indication criteria 
according to ESC recommendations.

Conclusions

The assessment of RV in EA seems more critical than 
the morphology of the tricuspid valve itself. Therefore, 
as in the context of our results, more emphasis needs 
to be placed on RV size. In particular, small-capacity RV, 
as we found, showed a strong relation to reduced RV 
function and some (though not significant) to NTproBNP 
and 6MWD. CMR-derived EDV and EF are accepted as 
the gold standard method for RV evaluation. Since we 
detected significant correlation of CMR with simply 
gained ECHO parameters (RV/LV ratio and RVEDD), we 
assume that easily accessible ECHO remains a pertinent 
method in routine follow-up, able to reflect the complex 
hemodynamic situation in EA.
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