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ABSTRACT: Background: Although Cone reconstruction has been shown to improve biventricular function
over time, postoperative right ventricular dysfunction (RVD) is frequently observed, significantly affecting
reoperation and long-term prognosis. This study aims to identify the predictors for postoperative RVD.
Methods: This retrospective cohort study included 51 patients with Ebstein’s anomaly who underwent
the Cone reconstruction. RVD was defined as right ventricular fractional area change (RV-FAC) less
than 35% and tricuspid annular plane systolic excursion (TAPSE) less than 17 mm through pre-discharge
echocardiography. Univariate and multivariate analyses were used to analyze the pre-operative predictors.
Results: The median age at surgery was 37.7 (±15.3) years, RVD was documented in 25 patients (49%) of the
51 patients. Patients with RVD had significantly higher right ventricular end-systolic volume index (RVESVi)
(p = 0.001), right ventricular end-diastolic volume index (RVEDVi) (p = 0.03), and septal leaflet displacement
(p = 0.003). Multivariate analysis confirmed that septal leaflet displacement was independently associated
with postoperative RVD (p = 0.02). Additionally, RVD was not related to the cardiopulmonary bypass time,
ICU stay and total hospital time. Conclusions: This study suggests that preoperative right ventricular
ejection fraction (RVEF) reduction, severe septal leaflet displacement and significant right ventricular
dilatation are key predictors of early postoperative RVD. RVD may exacerbate tricuspid regurgitation, and
this finding indicates that predicting RVD may aid in identifying high-risk patients prone to recurrence of
tricuspid regurgitation after Cone reconstruction.
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1 Introduction

Ebstein’s anomaly is a rare congenital heart disease, occurring in 1–5 per 200,000 live births
and accounting for 1% of congenital heart disease [1]. EA is characterized by the downward
displacement of the tricuspid valve leaflets, primarily affecting the septal leaflet, followed by the
posterior and anterior leaflets. It is also associated with dilation and atrialization of the right
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ventricle (RV), alongside various degrees of hypertrophy and thinning of the wall [2–4]. The
anterior leaflet may present with redundancy, rupture, and limited mobility. Additionally, dilation
of the tricuspid annulus often leads to tricuspid regurgitation, which can reduce the effective
volume of the RV [5].

The Cone procedure, a surgical technique aimed at reconstructing the right ventricular
inflow tract, has shown promising results in reducing tricuspid regurgitation and improving
right ventricular function, consequently improving patient quality of life and prognosis [6].
Related studies have reported favorable clinical outcomes post-Cone reconstruction, with
diminished reoperation rates and mortality compared to other surgeries, alongside better
long-term outcomes [7,8]. However, postoperative right ventricular dysfunction (RVD) remains a
significant concern, often leading to complications such as tricuspid regurgitation, arrhythmias,
and heart failure. International literature has reported predictors for RVD after the Cone
procedure, such as marked right ventricular dilatation and decreased right ventricular ejection
fraction (RVEF), however, the pathophysiological underlying early postoperative RVD remains
inconclusive [9,10]. The pathophysiological mechanisms underlying RVD are multifactorial. During
Cone reconstruction, the RV may experience acute volume or pressure overload. This can be due
to increased venous return, or changes in ventricular interdependence. Factors such as hypoxia,
myocardial ischemia, microemboli, air emboli, arrhythmias, and prolonged cardiopulmonary
bypass (CPB) time also can lead to RVD [9].

Cardiac magnetic resonance (CMR) is widely acknowledged as the gold standard for assessing
right ventricular size and function. It provides precise evaluations of right ventricular volume and
ejection fraction, characterized by excellent reproducibility and minimal variability. It is crucial for
physicians to assess surgical risks, refine surgical strategies, and forecast postoperative outcomes.
While CMR can provide detailed quantitative measures, we chose to use echocardiography as the
primary imaging modality due to its widespread availability and routine use in clinical practice.
The recent guidelines propose several easier two-dimensional measurement methods, such as the
right ventricular fractional area change (RV-FAC) and tricuspid annular plane systolic excursion
(TAPSE). These parameters are limited in the individual evaluation of right ventricular function,
thus they are often combined in the examination to assess RVD. This comprehensive approach
provides a more accurate evaluation of tricuspid valve function and its impact on right ventricular
performance [11,12]. The aim of this study was to identify preoperative and operative predictors
of early postoperative RVD and to determine the relationship between RVD and postoperative
tricuspid regurgitation severity.

2 Methods

2.1 Study Population

This study included 51 patients with EA who underwent Cone reconstruction at Guangdong
Provincial People’s Hospital from January 2014 to December 2024. Bases for exclusion in this study
are as follows: (1) a history of prior cardiac surgery and radiofrequency ablation; (2) the presence of
other complex cardiac malformations (such as transposition of the great arteries, valvular disease);
(3) poor image quality or failure to complete the relevant examinations for this study; (4) age less
than 10 years old, etc. [9,13]. Guangdong Provincial People’s Hospital (GDPPH) Ethics Research
Committee approved this retrospective study and waived the requirement for informed consent.
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The ethics committee reference code is KY2024-693-02. Subjects’ privacy and personal identification
information were removed. The data of the patients was stored anonymously in the hospital
database. Follow-ups were conducted by contacting the patients or their legal guardians via
telephone and WeChat. Transthoracic echocardiography was used to assess the patients before
and after the procedure. In this study, vasoactive-inotropic score (Vis) is determined by the dose of
vasoactive drugs within the first 24 h postoperatively.

2.2 Surgery

The Cone reconstruction, an advancement of Carpentier’s repair technique, is predominantly
utilized for patients who have no significant valvular abnormalities and possess a sufficiently
large anterior leaflet [14]. During the procedure, the anterior, posterior, and septal leaflets of the
tricuspid valve are carefully detached, and then severing the anomalous papillary muscles and
fibrous tissues, preserving only the chordae tendineae directed towards the cardiac apex. With
the premise of fully detaching and utilizing all leaflets, especially the ectopic and underdeveloped
septal leaflet, the detached leaflets are rotated clockwise and the corresponding edges are sutured
to form a 360◦ conical structure with the apex directed towards the apex of the heart. The dilated
atrialized RV is then folded longitudinally, and the tricuspid annulus is appropriately reduced,
with the constructed tricuspid valve is then being sutured onto the new annulus [15].

2.3 CMR

CMR was conducted using a 3.0T scanner. In cases where patients had multiple CMR scans,
the most recent one before the Cone reconstruction was chosen for analysis, given its relevance
to the current clinical state. Biventricular volumes were assessed at end-diastole and end-systole
through manual delineation of the endocardial and epicardial contours. Right ventricular volume
and functional results were reported in a 4-chamber stack, see Fig. 1 below. Classification criteria
for right heart dysfunction was based on RVEF: Normal: RVEF ≥ 45%; Mild Dysfunction: RVEF
40%–44%; Moderate Dysfunction: RVEF 30%–39%; Severe Dysfunction: RVEF < 30%. Severe right
heart dilatation is typically defined using the following criteria: right ventricular end-diastolic
volume index (RVEDVi) ≥ 160 mL/m2 or right ventricular end-systolic volume index (RVESVi) ≥
80 mL/m2. The Celermajer index was calculated as the right atrium plus the atrialized portion of the
RV (functional RV þ left atrium þ left ventricle) from the four-chamber view. All CMR examinations
were reviewed and contours were confirmed by a pediatric cardiologist with extensive CMR
experience. The aforementioned procedures were independently performed by two experienced
radiologists, with discrepancies resolved by consensus [16].

2.4 Echocardiogram

Cardiologists performed all preoperative and postoperative two-dimensional echocardiographic
measurements. The dataset included examinations conducted three months prior to surgery,
immediately before discharge after surgery, and three months postoperatively. The three-month
follow-up echocardiograms were specifically utilized to track temporal changes in right ventricular
function. The tricuspid valve was typically evaluated in the apical four-chamber view and inflow
tract of RV view, see Fig. 2 below. The long diameter of the right atrium is defined as the distance
from the midpoint of the tricuspid valve annulus to the roof of the right atrium at end-systole,
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when the right atrium is maximally dilated. Similarly, the long diameter of the RV is defined as the
distance from the midpoint of the tricuspid valve annulus to the apex of the RV at end-diastole,
when the RV is maximally filled. These measurements are taken in the apical four-chamber view.
Fifteen patients with EA were randomly selected for reproducibility assessment. For intra-observer
variability, the same investigator analyzed the samples at least one month later and was blinded
to the initial results. For inter-observer variability, another investigator, who was blinded to the
clinical data and results, analyzed the same samples. Patients were classified as having RVD if they
met both of the following criteria in pre-discharge echocardiography: RV-FAC less than 35% and
TAPSE less than 17 mm.
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Figure 1: Magnetic resonance imaging of Ebstein’s anomaly. (a) the short-axis image; (b) horizontal axis bitmap; (c) 
four-chamber heart view; (d) the inflow-outflow tract view of the right ventricle. The atrialized right ventricle (aRV) 
is located between the atrioventricular junction (dotted line) and the orifice of the functional tricuspid valve. Func-
tional right ventricle (fRV) is the part of the right ventricle that lies between the aRV and the pulmonary valve. Ana-
tomically, the right ventricle is a combination of aRV and fRV. The functional orifice of the tricuspid valve rotates 

Figure 1: Magnetic resonance imaging of EA. (a) the short-axis image; (b) horizontal axis bitmap; (c)
four-chamber heart view; (d) the inflow-outflow tract view of the right ventricle. The atrialized right
ventricle (aRV) is located between the atrioventricular junction (dotted line) and the orifice of the functional
tricuspid valve. Functional right ventricle (fRV) is the part of the right ventricle that lies between the aRV
and the pulmonary valve. Anatomically, the right ventricle is a combination of aRV and fRV. The functional
orifice of the tricuspid valve rotates toward the apex and upward toward the right ventricular outflow tract.
Anterior valve (white↑), septal valve (black↑) and posterior valve (▲).
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Figure 2: Transthoracic echocardiography of Ebstein’s Anomaly. (a) Four-chamber section shows two-dimensional 
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The RVFAC was calculated as [(right ventricular end-diastolic area-right ventricular end-systolic 
area)/right ventricular end-diastolic area] from the four-chamber view. The TAPSE was obtained from a 
four-chamber view: Place the M-mode cursor through the tricuspid annulus, parallel to the interventricular 
septum, ensuring it crosses the lateral aspect of the tricuspid annulus, and then measure the vertical distance 
from the maximal diastolic position to the systolic position of the tricuspid annulus. Color Doppler can 
evaluate the severity of tricuspid regurgitation by multiple views. By measuring the vena contracta (VC), 

Figure 2: Transthoracic echocardiography of EA. (a) Four-chamber section shows two-dimensional images of
dilated right atrium (RA), atrialized right ventricle (aRV), functional right ventricle (fRV) and the distance
between the anterior mitral valve and the tricuspid septal valve. (b) The section of the inflow tract of the two
cavities of the right ventricle shows the enlarged RA and aRV, and the posterior tricuspid valve is short and
obviously moved downward.
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The RVFAC was calculated as [(right ventricular end-diastolic area-right ventricular end-systolic
area)/right ventricular end-diastolic area] from the four-chamber view. The TAPSE was obtained
from a four-chamber view: Place the M-mode cursor through the tricuspid annulus, parallel to the
interventricular septum, ensuring it crosses the lateral aspect of the tricuspid annulus, and then
measure the vertical distance from the maximal diastolic position to the systolic position of the
tricuspid annulus. Color Doppler can evaluate the severity of tricuspid regurgitation by multiple
views. By measuring the vena contracta (VC), the patients were divided into three groups according
to the severity: VC ≤ 3 mm was mild, 3 mm < VC < 7 mm was moderate, and VC ≥ 7 mm was
severe [17].

2.5 Statistical Analysis

Continuous variables are expressed as mean ± standard deviation or median (interquartile
range) and compared to an independent t-test or a Mann-Whitney. The categorical data were
expressed as frequency (percentage) and analyzed using the chi-squared test or Fisher’s exact Test.
Univariate and multivariate logistic regression analyses were employed to identify the predictors
of RVD following Cone reconstruction. The receiver operating characteristic (ROC) curve was
utilized to ascertain the optimal critical value for RVD prediction post-CR. The area under curve
(AUC) was computed to assess the accuracy of predictors for postoperative RVD. A p-value of less
than 0.05 is considered statistically significant. Data for this study were analyzed using R software
(version 4.0, R Foundation, Vienna, Austria).

3 Results

3.1 Population Characteristics

After excluding patients who were under 10 years of age (n = 13), had a history of cardiac
surgery (n = 2), had a history of radiofrequency ablation (n = 5), had other complex cardiac
malformations (n = 5), did not undergo surgery after CMR (n = 22), underwent alternative surgical
procedures after CMR (n = 18), had poor image quality (n = 4), incomplete imaging data (n = 3),
a total of 51 patients with EA were included in the study, see Fig. 3 below, and their baseline
clinical characteristics are summarized in Table 1. The age of the patients was 37.7 ± 15.3 years,
with a predominance of females (38/51, 75%). The majority of patients were classified as New York
Heart Association (NYHA) Class I and NYHA Class II (43/51, 84%). In preoperative Carpentier’s
classification, type A and type B were predominant, with no statistically significant difference
between the two groups (p = 0.47), see Table 1.

Table 1: Baseline characteristics of the study population.

Parameters All Patients (n = 51) Non-RVD (n = 26) RVD (n = 25) p-Value

Age (y) 37.7 ± 15.3 36.5 ± 16.1 38.9 ± 14.8 0.587
Body mass index (kg/m2) 22.1 ± 3.2 22.0 ± 3.5 22.2 ± 3.0 0.803

Sex 0.935
Male 13 (25%) 6 (23%) 7 (28%)

Female 38 (75%) 20 (77%) 18 (72%)
Carpentier’s classification 0.466

A 18 (35%) 9 (35%) 9 (36%)
B 22 (43%) 13 (50%) 9 (36%)
C 11 (22%) 4 (15%) 7 (28%)
D 0 (0%) 0 (0%) 0 (0%)
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Table 1: Cont.

Parameters All Patients (n = 51) Non-RVD (n = 26) RVD (n = 25) p-Value

NYHA class 0.283
NYHA I 24 (47%) 16 (61%) 6 (24%)
NYHA II 19 (37%) 7 (27%) 14 (56%)
NYHA III 8 (16%) 3 (12%) 5 (20%)
NYHA IV 0 (0%) 0(0%) 0 (0%)
Symptoms 0.312

chest distress 10 (20%) 4 (15%) 6 (24%)
breathlessness 8 (16%) 5 (19%) 3 (12%)

palpitation 14 (27%) 5 (19%) 9 (36%)
Preoperative ASD 1.000

YES 27 (53%) 14 (54%) 13 (52%)
NO 24 (47%) 12 (46%) 12 (48%)

Cardiothoracic ratio (%) 0.60 ± 0.09 0.57 ± 0.08 0.63 ± 0.08 0.008**

Note: Values are mean ± standard deviation, median (interquartile range) or frequency (percentage). **p-value < 0.01.
NYHA, New York Heart Association; ASD, atrial septal defect.
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Figure 3: Flowchart depicting patient inclusion criteria. EA, Ebstein anomaly; CMR, cardiovascular magnetic reso-
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Figure 3: Flowchart depicting patient inclusion criteria. EA, Ebstein anomaly; CMR, cardiovascular magnetic
resonance; CR, Cone reconstruction; RVD, right ventricular dysfunction.

3.2 Echocardiogram Results

Echocardiographic results comparison revealed a significant difference in the degree of septal
leaflet displacement between the two groups preoperatively (p = 0.003), but there was no difference
in the degree of posterior leaflet displacement. Additionally, there was no significant difference
in the diameter of right atrium and RV between the two groups. Postoperative echocardiograms
showed that 25 patients (49%) had RVD, see Table 2.
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Table 2: Comparison of preoperative CMR and echocardiography parameters in all patients, RVD group and
non-RVD group after Cone reconstruction.

Parameters All Patients (n = 51) Non-RVD (n = 26) RVD (n = 25) p-Value

Preoperative CMR
LVEDVi (mL/m2) 62.7 (52.7, 72.6) 57.8 (52.6, 67.4) 64.1 (56.4, 73.9) 0.214
LVESVi (mL/m2) 24.5 (19.8, 31.1) 22.7 (19.2, 30.2) 24.9 (21.7, 31.7) 0.178

LVSVi (mL) 56.8 ± 13.3 56.0 ± 12.7 57.6 ± 14.0 0.668
LVCO (mL) 4.2 (3.8, 4.9) 4.4 (3.8;5.0) 4.1 (3.8;4.7) 0.678
LVEF (%) 59.2 (55.1, 62.9) 59.7 (55.3, 63.9) 59.0 (53.0, 61.4) 0.332

RVEDVi (mL/m2) 183.5 (140.9, 226.0) 153.0 (113.1, 201.2) 208.5 (179.3, 246.5) 0.003**
RVESVi (mL/m2) 103.5 (64.9, 126.4) 71.7 (52.1, 106.4) 115.9 (95.6, 152.9) 0.001**

RVEF (%) 46.9 ± 8.8 50.0 ± 8.3 43.6 ± 8.1 0.007**
Celermajer index 0.72 (0.53, 0.89) 0.65 (0.52, 0.89) 0.74 (0.62, 1.12) 0.263

GOSE 2.0 (2.0, 2.0) 2.0 (2.0, 2.0) 2.0 (2.0, 3.0) 0.126
Right heart dysfunction: 0.003**

Normal 20 (39%) 16 (61%) 4 (16%)
Mild 18 (35%) 7 (27%) 11 (44%)

Moderate 9 (18%) 3 (12%) 6 (24%)
Severe 4 (8%) 0 (0%) 4 (16%)

Preoperative
echocardiography
Septal leaflet (mm) 29.6 ± 10.9 25.3 ± 11.2 34.0 ± 8.8 0.003**

Posterior leaflet (mm) 39.6 ± 15.7 36.5 ± 16.8 42.8 ± 14.1 0.151
Right atrium (mm) 74.7 ± 20.0 70.0 ± 19.9 79.3 ± 9.4 0.108

Right ventricle (mm) 47.2 ± 13.5 45.1 ± 12.6 49.5 ± 14.4 0.251
LVEF (%) 65.8 ± 6.8 67.1 ± 7.0 64.5 ± 6.4 0.172

Note: Values are mean ± standard deviation, median (interquartile range) or frequency (percentage). **p-value < 0.01.
LV, left ventricular; EDVi, end-diastolic volume index; ESVi, end-systolic volume index; SVi, stroke volume index; EF,
ejection fraction; CO, cardiac output;RV, right ventricular. The Celemajer index = (the area of the right atrium and
atrialized right ventricle)/(the area of the functional right ventricle þ left ventricle and left atrium).

3.3 CMR Results

The RVD group had a significantly lower RVEF on preoperative CMR (p = 0.007), and poorer
right ventricular function (p = 0.003). The degree of cardiac dilation was more severe in RVD
patients. Patients with RVD exhibited a higher RVEDVi (p = 0.03) and RVESVi (p = 0.01). The
Celermajer index was not different between the two groups preoperatively, see Table 2.

3.4 Clinical Outcomes

Patients with RVD had a higher Vismax (24 h) (p = 0.02). The ICU time was longer in the RVD
group, but the difference was not statistically significant. The difference in hospital time between
the two groups was also not statistically significant. There was no significant difference in CPB
time and Aortic occlusion (ACC) time. There was no statistically significant difference in the degree
of tricuspid regurgitation between the two groups postoperatively, and left ventricular function
was normal in all 51 patients postoperatively. In our study, we observed that patients had RVD
postoperatively continued to exhibit RVD in subsequent evaluations three months later. Notably,
we observed that in some patients with RVD, the severity of valvular regurgitation worsened over
time (p = 0.014), see Table 3.



20 Congenit Heart Dis. 2025;20(1)

Table 3: Comparison of clinical outcomes after Cone in all patients with EA, RVD group and non-RVD
group.

Parameters All Patients (n = 51) Non-RVD (n = 26) RVD (n = 25) p-Value

Vis Max (24 h) 10.0(6.3, 13.0) 7.8 (5.0, 10.0) 11.0(8.0, 17.0) 0.002**
Vis Mean (24 h) 6.0 (4.3, 9.1) 5.4 (4.0, 7.4) 9.0 (4.5, 11.3) 0.010*
CPB time (min) 129.0 (112.5, 156.5) 125.0 (103.0, 166.0) 132.0 (120.0, 152.0) 0.528
ACC time (min) 83.0 (67.5, 97.8) 83.0 (66.0, 109.0) 83.0 (70.0, 95.0) 0.831

ICU time (d) 2 (2, 4) 2 (2, 4) 3 (2, 4) 0.456
Hospital time (d) 20 (16, 22) 19 (16, 22) 20 (16, 23) 0.691

Postoperative Degree of
tricuspid regurgitation

Normal 15 (29%) 10 (39%) 5 (20%) 0.444
Mild 23 (45%) 11 (42%) 12 (48%)

Moderate 9 (18%) 4 (15%) 5 (20%)
Severe 4 (8%) 1 (4%) 3 (12%)

Three Months after surgery
Normal 11 (21%) 10 (39%) 1 (4%) 0.014*

Mild 25 (49%) 11 (42%) 14 (56%)
Moderate 10 (20%) 4 (15%) 6 (24%)

Severe 5 (10%) 1 (4%) 4 (16%)
Note: Values are mean ± standard deviation, median (interquartile range) or frequency (percentage). *p-value < 0.05;
**p-value < 0.01. Vis, vasoactive-inotropic score; CPB, cardiopulmonary bypass; ACC, aortic occlusion.

3.5 Predictors of RVD after Cone Reconstruction

Univariate and multivariate logistic regression analysis were carried out to determine the
predictors of RVD after Cone reconstruction. The results are summarized in Table 4. Univariate
logistic regression analysis showed that RVESVi, RVEDVi, RVEF and Valve displacement were
significantly correlated with postoperative RVD. In multivariate logistic regression analysis, Valve
displacement was still an important predictor of postoperative RVD [Odds ratio (OR) 1.088;
Confidence interval (CI): (1.004–1.179); p = 0.020].

Table 4: Univariate and multivariate logistic regression analysis of RVD after Cone reconstruction.

Parameters
Univariate Multivariate

OR (95% CI) p-Value OR (95% CI) p-Value

LVEDVi 1.023 (0.989–1.064) 0.213
LVESVi 1.046 (0.994–1.116) 0.119
LVEF 0.984(0.920–1.050) 0.638

RVEDVi 1.014(1.004–1.025) 0.007*
RVESVi 1.023(1.009–1.043) 0.005*
RVEF 0.902(0.823–0.972) 0.013*

Valve displacement 1.092(1.023–1.165) 0.008* 1.088(1.004–1.179) 0.020*
Note: *p-value < 0.05. LV: left ventricle; EDVi, end-diastolic volume index; ESVi, end-systolic volume index; EF, ejection
fraction; RV, right ventricle; OR, odds ratio; 95% CI, 95% confidence interval.

ROC analysis is used to determine the cut-off value of meaningful parameters. Only the
cut-off values of the parameters with significant significance (p < 0.05) in univariate analysis were
evaluated. The sensitivity and specificity of RVESVi > 83.04 for predicting early RVD were 65%
and 88%, respectively. The sensitivity and specificity of RVESVi Valve displacement > 26.50 for
predicting RVD were 62% and 84%, respectively, see Table 5. ROC curve analysis was used to
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evaluate the predictive effectiveness of different parameters on RVD after Cone reconstruction. The
highest predictive efficacy of RVD after Cone was observed in RVESVi, and the AUC was 0.768, see
Fig. 4 below.

Table 5: Receiver operating characteristic curve analysis for predicting RVD after Cone reconstruction.

Parameters AUC (95% CI) Cut-Off Value Sensitivity (%) Specificity (%)

RVESVi 0.768(0.634–0.901) 83.04 65 88
RVEDVi 0.742(0.605–0.878) 175.66 69 76

RVEF 0.728(0.586–0.870) 48.97 62 84
Valve displacement 0.742(0.602–0.882) 26.50 62 84

Abbreviation: RVESVi, right ventricular end-systolic volume index; RVEDVi, right ventricular end-diastolic volume
index; RVEF, right ventricular ejection fraction; AUC, area under curve; CI, confidence interval.
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4 Discussion

This study conducted a comparative analysis of preoperative right ventricular structural
and functional between patients exhibiting RVD and those without RVD following the Cone
reconstruction. Our findings further corroborate that a diminished RVEF, impaired right ventricular
function, and severe right heart dilatation are significant predictors of early postoperative RVD,
aligning with established literature [9,18]. Additionally, this study identified that the degree of
septal leaflet displacement on echocardiography influences the risk of early postoperative RVD,
with patients exhibiting displacement exceeding 26.5 mm being particularly vulnerable. The RVD



22 Congenit Heart Dis. 2025;20(1)

was not associated with the CPB time, total hospital stay, and ICU time, but the maximum dose of
vasoactive medication used postoperatively was correlated with RVD.

The results of this study demonstrate that, although the Cone reconstruction yields substantial
clinical enhancements and a notable reduction of valvular regurgitation in individuals with EA,
RVD persists as a prevalent postoperative occurrence, impacting nearly half of the subjects [19,20].
RVD may lead to exacerbation of tricuspid regurgitation, arrhythmias, and heart failure, all of
which are postoperative complications that markedly influence the necessity for reoperation and
long-term prognosis [8,21]. Significantly, our study reveals that patients with RVD exhibit an
augmentation of tricuspid regurgitation in early postoperative follow-up. Overall, this study
shows that the severity of septal leaflet displacement is a key predictor of RVD. Patients with more
severe tricuspid valve abnormalities before surgery have a higher risk of developing persistent
RVD. Preoperative right ventricular dilatation and dysfunction assessed by CMR are also strong
predictors of RVD.

The study revealed a correlation between right ventricular volume and the risk of RVD. An
excessively enlarged RV may result in annular dilatation and compromised right ventricular
function, thereby necessitating extended surgical time and more complex procedures [22].
Moreover, the remodeling of chordae tendineae and valvular structures, with RV folding, can
further impair the functional RV, exacerbating the decline in right ventricular function [23,24].
Relevant literature indicates that a reduced RVEF and significant right ventricular dilatation are risk
factors for early postoperative RVD, and progressive right ventricular dilatation and dysfunction
are commonly observed in EA [25,26]. Due to the difficulty in early detection of right heart failure
and the chronic nature of right ventricular remodeling, which will delay the timing of surgical
repair, patients often exhibit severe RVD in the early postoperative period following the Cone
procedure [27].

The significance of this study is to underscore the importance of preoperative assessment
for the Cone procedure. Identifying patients at high risk for postoperative RVD can facilitate the
prediction of tricuspid regurgitation recurrence after the Cone reconstruction and guide the use of
postoperative vasoactive medications. It is well established that, given the geometric shape and
position of the RV, CMR is the preferred imaging modality for assessing its size and function [28].
However, the latest guidelines indicate that two-dimensional echocardiography plays a significant
complementary role in evaluating the tricuspid valve. Our study results demonstrate that the
combination of CMR and echocardiography provides crucial additional data on tricuspid valve
anatomy, degree of right ventricular expansion, and its function, which is essential for guiding
individualized surgical plans for each patient [16,29]. Furthermore, our findings suggest that
postoperative RVD does not lead to increased hospital time and intensive care unit (ICU) time, but
there is an increase in the dosage of vasoactive medications used. This may be attributed to the lower
ejection fraction following the Cone procedure; although improvements in ventricular function
and reduction of tricuspid regurgitation can ameliorate this condition, vasoactive medications are
still required to maintain adequate cardiac output [29].

As a single-center cohort, our study has several limitations. Primarily, the sample size is
relatively small. Secondly, in this study, we used absolute measurements to evaluate the patient’s
condition. However, taking into account the large age range of patients (from 10 years old
to adulthood), absolute measurements may not fully reflect the differences between different



Congenit Heart Dis. 2025;20(1) 23

age groups. For example, the same measurements may appear larger in young patients and
relatively small in adult patients. Therefore, future studies should consider introducing relative
measurements or age standardization methods to assess the disease more accurately. Lastly, this
study mainly relied on echocardiography to evaluate the severity of tricuspid regurgitation rather
than CMR. CMR provides a more accurate measurement of regurgitation fraction and has a unique
advantage in evaluating right ventricular volume and function. Future studies should consider
combining CMR and echocardiography to more comprehensively evaluate the severity of tricuspid
regurgitation and its effect on right ventricular function.

5 Conclusions

The study indicates that preoperative decrease of RVEF, significant valvular displacement, and
dilatation of the RV are important predictors for the early RVD following the Cone reconstruction.
RVD may exacerbate tricuspid regurgitation, and this finding underscores that predicting RVD
may aid in identifying high-risk patients for recurrent tricuspid regurgitation after the Cone
reconstruction, as well as guiding the use of postoperative vasoactive medications. Therefore,
patients with the aforementioned high-risk factors preoperatively, indicating a potential for
postoperative RVD, can be considered for early preventive treatment.
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