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BACKGROUND  

 

In repaired tetralogy of Fallot (TOF), little is known about characteristics of patients with 

rapid ventricular tachycardia (VT). Also, whether patients with a first episode of nonrapid VT 

may subsequently develop rapid VT or ventricular fibrillation (VF) has not been addressed. 

 

OBJECTIVES  

 

The objectives of this study were to compare patients with rapid VT/VF with those with 

nonrapid VT and to assess the evolution of VT cycle lengths (VTCLs) overtime. 

 

METHODS  

 

Data were analyzed from a nationwide registry including all patients with TOF and 

implantable cardioverter-defibrillator (ICD) since 2000. Patients with>/=1 VT episode with 

VTCL</=250 ms (240 beats/min) formed the rapid VT/VF group. 

 

RESULTS  

 

Of 144 patients (mean age 42.0 +/- 12.7 years; 104 [72%] men), 61 (42%) had at least 1 

VT/VF episode, including 28 patients with rapid VT/VF (46%), during a median follow-up of 

6.3 years (interquartile range 2.2–10.3 years). Compared with patients in the nonrapid VT 

group, those in the rapid VT/VF group were significantly younger at ICD implantation (35.2 

+/-12.6 years vs 41.5 +/- 11.2 years; P 5 .04), had more frequently a history of cardiac arrest 



(8 [29%] vs 2 [6%]; P 5 .02), less frequently a history of atrial arrhythmia (11 [42%] vs 22 

[69%]; P 5 .004), and higher right ventricular ejection fraction (43.3% +/- 10.3% vs 36.6% +/- 

11.2%; P5.04). The median VTCL of VT/VF episodes was 325 ms (interquartile range 235–

429 ms). None of the patients with a first documented nonrapid VT episode had rapid VT/VF 

during follow-up. 

 

CONCLUSION  

 

Patients with TOF and rapid VT/VF had distinct clinical characteristics. The relatively low 

variation of VTCL over time suggests a room for catheter ablation without a backup ICD in 

selected patients with well-tolerated VT. 

 

 

 

Introduction 
 

Tetralogy of Fallot (TOF) is the most common cyanotic congenital heart defect.1 While long-

term survival after repair is excellent,2,3 surgical scarring exposes patients to the occurrence 

of ventricular arrhythmias (VAs) and sudden cardiac death (SCD), which remains an 

important cause of death in this population.4–8 

 

In repaired TOF, VAs are mainly represented by monomorphic ventricular tachycardia (VT) 

related to reentrant circuits using anatomical isthmuses created by surgical scars.9,10 

Implantable cardioverter-defibrillator (ICD) has been demonstrated to be highly effective in 

preventing arrhythmic death in high-risk patients, but the burden of long-term complications 

is considerable. Moreover, while high rates of appropriate ICD therapies have been 

demonstrated in large registries,11,12 VT may not be a surrogate of SCD and many patients 

experience clinically well-tolerated sustained VT episodes.13 In this context, catheter ablation 

has progressively emerged as an alternative in carefully selected patients. However, data on 

VT cycle length (VTCL) in TOF are scarce, and to our knowledge, the evolution of VTCLs 

over time has not been assessed so far. Whether patients with TOF presenting with rapid 

VT/VF (defined usually as life-threatening arrhythmias with VTCL </=250 ms, ie,>/=240 

beats/min) have a specific clinical profile is therefore unknown. 

 

In this study, we used a population of patients with TOF monitored with an ICD to 

longitudinally assess the evolution of VTCLs. Our objectives were (1) to compare clinical 

characteristics of patients with rapid VT/VF with those without and (2) to assess the evolution 

of VTCLs over time, particularly the predictive value of the first documented VTCL during 

follow-up. 

 

 

Methods 
Study setting 

 

The DAI-T4F registry is an ongoing French nationwide registry reporting the outcomes of 

patients with TOF and ICD.12,14 DAI-T4F (ClinicalTrials.gov identifier NCT03837574) was 

initiated in 2010 by INSERM, the French Institute of Health and Medical Research, and 

includes all patients with TOF implanted with an ICD in France after 2000 for the primary or 



secondary prevention of SCD. Data collection was performed retrospectively for the 2000–

2009 and prospectively from 2010 onward with annual follow-up for the entire cohort. Of the 

167 French centers accredited for ICD implantation, 40 centers implanted at least 1 patient 

with TOF (Online Supplemental Data 1). Patients with unrepaired TOF, pulmonary atresia, 

absent pulmonary valve, atrioventricular canal defect, and double outlet right ventricle were 

excluded. Follow-up began at ICD implantation. 

 

The DAI-T4F registry was declared to and authorized by the French data protection 

committee (Commission Nationale de l’Informatique et des Libertés), and the study was 

approved by the local institutional review boards. Data were centrally collected and analyzed 

at the Cardiovascular Epidemiology and Sudden Death Unit (Institut National de la Santé et 

de la Recherche Médicale [INSERM] Unit 970, Paris Cardiovascular Research Center, 

European Georges Pompidou Hospital, Paris, France). Written informed consent was obtained 

from all patients. 

 

Data collection 

 

Baseline (at ICD implantation) information included demographic characteristics, medical 

history, and details of TOF including date and types of previous cardiac operations. History of 

supraventricular arrhythmias, VAs, congestive heart failure, syncope, and cardiac arrest were 

also recorded. Findings from 12-lead electrocardiography and cardiac imaging 

(echocardiography with or without cardiac magnetic resonance = imaging) were also 

evaluated. When both echocardiography and magnetic resonance imaging were performed, 

magnetic resonance imaging–derived measures were considered. QRS fragmentation was 

previously defined.12 The most recent data preceding ICD implantation were selected, with a 

maximum acceptable time interval of 1 year. 

 

Secondary prevention was defined as ICD implantation after sustained VT/VF or aborted 

cardiac arrest. Of note, patients with inducible VT/VF during programmed ventricular 

stimulation without documented spontaneous sustained VA were considered as primary 

prevention. 

 

A specific working group ensured systematic follow-up of patients at least once a year and 

more in case of clinical events, using electronic case report forms through regular contact with 

treating physicians or the patients themselves for additional information. Clinical events were 

centrally adjudicated by a blinded committee by reviewing all clinical data and device-stored 

electrograms when available (reviewed by at least 2 independent electrophysiologists). ICD 

programming was left to the discretion of the managing physician. 

 

Study population 

 

In the DAI-T4F registry population, patients with VT during follow-up but without 

information on VTCL for any VT episode were excluded. The remaining patients with or 

without VT during follow-up were included in the present analysis. VTCLs were centrally 

collected from outpatient clinical visit reports, printed device interrogation reports from 

patient files, or telemonitoring data. Maximum efforts were made to collect VTCL for each 

VT episode. Among patients with VT/VF during follow-up with>/=1 VTCL available (n 5 

61), the VTCL was missing in at least 1 other VT/VF episode in 12 patients (20%). The 

median number of missing VTCLs was 1 (interquartile range [IQR] 1–10). The VTCL of the 



initial VT episode during followup was missing in 8 patients. The number of missing VTCLs 

per study patient is available in Online Supplemental Table 1. 

 

Definitions and outcomes 

 

VT was defined as any VT lasting >/=30 seconds and/or triggering appropriate ICD 

intervention. 

 

Rapid VT/VF was defined as mean VTCL during the recorded VT episode </=250 ms. When 

the outpatient clinical visit report indicated “VF” without further information on VTCL, a 

value of 200 ms was allocated to the VTCL of the episode. Patients with VT/VF during 

follow-up were separated into 2 groups—rapid VT/VF or nonrapid VT/ VF—according to 

whether they experienced at least 1 episode of rapid VT/VF during follow-up, whereas 

patients without VT/VF during follow-up formed the no VT/VF group. In order to analyze the 

evolution of VTCLs over time in each ICD carrier with at least 2 VT episodes with 

documented VTCL, DVTCL was calculated in milliseconds, representing the difference 

between 2 consecutives VTCLs (VTCL [n + 1] + VTCL [n]). In case of a missing VTCL 

among the succession of VT episodes, DVTCL was calculated between the 2 consecutive VT 

episodes with a documented VTCL. 

 

Statistical analyses 

 

This report was prepared in compliance with the Strengthening the Reporting of 

Observational Studies in Epidemiology checklist for observational studies.15 Categorical data 

were reported as number and percentage. Continuous variables were reported as mean +/- SD 

or median (IQR) for normally and non-normally distributed data, respectively. The normality 

of the distribution of a continuous variable was assessed using the Shapiro-Wilk test. 

Comparisons used the 
2
 or Fisher exact test for categorical variables and Student t test or 

Mann-Whitney-Wilcoxon test, when appropriate, for continuous variables, according to their 

distribution. Survival curves were built using the Kaplan-Meier method. The time-to-event 

intervals were the time from ICD implantation to the first VT episode and the age at first VT, 

setting date of birth as t0 in the latter. Censoring occurred in the event of loss to follow-up, 

heart transplantation, or death. The log-rank test was used to compare the Kaplan-Meier 

curves of the 2 groups. Cox proportional hazards models were used to identify factors 

associated with rapid VT/VF. Variables with probability values</=10 in univariable analyses 

were considered in multivariable models, with final selection based on most favorable 

goodness-of-fit measures (Bayesian information criterion). Missing data were no more than 

5%, except for previous palliative shunt (15.6%), pulmonary regurgitation severity (14.9%), 

right ventricular ejection fraction (RVEF) (21%), systolic pulmonary artery pressure (SPAP) 

(43.1%), and QRS duration and fragmentation (7.8%). Statistical analyses were performed 

using R software version 3.6.3 (R Project for Statistical Computing, Vienna, Austria), and 

schematics were created by GraphPad Prism version 9.3.0 (GraphPad Software, San Diego, 

CA). 

 

 

 

 

 

 

 



 

Results 
 

Study population 

 

Of the 165 patients included in the DAI-T4F registry, 82 (50%) experienced at least 1 VT/VF 

episode during followup and 83 (50%) did not (no VT/VF group). Among the former, 61 

patients (74%) had at least 1 documented VTCL. The 21 patients with VT during follow-up 

but no information on VTCL for any VT episode were excluded from the present study. The 

study population therefore consisted of 144 patients (mean age at ICD implantation 42.0 6 

12.7 years; 104 [72%] men) (Figure 1). Of the 61 patients with VT during follow-up and >/=1 

documented VTCL, 28 (46%) had at least 1 episode of rapid VT (rapid VT/VF group) and 33 

(54%) did not (nonrapid VT group). 

 

Comparisons of patients’ characteristics 

 

The characteristics of patients at the time of ICD implantation in the rapid VT/VF group, as 

compared with patients in the nonrapid VT and in the no VT/VF groups, are summarized in 

Table 1. 

 

Compared with patients in the nonrapid VT group, those in the rapid VT/VF group were 

significantly younger at the time of ICD implantation (35.2612.6 years vs 41.5611.2 years; 

P=.04), had more frequently a history of cardiac arrest (8 [29%] vs 2 [6%]; P5.02), and had 

less frequently a history of atrial arrhythmia (11 [42%] vs 22 [69%]; P = .004). Patients in the 

rapid VT/VF group also had higher RVEF (43.3% 6 10.3% vs 36.6% 6 11.2%; P =.04) and 

lower SPAP (37.0+/- 12.3 mm Hg vs 47.8 +/- 14.0 mm Hg; P = .02) than did patients in the 

nonrapid VT group. 

 

Compared with patients in the no VT/VF group, those in the rapid VT/VF group were 

significantly younger at corrective operation (5 years; IQR 2–11 years vs 7 years; IQR 4–13 

years; P = .02) and at ICD implantation (35.2 +/- 12.6 years vs 44.6 +/- 12.2 years; P = .001). 

 

Rapid VT/VF and VTCLs during follow-up  

 

The median follow-up time after ICD implantation was 6.3 years (IQR 2.2–10.3 years), 

without significant difference between the rapid VT/VF group and the nonrapid VT group 

(P=70), but was significantly shorter in the no VT/VF group (4.1 years; IQR 1.1–8.7 years; 

P=.0003). 

 

There was no significant difference in time from ICD implantation to first VT between the 

rapid VT/VF (median 2.3 years; IQR 0.27–5.7 years) and the nonrapid VT (2.5 [0.6–5.4] 

years) group (log-rank, P 5 .8) (Figure 2A). Age at first VT was significantly lower in the 

rapid VT/VF group (median 39.0 years; IQR 30.3–50.2 years) than in the nonrapid VT group 

(median 46.6 years; IQR 37.1–56.1 years) (log-rank, P= .04) (Figure 2B). 

 

Overall, 171 VT episodes with available VTCLs in 144 patients were documented during 

follow-up. The median number of VT episodes per patient was 2 (IQR 1–3) (Online 

Supplemental Table 1). The median VTCL across all patients and episodes was 325 ms (IQR 

235–429 ms). The median VTCL of the first VT episode was 295 ms (IQR 200–335 ms) 



(Figure 3A). The distribution of VTCLs across all VT episodes pooled together is shown in 

Figure 3B. 

 

 

 

 
 

 

 

The evolution of VTCLs across VT episodes in patients individually is shown in Figure 4. 

Patients in whom the first documented episode had a VTCL of .250 ms did not experience any 

rapid VT/VF during follow-up.  

 

Overall, 28 patients had >2 VT episodes with available VTCLs. In those patients, the median 

VTCL of the first VT episode was 298 ms (IQR 236–335 ms) (Figure 5A). The median time 

between each VT episode was 182 days (IQR 38–792 days). The VT episode with the 

minimal VTCL among the subsequent VT episodes had a median VTCL of 300 ms (IQR 

238–330 ms). The difference of VTCL between the fastest VT episode (excluding the first) 

and the first VT episode ranged from2105 (faster) to 65 ms (slower) (median 0; IQR 29.0 to 

0). VTCLs for each patient with >/=2 VT episodes with documented VTCLs are shown in 

Figure 5B. VTCLs ranged from 2162 (faster) to 220 ms (slower) (median 0; IQR 29.5 to 

3.5). The maximal negative VTCL (2162 ms; from 492 to 330 ms) occurred in a patient with 

a first VT with a VTCL of 300 ms. 

 

Fifteen patients (11%) died during follow-up: 9 died of advanced heart failure, 2 of refractory 

VF (who belonged to the rapid VT/VF group), 2 of sepsis, 1 of stroke, and 1 of cancer. 

 

 

 

 

 



 
 

 

 

Factors associated with VT and rapid VT/VF during follow-up 

 

Age at ICD implantation (hazard ratio [HR] per year increase 0.96; 95% confidence interval 

[CI] 0.93–1.00; P = .02) and history of cardiac arrest (HR 3.38; 95% CI 1.80–6.33; P< .001) 

were significantly associated with rapid VT/VF during follow-up in univariable analyses, 

whereas only history of cardiac arrest was independently associated with rapid VT/VF in 

multivariable analyses (Table 2). QRS duration >/=180 ms (HR 2.33; 95% CI 1.38–3.94; 

P=.002) and QRS fragmentation (HR 3.38; 95% CI 1.80–6.33; P < .001) were significantly 

and independently associated with VT (rapid or not) during follow-up. 

 

Discussion 
 

 

The DAI-T4F nationwide registry presents long-term followup of a large cohort of patients 

with TOF followed longitudinally with an ICD. The main findings of this study addressing 

rapid VT are as follows: (1) patients with rapid VT/VF have distinct characteristics at ICD 

implantation as compared with those with nonrapid VT, (2) patients with an initial slow VT 

do not exhibit rapid VT/VF during follow-up, and (3) VTs in TOF exhibit a low variation of 

VTCL over time according to the first documented episode. 



 
 

 

 

 

In cohorts of patients with TOF, the DAI-T4F study provided a unique opportunity to analyze 

the continuous monitoring offered by the ICD to assess the evolution of VTCLs over time. 

VAs are common in repaired TOF recipients, and the annual rate of appropriate ICD therapy 

in primary prevention ranges from 7.1% to 7.7%,11,12 rates comparable with those of the 

Multicenter Automatic Defibrillator Implantation Trial II study on ischemic heart disease for 

primary prevention. 16 Monomorphic VTs account for >.80% of VAs in TOF and rely on 

macroreentrant circuits occurring in the right ventricle (RV).17 Dense scars, created by 

surgical incision of the RV outflow tract, and prosthetic patches transecting the pulmonary 

annulus or used for ventricular septal defect repair, create anatomical isthmuses bounded by 

unexcitable tissue that serve an ideal bed for macroreentrant arrhythmias. 9,18 There are few 

studies assessing longitudinal variations of VTCLs in other disease model, as this objective 

essentially requires a large population of ICD carriers. In ischemic heart disease, a study 

including 17 patients with repeated programmed ventricular stimulation immediately after 

myocardial infarction and during long-term follow-up showed a high reproducibility of VT 

induction but poor preservation of VTCL.19 In this work, VTCLs exhibited remarkable 

stability over time, with a median VTCL of 0 ms and a small dispersion of its distribution. 

This contrasting finding may be explained by the difference in the nature of the 

arrhythmogenic substrate between the 2 heart diseases. Myocardial infarction–related scar is 

heterogeneous and may harbor several channels. Surviving myocytes at the border zone can 

exhibit functional block. These phenomena may account for a greater VTCL variability. In 

TOF, macroreentrant circuits are determined by fixed anatomical boundaries, and they do not 

use scar as providers of critical isthmuses, but rather as boundaries, whose dimensions do not 

vary significantly over time.9 Also, VT ablation failure and late recurrence have been 

associated with difficulty in transecting anatomical isthmuses and achieve durable block 

rather than substrate extension.9,18 Overall, the specific substrate in TOF likely explains the 

small longitudinal variability of VT rate. 



 

 

 
 

 

 
 



 

 

Rapid VT has been used as a surrogate for SCD in cohorts of patients carrying an ICD.20 In 

TOF, despite a scarce number of studies reporting VTCLs, VTs exhibit faster VTCLs that 

other types of reentrant arrhythmias. In a recent experience of VT ablation in TOF, the 

median VTCL of induced VTs was 267 +/- 95 ms,18 and in a large previous multicenter 

registry including patients with TOF and ICD, the median VTCL was 282 ms (IQR 227–330 

ms).11 The electrophysiological properties affecting VTCL in macroreentrant VTs are the 

wavelength and conduction velocity within the circuit. In a recent study revisiting the 

determinants of VTCL in macroreentries, the size of the outer loop has been found to be the 

main determinant of VTCL, well before conduction velocity within the critical isthmus.21 In 

TOF, outer loops are determined by the extent of the RV scar. In particular, the presence of a 

RV incision or a transannular patch leads to slower VT with a later precordial transition.22 In 

our study, patients with rapid VT/VF were younger at the time of surgical repair and at the 

time of ICD implantation than those with nonrapid VT. They also had higher RVEF and 

lower SPAP. These findings suggest that patients with rapid VT/VF may have less extensive 

RV scarring than do those with nonrapid VT, allowing for smaller circuits and consequently 

more rapid VAs. This observation does not infer that young patients with repaired TOF and 

preserved RV function have a higher prevalence of VAs. In fact, old age at repair, 

transannular repair, wide QRS complex, and altered RV function, characteristics that we 

found more frequent in the nonrapid VT group, have been consistently associated with VAs 

and SCD.4,5,23 Furthermore, in a large multicenter cohort of repaired TOF, Gatzoulis et al4 

found that patients who experienced SCD had a significantly narrower QRS than did those 

with VT. Also, up to two-thirds of patients with repaired TOF who experience SCD have 

preserved cardiac function.6,24 

 

Based on favorable outcomes after catheter ablation of VAs in patients with TOF, the recent 

American and European guidelines propose stand-alone catheter ablation therapy— without a 

backup ICD—in carefully selected patients with well-preserved hemodynamics and well-

tolerated monomorphic VT as a class IIb recommendation.25,26 With stable VTCLs over 

recurrent episodes and without rapid VT/VF found in patients with an initial nonrapid VT, our 

findings support this approach. In the absence of rapid and potentially life-threatening VAs 

during follow-up, the risk of nonrapid VT recurrence, which can be managed by catheter 

ablation, has to be balanced with the major burden of long-term complications associated with 

ICDs well-documented in this young population.11,12 The results of this study can help 

clinicians in predicting the VTCL of potential future Vas on the basis of a first episode. 

However, identification of reliable predictors specific to rapid VT/VF (that we demonstrated 

to be different from overall VT) is complex and remains a major issue, particularly in a 

primary prevention setting. The history of cardiac arrest, independently associated with rapid 

VT/VF, reminds us that SCD can be the first arrhythmic event in patients with repaired TOF. 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

Study limitations 

 

First, the main limitation of the present study is that its conclusions rely exclusively on 

VTCL, without clinical correlations. While VTCL has been repeatedly used as a surrogate for 

life threatening arrhythmias, hemodynamical tolerance can depend on underlying cardiac 



function and slow VT can degenerate into VF. The difference in clinical characteristics of 

patients with rapid VT/VF as compared with those without suggests that VTCL has a 

physiological relevance. Second, 21 patients with VT but no available VTCL were excluding; 

the number is significant and warrants caution on the main finding of the study. Third, the 

morphology of VT episodes recorded by the ICDs, in particular the monomorphic or 

polymorphic nature of the rapid VT episode, was not retrieved. Fourth and importantly, a 

longitudinal assessment of VTCL variations did not include changes in pharmacological 

treatment or catheter ablation procedures, from which one would expect a significant impact 

on VTCL. While this is clearly a major limitation, it does not hamper the main finding of the 

study, which is that patients with an initial nonrapid VT did not present rapid VT later on. 

Fifth, we did not collect data on the type of ICD intervention and therefore the efficacy of 

antitachycardia pacing for rapid or nonrapid VT. Last, patients who died of SCD without ICD 

implantation were not included, which may conduct to underrepresentation of rapid VT in the 

study population. 

 

 

Conclusion 
 

 

In this nationwide cohort of patients with TOF and ICD, patients with rapid VT had distinct 

clinical characteristics compared with those with no or nonrapid VT. The low variation of VT 

rate demonstrated over time should be considered in sudden death prevention strategies and 

supports the emerging approach based on catheter ablation without a backup ICD in selected 

patients with well-tolerated VT. 
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