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Abstract 

Background 
Patients with transposition of the great arteries corrected by an atrial switch operation 
experience major clinical events during adulthood, mainly heart failure (HF) and 
arrhythmias, but data on the emerging risks remain scarce. We assessed the risk for 
events during the clinical course in adulthood, and provided a novel risk score for 
event-free survival. 
 
Methods and Results 
This multicenter study observed 167 patients with transposition of the great arteries 
corrected by an atrial switch operation (61% Mustard procedure; age, 28 [interquartile 
range, 24–36] years) for 13 (interquartile range, 9–16) years, during which 16 (10%) 
patients died, 33 (20%) had HF events, defined as HF hospitalizations, heart 
transplantation, ventricular assist device implantation, or HF-related death, and 15 (9%) 
had symptomatic ventricular arrhythmias. Five-year risk of mortality, first HF event, and 
first ventricular arrhythmia increased from 1% each at age 25 years, to 6% (95% CI, 4%–
9%), 23% (95% CI, 17%–28%), and 5% (95% CI, 2%–8%), respectively, at age 50 years. 
Predictors for event-free survival were examined to construct a prediction model using 
bootstrapping techniques. A prediction model combining age >30 years, prior 
ventricular arrhythmia, age >1 year at repair, moderate or greater right ventricular 
dysfunction, severe tricuspid regurgitation, and mild or greater left ventricular 
dysfunction discriminated well between patients at low (<5%), intermediate (5%–20%), 
and high (>20%) 5-year risk (optimism-corrected C-statistic, 0.86 [95% CI, 0.82–0.90]). 
Observed 5- and 10-year event-free survival rates in low-risk patients were 100% and 
97%, respectively, compared with only 31% and 8%, respectively, in high-risk patients. 
 
Conclusions 
The clinical course of patients undergoing atrial switch increasingly consists of major 
clinical events, especially HF. A novel risk score stratifying patients as low, 
intermediate, and high risk for event-free survival provides information on absolute 
individual risks, which may support decisions for pharmacological and interventional 
management. 
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Introduction 

The atrial switch operation (AtrSO) significantly improved survival for patients with 
transposition of the great arteries (TGA), but left them with a challenging clinical 
course, including heart failure (HF), arrhythmias, and premature mortality.1,2 Several 
studies have described late events up to the age of 30 to 40 years,2,3 but accurate data 
on the emerging risks at older ages remain scarce. Furthermore, risk prediction remains 
difficult, as no models to predict absolute risks exist. New markers, such as B-type 
natriuretic peptide,4 myocardial fibrosis,5 and strain,6 are mainly studied on an 
individual basis with short follow-up, whereas large long-term studies have mainly 
focused on characteristics from early childhood, such as TGA complexity or details of 
the repair surgery.1,3,7 Accordingly, counseling adult patients is still difficult as 
knowledge on absolute individual risks of clinical events is limited. This hampers 
adequate management of the clinical course during adulthood,8,9 because risk 
assessment at the individual level is needed to interfere timely in patients at highest 
risk without overtreating patients at limited risk. Therefore, this study aimed to provide 
insight in the incidence of mortality, HF, and ventricular arrhythmias (VAs) in adult 
patients with TGA long after AtrSO, uncover clinical predictors for event-free survival, 
and provide a risk score to improve patient counseling in daily clinical practice. 

Methods 

Using the Dutch CONCOR registry, which includes adults (aged ≥18 years) with 
congenital heart disease, we assessed survival and risk of events in adult patients with 
TGA after AtrSO. The CONCOR registry conforms to the Declaration of Helsinki, and 
was approved by the ethics boards of all participating centers.10 The data will not be 
made available to other researchers for purposes of reproducing the results or 
replicating the procedure. 
 
Study Population and Data Collection 
This study consisted of patients included in the CONCOR registry in 5 tertiary medical 
centers with simple or complex TGA (defined as TGA with concomitant ventricular 
septal defect, left ventricular (LV) outflow tract obstruction, or coarctation of the 
aorta) after AtrSO. Patients were followed up from the first hospital visit after written 
informed consent for inclusion in the CONCOR registry (earliest inclusion in 2001) until 
2019, heart transplantation, ventricular assist device implantation, or death. Medical 
records were reviewed for baseline and follow-up data on events, clinical status, 
described as New York Heart Association functional class, ECGs, imaging 
(echocardiography, cardiovascular magnetic resonance, and computed tomography) 
and exercise testing performed during routine follow-up. Echocardiographic systemic 
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right ventricular (RV) and subpulmonary LV function levels were visually graded by 
cardiologists at each participating center as normal or mildly, moderately, or severely 
impaired.11 Tricuspid regurgitation (TR) severity was graded, according to the European 
guidelines, from absent/trivial to severe TR.12 Baffle obstruction was suspected in case 
of flow velocity of >1.5 m/s, turbulence, or loss of biphasic flow in the conduits.11 
 
Outcome Definitions 
Clinical events were scored, specifically (1) HF events, defined as hospitalizations for 
HF, heart transplantation, ventricular assist device implantation, or HF as cause of 
death; (2) VAs, defined as symptomatic nonsustained VA, sustained VA, and sudden 
death; and (3) all-cause mortality. 
 
The primary end point used in prediction analysis was time to the first event of the 
composite of HF events, arrhythmia events, and all-cause mortality. 
 
In addition, RV dysfunction, defined as moderate or greater RV dysfunction on 
echocardiography, and New York Heart Association functional class at last follow-up 
were reported to analyze clinical decline during adulthood. 
 
Statistical Analysis 
Data are expressed as numbers (percentages), mean±SD, or median (interquartile 
range), as appropriate. Kaplan-Meier analysis with age as a time scale, using a delayed 
entry method for left-truncated, right-censored data, was conducted to provide 
survival estimates of event-naive patients.13,14 Five-year risk of first events was 
estimated using discrete-time survival methods. 
 
Multiple imputation, based on baseline characteristics (maximum percentage missing, 
29%) and the end points, was used to address missing data, creating 100 data sets. 
Characteristics derived from cardiovascular magnetic resonance/computed 
tomography and cardiopulmonary exercise tests were not included in the imputation 
models, because they entailed many missing values (54%–61%) as they were performed 
less frequently during routine follow-up, especially in the earlier years. Cox proportional 
hazards regression was used to analyze whether patient characteristics were 
associated with event-free survival. 
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Prediction Model 
A prediction model based on clinical characteristics, ECG, and echocardiography 
measurements at baseline was derived with backward stepwise selection based on the 
Akaike Information Criterion, in 100 bootstrap samples per imputed data set. Entry 
criterion into multivariable analysis was P<0.05 in univariable analysis. Of highly 
correlated characteristics (symptoms/prior HF hospitalization, prior VA/implantable 
cardioverter-defibrillator [ICD], and pacemaker/ventricular pacing), the variable with 
highest C-statistic in univariable analysis was included in multivariable analysis. Age was 
kept in all models because of its clinical significance. Continuous variables that had a 
nonlinear relation with the outcome were dichotomized on the basis of individual 
receiver operating characteristic curves. Variables selected in >60% of the bootstrap 
samples of >60% of the imputed data sets were included in the final prediction 
model15,16 (Table S1). Risk factors were awarded score points based on the β in the final 
model. Internal validation was performed using bootstrapping techniques, assessing 
model calibration using the calibration slope and model discrimination using the 
optimism-corrected C-statistic penalized for overfitting. 
 
Statistical analyses were performed in RStudio V.1.1.453 (RStudio Team, Boston, MA) 
using R-version 3.6.1 (R Core Team, Vienna, Austria), with the mice,17 survival,18 and 
bootStepAIC19 packages. P<0.05 was considered statistically significant. 

 

Results 

Baseline Characteristics 
In total, 167 patients with TGA after atrial switch were included (62% men; 61% Mustard 
procedure; median age, 28 [interquartile range, 24–36] years at inclusion) (baseline 
characteristics in Table 1). At inclusion, 28 (17%) used β blockers, 45 (27%) used 
angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, and 14 (8%) 
used diuretics. 

 
 
 
 
 
 
 
 
 
 

// De magenta omlijning geeft de netto maat aan en zal niet zichtbaar zijn in het eindproduct //
// Let op: Dit proef bestand is niet geschikt om correcties in te maken //



595989-L-bw-Zandstra595989-L-bw-Zandstra595989-L-bw-Zandstra595989-L-bw-Zandstra
Processed on: 24-5-2023Processed on: 24-5-2023Processed on: 24-5-2023Processed on: 24-5-2023 PDF page: 132PDF page: 132PDF page: 132PDF page: 132

132 
 

Table 1: Baseline Characteristics and Univariable Cox Regression for Event-Free 
Survival 
 
Characteristics All Patients 

(n=167) 
Patients With 
Events (n=41) 

HR (95% CI) P Value 

� Clinical characteristics 
Aged >30 y 74 (44) 30 (73) 5.21 (2.59–10.5) <0.001 
Men 104 (62) 22 (54) 0.73 (0.40–1.36) 0.33 
Complex TGA 51 (31) 16 (39) 1.61 (0.86–3.02) 0.14 
Mustard procedure 101 (61) 35 (85) 5.16 (2.16–12.3) <0.001 
Aged >1 y at AtrSO 89 (53) 36 (88) 8.40 (3.29–21.4) <0.001 
Symptoms (NYHA 
functional class ≥2) 
(n=162) 

39 (25) 16 (41) 2.97 (1.56–5.67) 0.001 

Body mass index, 
kg/m2 (n=159) 

24±5 25±6 1.06 (1.00–1.12) 0.058 

Systolic blood 
pressure, mm Hg 
(n=160)a 

121±14 118±12 0.88 (0.69–1.12) 0.29 

Prior heart failure 
hospitalization 

8 (5) 6 (15) 8.61 (3.53–21.0) <0.001 

Prior ventricular 
arrythmia 

13 (8) 9 (22) 4.23 (2.01–8.90) <0.001 

Prior baffle procedure 26 (16) 7 (17) 1.54 (0.68–3.50) 0.30 
ICD 5 (3) 3 (7) 4.72 (1.45–15.4) 0.010 
Pacemaker 41 (25) 17 (42) 2.91 (1.56–5.45) <0.001 
Prior supraventricular 
tachyarrhythmia 

58 (35) 21 (51) 2.12 (1.15–3.91) 0.017 

� ECG     
Heart rate, /min 
(n=138)a 

68±15 73±15 1.31 (1.07–1.60) 0.009 

QRS duration >120 ms 
(n=118) 

31 (26) 16 (53) 4.50 (2.29–8.81) <0.001 

Loss of sinus rhythm 
(n=163) 

42 (26) 12 (29) 1.30 (0.66–2.56) 0.45 

Ventricular pacing 17 (10) 8 (20) 2.83 (1.30–6.15) 0.009 
Echocardiography     
Moderate or greater 
impairment of RV 
function (n=157) 

38 (24) 17 (43) 4.08 (2.11–7.90) <0.001 

Severe tricuspid 
regurgitation (n=159) 

12 (8) 10 (24) 7.00 (3.24–15.1) <0.001 

Mild or greater 8 (5) 6 (15) 7.16 (2.80–18.3) <0.001 
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impairment of LV 
function (n=162) 
Signs of baffle 
obstruction (n=154) 

27 (18) 6 (16) 0.94 (0.39–2.28) 0.90 

� CMR/CT 
LVEDV, mL (n=67)a 142±45 137±30 1.06 (0.95–1.18) 0.32 
LVESV, mL (n=65)a 63±25 61±16 1.14 (0.97–1.34) 0.12 
LVEF, % (n=67) 57±9 56±7 0.97 (0.92–1.01) 0.17 
RVEDV, mL (n=76)a 209±65 223±59 1.08 (1.01–1.15) 0.015 
RVESV, mL (n=73)a 120±49 133±46 1.10 (1.03–1.18) 0.007 
RVEF, % (n=76) 42±9 40±6 0.96 (0.91–1.01) 0.082 

� Exercise testing 
Peak heart rate, /min 
(n=68)a 

169 (150–184) 157 (127–174) 0.86 (0.74–1.00) 0.049 

Peak systolic blood 
pressure, mm Hg 
(n=62)a 

170±31 166±32 1.01 (0.88–1.16) 0.88 

Data described as frequency (percentage), mean±SD, or median (interquartile range). AtrSO 
indicates atrial switch operation; CMR, cardiovascular magnetic resonance; CT, computed 
tomography; HR, hazard ratio; ICD, implantable cardioverter-defibrillator; LV, left ventricular; 
LVEDV, LV end-diastolic volume; LVEF, LV ejection fraction; LVESV, LV end-systolic volume; NYHA, 
New York Heart Association; RV, right ventricular; RVEDV, RV end-diastolic volume; RVEF, RV 
ejection fraction; RVESV, RV end-systolic volume; and TGA, transposition of the great arteries. aHR 
per 10-unit increase. 
 
Clinical Course 
Patients were prospectively followed for a median of 13 (interquartile range, 9–16) 
years, with a median age at last follow-up of 41 (interquartile range, 36–46) years. 
Fourteen patients were followed up over the age of 50 years. During follow-up, 30 
(18%) patients were hospitalized for HF, heart transplantation was performed in 2 
patients, 3 patients got a ventricular assist device as destination therapy, and 15 (9%) 
patients had VAs. In total, 16 (10%) patients died (7 of HF, 5 sudden deaths, 3 of other 
cardiac causes, and 1 noncardiac death) (distribution of events in Table 2). Forty-one 
(25%) patients reached the primary end point, with a median event-free survival of 
event-naive patients surviving into adulthood of 50 years (Kaplan-Meier curves in Figure 
S1). Median survival until death or transplant/ventricular assist device of adults with 
TGA after atrial switch was 54 years. Risks of first HF event, first arrhythmia, and 
mortality were all only 1% at the age of 25 to 30 years. At the age of 50 to 55 years, this 
increased to 23% (95% CI, 17%–28%), 5% (95% CI, 2%–8%), and 6% (95% CI, 4%–9%), 
respectively (Figure 1). In the age group 30 to 40 years, 30% were diagnosed to have 
moderate or greater RV dysfunction, which increased to 49% for those aged between 
40 and 50 years and to 53% for those aged >50 years. Symptoms of HF were present in 
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22% of the patients aged 30 to 40 years, in 52% of patients aged 40 to 50 years, and in 
67% of patients aged >50 years. In line with clinical deterioration, a subset of patients 
underwent interventions during follow-up (22 baffle and 10 tricuspid interventions). 

 
Table 2: Distribution of Events 
Variable Patients With Event, 

N 
Included in Primary 
End Point, Na 

(A) Event-free survival (primary end 
point) 41  

(B) All scored events   
 Heart failure 33  
  Heart failure 

hospitalization 
30 25 

  HTX/VAD 5 2 
  Heart failure as cause of 

death 
7 1 

 Ventricular arrhythmia 15  
  Symptomatic 

nonsustained VT 
4 4 

  Sustained VT 5 3 
  Ventricular fibrillation 4 3 
  Cardiac arrest/sudden 

deathb 
5 2 

 All-cause mortalty 16  
  Heart failure 7  
  Sudden death 5  
  Other cardiac 3  
  Noncardiac death 1 1 
(A) Number of patients who reached the primary end point. (B) Number of patients per subtype of 
scored events. Numbers of subtypes do not add up to the event total as patients may have had 
multiple subtypes of events (eg, heart failure hospitalization and subsequently HTX). HTX indicates 
heart transplantation; VAD, ventricular assist device; and VT, ventricular tachycardia. 
aIn patients with multiple events, the first event was included in the primary end point. Heart 
failure–related and sudden deaths were scored under heart failure and ventricular arrhythmia, 
respectively. bCardiac arrest with unclear underlying rhythm from patient records or unexplained 
sudden death. 
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Figure 1: Five-year risk of first events. 
Five-year risk of all-cause mortality (A), first heart failure event (B), and first ventricular arrhythmia 
(VA) event (C). The bars show the observed incidence in percentage of patients at risk per age 
group, and the black line shows the predicted risk based on the observed incidences, assuming a 
linear model. N. indicates number. 
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Risk Predictors 
Table 1 lists univariable associations between baseline characteristics and event-free 
survival. Multiple characteristics were significant predictors in univariable analysis, 
including age, surgical type, age at AtrSO, symptoms, history of supraventricular 
arrhythmias or VAs, heart rate, QRS duration, echocardiographic measures of RV 
function, LV function, and TR, and peak heart rate during exercise. RV volumes, 
measured by cardiovascular magnetic resonance/computed tomography, were also 
significantly associated with event-free survival. 
 
Prediction Model 
Table 3 shows the results of multivariable Cox regression analysis and the final 
prediction model, which included age >30 years, age >1 year at AtrSO, prior VA, 
moderate or greater RV dysfunction, severe TR, and mild or greater LV dysfunction 
(score chart in Figure 2A). The risk model satisfied the proportional hazard assumption, 
had a calibration slope of 0.97 (95% CI, 0.74–1.19) (Figure S2), and discriminated well 
between patients who did and did not reach the primary end point 
(optimism-corrected C-statistic, 0.86 [95% CI, 0.82–0.90]). Patients were categorized 
into low, intermediate, and high risk, with 5-year predicted risk of events of <5%, 5% to 
20%, and >20%, respectively (Figure 2B). In patients with a 5-year predicted risk of <5% 
(score points ≤2; n=91 [54%]), observed event-free survival was 100%, 97%, and 94% after 
5, 10, and 15 years of follow-up, respectively (Figure 2C). Risk for events was significantly 
increased in patients with higher scores (hazard ratio [HR], 10.5 [95% CI, 4.0–27.9] 
[P<0.001]; and HR, 87.7 [95% CI, 29.0–265.4] [P<0.001] for intermediate and high risk, 
respectively). Event-free survival was 90% and 72% at 5- and 10-year follow-up, 
respectively, in intermediate-risk patients (score points 2.5–3.5; n=62 [37%]). In high-risk 
patients, with predicted 5-year risk of >20% (score points ≥4; n=14 [8%]), observed 5- and 
10-year event-free survival was only 32% and 8%, respectively. The model also performed 
well for prediction of all-cause mortality alone (optimism-corrected C-statistic, 0.89 
[95% CI, 0.82–0.95]), with observed 10-year survival of 100%, 90%, and 37% in the low-, 
intermediate-, and high-risk groups, respectively (Figure S3). Apart from the 
independent risk factors, patients at high and intermediate predicted risk more often 
had HF symptoms, ICD or pacemaker devices, and prior supraventricular 
tachyarrhythmias compared with patients in the low-risk group (Table S2). 
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Table 3: Multivariable Prediction Model and Score Points for Event-Free Survival 
 Full Model  Final Model   
Predictors HR (95% CI) P Value HR (95% CI) P Value Points 
Aged >30 y 1.95 (0.79–4.77) 0.15 2.75 (1.20–6.29) 0.017 1 
Mustard 
procedure 

1.90 (0.71–5.07) 0.20 
   

Aged >1 y at 
AtrSO 

4.82 (1.64–14.2) 0.004 4.58 (1.64–12.8) 0.004 1.5 

Symptoms (NYHA 
functional class 
≥2 

1.90 (0.88–4.11) 0.11 
   

Prior ventricular 
arrhythmia 

4.65 (1.80–12.0) 0.001 2.89 (1.22–6.81) 0.015 1 

Pacemaker 0.65 (0.24–1.73) 0.38    
Prior 
supraventricular 
arrhythmia 

0.54 (0.24–1.20) 0.13 
   

QRS duration 
>120 ms 

1.93 (0.76–4.89) 0.17 
   

Heart rate, 
beats/min 

1.07 (0.81–1.41) 0.64 
   

Moderate or 
greater RV 
dysfunction 

2.78 (1.16–6.64) 0.021 2.79 (1.35–5.75) 0.005 1 

Severe tricuspid 
regurgitation 

3.56 (1.25–10.2) 0.018 3.55 (1.40–9.01) 0.008 1.5 

Mild or greater LV 
dysfunction 

3.32 (1.16–9.46) 0.025 4.46 (1.70–11.7) 0.002 1.5 

Of highly correlated characteristics (symptoms/prior heart failure hospitalization, prior ventricular 
arrhythmia/implantable cardioverter-defibrillator, and pacemaker/ventricular pacing), the variable 
with highest C-statistic in univariable analysis was included in multivariable analysis. Variables 
selected in >60% of the bootstrap samples of >60% of the imputed data sets (Table S1) were included 
in the final prediction model. AtrSO indicates atrial switch operation; HR, hazard ratio; LV, left 
ventricular; NYHA, New York Heart Association; and RV, right ventricular. 
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Figure 2: Observed event-free survival by predicted risk category. 
A, Score points of the risk model. B, Predicted risk for the combined end point (heart failure, 
ventricular arrhythmias, and mortality) based on the risk score. C, Observed event-free survival of 
patients with predicted low (<5% in 5 years), intermediate (5%–20% in 5 years), and high risk (>20% in 
5 years). LV indicates left ventricular; N., number; and RV, right ventricular.

// De magenta omlijning geeft de netto maat aan en zal niet zichtbaar zijn in het eindproduct //
// Let op: Dit proef bestand is niet geschikt om correcties in te maken //



595989-L-bw-Zandstra595989-L-bw-Zandstra595989-L-bw-Zandstra595989-L-bw-Zandstra
Processed on: 24-5-2023Processed on: 24-5-2023Processed on: 24-5-2023Processed on: 24-5-2023 PDF page: 139PDF page: 139PDF page: 139PDF page: 139

139 
 

Discussion 
This large cohort study with comprehensive patient characteristics and long-term 
follow-up provides estimates of absolute risks of major events during the clinical course 
of adults after AtrSO. To our knowledge, this is the first study presenting a practical risk 
score based on multiple markers that can easily be obtained during routine outpatient 
visits, stratifying adult patients undergoing AtrSO into low-, intermediate-, and high-risk 
groups. 
 
Clinical Course 
We present absolute risks of major clinical events during adulthood, up to the sixth 
decade of life. This expands current knowledge on population-level relative risks and of 
studies including children to the present adult population on an individual basis. As 
illustrated in Figure 3, asymptomatic RV dysfunction was already present within the 
third decade of life, whereas more than half of patients in their fourth and fifth decade 
experience HF symptoms. A continuously increasing portion of patients have major 
clinical events with older age. In line with previous work, most major events at young 
adult age consisted of VAs and sudden death, but after the age of 40 years, HF 
prevalence had increased, and concurrently HF-related death became the major cause 
of death.20,21 Because the AtrSO was largely abandoned in favor of the arterial switch in 
the 1980s, most of the worldwide population with TGA who underwent AtrSO will be 
40 to 60 years old in the coming decade. For both patients and physicians, risk 
assessment for the individual patient is needed to discriminate between patients at 
risk, who might benefit from intensive medical care and clinical interventions, and 
patients who can have a more relaxed regimen. The clinical tools provided in this study 
will be useful to support decisions on prevention and treatment of the prevailing 
complications. 
 
Prediction Model 
Currently, management of patients with TGA corrected by an AtrSO is hampered by the 
lack of evidence-based recommendations.8,9 Randomized clinical trials are difficult to 
perform because of the limited population size. Second best are large cohort studies 
investigating outcomes and providing tools for risk assessment. Our study is the first to 
provide a risk score that can help to counsel patients and guide clinicians in their 
management strategies. Compared with previously published general risk models for 
sudden death22 and HF23 in adults with congenital heart disease, the presented model 
adds TGA-AtrSO–specific information (ie, age at AtrSO repair and TR severity). The 
model discriminated well between patients at low, intermediate, and high risk for both 
the composite of major clinical events and all-cause mortality alone. 
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Figure 3: Clinical course during adulthood in patients undergoing atrial switch. 
Illustration based on survival during adulthood of patients undergoing atrial switch in the CONCOR 
registry.13 The percentage of patients with right ventricular (RV) dysfunction (defined as moderate 
or greater RV dysfunction on echocardiography), symptoms, and nonfatal clinical events (heart 
failure hospitalizations, transplant/ventricular assist device implantation, and symptomatic 
ventricular arrhythmias) is depicted for the third, fourth, and fifth decade of life. The dips in the 
curve signify the percentage of surviving patients enduring nonfatal clinical events during the 
decade. The figure illustrates that both morbidity and mortality rates are increasing as these 
patients grow older. 

// De magenta omlijning geeft de netto maat aan en zal niet zichtbaar zijn in het eindproduct //
// Let op: Dit proef bestand is niet geschikt om correcties in te maken //



595989-L-bw-Zandstra595989-L-bw-Zandstra595989-L-bw-Zandstra595989-L-bw-Zandstra
Processed on: 24-5-2023Processed on: 24-5-2023Processed on: 24-5-2023Processed on: 24-5-2023 PDF page: 141PDF page: 141PDF page: 141PDF page: 141

141 
 

The low-risk group comprised 54% of patients who experienced no clinical events 
during the first 5 years of follow-up. Moreover, during a median of 13 years of 
follow-up, only 5 events occurred. The low-risk patients were mostly young, with only 
mild RV dysfunction and no HF symptoms. Current US guidelines advise yearly 
outpatient visits in all patients with TGA corrected by an AtrSO, even those without 
symptoms,9 but it seems justified to prolong the regular follow-up interval (eg, to 2 
years) and defer medical treatment with uncertain benefit in these low-risk patients. 
 
One third of patients comprised the intermediate-risk group, with a 5-year event-free 
survival of 90%. In these patients, management considerations to improve event-free 
survival should be considered on an individual basis (eg, yearly follow-up with imaging 
for timely identification of RV deterioration and initiation of angiotensin-converting 
enzyme inhibition to prevent clinical HF when symptoms appear).24 In select cases, ICD 
implantation or tricuspid valve surgery may be considered. Indeed, severe TR largely 
contributed to the risk of events, in line with prior research.1,4,25,26,27 TR is usually 
secondary to annular dilatation and may further aggravate RV dysfunction. Tricuspid 
valve replacement can stabilize RV function and improve functional class for several 
years, but timely consideration is crucial, as reduced ejection fraction of the systemic 
RV is a major risk factor for surgical mortality.28 
 
Of patients, 8% were identified as high-risk patients, with an event-free 5-year survival 
of only 56%. Moreover, 30% had events within 1 year, and mortality was >50% within 10 
years of follow-up. These findings stress that a comprehensive clinical evaluation with 
frequent follow-up (eg, every 6 months) is indicated in these patients. Within 10 years 
of follow-up, 6 of the 14 high-risk patients had had VAs. Guidelines recommend ICD 
implantation in patients with advanced systemic RV dysfunction, especially in presence 
of nonsustained VA, HF symptoms, or severe TR.8,29 As most high-risk patients meet 
these criteria, the presented risk model underscores that ICD implantation should be 
considered in these patients at highest risk. Supraventricular tachyarrhythmias and 
prolonged QRS duration, which have previously been associated with sudden 
death,22,26,30,31 may also be acknowledged in the judgement for ICD therapy. Prior 
supraventricular tachyarrhythmias and QRS duration >120 ms were associated with our 
primary end point in univariable analysis. Yet, these variables did not improve the 
presented multivariable model, probably as 68% of our primary end point events 
concerned HF instead of VA. Large registries of patients with TGA corrected by an 
AtrSO will improve identification of those who will benefit most from ICD implantation. 
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HF was especially prevalent from the fourth decade on. Cardiac resynchronization 
therapy could be considered to decrease the contribution of dyssynchronous 
myocardial contractions to progressive RV failure, especially in patients with long QRS 
duration.32,33 Progressive backward failure of the RV can also lead to dysfunction of the 
LV, although it is anatomically suited to sustain high pressures. Therefore, patients with 
overt LV dysfunction appeared to be already far down the path of deterioration. In all 
high-risk patients, HF medication and timely referral for transplantation or assist device 
should be considered to decrease risk of premature (HF-related) death. 
 
Methodological Issues 
Limitations inherent to the observational design include follow-up of a selected group 
of patients in tertiary medical centers, with visually graded data on ventricular function 
as clinically customary. Evaluating the effect of interventions during follow-up and 
assessing the pathogenesis of the risk model and RV deterioration were not part of our 
study. The sample size was limited to 167 patients, with only 41 reaching the primary 
end point. Although we could not perform external validation, this risk model was 
based on multicenter data and performed well after model stability analysis and 
internal validation, which is a reliable estimate of good external predictive 
performance.34 We focused on robust end points that are consistently recorded in 
patient records. This strengthens the risk model, as it predicts major events, instead of 
preceding events, such as supraventricular arrhythmias. We did not study new markers, 
such as NT-proBNP (N-terminal pro-B-type natriuretic peptide), as these were acquired 
less often in the earlier eras, because we preferred long-term prediction on robust 
outcomes over short-term follow-up with new markers. Future studies may determine 
whether additional measurements, such as blood biomarkers, myocardial strain, or 
myocardial fibrosis on cardiovascular magnetic resonance, have added value in risk 
stratification.6,25,35,36 
 
Conclusions 
The current study provides an easily applicable clinical risk model that identifies 
patients at low, intermediate, and high absolute risk of major clinical events. The 
resulting individual risk stratification can assist in counseling patients about their risk, 
help determine follow-up intensity, and support decisions on invasive strategies or 
pharmacological treatment, thereby aiding clinicians to improve the clinical course of 
patients with TGA corrected by an AtrSO. 
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