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Take Home Points:
· Atrial tachycardia is a common complication in adults with congenital heart disease leading to increased morbidity and mortality.
· The majority of atrial tachycardia is macro reentrant  (93%) followed by focal (7%). 
· Nearly half (45%) had typical cavo-tricuspid isthmus (CTI) flutter.
· Acute procedural success for CTI dependent flutter was high at 98.4% but success for > 1 arrhythmia mechanism or a single complex mechanism was only 80%.
· Only a single arrhythmia mechanism was associated with acute procedural success 
· Recurrence after the first ablation procedure was common (44%) with a median time to recurrence of ~4 years. Recurrence after the second procedure was common (55%) with a median time to recurrence of  ~4.7 years.
· Recurrence was often due to different atrial tachycardia (52%).
· Presence of prior maze and failed initial procedure were associated with recurrence of  atrial tachycardia .
· Improvements in surgical and catheter-based ablation will likely improve acute and long-term outcomes in ACHD patients but there may be a continued need for repeat procedures to disease evolution over time. 
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Comment from Dr. Akash Patel (San Francisco), section editor of Congenital Electrophysiology Journal Watch  Atrial tachycardias are a common complication in patients with congenital heart disease. These include atrial fibrillation, focal atrial tachycardias, and macro reentrant atrial tachycardia (flutter/IART).  Presence of atrial fibrillation/atrial flutter/IART have been shown to increase morbidity (heart failure, stroke) and mortality. This has resulted in the increased use of catheter ablation as primary therapy due to the long-term side effects and efficacy of medical management. The overall acute success rates have improved over time and reported to be between 70-90% but recurrence rates continue to be high (40-60%). The predictors for acute and long-term success are limited and the focus has been on IART. This single center study (Columbia University, NY) aimed to describe the spectrum of atrial tachycardia referred for ablation, determine predictors for acute success, and determine risk factors for atrial tachycardia free survival in adult patients with congenital heart disease. 
This was a retrospective single tertiary center study of all consecutive patients with congenital heart disease who underwent ablation procedure for atrial tachycardia from December 2005 to July 2017.  Subjects were excluded if the primary indication for the procedure was for SVT due to AV node reentry, SVT due to accessory pathway, or VT. Baseline clinical, electrocardiographic, ablation and mapping data were included. 

Electrophysiology studies were conducted using a standard approach and 3-D electroanatomic mapping in all patients. Irrigated (open/closed) or non-irrigated radiofrequency ablation catheters were used for all cases. For irrigated catheters, temperature and power were limited to 43-45°C and 25 to 40 W. For non-irrigated catheters, the temperature and power were limited to 60 °C and 50 W. Pulmonary vein isolation for atrial fibrillation ablation was not performed in these patients and cardioversion was used to convert sustained episodes. 
Ablation success was defined as termination of all atrial tachycardias during radiofrequency ablation and non-inducibility with programmed stimulation after ablation. For patients with macro-reentrant atrial tachycardia with a critical isthmus, bidirectional conduction block was confirmed. 
The study group included 140 patients (51% male) with a mean age of 45.0 ± 1.2  years. The most common diagnoses were atrial septal/ventricular septal defects (31%), tetralogy of Fallot  (27%), Fontan (14%), Mustard/Senning (9%), Aortic Stenosis/BAV (5%), AV Canal (5%), Ebstein (2%), and other (6%).  Medications included beta-blockers (57%), amiodarone (16%), sotalol (10%), calcium channel blockers (6%), sodium channel blockers (1%).  Prior surgical maze was done in 6%.  Prior cardioversion was required in 39%.
The baseline cardiac rhythm was atrial tachycardia in 66%.   There was no mention of prior atrial fibrillation.  The atrial tachycardia cycle length was 275 ± 5 msec . There were 180 atrial tachycardias (spontaneous or induced) noted in 140 patients. 23% had 2 mechanisms and 3% had > 2 mechanisms. 93% (n=170) were macro-reentry and 7% (n=12) were focal.  Of the macro-reentry arrhythmia types, 84 (49%) were cavotricuspid isthmus (CTI)-dependent and 19 (11%)  were mitral isthmus–dependent.  45% of patients had  CTI dependent flutter as the only mechanism.
 
Acute success was seen in 124 (89%) of the overall cohort. Acute success for CTI dependent flutter was high at 98.4% but the success for > 1 mechanism or complex single mechanism was lower at 80%. On multivariate analysis, presence of a single arrhythmia mechanism was associated with acute procedural success (HR 0.27, p=0.03) but not CTI dependent flutter.   On multivariate analysis, presence of a Senning/Mustard (HR 4.46, p=0.05)  and non CTI-Dependent flutter (HR 3.74, p=0.04) were associated with procedural failure. See Figure Below.
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Atrial tachycardia recurrence after the first procedure was common and seen in 44% with a median time to recurrence of 49.9 months (IQR: 6.7 -73.7). See Figure Below. 
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Recurrence occurred in 40% of biventricular patients and 65% of Fontan patients. Recurrence occurred much sooner in Fontan than non-Fontan patients (12.5 vs. 50.1 months, p=0.01). On multivariate analysis,  prior surgical maze (HR3.34, p=0.03) and lack of acute procedural success at first ablation (HR 2.16, p=0.04) were associated with recurrence. See Figure Below.
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A second procedure was attempted in 68% of patients who had recurrence.  The baseline cardiac rhythm was atrial tachycardia in 69%.   There was no mention of prior atrial fibrillation. There were 57 atrial tachycardias (spontaneous or induced) noted in 42 patients. Of these patients, 52% had a new atrial tachycardia. 93% (n=53) were macro-reentry and 7% (n=4) were focal. 
Recurrence after the second procedure was seen in 55% with a median time to recurrence of 56.0 months (IQR: 22.0 – 90.9). See Figure Below. 
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Catheter ablation for atrial tachycardias in ACHD patients was safe in this cohort. The incidence of major complications was low at 1.4% (n=2). There was one patient with post-procedure AV block requiring a pacemaker and one patient who died of an acute stroke 1 month after procedure. 
Of note, the overall incidence of death or transplant in this cohort was significant at 7% over  the 8 year study period. 8 patients died a median of 9.2 months after the procedure and 2 had heart transplant. There are no details of who these patients are but this is consistent with known data on atrial arrhythmias and morbidity and mortality in ACHD patients.  It would be important with the authors detailed if these patients were procedural success or failure, the arrhythmia mechanisms noted, and if they had recurrence despite ablation attempts. 
[bookmark: _GoBack]This study demonstrates that the acute success rates for atrial tachycardias are comparable to published data at 89%  and the majority are macro-reentrant.   Risk factors for acute procedural failure were noted to be Mustard/Senning patients and non-CTI dependent IART. As other studies have demonstrated, Mustard/Senning patients pose technical challenges for ablation but success can be improved with ablation techniques and approach.  In addition, this patient cohort will continue to shrink with the advent of the arterial switch operation as demonstrated by this cohort (9%).   
The risk of recurrence as expected is dependent on acute procedural success. However, like other recent studies have shown,  the majority of recurrence was due to new arrhythmia mechanisms.  The use of ablation and need for repeat procedures may be common but long term success without the need for chronic antiarrhythmic medications may be achievable in this relatively young adult old cohort.  Of note, this study did not assess the impact of atrial fibrillation which is important.  Other recent studies have shown this to be a risk factor for acute procedural failure and recurrence.  It is unclear what portion of the cohort had atrial fibrillation but 39% required cardioversion. The impact of this arrhythmia on acute procedural success and recurrence would be important.  In particular, there was an acute stroke noted in one patient 1 month after an ablation that resulted in death. Overall, this studies adds to the growing data that ablation can be successful,  but recurrence is common and repeat procedures are often needed.  With continued advances in mapping and ablation strategies for catheter and surgical approaches,  hopefully there can be continued improvements in the acute and long-term success of ablation for atrial arrhythmias in ACHD patients. 
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TABLE 3 Univariate and Multivariate Predictors of Recurrence After First

Catheter Ablation

Univariate Multivariate
HR (95% CI) p Value HR (95% CI) p Value
Sex
Female 1.00 Ref.
Male 1.29 (0.78-2.14) 0.32
Age 1.00 (0.98-1.02) 0.17
ASD/VSD status
Yes 1.00 Ref.
No 0.94 (0.53-1.67) 0.84
Fontan status
No 1.00 Ref. 1.00 Ref.
Yes 2.14 (116-3.95) 0.02 1.75(0.88-3.49) 0.1
Mustard/Senning status
No 1.00 Ref.
Yes 1.29 (0.58-2.84) 0.54
Grade of ACHD lesion
(ACC/AHA 2008 guidelines [21])
1 1.00 Ref.
2 1.12 (0.53-2.36) 0.76
3 1.09 (0.62-1.93) 0.76
Prior surgical maze
No 1.00 Ref. 1.00 Ref.
Yes 4.89 (1.84-12.97) 0.01 3.34 (1.16-9.66) 0.03
Failed amiodarone
No 1.00 Ref. 1.00 Ref.
Yes 210 (1.15-3.84) 0.02 1.59 (0.79-3.21) 0.19
Presenting cardiac rhythm
Sinus 1.00 Ref.
AT 0.73(0.41-1.29) 0.28
Type of AT
Macro-re-entrant 1.00 Ref.
Focal 1.29 (0.55-3.02) 0.56
Multiple circuits
No 1.00 Ref.
Yes 1.10 (0.61-1.97) 0.75
Non-CTI-dependent circuit present
No 1.00 Ref.
Yes 1.27 (0.76-2.11) 0.36
Transseptal/transbaffle puncture required
No 1.00 Ref.
Yes 1.16 (0.52-2.56) 0.719
Cycle length of clinical tachycardia 0.99 (0.97-1.00) 0.172
Acute procedural success
Yes 1.00 Ref. 1.00 Ref.
No 2.35(1.15-4.80) 0.02 2.16 (1.04-4.49) 0.04

Ref = reference; other abbreviations as in Table 2.
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FIGURE 5 Arrhythmia Recurrence After Second Catheter Ablation
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Kaplan-Meier estimates for arrhythmia recurrence after second catheter ablation for atrial
tachyarrhythmia in all adult congenital heart disease patients.
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TABLE 2 Univariate and Multivariate Predictors of Acute Procedural Success at First
Catheter Ablation

Univariate Multivariate

HR(95%C) pValue HR(95% Q) p Value

Sex 013
Age 1.00(0.96-103) 0.99
ASD/VSD status 038
Fontan status 017
Mustard/Senning status 0.03 446(1.021938) 005
Grade of ACHD lesion 052
(ACC/AHA 2008 guidelines [21])
Prior surgical maze ox
Failed amiodarone on
Presented in sinus rhythm 049
Macro-re-entrant AT 028
single circuit 0.02 027(0.08-087) 003
Non-CTi-dependent circuit present 001 3.74(107-13.04) 0.04
Transseptal/transbaffle puncture required 0.03 215(0607.74) 024

Cycle length of clinical tachycardia 0.99(0.98-1.00) 015

'ACC — American College of Cardiology; ACHD — adult congenital heart isease; AHA — American Heart Asso-
ciation; ASD = atrial septal defect; AT  atrial tachyarrhythmia; C1 — confidence nterval; CTI = cavotricuspid
sthmus; HR = hazard ratio; VD = ventricular septal defect
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FIGURE 3 Arrhythmia Recurrence After First Catheter Ablation
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Kaplan-Meier estimates of arrhythmia recurrence after first catheter ablation for atrial
tachyarrhythmia in all adult congenital heart disease patients.





