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Editorial
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The  last  decade  has  seen  an  unprecedented  expansion  in  the  tools,  techniques  and  patients 
undergoing primary ablation of atrial fibrillation (AF). Initial series reported selected patients with 
high ectopy burden that allowed targeting of the arrhythmogenic sites [1-3]. However, with the 
expansion  of  the  patient  population  undergoing  treatment  and  the  available  strategies,  our 
challenge remains identifying how much is enough for a given patient. While limited ablation may 
result in limited success, extensive ablation improves success rates, but potentially at the cost of 
greater  complications.                                               

Pulmonary vein (PV) isolation is now established as the corner stone of ablation strategies for AF 
[4]. It is an effective treatment for the majority of paroxysmal AF patients. However, in 30-40% 
of paroxysmal AF and almost all patients with persistent or permanent AF, additional substrate 
modification is required to improve outcomes. Several substrate modification strategies have been 
proposed. Linear and electrogram based ablation (complex fractionated or high frequency) are the 
most  common  approaches  to  substrate  ablation.                                     

Empirical  linear ablation of the left  atrium (LA) roof or mitral  isthmus in all  paroxysmal  AF 
patients has demonstrated significant improvements in clinical outcomes [5,6]. However, substrate 
ablation in whatever form, is associated with additional tissue damage, increased power delivery, 
increased  fluoroscopy  and  procedure  time,  greater  risk  of  collateral  injury  and  alterations  in 
normal  activation  that  may  potentially  be  pro-arrhythmic  [6,7].  It  is  clear  that  the  empirical 
application  of  substrate  modification  would  expose  a  significant  proportion  of  patients  to 
additional ablation and resultant collateral injury without clinical need.  A predictive tool to select 
patients that would benefit from additional substrate ablation and to accurately isolate those that 
only require PV isolation is required to maximise efficacy whilst minimising risk of additional 
ablation  in  paroxysmal  AF.                                         
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AF inducibility has been used to predict the presence of abnormal substrate to guide the need for 
further  ablation.  Inducibility  after  PV  isolation  has  been  associated  with  poor  outcome  in 
paroxysmal AF patients and has been used to direct additional ablation in this cohort [8,9]. Non-
inducible  patients  have  5  times  the  probability  of  success  compared  to  those  who  remained 
inducible  [8].  Jais  et  al  prospectively  evaluated  a  tailored  ablation  strategy  guided  by  AF 
inducibility after each stage of ablation. In this study, PV isolation rendered 57% of paroxysmal 
AF patients non-inducible. In the remaining, additional ablation was undertaken sequentially with 
one or two linear lesions within the left atrium rendering 93% of patients non-inducible. At follow 
up of 18 months, 91% of patients were arrhythmia free without antiarrhythmic drugs. This success 
rate was greater than that observed with empirical linear ablation in all paroxysmal patients [5,6], 
whilst saving 57% of individuals from being exposed to substrate modification. However, it was 
still unclear how many of the inducible patients would have achieved success without additional 
ablation. Oral and colleagues [10] assessed the efficacy of additional ablation in inducible patients 
by randomising this subset of patients to 'no additional ablation' or 'further substrate modification'. 
Substrate modification improved the clinical outcome from 67% to 86%. Taken together, these 
studies suggest that inducibility after PV isolation is highly sensitive for detection of patients that 
require  additional  ablation,  but  is  a  poor  tool  to  isolate  patients  who  will  succeed  with  PV 
isolation alone. In other words, inducibility testing after PV isolation marginally improves over 
empirical substrate ablation to all paroxysmal AF patients. On the flip side, non-inducibility after 
PV isolation is reasonable for detecting patients who will succeed with PV isolation alone [8]. In 
an  attempt  to  provide  a  pre-procedure  estimate  of  PV  isolation  success,  Rotter  et  al.  [11] 
performed a multivariate analysis to determine the clinical features that were predictive of non-
inducibility after PV isolation and reported that the longest AF episode of < 48 hours, an LA 
largest diameter of < 57 mm and an absence of structural heart disease were all independently 
predictive. Hence, these baseline characteristics may be considered to be associated with limited 
substrate  involvement  in  paroxysmal  AF.                                   
  
When a continuous variable is categorised, data analysis is simplified, but potentially important 
information  is  lost.  Paroxysmal,  persistent  and  permanent  AF  categories  allow  for  clear 
demarcation of important clinical and sub-clinical characteristics associated with AF; however, in 
doing so, it may over simplify the continuum of arrhythmia severity that is modulated by the 
presence or absence of various co-morbid diseases and sub-clinical factors. Ablation approach 
based purely on these clinical categories is likely to underestimate the requirement of ablation to 
achieve clinical  success  in some patients  and overestimate  ablation requirements  in others.  A 
more  sensitive measure of  arrhythmia burden or amount  of  arrhythmia  sustaining substrate is 
therefore required to guide ablation to maximise benefit for minimal ablation. The type of AF has 
been previously reported to predict ablation outcomes in the general AF population [12,13] and 
longest duration of AF in paroxysmal patients has predicted non-inducibility after PV isolation 
[11].  Total  time spent in symptomatic  AF 3 months  prior to the procedure is a new variable 
proposed in this issue of the journal to assess the level of substrate involvement in paroxysmal 
AF.     

Berkowitsch  and  colleagues  [14]  describe  a  simple  and  seemingly  effective  methodology  to 
separate paroxysmal AF patients who have a poorer outcome with PV isolation and as such, this 
group may be targeted for additional substrate modification to effectively treat their arrhythmia in 
future.  Using  longitudinal  and  short  axis  LA diameters  and  self-reported  arrhythmia  burden 
diaries  for  3  months  prior  to  the  procedure  the  authors  developed  an  equation  to  predict 
paroxysmal AF patients who would perform poorly after PV isolation using either of three vein 
isolation techniques.  Importantly,  the different isolation methodologies did not affect the final 
outcome in the sample patients and were therefore grouped for the predictive analysis. Given the 
bias introduced by reporting sensitivity and specificity values derived from the same cohort on 
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which they were developed, Berkowitsch et al. developed the prediction equation in one half of 
their cohort (n=122) and validated it on the other half (n=122). Using ROC curve analysis on the 
test group a long axis LA diameter > 60 mm (HR=1.5) and a symptomatic AF burden > 500 hours 
in 3 months (HR=2.0) were independently predictive of a poorer outcome. After dichotomising 
patients at 500 hrs (~20% AF burden in 3 months) the equation was able to correctly predict PV 
isolation  failures  69%  percent  of  the  time  and  successes  on  61%  of  occasions.  These  data 
demonstrate  that  the  proposed  cut-off  has  potential  to  select  patients  to  undergo  additional 
ablation (with 42% sensitivity),  with only a minimal safety cost by adding ablation to 7% of 
patients who would have had success with PV isolation alone. Assuming that additional substrate 
ablation has absolute efficacy in the selected patients, this variable has the potential to increase 
clinical success from the observed 59%, to a postulated 76%.  Furthermore, the cut-point could be 
modified to increase the sensitivity of test  to correctly predict patients who require additional 
ablation (by lowering the disease burden threshold) at the sacrifice of applying additional ablation 
to a greater proportion of successful PV isolation patients. Symptomatic AF burden seems to be 
less  sensitive,  but  much  more  specific  than  post  PV  isolation  inducibility  testing  and  may 
therefore  be an  important  characteristic  to  tailor  ablation in  paroxysmal  AF and increase  the 
clinical success of ablation beyond 80%, whilst minimising ablation in the majority of paroxysmal 
AF  patients.                                           

Conclusion

The study of Berkowitsch et al. [14] demonstrates that not all paroxysmal AF patients respond to 
PV  isolation  alone  and  that  some,  with  greater  AF  burden  or  enlarged  long  axis  left  atrial 
diameters  are  at  significantly  greater  risk  of  AF recurrence  in  the  two  years  following  their 
procedure. Applying these parameters to determine the requirement of substrate ablation has the 
potential to increase the efficacy of ablation for paroxysmal AF patients, without unnecessarily 
ablating patients that do not require substrate modification. The proposed cut-off AF burden (500 
hr/3 month) would accurately select 42% of the patients who do not succeed with PV isolation 
alone  (and  hence  could  be  targeted  for  substrate  ablation),  whilst  only  misclassifying  7% of 
patients  to receive substrate  ablation unnecessarily.                                           

In future, multivariate equations may be able to predict the ideal ablation approach to provide a 
clinical  effect  using  more  sensitive  clinical  characteristics  and  hence,  minimize  ablation  for 
maximal  outcome.                                                  
   
References

1. Haissaguerre M, Jais P, Shah DC, Takahashi A, Hocini M, Quiniou G, Garrigue S, Le Mouroux 
A,  Le  Metayer  P,  Clementy  J.  Spontaneous  initiation  of  atrial  fibrillation  by  ectopic  beats 
originating in the pulmonary veins. N Engl J Med. 1998;339:659-666.                                         

2. Jais P, Haissaguerre M, Shah DC, Chouairi S, Gencel L, Hocini M, Clementy J. A focal source 
of atrial fibrillation treated by discrete radiofrequency ablation. Circulation. 1997;95:572-576.       

3. Sanders P, Morton JB, Deen VR, Davidson NC, Sparks PB, Vohra JK, Kalman JM. Immediate 
and long-term results of radiofrequency ablation of pulmonary vein ectopy for cure of paroxysmal 
atrial fibrillation using a focal approach. Intern Med J. 2002;32:202-207.                         

4. Calkins H, Brugada J, Packer DL, Cappato R, Chen SA, Crijns HJ, Damiano RJ, Jr., Davies 
DW, Haines DE, Haissaguerre M, Iesaka Y, Jackman W, Jais P, Kottkamp H, Kuck KH, Lindsay 
BD, Marchlinski FE, McCarthy PM, Mont JL, Morady F, Nademanee K, Natale A, Pappone C, 

Indian Pacing and Electrophysiology Journal (ISSN 0972-6292), 9 (3): 134-137 (2009)



Anthony G. Brooks, Narayanan Namboodiri, Prashanthan Sanders,                            137  
“Clinical  Characteristics  To  Guide  The  Extent  Of  Ablation  In  Paroxysmal  AF  Patients:  
Discovering An Old Science”

Prystowsky E, Raviele A, Ruskin JN, Shemin RJ. HRS/EHRA/ECAS expert Consensus Statement 
on catheter  and surgical  ablation of atrial  fibrillation:  recommendations  for personnel,  policy, 
procedures and follow-up. A report of the Heart Rhythm Society (HRS) Task Force on catheter 
and surgical ablation of atrial fibrillation. Heart Rhythm. 2007;4:816-861.                           

5. Hocini M, Jais P, Sanders P, Takahashi Y, Rotter M, Rostock T, Hsu LF, Sacher F, Reuter S, 
Clementy J, Haissaguerre M. Techniques, evaluation, and consequences of linear block at the left 
atrial  roof  in  paroxysmal  atrial  fibrillation:  a  prospective  randomized  study.  Circulation. 
2005;112:3688-3696.

6.  Jais  P,  Hocini  M,  Hsu  LF,  Sanders  P,  Scavee  C,  Weerasooriya  R,  Macle  L,  Raybaud  F, 
Garrigue S, Shah DC, Le Metayer P, Clementy J, Haissaguerre M. Technique and results of linear 
ablation at the mitral isthmus. Circulation. 2004;110:2996-3002.                                 

7. Sanders P, Jais P, Hocini M, Hsu LF, Scavee C, Sacher F, Rotter M, Takahashi Y, Pasquie JL, 
Shah DC, Garrigue S, Clementy J, Haissaguerre M. Electrophysiologic and clinical consequences 
of linear catheter ablation to transect the anterior left atrium in patients with atrial fibrillation. 
Heart  Rhythm.  2004;1:176-184.                                           

8.  Essebag V,  Baldessin  F,  Reynolds  MR, McClennen S,  Shah J,  Kwaku KF, Zimetbaum P, 
Josephson  ME.  Non-inducibility  post-pulmonary  vein  isolation  achieving  exit  block  predicts 
freedom from atrial fibrillation. Eur Heart J. 2005;26:2550-2555.                                

9. Jais P, Hocini M, Sanders P, Hsu LF, Takahashi Y, Rotter M, Rostock T, Sacher F, Clementy J, 
Haissaguerre M. Long-term evaluation of atrial  fibrillation ablation guided by noninducibility. 
Heart  Rhythm.  2006;3:140-145.                                        

10. Oral H, Chugh A, Lemola K, Cheung P, Hall B, Good E, Han J, Tamirisa K, Bogun F, Pelosi 
F, Jr., Morady F. Noninducibility of atrial fibrillation as an end point of left atrial circumferential 
ablation for paroxysmal atrial fibrillation: a randomized study. Circulation. 2004;110:2797-2801.  

11. Rotter M, Jais P, Garrigue S, Sanders P, Hocini M, Hsu LF, Takahashi Y, Rostock T, Sacher 
F,  Clementy  J,  Haissaguerre  M.  Clinical  predictors  of  noninducibility  of  sustained  atrial 
fibrillation after pulmonary vein isolation. J Cardiovasc Electrophysiol. 2005;16:1298-1303.    

12. Berruezo A, Tamborero D, Mont L, Benito B, Tolosana JM, Sitges M, Vidal B, Arriagada G, 
Mendez  F,  Matiello  M,  Molina  I,  Brugada  J.  Pre-procedural  predictors  of  atrial  fibrillation 
recurrence after circumferential pulmonary vein ablation. Eur Heart J. 2007;28:836-841.          

13. Gerstenfeld EP, Sauer W, Callans DJ, Dixit S, Lin D, Russo AM, Beldner S, McKernan M, 
Marchlinski FE. Predictors of success after selective pulmonary vein isolation of arrhythmogenic 
pulmonary  veins  for  treatment  of  atrial  fibrillation.  Heart  Rhythm.  2006;3:165-170.         

14. Alexander Berkowitsch, Thomas Neumann, Malte Kuniss, Roland Brandt, Sergej Zaltsberg, 
Heinz  F.  Pitschner.  Evaluation  of  atrial  fibrillation  burden  before  catheter  ablation  predicts 
outcome after pulmonary vein isolation. Indian Pacing Electrophysiol. J. 2009; 9:138-150.

Indian Pacing and Electrophysiology Journal (ISSN 0972-6292), 9 (3): 134-137 (2009)


	Clinical Characteristics To Guide The Extent Of Ablation In Paroxysmal AF Patients: Discovering An Old Science

