Prognostic significance of subpulmonary left ventricular size and function in patients with a systemic right ventricle
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Abstract
Aim: To assess the additional prognostic significance of echocardiographic parameters of subpulmonary left ventricular (LV) size and function in patients with a systemic right ventricle (SRV). 
Methods and Results: All adults with a SRV who underwent transthoracic echocardiography in 2010-2018 at a large tertiary center were identified. Biventricular size and function were assessed at the most recent exam. The study endpoint was all-cause mortality or heart/heart-lung transplantation.
We included 180 patients, 100(55.6%) male, mean age 42.4±12.3 years, of whom 103(57.2%) had undergone Mustard/Senning operations and 77(42.8%) had congenitally corrected transposition of great arteries. 
Over 4.9[3.8-5.7] years, 28(15.6%) patients died and 4(2.2%) underwent heart or heart-lung transplantation. Univariable predictors of the study endpoint included age, NYHA functional class III or IV, history of atrial arrhythmias, presence of pacemaker or cardioverter-defibrillator, high BNP, and echocardiographic markers of SRV and subpulmonary LV size and function. On multivariable Cox analysis of echocardiographic variables, indexed LV end-systolic diameter (ESDi; HR 2.77 [95%CI 1.35-5.68], p=0.01), LV fractional area change (FAC; HR 0.7 [95%CI 0.57-0.85], p=0.002), SRV basal diameter (HR 1.66 [95%CI 1.21-2.29], p=0.005), and SRV FAC (HR 0.65 [95%CI 0.49-0.87], p=0.008) remained predictive of mortality or transplantation. On ROC analysis, subpulmonary LV parameters performed better than SRV markers in predicting adverse events.
Conclusions: SRV basal diameter, SRV FAC, LV ESDi, and LV FAC are significantly and independently associated with mortality and transplantation in adults with a SRV. Accurate echocardiographic assessment of both SRV and subpulmonary LV is therefore essential to inform risk stratification and management. 
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Introduction
﻿Adults with transposition of the great arteries (TGA) after Mustard or Senning operation, or with congenitally corrected TGA (ccTGA), are at particularly high risk of developing systolic dysfunction of the systemic ventricle, tricuspid regurgitation, heart failure, cardiac arrhythmias, which are associated with increased mortality.1 Impaired quality of life and heart failure symptoms have been reported in 22.2% of adults with TGA post atrial switch repair and in 32.3% of those with ccTGA,2 however this may be an underestimate of the true incidence of heart failure in this population, posing a high risk of late diagnosis with limited evidence for medical therapies.3 Timely risk stratification, including by echocardiography, is thus vitally important.
While systolic dysfunction of the systemic right ventricle (SRV) is frequent and a well-recognized prognostic marker of mortality, need for heart transplantation,4–6 major arrhythmias,7 heart failure, and reduced exercise capacity,8–11 little is known on the contribution to risk assessment of the subpulmonary left ventricle (LV). Impairment of the subpulmonary LV is not uncommon and is associated with heart failure symptoms (New York Heart Association [NYHA] functional class 3-4).12,13 However,  its prognostic significance remains unknown.
﻿In this study, we aimed to analyse the echocardiographic characteristics of the subpulmonary LV and its association with mortality and/or heart transplantation in patients with a SRV.
 


Methods
Study design and population
From the digitally recorded echocardiographic database of a large tertiary center for adult congenital heart disease, we have retrospectively identified all adult patients with biventricular physiology and the SRV who underwent transthoracic echocardiography (TTE) at least once between May 2010 and August 2018. The most recent TTE was then analyzed.
Demographic and clinical characteristics (age, weight, height, body surface area, body mass index, cardiovascular risk factors, comorbidities and medical history, B-type natriuretic peptide [BNP]) were retrieved from the electronic patients’ records of the hospital database. 
Follow-up data were collected by an investigator who was not involved in the echocardiographic measurements through the analysis of hospital electronic patients records. Survival status was retrieved from the Primary Care Mortality Database in the UK in October 2022. The study endpoint was all-cause mortality and heart or heart-and-lung transplantation.
The study was approved by the UK Health Research Authority (IRAS Project ID 275809) and based on data collected for routine clinical care and administrative purposes, and therefore did not require individual consent.
Echocardiographic data acquisition and analysis
TTE was performed according to the hospital protocol which was in agreement with recommendations from the International Society of Adult Congenital Heart Disease.14 All echocardiographic measurements in the studies included in the analysis were performed by an experienced echocardiographer accredited in congenital heart disease echocardiography.
Due to complex geometry, semilunar shape under normal conditions and positional variations, subpulmonary LV morphology does not satisfy geometrical assumptions incorporated in the Simpson model. That’s why traditional assessment of LV volumes and ejection fraction using Simpson’s biplane technique will not be accurate. LV size and systolic function was assessed quantitively using end-diastolic and and-systolic diameters (EDD and ESD), end-diastolic and end-systolic areas (EDA and ESA), mitral annulus peak systolic excursion (MAPSE), fractional area change (FAC), and qualitatively by visual assessment from multiple views. 
In particular, for the assessment of FAC, the subpulmonary LV endocardial borders were traced in end-diastole and end-systole in the apical 4-chamber view to obtain EDA and ESA. FAC was calculated using the following formula: FAC = (EDA – ESA) / EDA. From the same apical 4-chamber view, a M-mode signal was obtained through the lateral mitral annulus with the line positioned along the direction of the mitral annulus displacement. MAPSE was measured as the difference between the annulus position in end-diastole and peak systole.
The size and function of the SRV was assessed quantitively by SRV diameters, EDA and ESA, tricuspid annular plane systolic excursion (TAPSE), tissue Doppler peak systolic velocity (S’), FAC, and qualitatively by visual assessment from multiple views, similarly as described for the subpulmonary LV. Care was taken to include the SRV trabeculation and moderator band into the cavity while measuring FAC.
Reproducibility analysis
To assess intra- and interobserver variability and reliability, measurements of key echocardiographic parameters in a subset of patients (n=18) were repeated by the initial operator (ES) and by a second experienced operator (CW), both blinded to the previous results. Intraclass correlation coefficient and the coefficient of variation were calculated.

Statistical analysis
Statistical analyses were performed using R Statistics version 4.1.2 (R Foundation for Statistical Computing, Vienna, Austria). Continuous variables are presented as mean±standard deviation or median [interquartile range]. Categorical variables are presented as number (percentage). Comparisons between groups were performed using the Wilcoxon rank sum test for continuous variables and the chi-squared test or Fisher’s exact test for categorical variables. Survival analysis was performed for the primary endpoint of all-cause mortality or heart/heart-lung transplantation, using the date of echocardiography as the start date. Patients were censored if they were alive at the end of the study (23rd October 2022), or if they emigrated or were lost-to-follow-up. Transplant-free survival differences in Kaplan-Meier survival curves were evaluated using the Log-rank test. Univariable Cox regression analysis was used to assess the relation between baseline clinical variables and transplant-free survival. Time-dependent Receiver-operating characteristic (package ‘timeROC’) was used to predict 1-, 3-, and 5-year transplant-free survival.15 Pointwise confidence interval and for areas under timeROC curves (AUC) were computed from the asymptotic normality of time-dependent AUC estimators using inverse probability of censoring weights computed from a Kaplan-Meier estimator in the ‘timeROC’ package. Missing data were imputed using multiple imputation by chained equations (package ‘mice’) to generate 20 imputed datasets. Variables with high missingness (≥20%) were not imputed or included in the subsequent analysis. Collinearity testing was undertaken pre- and post-multiple imputation (variance inflation factor <3 indicative of collinearity). Variables with high missingness (>20%) were not imputed or included in the subsequent analysis. Multivariable Cox regression analysis was performed on each imputed dataset and pooled estimates generated. To assess the prognostic significance of markers of subpulmonary LV function in patients without established pre-capillary pulmonary hypertension on pulmonary arterial hypertension (PAH) therapies, univariable and (after multiple imputation) multivariable Cox analysis was performed on the group of patients not on PAH therapies as a sensitivity analysis. All tests were 2-sided, and a P value <0.05 was indicative of statistical significance.

Results
[bookmark: patient-characteristics]Patient characteristics
[bookmark: Xc0632d787ab547327d3f73c794c056d8c09dbed]During the study period, we identified 180 patients with a diagnosis of the SRV. Their main demographic, clinical and echocardiographic characteristics are presented in Table 1. Mean age the time of baseline echocardiography was 42.4±12.3 years, 100 patients (55.6%) were male. Over half of patients (103, 57.2%) had TGA and atrial switch operation, of which the vast majority had undergone a Mustard repair (97, 94.2%) and 6 patients (5.8%) had undergone a Senning repair. The remainder (77, 42.8%) had a diagnosis of ccTGA. Half of patients (90, 50.0%) reported at least mild heart failure symptoms, including 29 (16.1%) who were in NYHA functional class III or IV. A history of atrial arrhythmia was common (84 patients, 47.2%). Almost two-thirds of patients (113, 63.5%) were receiving at least one heart failure medication, while 8 (4.5%) were receiving a pulmonary vasodilator.
On baseline echocardiography, the vast majority of patients had a dilated SRV when assessed using conventional RV echocardiographic reference values16: 159 (88.3%) patients had basal SRV diameter >4.1 cm and 167 (92.8%) had SRV indexed EDA (EDAi) >12.6 cm2/m2. Systolic function of the SRV was impaired in 148 (82.2%) patients by visual assessment, 89 (49.4%) had at least moderate SRV systolic dysfunction. Median SRV FAC was 28.0 [22.0-34.5]% (Table 1).
Unlike the SRV, subpulmonary LV systolic function was visually preserved in the majority of patients (155, 86.1%), with a median LV FAC of 48.0 [40.0-53.0]%. Compared to their counterparts with a preserved LV function, patients with impaired LV function had a larger LV size (LV EDAi 16.9 [14.6-19.6] cm2/m2 vs. 11.8 [10.1-13.5] cm2/m2, p<0.0001), and were more likely to have at least moderately impaired SRV (68.0% vs. 46.5%, p=0.04), to be in NYHA functional class III or IV (88.0% vs. 4.5%, p<0.0001), and to be on pulmonary arterial hypertension therapies (29.2% vs. 0.6%, p<0.0001).
More than mild systemic tricuspid regurgitation was present in 78 (43.3%) patients. Patients with at least moderate tricuspid regurgitation had more dilated and impaired SRVs: SRV basal diameter 5.7[4.95-6.3] vs. 5.1[4.4-5.7] cm (p=0.0003), SRV FAC 22[19-26.5] vs. 31[25.0-36.3]% (p<0.0001). The subpulmonary LV was also more dilated and impaired in these patients: LV ESDi 1.7[1.3-2.1] vs. 1.3[1.2-1.7] cm/m2 (p=0.0001), LV FAC 43[34.8-49.0] vs. 50[42.0-53.5]% (p=0.0008).”
At least moderate obstruction of LV outflow tract (LVOT) was present in 28(15.6%) patients, of which 10(35.7%) had valvar pulmonary stenosis, 13(46.4%) LVOT obstruction due to muscle band or membrane, 2(7.1%) supravalvular stenosis including due to pulmonary artery band, and 3 (10.7%) stenosis of left ventricle to pulmonary artery conduit. The subpulmonary LV was not significantly larger or more impaired in patients with ≥moderate pulmonary stenosis or LVOT obstruction compared to those without: LV ESDi 1.7[1.2-1.8] vs. 1.4[1.2-1.8] cm/m2 (p=0.2), LV FAC 45[38.5-50.5] vs. 48[40-53]% (p=0.3).
Twenty one of 103 patients with previous atrial switch operation had at least mild baffle stenosis. Patients with baffle stenosis did not show significant difference in LV size or systolic function parameters compared with patients with no baffle stenosis (LV ESDi 1.4 [1.2-1.9] cm vs. 1.3 [1.2-1.7] cm and LV FAC 47 [40-53] % vs. 48 [42-53] %, respectively).

Mortality and predictors of death or transplantation in systemic RV
During a median follow-up of 4.9 [3.8-5.7] years (cumulative follow-up time of 828.3 patient-years), 28 (15.6%) patients died and 4 (2.2%) underwent heart or heart-lung transplantation. On Kaplan-Meier analysis, the 1-, 3- and 5-year transplant-free survival for the overall study population was 92.7% (95%CI: 89.0-96.6%), 88.1% (95%CI: 83.4-93%), and 82.9% (95%CI: 77.4-88.8%), respectively.
Univariable Cox regression analysis using echocardiographic variables demonstrated a significant association between mortality or transplantation and the following variables: SRV size and function (basal diameter, EDAi, S’, FAC, ≥moderate systolic dysfunction by qualitative assessment, ≥moderate tricuspid regurgitation) and subpulmonary LV size and function (indexed EDD [EDDi], indexed ESD [ESDi], EDAi, LV dilatation by qualitative assessment, FAC, MAPSE, systolic dysfunction by qualitative assessment). Several demographic and clinical variables were also identified as predictors of death or transplantation, including older age, NYHA functional class III or IV, a history of atrial arrhythmias, presence of pacemaker or cardioverter-defibrillator at baseline, a higher serum BNP level (Figure 1). There was no significant difference in survival between anatomic subgroups (TGA versus ccTGA, Log-rank p=0.9).
On multivariable Cox analysis after multiple imputation, the following echocardiographic parameters remained predictive of mortality or transplantation: LV ESDi, LV FAC, SRV basal diameter, and SRV FAC (Table 2). When testing the discriminative ability of these variables in the unimputed dataset, subpulmonary LV ESDi and FAC had a higher sensitivity and specificity in predicting death or transplantation compared to SRV basal diameter and SRV FAC (Figure 2). For death or transplantation at 1 year, LV FAC AUC was higher than SRV FAC (93.1, 95%CI:87.9-98.4 vs. 78.3, 95%CI:64.2-92.3, p=0.01). Parameters of LV function remained independent predictors of outcome even after removing patients on PAH therapies from the analysis cohort (Supplementary Table 1).
Termplots were drawn for ventricular size and function of the SRV and subpulmonary LV to identify cut-offs for each of the parameters as follows: LV ESDi >1.5 cm/m2, LV FAC <40%, SRV basal diameter >6.0 cm and SRV FAC <25%. (Supplementary figure 1).
Reproducibility analysis 
Intraclass correlation coefficient and coefficient of variability values suggested acceptable intra- and interobserver variability and reliability for key echocardiographic parameters of the SRV and LV (Supplementary Table 2). Reproducibility of subpulmonary LV parameters appeared better than SRV.


Discussion
	Adults with a SRV and TGA or ccTGA are a high-risk population with a significant mortality at short- to medium-term follow-up. Echocardiography remains an important tool in the non-invasive risk stratification of these patients. In our cohort of 180 patients who underwent detailed expert echocardiographic assessment during routine specialist follow-up, size and systolic function of both the SRV and subpulmonary LV were independent predictors of mortality or transplantation. Most importantly, subpulmonary LV size and function emerged as the strongest predictors of clinical outcome in this population. Thorough echocardiographic assessment, with an emphasis on the subpulmonary LV, should be an integral part of the routine clinical follow-up and risk stratification of all patients with a SRV.
The natural history of patients with a SRV is greatly driven by the ability of the RV to adapt to the systemic position, with a high prevalence of SRV dilatation, hypertrophy and systolic dysfunction, which is typically progressive. This is often aggravated by the presence of regurgitation of the systemic tricuspid valve, which poses an extra load to the SRV and is associated with an increased risk of heart failure. Echocardiography plays a key role in the follow-up of these patients, with an emphasis traditionally being placed on the performance of the SRV and status of the tricuspid valve, but little attention paid to the subpulmonary LV.1,17 Two recent, large outcome studies including >1000 patients have demonstrated that severely impaired SRV systolic function by qualitative assessment was a significant predictor of mortality, heart transplantation and mechanical circulatory support, as well as major arrhythmias. 6,7 Quantitative parameters of SRV systolic function and the function of the subpulmonary LV are, however, rarely reported and were therefore the focus of our study. 
We have previously demonstrated a significant association between subpulmonary LV systolic dysfunction assessed by FAC and symptoms of heart failure (NYHA functional class 3-4), which was independent of, and stronger than SRV systolic function.13 These observations are supported by other investigators, who demonstrated that qualitative assessment of LV function (but not MAPSE of S’)  was associated with NYHA class, maximal exercise capacity and NT-proBNP level.18 Two recent small studies have reported an association between subpulmonary LV parmeters and adverse events.19,20 Thus, in a prospective study including 86 patients with TGA post Mustard repair or ccTGA, authors demonstrated that end-diastolic diameter of the subpulmonary LV was associated with both primary (all-cause mortality or heart failure) and secondary (all-cause mortality or arrhythmia) study end points.19 In a smaller CMR study including 33 patients with the SRV, increase of LV end-diastolic volume and stroke volume at rest and during CMR-exercise test were associated with heart failure, arrhythmias and sudden cardiac death. 20
 Our study on a much larger population, using quantitative assessment of LV size and function, confirmed the prognostic implications of subpulmonary LV parameters in patients with a SRV. It also clearly demonstrated that subpulmonary LV characteristics are strongly associated with mortality or transplantation, independent of SRV status or the presence of PAH. The mechanisms by which the subpulmonary LV is affected in this condition are not well established. Ventricular-ventricular interaction in the presence of a dilated and hypertrophied SRV, and significant deviation of the ventricular septum is likely to affect the systolic and diastolic characteristics of the subpulmonary LV.21,22 This is supported by studies demonstrating correlation of echocardiographic parameters of SRV and subpulmonary LV systolic function.4,13,23 An LV in the subpulmonary position, over time, typically loses its ability to function against a high afterload. Systemic RV dysfunction, tricuspid regurgitation, or stenosis of the pulmonary venous pathways in patients after the atrial switch operation, can cause an increase in pulmonary artery pressures (post-capillary pulmonary hypertension) and can cause dilatation and/or dysfunction of the LV.24,25 More rarely, patients with TGA develop pulmonary vascular disease, which also presents as combined pre- and post-capillary pulmonary hypertension and poses a significant load to the subpulmonary LV. Significant LV myocardial fibrosis has been described on cardiac magnetic resonance studies of patients after atrial switch repair of TGA.26,27 Our study clearly demonstrates that subpulmonary LV characteristics are strongly associated with mortality or transplantation, independent of SRV status. Whether the subpulmonary LV is a contributor to the adverse prognosis or a surrogate marker of impaired haemodynamics remains to be established.
Current practice in most expert centres relies on qualitative or semi-quantatitive assessment of ventricular function focusing on the SRV. Our findings support the use of a detailed evaluation of both SRV and subpulmonary LV, incorporating quantitative assessment of ventricular size and function. Despite anatomical caveats, our data support the use of FAC of both ventricles in this population. This is a two-dimensional parameter that does not accurately reflect the anatomical complexities and three-dimensional structure of the SRV, but is widely available and simple quantitative measure incorporating both longitudinal and radial components of global ventricular function. While cardiac magnetic resonance remains a gold standard technique for assessment of ventricular function in this population, a high level of expertise is required to scan patients with a SRV and is not widely available. We have previously demonstrated good correlation of both SRV and LV FAC with CMR-derived ejection fractions in our centre.13 A simple protocolised approach to the routine echocardiographic assessment of patients with SRV is fundamental for achieving lifelong surveillance and risk stratification of this complex, high-risk population. 
Study limitations
This is a single centre study on a large population of SRV patients, who represent a minority of adults with CHD.  This was a retrospective analysis of echocardiograms performed using a strict clinical protocol, with low levels of missingness that were addressed using multiple imputation for multivariable regression analysis. Our multivariable analysis focused on echocardiographic parameters alone; larger multi-centre studies with a higher event rate are needed to integrate imaging and other clinical parameters in a single prognostic model. Finally, the accuracy of echocardiographic parameters of ventricular size and function in the setting of SRV against the gold-standard of cardiac magnetic resonance was not assessed. This has been assessed in previous studies, however, and the strong relation between echocardiographic parameters and advers outcome in our study, supports their use in clinical practice.  
Conclusions
SRV basal diameter, SRV FAC, subpulmonary LV ESDi, and FAC are significantly and independently associated with all-cause mortality and heart or heart-lung transplantation in adult patients with TGA post atrial switch repair or with ccTGA. This supports the role of a protocolised echocardiographic assessment of patients with SRV including accurate evaluation of both ventricles as a means of identifiying individuals at increased risk of adverse outcomes. 
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Figure legends
Figure 1
Results of univariable Cox proportional hazards regression analysis for mortality or heart/heart-lung transplantation. BNP, b-type natriuretic peptide; EDAi, end-diastolic area index; EDDi, end-diastolic dimension index; ESDi, end-systolic dimension index; FAC, fractional area change; ICD, implantable cardioverter defibrillator; LV, (subpulmonary) left ventricle; MAPSE, mitral annular plane systolic excursion; NYHA, Hew York Heart Association; S’, DTI-derived lateral annular systolic velocity wave; SRV, systemic right ventricle. 
Figure 2
Time-dependent ROC curves used to evaluate the predictive ability of echocardiographic variables on 1-, 3-, and 5-year transplant-free survival. ESDi, end-systolic dimension index; FAC, fractional area change; LV, (pulmonary) left ventricle; S’, DTI-derived lateral annular systolic velocity wave; SRV, systemic right ventricle.
Supplementary Figure 1
Threshold analysis for echocardiographic variables presented as a functional form of the unadjusted relationship between each variable and the hazard of death or transplantation, and 95% confidence intervals using smoothing splines. Variable density is also plotted (grey). ESDi, end-systolic dimension index; FAC, fractional area change; LV, (pulmonary) left ventricle; SRV, systemic right ventricle.



Table 1
Baseline demographic and clinical characteristics overall and according to presence of subpulmonary LV dysfunction (FAC <40%).

	Variable
	Overall
(n=180)
	Preserved LV function
(n=147)
	LV dysfunction
(n=33)
	P value

	Age, years
	42.4±12.3
	41.3±11.7
	46.1±13.2
	0.03

	Male sex
	100 (55.6)
	73 (56.6)
	19 (57.6)
	0.99

	NYHA class
  I
  II
  III
  IV
	
89 (49.7)
61 (34.1)
22 (12.3)
7 (3.9)
	
73 (57)
50 (39.1)
5 (3.9)
0
	
9 (21.2)
4 (12.1)
15 (45.5)
7 (21.2)
	<0.0001a

	Sinus rhythm
	125 (71)
	94 (74.6)
	19 (59.4)
	0.14

	History of atrial arrhythmias
	84 (47.2)
	52 (40.6)
	25 (78.1)
	0.0003

	Pacemaker
	69 (38.3)
	49 (38)
	12 (36.4)
	0.99

	ICD
	39 (21.7)
	18 (14)
	16 (48.5)
	<0.0001

	Prosthetic valve in systemic position
	18 (10)
	12 (9.3)
	4 (12.1)
	0.87

	Ebstein-like tricuspid valve 
	8 (4.4)
	7 (5.4)
	1 (3)
	0.91

	Heart failure therapy
	113 (63.5)
	78 (60.9)
	25 (78.1)
	0.11

	PAH therapy
	8 (4.5)
	1 (0.8)
	7 (21.9)
	<0.0001

	SRV basal diameter, cm
	5.3[4.6-5.8]
	5.3[4.7-5.8]
	5.3[4.8-6]
	0.58

	SRV EDAi, cm2/m2
	17.6[15.5-20.5]
	17.4[15.6-20.2]
	19.4[17.2-24.0]
	0.02

	TAPSE, mm
	12[9-14]
	12[9-15]
	10[9-12.5]
	0.26

	SRV S’, cm/s
	7[5.5-8]
	7[5.6-8.5]
	6[4.3-7.9]
	0.12

	SRV FAC, %
	28[22-34.5]
	29[23-35]
	22[18.5-27]
	0.0001

	SRV systolic dysfunction
by visual assessment
  None
  Mild
  Moderate
  Severe
	

32 (17.8)
59 (32.8)
49 (27.2)
40 (22.2)
	

23 (17.8)
47 (36.4)
36 (27.9)
23 (17.8)
	

2 (6.1)
9 (27.3)
8 (24.2)
14 (42.4)
	0.02a


	Tricuspid regurgitation, at least moderate
	51 (28.3)
	32 (24.8)
	16 (48.5)
	0.01

	LV EDDi, cm/m2
	2.2[1.9-2.5]
	2.1[1.9-2.4]
	2.7[2.3-3.0]
	<0.0001

	LV ESDi, cm/m2
	1.4[1.2-1.8]
	1.3[1.2-1.6]
	2.0[1.7-2.2]
	<0.0001

	LV EDAi, cm2/m2
	12.1[10.2-14.6]
	11.8[10.2-13.5]
	16.1[11.8-18.8]
	0.0003

	LV FAC, %
	48[40-53]
	50[45.7-53.9]
	33[28-37]
	<0.0001

	LV outflow tract obstruction, at least moderate
	28(15.6)
	14(10.9)
	6(18.2)
	0.4

	Dilated LV size by visual assessment
	40 (22.2)
	15 (11.6)
	21 (63.6)
	<0.0001

	LV systolic dysfunction by visual assessment
	25 (13.9)
	1 (0.8)
	23 (69.7)
	<0.0001

	BNP, ng/L
	82.5[39.8-176]
	69[35.8-110.3]
	285.5[111.5-498.8]
	<0.0001



Values are mean±SD, n (%), and median (interquartile range). 
aP value derived from chi-square test using 2 by n contingency table. P values are derived from comparison between groups, using Wilcoxon rank sum test for continuous or chi-square test for categorical variables. A P value of <0.05 was indicative of statistical significance (significant values shown in bold).
BNP = b-type natriuretic peptide; ccTGA = congenitally corrected transposition of great arteries; EDAi = end-diastolic area index; EDDi – end-diastolic diameter index; ESDi – end-systolic diameter index; FAC = fractional area shortening; ICD = implantable cardioverter defibrillator; LV = left ventricle; MAPSE = mitral annular plane systolic excursion; NYHA = New York Heart Association; SRV = systemic right ventricle; TAPSE = tricuspid annular plane systolic excursion.



Table 2
Pooled multivariable Cox regression analysis of echocardiographic parameters.
	Parameter
	Unit
	HR
	95% CI
	P value

	SRV basal diameter
	cm
	1.66
	1.21-2.29
	0.005

	SRV FAC
	5%
	0.65
	0.49-0.87
	0.008

	LV ESDi
	cm/m2
	2.77
	1.35-5.68
	0.01

	LV FAC
	5%
	0.70
	0.57-0.85
	0.002



CI indicates confidence interval; ESDi = end-systolic dimension index; FAC = fractional area.
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