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Another Successful Year of Learning and Education in Atrial 
Fibrillation !
Dhanunjaya Lakkireddy MD, Andrea Natale MD

Dear colleagues
On behalf of JAFIB we welcome you to 2015. Hope you had a 

productive and fruitful 2014 on the personal and professional fronts. 
We want to thank all the contributors whose efforts enhanced 

the value of JAFIB in its mission of quality education for healthcare 
professionals and patients alike. Several exciting inventions, 
discoveries, theories and hypothesis have marked 2014 in the AF 
world.

Earlier this month, the 19th Annual AF Symposium (Formerly 
Boston AF Symposium) concluded in Orlando over an exciting 
3 day academic retreat. Special thanks to Dr. Jeremy Ruskin and 
co-directors for putting together a very important educational 
meeting that became synonymous with the progress we made in 
AF management. The 3rd International Symposium on Left Atrial 
Appendage (ISLAA 2015) is coming up next week in Los Angeles. 
With the anxiety and hope of the approval of an LAA occlusion 
device by FDA, this meeting reflects the collective interest in the 
field. Those of you who are still thinking about it, its time to spring to 
action and join us in LA!

This edition of JAFIB has some exceptionally good original articles 
and reviews that we are sure you will enjoy.

We wish you a happy New Year and a blessed 2015 in all your 
endeavors.

Best wishes 
Dhanunjaya Lakkireddy MD
Andrea Natale MD

Dhanunjaya (DJ)Lakkireddy
MD, FACC, FHRS

Associate-Editor
JAFIB

Andrea Natale
MD, FACC, FHRS, FESC

Editor-in-Chief
JAFIB
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Complete Isolation Of The Left Atrial Posterior Wall (Box Lesion) 
To Treat Longstanding Persistent Atrial Fibrillation
Eduardo B. Saad, MD, PhD, FHRS, Charles Slater, MD, FHRS, RCES, CCDS, CEPS

Center for Atrial Fibrillation,Hospital Pró-Cardíaco – Rio de Janeiro - Brazil.

Abstract
Introduction:  The left atrial posterior wall has been shown to play na important role in AF pathophysiology.
Objective:  Evaluate the efficacy of an ablation strategy designed to completely isolate the LA posterior wall, on top of PV isolation. Methods 

and Results: 25 pts (72% male age 65 ± 12 years) undergoing AF ablation for persistent or long term persistent AF. Mean AF duration was 11 
± 3 months and mean LA diameter was 4.8 ± 0.4 mm. After complete PVI, a “Roof Line” was created between the top of each contralateral 
set of lesions and a “floor line” closed the posterior wall in a “Box” fashion, connecting the bottom of each set of contralateral lesions. After 
an average follow-up of 16 ± 2 months, 20 patients (80%) were free of any atrial arrhythmia recurrences (18 of whom off drugs). Five patients 
(20%) had sustained atypical flutter and required a new ablation procedure. All these patients had mitral isthmus dependent flutters and no 
electrical conduction in the PVs or posterior wall were detected.

Conclusions: Complete LA posterior wall isolation on top of PV is associated with good outcomes in patients with persistent and 
long-standing persistent AF when performed using meticulous bidirectional isolation criteria and adenosine infusion. Recurrences occur 
predominately as perimitral flutter, without gaps in the posterior wall.

Introduction
Pulmonary vein isolation (PVI) is an stablished procedure to treat 

paroxysmal atrial fibrillation (AF), reaching success rates of up to 
80%.1 However, as the ablation techniques evolved, other left atrial 
structures proved to play a significant role in maintaining atrial 
fibrillation, especially in longstanding AF.2,3 Fragmented potentials 
originated from left atrial (LA) roof, posterior wall (figure 1), and 
atrial septum became targets for ablation. Linear radiofrequency 
(RF) lesions in left atrial roof proved to be effective both in 
paroxysmal and persistent AF.4 However, the alternative approach 
to eliminate fragmented potentials in the posterior wall still depends 
on extensive mapping and point-by-point RF lesions, leading to a 
longer procedure with no proof of complete posterior wall isolation 
and possibly creating new substrates to macroreentry. 

Surgical treatment of longstanding atrial fibrillation, “The Cox 
maze technique”, emphasizes the role of posterior wall isolation in 
the maintenance of sinus rhythm,5 and advocates the use of the Box 
Lesion approach, where the whole posterior wall and the pulmonary 
veins are isolated by cut and sew techniques.6 Recently, some new 
devices have been used to perform single-shot epicardial unipolar 
radiofrequency pulmonary vein ablation. These devices are designed 
to perform a single linear lesion around the whole posterior wall 
surrounding the pulmonary veins.7 Open atrium surgical RF ablation 
uses a similar approach to the pulmonary veins and posterior wall, 

using a bipolar RF energy device.8 This article describes our experience 
with catheter ablation for posterior wall isolation and discusses the 
pros and cons of linear posterior wall isolation in addition to PVI in 
the maintenance of sinus rhythm.
Methods

Between January and December 2013, 25 patients (72% male, age 
65 ± 12 years) with persistent or longstanding persistent AF refractory 
to at least one antiarrhythmic underwent catheter ablation. Mean AF 
duration was 11 ± 3 months. Patients using warfarin were oriented 
to maintain its use and ablation was performed on therapeutic 
INR (between 2.0 and 3.0). Patients using novel anticoagulants 
(Rivaroxaban or Dabigatran) were oriented to withdraw these drugs 
24-48 hours before the procedure. All patients had evidence of left
atrial enlargement (mean LA diameter 4.8 ± 0.4 mm). The procedure
has been performed under general anesthesia and during systemic
anticoagulation with heparin, maintaining activated clotting times
between 350-400s before the first transeptal puncture.

An electroanatomical mapping system (Carto 3 - Biosense Webster, 
Diamond Bar, CA or NaVx Velocity, St. Jude Medical, Sylmar – CA) 
was used to create a 3D model of left atrium, subsequently merged 
into a previously acquired CT scan, obtained 2 to 5 days before the 
procedure in order to ensure fusion reliability.

After the two transeptal punctures, performed under fluoroscopy 
and intracardiac echocardiography guidance, a circular mapping 
catheter was placed inside the pulmonary veins and a wide antral 
ablation line was created around each pair of ipsilateral pulmonary 
veins using a cooled tip ablation catheter (temperature-controlled – 
43ºC, 30-35W with 30ml/min infusion rate). After complete PVI, 
a “Roof Line” was created between the top of each contralateral 

Disclosures:
None.

Corresponding Author:
Dr. Eduardo B. Saad, MD, PhD, FHRS,
Center for Atrial Fibrillation
Hospital Pró-Cardíaco – Rio de Janeiro - Brazil.
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200 seconds. Vascular compression was performed for 20 minutes, 
and compression was maintained for six hours.

Antiarrhythmic drugs and oral anticoagulation were continued for 
1 and 3 months, respectively, after the procedure. Ambulatory follow-
up was performed at 1, 3, 6 and 12 months. 7-day holter monitoring 
and 12 lead ECGs were performed on a regular basis and in case of 
symptoms.
Results

PVI and posterior wall isolation was achieved in all patients. 
Dormant conduction was detected in 12 pts (48%) after adenosine 
challenge and was mapped to the roof (4 pts), inferior (5 pts) and 
PV circumferential lines (3 pts). Further ablation abolished dormant 
conduction in all cases by targeting the earliest eletrogram in the 
circular catheter, which was placed wide open in the posterior wall 
(25mm), covering almost entirely the box lesion set.

All patients experienced esophageal temperature elevations during 
RF to perform the inferior line. We stopped ablation whenever it 
reached 39 degrees and power was titrated down. Several short cycles 
of RF were performed until the lines were complete and the posterior 
wall was isolated.

No intra-procedural complications were detected. Mean left atrial 
ablation time was of 40±9 min. Reversion to sinus rhythm during 
ablation occurred in 4 patients (20%). Sinus rhythm was restored by 
electrical cardioversion in all others. The decision to stop or maintain 
long term oral anticoagulation was taken using our post-AF ablation 
management protocol.9

After an average follow-up of 16 ± 2 months, 20 patients (80%) 
were free of any atrial arrhythmia recurrences (18 of whom off drugs). 
Five patients (20%) had sustained atypical flutter and required a new 
ablation procedure. All these patients had mitral isthmus dependent 
flutters and no electrical conduction in the PVs or posterior wall 
were detected. An endocardial and coronary sinus mitral isthmus line 
interrupted the arrhythmia in all. 2 patients (40%) had atrial flutter 
recurrences and were rescheduled for a new ablation procedure. 

No complications were detected during follow-up and specifically 
we had not observed an increase in esophageal symptoms due to the 
more extensive posterior RF lesions.
Discussion

PVI is the cornerstone of catheter ablation of AF,1 being effective 
in elimination of the initiation triggers10 in paroxysmal AF, with 
a success rates ranging from 60% to 80%. The most common 

set of lesions and a “floor line” closed the posterior wall in a “Box” 
fashion, connecting the bottom of each set of contralateral lesions 
(figure 2). The end-point of the procedure was complete isolation 
of the posterior wall, characterized by electrical silence (figure 3) 
or dissociated potentials (figure 4) in the posterior wall using the 
multiple poles of the circular mapping catheter, and the inability 
capture the atrium by pacing in the posterior wall after return to sinus 
rhythm (figures 5 and 6) . Power titration was performed according 
to esophageal temperature and RF lesions interrupted when ≥ 39º 
was reached.

After sinus rhythm resumption, gaps in the lines were mapped 
(figure 7) and dormant conduction was checked in the circular 
catheter by adenosine infusion (figure 8). We used 18mg rapid 
bolus while monitoring each pulmonary vein and the posterior wall 
using the circular mapping catheter. A high dose of intravenous 
isoproterenol (20 μg/ min) was infused during ten minutes, aiming 
at triggering ectopic foci located outside the pulmonary veins, which, 
when present, were mapped and ablated. Finally, the cavotricuspid 
isthmus was ablated to prevent typical atrial flutter and the superior 
vena cava was isolated if there wasn’t phrenic nerve capture by the 
distal dipole of ablation catheter using 20V output. 

Right after withdrawing the sheaths from the left atrium, systemic 
heparinization was reverted with protamine to achieve an ACT < 

Figure 1: Complex atrial fragmented potentials in the LA posterior wall 
during AF are shown by the circular mapping catheter (Las 1-10)

Figure 2:
Electroanatomical map during linear lesions in the inferior part of 
the box lesion set while the circular mapping catheter is monitoring 
the posterior wall EGMs to assess isolation (entry block) Figure 3: Posterior wall isolation during upon linear lesion completion. The 

EGMs in the circular catheter suddenly disappear (arrow)
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free rate after the first procedure was 44%. After 21 months of follow 
up, 63% of patients maintained sinus rhythm without antiarrhythmic 
drugs. We further tested the lines by pacing maneuvers and adenosine 
infusion – whenever transient conduction was detected, further 
ablation lesions were placed until its elimination. 

Although the ablation approach we used seemed rational, because 
of proven entry and exit block, different strategies have also shown 
positive outcomes. Lim and colleagues15 showed that a single ring 
ablation around the four PVs, passing through the anterior aspect 
of the veins, left atrial roof and lower posterior wall is an option 
to wide antral PVI, with lower 2-year AF recurrence rates (74% 
vs. 61%, respectively). When the recurrences of organized atrial 
tachyarrhythmias were evaluated, the group undergoing  single ring 
isolation plus a mitral isthmus line had the best 2-year arrhythmia-
free rate (71% vs. 60%). This speaks for a possible role of left posterior 
wall in maintaining AF despite PVI.  Another advantage of this 
technique is the relatively low use of RF in the posterior wall, with 
less risk for esophageal termal injury.16

Providencia and colleagues17 reported the use of a single ring left 
atrial posterior wall isolation in a patient with an anusual anatomical 
variant of PV drainage. In this case, a common inferior trunk posed 
difficulties to a traditional approach. So, a triangle-shaped single 
lesion encircling all PVs (right superior, left superior and the common 
inferior trunk) allowed complete isolation, maintaining sinus rhythm 
after 3 months of follow –up.

The impact of a potential autonomic modulation and changes in 
sympathovagal balance caused by posterior wall isolation has also 
been evaluated. Yamaguchi et al18 performed a series of 92 PVI and 
posterior wall isolations (82% Paroxysmal AF) using non-contact 
mapping and undergoing ambulatory holter  Heart Rate Variability 
evaluation at 3, 6 and 12 months after the procedure.  Long-term 
heart rate variability attenuations were observed in all patients without 
AF recurrence, but not in those with AF recurrences. These findings 
were maintained at 12 months in patients with no AF recurrence, 
suggesting a possible contribution of autonomic modulation to sinus 
rhythm maintenance.
Conclusion:

Complete LA posterior wall isolation on top of PVI is associated 
with good outcomes in patients with persistent and long-standing 
persistent AF when performed using meticulous bidirectional 

technique for PVI includes lesions placed at the antral level, far 
from the pulmonary veins.11,12 However, in long standing AF PVI is 
frequently not enough to prevent AF recurrences and further linear 
lesions are required. The role of these in paroxysmal AF have been 
studied4 but due to different techniques and outcomes evaluated, 
lack of confidence about the use of these linear lesions arose among 
electrophysiologists.

Tamborero et al13 reported a randomized comparison between 120 
patients with paroxysmal and persistent AF submitted to AF ablation 
through wide antral PVI with or without superior and inferior lines 
connecting the contralateral lesions, creating a box lesion that isolated 
the whole posterior wall.  After 9.8 months of follow-up there was 
no difference in arrhythmia-free survival between the two strategies. 
However, non-paroxysmal AF patients accounted for less than 30% 
of cases. Furthermore, isolation of at least one pulmonary vein or the 
posterior wall was unsuccessful in 9% of the patients. 

In our series, all patients had persistent or long standing persistent 
AF with LA remodeling. In this scenario, the role of the posterior 
wall in AF maintenance might be important. Recently, Sanders and 
colleagues14 have reported a long term evaluation of 27 chronic AF 
cases with successful isolation of the posterior wall and PVs. The 
procedure was performed in a very similar fashion as we did, with 
PVs isolated in pairs and connected by roof and floor lines. The AF-

Figure 4: Dissociated potentials in the posterior wall after ablation (arrow), 
confirming isolation

Figure 5:
Demonstration of exit block after sinus rhythm restoration. The 
ablation catheter is placed inside the box and pacing can’t capture 
the LA

Figure 6: EGMs demonstrating the exit block by pacing (Map – arrows) inside 
the box lesion set (no LA capture while pacing the posterior wall)
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of atrial fibrillation with a CHADS2 score≤3: A long-term outcome study. Circ 
Arrhythm Electrophysiol 2011;4:615-621.

10. Haissaguerre M, Jais P, Shah DC, Takahashi A, Hocini M, Quiniou G, et al.
Spontaneous initiation of atrial fibrillation by ectopic beats originating in the
pulmonary veins. N Engl J Med 1998;339(10):659-66.

11. Koichiro Kumagai. Box Isolation for Atrial Fibrillation. Journal of Arrhythmia
2011; 27(4): 255-267.

12. Verma A. The techniques for catheter ablation of paroxysmal and persistent atrial
fibrillation: A systematic review. Curr Opin Cardiol 2011;26:17-24.

13. Tamborero D, Mont L, Berruezo A, Matiello M, Benito B, Sitges M, Vidal B, de
Caralt TM, Perea RJ, Vatasescu R, Brugada J. Left atrial posterior wall isolation
does not improve the outcome of circumferential pulmonary vein ablation for
atrial fibrillation: a prospective randomized study. Circ Arrhythm Electrophysiol. 
2009;2:35–40.

14. Sanders P, Hocini M, Jaïs P, Sacher F, Hsu LF, Takahashi Y, Rotter M, Rostock
T, Nalliah CJ, Clémenty J, Haïssaguerre M. Complete isolation of the pulmonary
veins and posterior left atrium in chronic atrial fibrillation. Long-term clinical
outcome. Eur Heart J. 2007;28:1862–1871.

15. Lim TW, Koay CH, McCall R, See V, Ross DL, Thomas S: Atrial arrhythmias
after single-ring isolation of the posterior left atrium and pulmonary veins for
atrial fibrillation: Mechanisms and management. Circ Arrhythm Electrophysiol
2008;1:120-126.

16. Thomas SP, Lim TW, McCall R, Seow SC, Ross DL. Electrical isolation of the
posterior left atrial wall and pulmonary veins for atrial fibrillation: feasibility of
and rationale for a single-ring approach. Heart Rhythm 2007;4:722–730.

17. Providencia R, Combes S, Albenque JP. Adjusting treatment to pulmonary vein
rare anatomic variants: a box lesion for the ablation of atrial fibrillation in a patient 
with an atypical common inferior trunk. Europace 2013; 15(10): 1420.

18. Yoshio Yamaguchi, Koichiro Kumagai, Hideko Nakashima, Keijiro Saku, Long-
Term Effects of Box Isolation on Sympathovagal Balance in Atrial Fibrillation.
Circ J 2010; 74(6): 1096-1103.

isolation criteria and adenosine infusion.  
Recurrences occur predominately as perimitral flutter, without 

gaps in the posterior wall, suggesting that the previously reported 
increased risk of organized atrial tachyarrhythmias after posterior wall 
box isolation may be related to incomplete posterior lines. However, 
the value of prophylactic mitral isthmus line complementing the box 
lesion at the first procedure is yet to be proven.
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Figure 7:
Gap in the roof ablation line detected by activation mapping during 
sinus rhythm. Activation in the posterior wall comes from the roof 
(white) towards the bottom

Figure 8:

Evaluation of dormant conduction in the ablation lines by 
adenosine infusion. In this case, transient conduction in the 
posterior wall is observed (arrow) and further ablation is performed 
until this is no longer present



www.jafib.com Dec 2014-Jan 2015| Volume 7| Issue 4

Echocardiographic Parameters Associated With Asymmetrical 
Structural Remodelling In Patients With Or Without Atrial 
Fibrillation
Mariana Floria,MD, PhD1,2,4 *, Jacques Jamart, MD, PhD3, Erwin Schroeder, MD,4 Catalina Arsenescu 
Georgescu,MD, PhD2,4

1III Medical Clinic of University Hospital „Sf. Spiridon”. 2University of Medicine and Pharmacy „Gr. T. Popa”. 3CHU 
Mont-Godinne, Catholic University of Louvain, Yvoir, Belgium. 4”Prof. Dr. G. I.M. Georgescu” Cardiovascular Disease 
Institute Iasi, Romania.

Abstract
 Objectives: Left atrial (LA) dilation can evolve into asymmetrical remodeling. The aim of this study was to determine the echocardiographic 

parameters associated with LA asymmetric structural remodeling (ASR) in patients with and without nonvalvular atrial fibrillation (AF).
Methods and results: A total of 170 patients with a dilated LA were prospectively enrolled. ASR was defined as an atrium shape that is 

no longer ellipsoidal (LA basal dimension measured at the junction between the pulmonary vein and atrium greater than the mitral annular 
dimension). Symmetric structural remodeling (SSR) was defined as all other cases. Echocardiographic parameters of LA function and left 
ventricular diastolic function, measured by pulsed-wave Doppler and Tissue Doppler Imaging, were analyzed to identify the parameters 
associated with ASR. The mean age of the patients was 67 ± 11 years. Forty-one percent had a stable sinus rhythm (SR), and 59% had AF. 
LA-ASR was detected in 66% of the patients: 55% with AF and 45% with SR (p=0.002). The mean LA-ASR and LA-SSR volume indexes were 
49 ± 14 ml/m² and 29 ± 13 ml/m², respectively (p<0.001). LA systolic myocardial velocity (p=0.036) and peak systolic pulmonary venous 
flow velocity (p=0.033) were the parameters best associated with ASR. The sensitivity and specificity of both parameters, based on ROC 
curve analysis, were 77 and 70%, respectively. The AUC was 0.765 (95% CI: 0.662-0.849, p=0.0001). 

Conclusion: LA dilation is associated with a great number of asymmetrical structural remodeling. Echocardiographic parameters that 
reflect LA reservoir function are best associated with asymmetrical remodeling.

Introduction
Left atrial (LA) size, depending mostly on LA morphology and 

shape, is an important predictor of cardiovascular outcome that 
provides diagnostic and prognostic information regarding atrial 
fibrillation (AF) and other cardiovascular diseases like hypertension, 
coronary heart disease and left ventricular (LV) dysfunction.1 

Although the mitral annulus, mitral-aortic and inter-atrial septum 
are not very susceptible to dilation due to their relatively fixed 
position while the rest of the atrial myocardium (i.e., the junction and 
antrum of the pulmonary veins) is prone to morphological changes 
by enlargement, mostly in the superior-inferior and medial-lateral 
dimensions because of the lack of fibrous components.2,3 LA dilation 
can result in alterations in LA geometry and shape associated with 

symmetric (SSR) or asymmetric structural remodeling (ASR).1,4 

The two recommended parameters to evaluate LA size are the LA 
volume index and the LA area, which are markers of structural 
remodeling, regardless of electrical remodeling.1 Therefore, because 
of the alteration in shape and morphology, the assessment of LA 
volume by the classic ellipsoid formula might not be appropriate 
in patients with asymmetric dilation.2 Computed tomography, 
ventriculography and magnetic resonance imaging, considered the 
gold standard methods for LA size assessment, showed both good 
agreement with each other and a tendency to underestimate LA 
volume in comparison with echocardiographic measurements due 
to asymmetric dilation.1,2,4 Moreover, the frequency of ASR in 
patients with or without AF and the relationship with LA size and 
function is unclear. Therefore, the aim of our study was to assess the 
frequency of ASR in patients with dilated LA with and without AF 
and to identify echocardiographic parameters of LA function and LV 
diastolic function, by pulsed-wave Doppler (PW) and tissue Doppler 
Imaging (TDI) associated with ASR.
Methods
Patient Selection

The patients were consecutively and prospectively enrolled in the 
study between November 2010 and June 2011. We diagnosed and 
classified AF according with the current guidelines.5 The inclusion 
criteria were patients older than age 18, with or without nonvalvular 
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three to five measurements at a sweep speed of 100 mm/s, with mean 
heart rate between 60 and 80 beats/min. These echocardiographic 
parameters assessing LA and LV diastolic function were used 
to identify LA-ASR markers. Additionally, two-dimensional 
transthoracic echocardiography was used to assess the following 
parameters: LA anterior-posterior diameter, LA area and volume, LV 
end-diastolic and end-systolic diameter, LV inter-ventricular septal 
dimensions and posterior wall dimensions, LV ejection fraction (EF) 
with Simpson’s method, and LV mass with the linear method.1 LA 
volume index was measured with the ellipsoid biplane area-length 
formula in all patients, regardless of SSR or ASR. All measurements 
were performed by the same operator (MF) on GE Vivid 9 (GE 
Healthcare) or Philips iE33 machines (Philips Medical Systems), 
with 3.5 MHz transducers.
Statistical Analysis

 Statistical analysis was performed with SPSS 15.0 (SPSS Inc., 
Chicago, IL, USA) and MedCalc (Mariakerke, Belgium) software. 
Data were expressed as frequency distributions, simple percentages, 
mean values and standard deviations. The correlation between two 
variables was tested by linear regression analysis. The variables with a 
p-value lower than 0.05 in univariate analysis were entered into the
multivariate model for stepwise regression analysis (the anterograde
and retrograde LR and Wald tests). The area under the curve (AUC)
was calculated as a quantitative measure of the predictive value. A
p-value <0.05 was considered statistically significant.
Results

A total of 170 patients were included: 70 (41%) with stable sinus 
rhythm (SR) without history of nonvalvular AF, and 100 (59%) with 
AF (24% paroxysmal, 15% persistent and 61% permanent). The mean 
age of the patients was 67 ± 11 years, the mean body mass index 
was 28 ± 5 kg/cm², 61% were men, 74% had hypertension, 33% had 
coronary heart disease and 19% had diabetes mellitus. The mean 
ventricular frequency was 72 ± 10 per min. The mean LV mass in 
patients with ASR and SSR was 150 ± 38% g/m² (95% CI: 139-161) 
and 130 ± 43 g/m² (95% CI: 122-138) g/m², respectively (p=0.002). 
The mean LV EF in patients with ASR and SSR was 49 ± 15% (95% 
CI: 45-53) and 51 ± 12% (95% CI: 49-53), respectively (p=0.67)). 
LA-ASR was detected in 112 (66%) of the patients: 62 patients had 
AF (55%) and 50 patients had stable SR (45%) (p=0.002).  
LA Volume Index Depending On The Type Of LA Remodeling

The mean LA-ASR and LA-SSR volume indexes, assessed by 
ellipsoid biplane area-length formula in all patients irrespective of 

AF, and LA area greater than 20 cm² (according to the current 
definition of atrium dilation).1 Exclusion criteria were patients who 
refused to participate in the study, with a poor echocardiographic 
window, or those with LA dilation secondary to valvular heart 
disease, valvular prosthesis, acute coronary syndrome, ischemic 
heart disease with severe septal kinetics disorder, pulmonary artery 
systolic pressure ≥ 35 mmHg, congenital heart disease, constrictive 
pericarditis, amyloidosis, atrioventricular and intraventricular 
conduction disorder, cardiac pacing, or neoplasia. The Ethics 
Committee of the hospital approved this study and, all patients gave 
written informed consent. 
Echocardiography

All echocardiographic measurements were performed on patients 
in the left lateral decubitus position during expiratory apnea, 
according to the current guidelines of the European Association of 
Echocardiography and the American Society of Echocardiography.6,7  

LA-ASR was defined as a LA shape that was not ellipsoidal anymore 
(basal dimension measured at the junction between the pulmonary 
vein and atrium greater than the mitral annular dimension, as 
shown in fig. 1). SSR was defined as all other cases. The following 
parameters were measured: peak early diastolic mitral inflow velocity 
(E), peak late diastolic mitral inflow velocity (A), mid-diastolic mitral 
annular velocity (L), early diastolic mitral annular velocity (Em), late 
diastolic mitral annular velocity (Am), systolic mitral annular velocity 
(Sm), isovolumetric relaxation time (IVRT), E-wave deceleration 
time (EDT), mitral A-wave duration (Amdur), atrial reverse flow 
duration (Ardur), peak systolic pulmonary venous flow velocity (S), 
peak diastolic pulmonary venous flow velocity (D), peak systolic LA 
myocardial velocity (Sa), early diastolic LA myocardial velocity (Ea), 
and late diastolic LA myocardial velocity (Aa). LA function was 
assessed using the Sa, Ea and Aa parameters obtained by TDI on the 
LA lateral walls (fig. 2a), as described in the literature.8,9 Moreover, 
PW parameters were measured on the right superior pulmonary vein 
(fig. 2b). According to previous studies on LA deformation properties, 
systolic myocardial velocity (Sa) reflects atrial reservoir function, and 
the early (Ea) and late (Aa) diastolic myocardial velocities reflect 
conduit and booster pump function, respectively.10,11,12 Each final 
value of the PW and TDI parameters resulted from the average of 

Figure 1: Definition of left atrium asymmetric structural remodeling.

Figure 2:
Assessment of LA function (a) and pulmonary vein flow (b) by TDI 
respectively PW: Sa, Ea and Aa as index of LA reservoir, conduit 
and booster pump function, respectively

(LA=left atrium, LV= left ventricle, RA=right atrium and RV=right ventricle).

(Aa=left atrium late diastolic myocardial velocity, D=peak pulmonary diastolic flow velocity, 
Ea=left atrium early diastolic myocardial velocity, S=peak pulmonary systolic flow velocity and 
Sa= left atrium systolic myocardial velocity). 
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cm/s, 95% CI: 5.9-7.2 vs. 7.6 ± 1.9 cm/s, 95% CI: 7.1-8.2; p=0.001). 
Similarly, the mean S in patients with ASR was significantly lower in 
AF than SR (36 ± 14 cm/s, 95% CI: 31.8-39.7 vs. 42 ± 12 cm/s, 95% 
CI: 38.6-44.7; p=0.005). On the contrary, there was no significant 
difference between these parameters in AF vs. SR in patients with 
SSR. The TDI and PW echocardiographic parameters associated 
with ASR by univariate analysis were: L, Amdur, Am-Ar, S, D, Em, 
Sm and Sa (all p<0.005). Multivariate logistic regression revealed 
LA systolic myocardial velocity (Sa; p=0.036) and peak systolic 
pulmonary venous flow velocity (S, p=0.033) as the best TDI and 
PW echocardiographic parameters associated with LA-ASR, with a 
power prediction of 91.8% (95% CI, p=0.0001). When correcting for 
the number of patients (90% CI), ASR prediction improved to 99.1%, 
but the statistical significance decreased slightly (p=0.073). The 
sensitivity and specificity of both parameters based on ROC curve 
analysis were 77 and 70%, respectively (fig. 4); the AUC was 0.765 
(95% CI: 0.662-0.849, p=0.0001). Using the two echocardiographic 
parameters, we created an equation for the assessment of LA-ASR 
probability: (ez ∕ (1+ez), where z = - 0.511 - 0.062 x (S) + 0.536 x (Sa), 
and developed a scale to estimate ASR probability in patients with 
LA dilation, regardless of electrical remodeling (fig. 5). For example, 
using this scale, a patient with S value of 40 cm/s and Sa value of 
11 cm/s would have a probability of association with asymmetric 
remodeling of 95%. 
Discussion
Asymmetric Structural Remodeling Of Dilated Atria: Relationship 
With Left Atrial Volume And Electrical Remodeling

We analyzed the frequency and the parameters independently 
associated with LA-ASR in dilated LA using echocardiographic 
parameters of LA function and LV diastolic function regardless of 
electrical remodeling. LA dilation reflects the severity and chronicity 
of diastolic dysfunction, as well as the magnitude of LA pressure 
elevation.1 In diastole, the pulmonary veins “check and measure” 
the LV end-diastolic pressure during mitral valve opening. Then, 

the presence of AF or SR, were 49 ± 14 ml/m² and 29 ± 13 ml/m², 
respectively (p<0.001); they were well correlated (r=0.567, p<0.001). 
The mean LA volume index in patients with ASR+SR (patients 
with LA-ASR and SR) vs. ASR+AF (patients with LA-ASR and 
AF) was 45 ± 11 ml/m² (n=50, 95% CI: 41.8-48) vs. 54 ± 20 ml/m² 
(n=62, 95% CI: 49-59.4) (p<0.001). The mean LA volume index in 
patients with SSR+SR (patients with LA-SSR and SR) vs. SSR+AF 
(patients with LA-SSR and AF) was 21 ± 6.5 ml/m² (n=20, 95% CI: 
17.7-23.8) vs. 32 ± 9 ml/m² (n=38, 95% CI: 28.9-34.8) (p<0.001). 
The relationship between the degrees of LA dilation assessed by LA 
volume index, depending on the type of LA remodelling in patients 
with or without AF included in the study, is shown in Fig. 3. In 
patients with mild (area of 20-30 cm², n=140) and moderate (area 
of 31-40 cm², n=27) LA dilation the ASR/SSR ratio was 1.7 and 
2.8, respectively (p=0.001). Only three patients had LA area greater 
than 40 cm² (severe LA dilation). Hypertension (r=0.772 vs. r=0.677, 
p<0.001), coronary heart disease (r=0.607 vs. r=0.567, p<0.001), left 
ventricular hypertrophy (r=0.747 vs. r=0.657, p<0.001) and diabetes 
mellitus (r=0.307 vs. r=0.276, p=0.005) correlated better with LA-
ASR than LA-SSR. 
Echocardiographic Parameters Associated With LA Asymmetrical 
Structural Remodeling

LA regional function could be assessed in 87% of patients (with 
TDI parameters: Sa, Ea and Aa) and pulmonary venous flow 
parameters in 81% of patients (with PW parameters: S and D). Mid-
diastolic mitral annular velocity was identifying in 16 patients (9.4%). 
The TDI and PW echocardiographic measurements are summarized 
in table 1. The parameters depending on atrial contraction (LA 
booster pump function assessed by A, Am and Aa) were assessed only 
in patients with SR (n=70) and in patients with AF and SR at the 
time of inclusion in this study (n=24). The mean Sa in patients with 
ASR was significantly lower in patients with AF than SR (6.6 ± 2.4 

Figure 3: Repartition of patients included in the study according to LA 
volume, type of LA remodelling and presence of AF or SR.

(SSR+SR=patients with symmetrical structural remodelling and sinus rhythm, SSR+AF= 
patients with asymmetrical structural remodelling and atrial fibrillation, ASR+SR= patients with 
asymmetrical structural remodelling and sinus rhythm, ASR+AF= patients with asymmetrical 
structural remodelling and atrial fibrillation).

Figure 4:
ROC curve for prediction of the left atrium asymmetrical structural 
remodeling using peak pulmonary vein flow systolic velocity (S) and 
peak systolic atrial myocardial velocity (Sa).

(AUC=area under curve; CI=confidential interval)
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hypothesis, which is difficult to sustain. 
LA volume index was calculated with the ellipsoid biplane area-

length formula in all patients, regardless of SSR or ASR. Even if 
LA dilation did not follow the ellipsoidal shape of a classical LA 
resulting in asymmetrical enlargement, in clinical practice, the 
ellipsoid biplane area-length formula could be still applied to assess 
LA volume because LA-ASR and LA-SSR volume were well 
correlated (r=0.567, p<0.001). 
Echocardiographic Parameters Associated With Asymmetrical 
Structural Remodeling In Dilated Atria

The association between LA functional remodeling and AF 
seems stronger than between LA structural remodeling and AF.15 A 
reduced LA reservoir function could be associated with a higher risk 
of atrial arrhythmia.16 Indeed, ASR is not only related to electrical 
remodeling, but also to LA reservoir function. In patients with ASR, 
the mean Sa and S parameters were significantly lower, especially in 
patients with AF. LA reservoir function depends on the degree of LA 
dilation. Apparition of LA fibrosis decreases LA reservoir capacity. 
In patients with LA-SSR, these parameters were not significantly 
different between patients with AF and patients with SR, even if LA 
volume was significantly greater. Both Sa and S echocardiographic 
parameters reflect LA reservoir function. In this study, the parameters 
that reflected LA reservoir function were best associated with ASR. 
It has also been shown that LA reservoir function could predict first 
AF or flutter in persons > or = 65 years of age and AF recurrence 
after catheter ablation.16,17 Clearly, asymmetric structural remodeling, 
electrical remodeling and functional remodeling seem to be all related 
to LA dilatation.
Clinical Implications Of Early Appropriate Assessment Of 
Asymmetric Structural Remodeling

In the literature, few papers focused on asymmetrical LA 
dilatation and its clinical significance. However, it is well known that 
a dilated LA might not have an ellipsoidal shape as a normal LA, 
because of asymmetrical enlargement. EAE guidelines for assessing 
LA recommended to check for the presence of asymmetric LA 
remodeling in dilated atria and also indicated that an increase in LA 
volume could be associated with adverse cardiovascular outcomes.1,18 

Therefore, the appropriate assessment of LA size is very important. 
We show in the present study that in a dilated LA, the dimension 
measured at the junction between the pulmonary vein and atrium 
could be greater than the mitral annular dimension, and thus in 
these cases, LA is not ellipsoidal anymore, and LA volume might be 
underestimated. Clinically, we think that it is important to identify 
LA-ASR and perhaps to be able to predict it, because LA dilatation 
and LA-ASR are related. Moreover, it is probably not appropriate 
to use an ellipsoidal formula to assess LA volume in those atria. 
This asymmetrical remodeling of the LA could also be a possible 
explanation for the well-accepted underestimation of LA volume 
by echocardiography as compared to MRI, computed tomography 
or ventriculography.3,4 In clinical practice, an underestimation of 
LA size could lead to the inappropriate evaluation of LA volume, 
and therefore of adverse cardiovascular outcomes. For example, LA 
volume index is known to be an important parameter in the algorithm 
for the diagnostic of chronic heart failure with preserved ejection 
fraction (with a cut-off value of 34 ml/m2). An underestimation of 
the real LA volume could lead to a misdiagnosis of chronic heart 
failure with preserved ejection fraction in a large group of patients in 

depending on the LV filling pressure, the left atrium adapts by its 
dilation and by changing function (from reservoir during ventricular 
systole, to conduit during early ventricular diastole, and to booster 
pump during late ventricular diastole). According to the Frank 
Starling law, a greater LA volume is associated with a greater LA 
reservoir function and increased LV filling in patients with SR. 

In our study, LA volume was significantly greater in patients with 
ASR than SSR and AF patients than SR patients (Fig. 3). More 
patients with ASR, as compared to SSR, had AF (22% vs. 37%). 
But patients with AF did not significantly present more ASR than 
patients with SR. However, in statistics, absence of evidence is not 
evidence of absence.13 Thus, although in this study patients with AF 
did not have significantly higher ASR than those with SSR, this does 
not provide evidence for the absence of a relationship between AF 
and ASR. However, in the present study, it is difficult to say that 
ASR and AF were related. Further (longitudinal) studies should 
be performed to test this hypothesis. The ASR/SSR ratio increased 
with LA dilation. Thus, LA enlargement was associated with ASR 
frequency. Therefore, these results indicate that (1) a more dilated 
atria is more often remodeled into an asymmetric structure, and (2) 
asymmetric dilation (mainly on the LA posterior wall) occurs more 
often in larger atria. 

LA structural remodeling is related to LA electrical remodeling, 
and both contribute to the development and perpetuation of AF.14 
The assessment of LA volume in patients with ASR+SR and 
ASR+AF vs. SSR+SR and SSR+AF revealed that ASR+SR is 
associated with greater LA volume than SSR+AF (45 ± 11 ml vs. 32 
± 9 ml; p<0.001), probably because of functional remodeling and/or 
fibrosis apparition before electrical remodeling. This result indicates 
that the type of LA dilation (ASR or SSR) might be more important 
for LA structural remodeling than the LA electrical remodeling or 
only LA volume assessment. AF might be associated with ASR; 
the pulmonary vein would become arrhythmogenic because of LA 
pressure and activation of stretch-gated channels, secondary to LA 
enlargement mostly on the posterior wall.2,14 However, this is only a 

Figure 5: Prediction scale of LA-ASR using the best echocardiographic 
parameters associated with LA-ASR: S 

(peak pulmonary vein flow systolic velocity) value (rows) and Sa (peak systolic atrial myocardial 
velocity) value (columns). 
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not to benefit from ablation therapy.24

In conclusion, we think that it is important not only to quantify 
correctly LA size but also to make an appropriate identification of 
asymmetrical dilatation and to assess LA functional remodeling, 
because LA enlargement, asymmetrical and functional remodeling 
are related, asymmetrical remodeling frequency increase with 
the degree of LA dilatation, and because of risk to misdiagnosis 
important comorbidities like chronic heart failure with preserved 
ejection fraction in a large group of patients of our daily practice. 
Study Limitations

LA area was used as inclusion criteria. LA volume is the preferred 
parameter recommended for the assessment of LA size according 
to the EAE recommendations. However, LA area is one of the 
parameters that can be used for the assessment of LA size. LA area 
is included in the ellipsoid biplane area-length formula. Therefore, as 
expected, LA area and LA volume assessed with the ellipsoid biplane 
area-length formula, were well correlated (r=0.837, p<0.001). We 
think that in clinical practice, the assessment of LA area, which is 
well correlated with LA volume, is easier and more rapid than that 
of LA volume. The echocardiographic parameters of pulmonary 
venous flow and LA function could not be accurately measured in 
all patients. It has been shown that the technique is feasible in only 
80% of cases.6 The assessment of regional LA function by TDI is 
angle-dependent, and LA walls are relatively thin. The measurement 
of TDI parameters is a technique that is currently used in clinical 
practice but not for LA function. Myocardial velocity is influenced by 
translation and tethering, and therefore, it is difficult to distinguish 
true shortening and lengthening of the atrium from mitral annular 
and ventricular motion. We carefully adjusted the beam on the 

daily practice. 
Early detection of LA-ASR and appropriate assessment of LA 

volume by non-invasive techniques like echocardiography could be 
very important, in terms of diagnostic and prognostic implications, 
because it could help correctly assess LA size and function in 
a very large group of patients. In our daily clinical practice, these 
echocardiographic parameters could be used in patients with 
dilated atria for early identification of LA-ASR and for appropriate 
assessment of structural remodeling before the occurrence of 
electrical remodeling. The treatment of patients with LA dilation 
with angiotensin-converting enzyme inhibitors or angiotensin II 
receptor antagonists may (1) induce reverse structural remodeling, 
(2) reduce AF progression from paroxysmal to persistent and (3)
reduce the number of relapses.19,20 Thus, early treatment onset with
angiotensin-converting enzyme inhibitors or angiotensin II receptor
antagonist’s therapy could be critical in patients with LA dilation
without ASR. It is recently shown that earlier treatment with
renin-angiotensin system inhibitors may improve abnormal LA-
left ventricle interaction even in asymptomatic patients with left
ventricle diastolic and systolic dysfunction.21 However subtle LA and
left ventricle dysfunction with individual cardiovascular risk factors
are more aggravated with the comorbid conditions in asymptomatic
patients.22 In addition, it seems that LA dyssynchrony documented
by three-dimensional echocardiography, could maintained despite
early LA structural reverse remodeling observed 3 months after
pulmonary vein isolation.23 These results may affect medical therapy
after successful pulmonary vein isolation. But in these specific group
of patients late gadolinium enhancement MRI can identify better
LA wall structural remodeling and stratify patients who are likely or

Table 1: Echocardiographic measurement by PW and TDI for all patients included in the study

Echocardiographic parameters SSR ASR

AF SR P value AF SR P value

E (cm/s) 79±23 65±21 0.007 83±28 69±18 0.003

A (cm/s)* 57±21 69±22 NS 74±25 78±25 NS

E/A* 1.2±0.5 1±0.4 NS 1±0.43 0.96±0.44 NS

Sm (cm/s) 5.4±1.1 6.4±1.4 0.01 6.4±1.3 6.3±1.1 NS

Em (cm/s) 8.3±2.4 7.7±2.3 NS 9±2 8±2 <0.001

Am (cm/s)* 8.7±1.6 7.8±2.3 NS 8.8±0.7 8.7±1.7 NS

E/Em 10±3.2 8±2 0.035 9.4±3.6 9.1±2.6 NS

L (cm/s) 35±3 0 NA 26±4 27±9 <0.001

IVRT (ms) 98±17 99±24 NS 102±25 94±29 NS

TDE (ms) 194±74 203±50 NS 186±62 203±56 NS

Amdur (ms)* 132±6 132±8 NS 135±13 131±11 0.05

Ardur (ms)* 106±11 117±8 0.009 110±12 115±12 NS

Am–Ar (ms)* 26±10 15±5 0.006 25±7 17±6 <0.001

S (cm/s) 41±11 39±12 NS 36±14 42±12 0.005

D (cm/s) 41±16 36±14 NS 39±11 33±11 0.003

Sa (cm/s) 6.5±2.6 6.4±2.1 NS 6.6±2.4 7.6±1.9 0.001

Ea (cm/s) 8.6±2.7 7.4±1.9 NS 7.7±2.2 6.9±2.4 NS

Aa (cm/s)* 9.5±2.8 8.3±4.2 NS 9.2±4.4 10.4±3.3 NS

* Measurements were possible only in patients in SR (n=70) or known with AF but in SR at the time of inclusion (n=24). 
A=peak late diastolic transmitral flow velocity; Aa=left atrium late diastolic myocardial velocity; AF=atrial fibrillation; Am=late diastolic mitral annular velocity; Amdur=mitral A wave duration; 
Ardur=atrial reflux duration; ASR=asymmetric structural remodeling; D=peak pulmonary diastolic flow velocity; E=peak early diastolic transmitral flow velocity; Ea=left atrium early diastolic myocardial 
velocity; Em=early diastolic mitral annular velocity; IVRT=isovolumetric relaxation time; L=mid-diastolic mitral annular velocity; NS=non-significant; PW= Pulse Doppler wave; S=peak pulmonary systolic 
flow velocity; Sa=left atrium systolic myocardial velocity; Sm= systolic mitral annular velocity; SR=sinus rhythm; SSR=symmetric structural remodeling; TDE=deceleration time of E wave; TDI=Tissue 
Doppler Imaging. 
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lateral wall and gain settings to avoid aliasing and to allow reliable 
measurement of tissue velocity. Thus, an alternative for LA function 
measurement that would have been more appropriate is LA strain 
and strain rate. However, it is a less-accessible, emerging technique 
that is not yet widely used. Inter-vendor variability is still an issue for 
this new echocardiographic method. 
Conclusion

LA dilation was associated with a great number of asymmetrical 
structural remodeling in this specific group of patients. 
Echocardiographic parameters that reflect LA reservoir function 
are best associated with asymmetrical remodeling. In practice, the 
type of LA dilation, which is related to functional remodeling, might 
be the most important parameter to correctly assess LA structural 
remodeling.
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Abstract
Background:  In the implantable cardiac device (CD) population, not only can clinically silent atrial tachyarrythmias (AT) be detected, but an 

associated AT burden can be documented.  There are two methods of determining stroke risk: CHADS2 and CHA2DS2-VASc.  Recommendations 
for initiating anticoagulation based on stroke risk profiles and/or AT burden remain unclear for device-detected AT.

Objective:  Aims of this study were to reveal the AT burden among CD patients, determine CHADS2 and CHA2DS2-VASc scores among 
patients with an AT burden, and evaluate current practices for anticoagulation.

Methods:  Records were reviewed from patients undergoing a new CD implant within the last three years from two device clinics. Continuous 
variables were expressed as mean with standard deviation (SD) and categorical variables were stated as numbers and percentages. The 
categorical variables were compared using the Chi2 Square test and the continuous variables were compared using the independent 2-sided 
t-test.

Results: There were 275 CD patients enrolled. Eighty-seven had an AT burden and 188  patients did not have an AT burden.  CD patients 
with AT burden were older than those without AT burden [69 (11), p=0.007]. Patients with AT burden had more hypertension and previous 
history of stroke (p=0.038, p=0.005) compared to those without AT burden. Both the CHADS2 and CHA2DS2-VASc mean scores were higher in 
patients with an AT burden (p=0.018 and p=0.041).  Thirty patients with a previous history of AT were on anticoagulation (p=<0.001) prior to 
implant. Forty-eight patients had a new diagnosis of AT (NDAT) and 46% (n=22) were started on anticoagulation. 

Conclusions: An AT burden was detected in 32% of patients with at least 75% falling within a high-risk category using both scores. 
However, less than half of NDAT patients were started on anticoagulation. The use of oral anticoagulation in practice remains inconsistent 
and further randomized trials are recommended.

Introduction
Over 400,000  implantable cardiac  devices (CD) are implanted 

each year in the U.S.1  Clinically silent atrial tachyarrhythmias (AT), 
or rapid atrial rates, are detected in many of these patients in the 
absence of clinical evidence.1 The introduction of implantable CD 
with capacity to detect, quantify, and store asymptomatic AT epi-
sodes has resulted in new insights into clinically silent AT.2  Many 

of the manufacturers define AT detection with nominal settings of 
atrial rate >175 beats per minute (bpm) lasting ≥ 20 seconds, but this 
feature is programmable.  Device manufacturers quantify AT burden 
using various criteria, which include the following: (1) percentage 
of total time spent in AT, (2) number of AT episodes, (3) duration 
of AT episodes, (4) total time spent in AT, and lastly, (5) aggregate 
duration of AT episodes detected by the device on a given day.  The 
AT burden could be composed of multiple episodes on a single day 
or a portion of a single episode spanning multiple days.  Consis-
tently, the manufacturers define AT burden as a percentage of total 
time since last cleared, number of episodes, and maximum duration 
of time spent in AT. 

A subset study conducted by the Asymptomatic Atrial Fibrillation 
and Stroke Evaluation in Pacemaker Patients and the Atrial Fibrilla-
tion Reduction Atrial Pacing Trial (ASSERT) investigators, clinical-
ly silent ATs were detected in one tenth of the patients three months 
after implantation and were detected at least once during a mean 
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Cardiology (ACC)/American Heart Association (AHA)/Heart 
Rhythm Society (HRS) guidelines; it was used to subdivide patients 
into three categories: those with low, intermediate, or high risk for 
AT-related TE.10,11   Cohorts have indicated 30-50% of patients have 
a CHADS2 score of 1 without a well-defined recommendation to 
either start aspirin or anticoagulation.12 A recent score, incorporated 
into the European Society of Cardiology (ESC), has been proposed 
using CHF/LVEF ≤ 40, Hypertension, Age ≥75 years, Diabetes 
mellitus, Stroke (CHADS2), Vascular Disease, Age 65-74 years, Sex 
category (CHA2DS2-VASc)  to further risk stratify patients that may 
have previously fallen within the intermediate risk category.13  The 
score relies on “definitive risk factors” (age  75 and prior CVA/TIA) 
and “combination risk factors” (CHF, hypertension, age 65-74 years, 
diabetes, vascular disease, and female gender).14  There is more clarity 
with the CHA2DS2-VASc scheme because studies indicate fewer 
patients fall into the intermediate group.12  

Within the CD population, many patients with clinically silent 
AT may be in a higher risk category with the CHA2DS2-VASc 
schema, than the CHADS2. This is because more patients have 
“combination and definitive risk factors” for two reasons: 1) patients 
with defibrillators primarily having ischemic heart disease and (2) 
more elderly patients will have conduction disease necessitating 
a pacemaker. Therefore, there are significant implications for both 
cost and TE risk.  More research needs to be done to determine if 
device-detected AT should be treated with the same anticoagulation 
recommendations as clinical AT.  The primary purpose of this study 
was to evaluate two methods of TE risk among CD patients with 
AT and assess anticoagulation use in this population. The aims of 
this study were to 1) evaluate the AT burden among CD patients, 
(2) determine CHADS2 and CHAD2DS2-VASc scores among CD
patients with an AT burden, and (3) evaluate current practices for
anticoagulation.
Methodology 
Setting 

The study is a retrospective, comparative design involving a review 
of records from two CD clinics in the southwest.  IRB approval was 
granted from the University of Texas Health Science Center at San 
Antonio (UTHSCSA) and University of Alabama.
Sample  

The study sample included males and females, age 18 and 
above who had received a CD implant within the past three years. 
Records were reviewed manually from patients who had undergone 
new implantation of a CD, such as a pacemaker, defibrillator, or 
resynchronization device, for a sample size of 275 patients.  Inclusion 
criteria was: 

• Patient with an appropriate indication for a cardiac
rhythm management implantable device, which can include 
bradyarrhythmias, ventricular tachyarrhythmias, ischemic and 
nonischemic cardiomyopathies or CHF

• Patient has been followed routinely, with at least 2 visits a year
• Patient  > 18 years old
• Device has ability to store, detect, quantify AT episodes
• Exclusion Criteria will include:
• Pacemaker or resynchronization device with single ventricular

lead(s) for permanent AT
• Defibrillator with a only a single high voltage lead
• Receiving the device as a replacement

follow-up period of 2.5 years in 34.7% of the patients.1  Although 
asymptomatic, clinically silent ATs still have the risk of thromobo-
embolism (TE) that symptomatic ATs have.3,4 Studies indicate AT is 
found incidentally in 15-30% of patients presenting with strokes.5,6   
Similarly, one quarter of strokes are of unknown cause, and subclini-
cal ATs may be a common etiologic factor.1  A retrospective review of 
a subgroup of 312 patients from the Mode Selection Trial (MOST) 
demonstrated the risk of death or stroke was increased by a factor of 
2.5 in patients who had at least one episode of high atrial rate de-
tected on an implantable CD.7  The TRENDS investigators had pre-
viously determined an episode of AT > 6 hours was associated with 
doubling the risk of TE.8  In contrast, the ASSERT study demon-
strated patients with high rate AT episodes > 6 minutes during an 
initial 3-month stratification period were at a 2.5-fold increase risk 
of subsequent stroke.9  Furthermore, device-detected atrial arrhyth-
mia burdens > 3.8 hours on a single day have also been associated 
with a significant increase in TE among high-risk patients with HF.9  
It is still not known whether there is a critical value of daily AT 
burden that has prognostic significance.7 Further research is needed 
to specify the amount of AT burden in this population and the rela-
tionship to TE risk. 

The Congestive Heart Failure (CHF), Hypertension, Age 
≥75 years, Diabetes mellitus, Stroke known as CHADS2 has 
become the standard assessment TE risk method currently used in 
clinical practice.  First described in the 2006 American College of 

Table 1: Summary of hybrid (combined endocardial and epicardial) 
ablation studies for treatment of atrial fibrillation. 

    All 
Patients 
(N=275)

Patients with AT 
Burden (N=87)

Patients 
without 
AT Burden 
(N=188)

P-value*

Previous 
dx 
(N=39)

New dx 
(N=48)

Gender, N (%)

Male 199 (72) 31 (79) 41 (85) 127 (68) 0.009†

Female 76 (28) 31 (79) 7 (15) 61 (32)

Age (years), Mean (SD) 65(14)  69(11) 69(11) 64(15) 0.007‡

Type of Device, N (%) 0.703†

Pacemaker 161 (59) 27 (69) 28 (58) 106 (56)

Defibrillator 57 (21) 7 (18) 10 (21) 40 (21)

CRT-D1 56 (20) 5 (13) 10 (21) 41 (22)

CRT-P2 1 (0) 0 0 1 (1)

TE Risk, Mean (SD)

CHADS2 2.1 (1.13) 2.5ᶲ 2.2ᶲ 2.0 (1.09) 0.018‡

CHA2DS2-VASc 2.1 (1.13) 3.7ᶲ 3.5ᶲ 3.2 (1.42) 0.041‡

Comorbidities, N (%)

LVEF ≤40% 103 (37) 12 (31) 17 (35) 74 (39) 0.337†

Hypertension 239 (87) 39 (100) 42 (88) 158 (84) 0.038†

Diabetes Mellitus 125 (46) 16 (41) 21 (43) 88 (46) 0.507†

Prior TIA or CVA 27 (10) 9 (23) 6 (13) 12 (6) 0.005†

Vascular Disease 121 (44) 17 (43) 22 (46) 82 (43) 0.851†

On Anticoagulation

Prior to implant, N (%) 48 (17) 30 (77) 2 (4) 16 (85) <0.001†

* Comparisons are for patients with and without AT burden
†, Chi-square 
‡, Independent samples t-test 
ᶲ, 5% Trimmed mean
¹Cardiac resynchronization therapy with defibrillator
²Cardiac resynchronization therapy without defibrillator
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calculated and plotted to indicate the distribution of  CHADS2  and 
CHA2DS2-VASc  scores among patients with a previous history of AT 
and new diagnosis of AT (NDAT).  Graphs were drafted to indicate 
the number of patients where oral anticoagulation is recommended 
(CHADS2 and CHA2DS2-VASc ≥ 2) for patients with previous 
history of AT and NDAT.  The patients that were either previously on 
anticoagulation or initiated on oral anticoagulation are represented in 
the graphs.  The incidence of TE was recorded, but statistical analysis 
was not done because of minimal events.  SPSS (SPSS Inc. Released 
2007, SPSS for Windows, Version 16.0. Chicago, SPSS Inc) was 
used to perform the statistical analysis.
Results
Demographics

Two hundred and seventy five patients met enrollment criteria.  
Of the 275 patients, 72% (N= 199) were men. The mean age for all 
patients was 65 (SD 14).  Patients either had a pacemaker (N=161, 
59%), ICD (N=57, 21%), or resynchronization device (N=57, 20%).  
Most patients had hypertension (N= 239, 87%), then diabetes 
(N=125, 46%), followed by vascular disease (N=121, 44%) and CHF 
(N=103, 39%).  Twenty-seven patients (10%) had previous history 
or TIA or CVA. Finally, 17 % of patients (N= 48) had been on 
anticoagulation prior to implant.  
AT Burden and TE Risk Scores among CD Patients

Of the 275 patients, 32% (N=87) of patients had an AT burden 
documented on their device. The average AT burden (recorded as a 
percentage of total time spent in AT since implant) for patients with 
previous history of AT was 40.5% compared with 7.2% for patients 
with new diagnosis of AT (Figure 1).  CD patients with AT burden 
were older than those without AT burden [69 (11), p=0.007]. There 
were no differences between the groups in comorbidities with the 
exception of hypertension (p=.038) and prior TIA or CVA (p=.005).   
Both the CHADS2 and CHA2DS2-VASc mean scores were higher in 
patients with an AT burden (p=0.018 and p=0.041).  Demographics 
and comorbidities are listed in Table 1.  Finally, more patients with an 
AT burden were on anticoagulation prior to implant, which is to be 
expected as many patients of these patients had a previous diagnosis 
of AT (p < 0.001).  

Patients with AT burden were further stratified into patients having 
a previous diagnosis of AT (N=39, 45%) and NDAT (N=48, 55%).  
Both groups had hypertension more frequently (100% for previous 
history of AT and 88% for newly diagnosed AT) and previous history 
of TIA or CVA less frequently (23% for previous history of AT and 
13% for new diagnosis of AT).  The mean CHADS2 score for all 
patients was 2.1 (SD 1.13) and mean CHA2DS2-VASc score was 
3.3 (SD 1.49). The mean CHADS2 and CHA2DS2-VASc of patients 
with a previous history of AT was 2.5 and 3.7 (trimmed means), 
respectively.  Seventy-seven percent (N=30) of these patients had 
been on anticoagulation prior to implant (Figure 2).  For patients 
with NDAT , the mean CHADS2 and CHA2DS2-VASc scores 
were 2.2 and 3.5 respectively, and 22 (46%) of these patients had 
anticoagulation therapy initiated (Figure 2).  
Anticoagulation recommendations based on TE risk scores

Figure 3 indicates the distribution of CHADS2 and CHA2DS2-
VASC scores in patients with previous history of AT and NDAT 
burden.  By applying the CHA2DS2-VASc score, the number of 
intermediate-risk patients with previous history of AT decreased from 
6 (15%) to 2 (5%).  For patients with a NDAT , the number of low-

Procedures/Data collection
AIM 1: Evaluate the AT burden among CD patients

The device manufacturers provided the PI with a list of patients 
that have been implanted in the last 3 years. Data was obtained 
from existing progress notes from medical records, clinic device 
programmers, and interrogation reports.  For the purpose of this study, 
episodes of AT were defined as atrial rates of at least 220 beats/min 
and with an onset of at least 5 minutes in duration.  Multiple studies 
have indicated good sensitivity and specificity for AT with these 
parameters.15 Once device-detected AT episode was established, data 
collection included if anticoagulation was initiated and the average 
amount of time (defined as a percentage of time) the patient is in an 
AT since the implant of the device.   
AIM 2:  Determine CHADS2 and CHA2DS2-VASc scores among CD 
patients with an AT burden

For patients with any AT burden, both CHADS2 and CHA2DS2-
VASc scores were calculated. To calculate the CHADS2 score 
patients received 1 point for each diagnosis of CHF, hypertension 
(blood pressure consistently over 140/90 mm Hg or being treated 
with anti-HTN agents), age ≥75 years, or diabetes mellitus and 2 
points if they have a history of TIA or stroke.  The CHA2DS2-VASc 
score was calculated by including non-major stroke risk factors of 
age 65-74 (1 point), female gender (1 point) and vascular disease 
(1 point). In the CHA2DS2-VASc score, ‘age 75 and above’ also has 
extra weight, with 2 points. 
AIM 3: Evaluate current practices for anticoagulation

Anticoagulation status was assessed by reviewing the medication 
profile or progress notes for warfarin or the new oral anticoagulation 
(NOAC) agents in the medical record.  Any patients with the 
diagnosis of stroke, TIA or systemic embolism since CD implant 
were also taken into consideration.
Data Analysis

Continuous variables were expressed as mean with standard 
deviation (SD) and categorical variables were stated as numbers 
and percentages. The categorical variables were compared using the 
Chi2 Square test and the continuous variables were compared using 
the independent 2-sided t-test for significance of differences.  Five 
percent trimmed means tests were used for those variables with 
significant outliers in order to not skew results.  For patients with 
an AT burden, the CHADS2 and CHA2DS2-VASc scores were 

Figure 1: Mean Atrial Tachyarrhythmia (AT) Burden from Time of Implant for 
Patients with Previous AT and New AT
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1.13) and mean CHA2DS2-VASc score was 3.3 (SD 1.49). One 
study investigating the two risk TE scores of 1664 patients at an 
atrial fibrillation center indicated patients had mean CHADS2 
and CHA2DS2-VASc scores of 1.1 (1.1) and 1.8 (1.5).14 Therefore, 
this suggests CD patients may have more risk factors compared 
to the general population. In this study, the mean CHADS2 and 
CHA2DS2-VASc was significantly higher in patients with an AT 
burden compared to those without an AT burden, indicating there 
are more risk factors for stroke in the AT burden population.  Patients 
with an AT burden were older, had more hypertension, and previous 
history of stroke compared to those without AT burden.  Within the 
AT burden subset, the mean CHADS2 and CHA2DS2-VASc scores 
were higher in patients with a previous history of AT, suggesting the 
presence of additional risk factors can affect the overall incidence and 
severity of AT progression.  

The detection of AT in the CD population can trigger decisions 
regarding initiating anticoagulation therapy.  In the patients with 
previous history of AT, anticoagulation was recommended for 85% 
of patients using the CHADS2 score and 95% of patients using the 
CHA2DS2-VASc score. In this subset, 30 patients (77%) were on 
anticoagulation.  In patients with NDAT, the CHADS2 score classified 
36 (75%) requiring anticoagulation and the CHA2DS2-VASc score 
classified 41 (85%) requiring anticoagulation.  Surprisingly, only 
22 (46%) of these patients were started on anticoagulation. This 
number may be low because of fall risk, potential for bleeding 
complications, or having a low burden of AT captured on the device 
as the burden of AT was significantly lower in the NDAT group. 
These findings are comparable to a study done by Healey18 where 
the use of anticoagulation was more frequent among patients with a 
previous history of AT (58.9%) than those with a NDAT (23.7%).  
The TRENDS study indicated the annual TE risk for patients with 
a high AT burden was 2.4%.13 In this study, only 2 patients had 
TE events following their implant. A low incidence of TE limits 
the potential benefit of anticoagulation and emphasizes the need to 
better determine TE risk when considering anticoagulation therapy.  
Therefore, when AT burden is used in conjunction with TE risk 
scores, the need for anticoagulation can be determined. However, a 
randomized controlled trial evaluating oral anticoagulation use in 
device-detected AT should be done before anticoagulation is widely 
recommended.

risk patients (CHADS2=0) decreased from 5 (10%) to 2 (4.1%) and 
intermediate-risk patients decreased from 7 (14.5%) to 5 (10.4%).  In 
patients with previous diagnosis of AT, the CHADS2 score classified 
33 (85%) of patients requiring anticoagulation and CHA2DS2-VASc 
score classified 37 (95%) of patients requiring anticoagulation (Figure 
3).  For patients with NDAT, the CHADS2 score classified 36 (75%) 
requiring anticoagulation and the CHA2DS2-VASc score classified 
41 (85%) requiring anticoagulation.  Only 22 (46%) of these patients 
were started on anticoagulation.  
Incidence of TE events

For patients with AT burden, only 2 (2.2%) patients had 
documented thromboembolic events following the implant of their 
device.  One patient was from the NDAT  group and was not on oral 
anticoagulation at the time of the event.  The patient was subsequently 
started on anticoagulation at the device follow-up appointment.  
The other patient had a previous diagnosis of AT and was on oral 
anticoagulation, but was subtherapeutic at the time of the event.  
Discussion

The first aim was to evaluate the prevalence of AT among CD 
patients.  In this study, 32% of patients enrolled had an AT burden, 
with 17% of patients had newly diagnosed AT detected on their CD. 
This is similar to what was reported in a study by Healey1 where 
10% of patients had AT detected at 3 months after implantation and 
34% had AT detected at 2.5 years from implant. Another finding 
in this study is patients with a previous history of AT have a higher 
burden of AT, compared to patients newly diagnosed with AT. 
The BEATS study confirmed a higher incidence of AT after CD 
implantation with a previous history of AT, which is in line with the 
current understanding of the pathophysiology of AT as a progressive 
disease.2,16  The TRENDS study had previously reported the risk 
of TE doubles when the arrhythmia burden exceeds 5.5 hours on 
a given day.8 An increasing body of evidence has linked device-
detected AT burden with an increased risk of stroke, but there still 
seems to be no “safe” amount of AT identified.17 Even though CDs 
can yield valuable diagnostic data to guide anticoagulation therapy, 
providers should also evaluate patient-specific risk factors for AT-
associated TE events.

The second aim of the study was to determine CHADS2 and 
CHA2DS2-VASc scores among cardiac device patients with an 
AT burden. The mean CHADS2 score for all patients was 2.1 (SD 

Figure 2: Anticoagulation Recommendations and Status by CHADS2 and CHA2DS2-VASc Scores in Patients with (A) Previous Diagnosis of Atrial 
Tachyarrhythmias (AT) and (B) New Diagnosis of Atrial Tachyarrhythmias
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Limitations
There may be sensing issues with the CD and AT burden, which 

can be either over or understated.  Also, patients’ CHADS2 and 
CHA2DS2-VASc scores may change throughout the record review 
based on age or new comorbidities, but for the purpose of the study, 
only pre-implant scores were used.  The majority of the sample 
was men and may not give and an adequate representation of the 
impact of CHA2DS2-VASc scores on gender differences among the 
CD population. Finally, due to the limited number of TE events, a 
comparison was not done between the stroke risk profiles.

Further research with a prospective study using groups randomized 
into each TE risk scoring scheme for anticoagulation therapy 
and evaluating the incidence of TE events may be helpful for the 
CD population.  Further investigating if there is a significance of 
differences with the type of device (ICD, pacemaker, or CRT) with 
AT burden and TE risk scores may yield noteworthy data which 
can be applied to clinical practice. Finally, as previously mentioned, 
randomized trials of anticoagulation in patients with device-detected 
AT should be done before oral anticoagulation is widely accepted for 
this population.
Conclusion

This was the first study to compare two TE risk methods and 
evaluate current anticoagulation practice in CD patients.  This study 
demonstrated patients with implantable cardiac devices are a high-
risk population for TE events using both risk-stratification scores.  
However, there is still inconsistency with anticoagulation practices 
for this population.  Over 75% of patients with clinically diagnosed 
AT prior to CD implant were on anticoagulation.  In contrast, less 
than 50% of patients with newly device-detected AT were started 
on anticoagulation. Even though the TRENDS and ASSERT 
studies have previously indicated a 2-3 times risk of TE8,9  for device-
detected AT, oral anticoagulation use for this population is not widely 
accepted.  Until more randomized trials for oral anticoagulation are 
conducted for this population, clinicians should still evaluate patient-
specific risk factors and the amount of AT burden to trigger the 
decision for initiating oral anticoagulation.
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Catheter in a Case of Paroxysmal Atrial Fibrillation
Nicholas Derval1, MD, Darren Hooks1, PhD, FRACP, Steven Kim2, MSEE, Melissa Sjoquist2, BSME, Srijoy 
Mahapatra2, MD Fred Sacher MD, Pierre Jais MD
1Department of Cardiac Electrophysiology, Hôpital Cardiologique du Haut-Lévêque and Université Victor Segalen Bordeaux 
II, Bordeaux, France. 2St. Jude Medical, Inc., St. Paul, MN, USA.

Abstract
AF ablation can be curative or reduce the symptoms of AF. However, success rates are suboptimal while procedure times can be long. 

Since AF ablation depends on excellent tip to tissue contact, ease of use and signal quality, a new ablation catheter (FlexAbilityTM Ablation 
Catheter, St Jude Medical, St Paul, MN) was designed for use during complex ablation. We report an initial case of its use during paroxysmal 
AF.

Introduction
We report the case of a 64-year-old woman who was referred to 

our institution for paroxysmal AF ablation, in which we used a novel 
ablation catheter (FlexAbilityTM Ablation Catheter, St Jude Med-
ical). The patient had paroxysmal atrial fibrillation for 12 years.  She 
had between 2 and 3 AF symptomatic episodes every month that 
last from 30 min to 2 hours that terminate without cardioversion. 
Symptoms included palpitations, shortness of breath, and sometimes 
syncopal episodes. Different combinations of antiarrhythmic drugs: 
flecanide, bisoprolol, propafenone and amiodarone were attempted 
without a significant improvement.

The patient had no underlying heart disease. The last TTE showed 
a normal left ventricular ejection fraction (60%), no significant valvu-
lar disease, and a mildly enlarged LA (17cm2). She was admitted in 
our department for paroxysmal AF ablation considering that she has 
short, recurrent, symptomatic, drug-resistant paroxysmal AF.  The 
patient was treated with oral anticoagulation (INR between 2 and 3) 
since 2002. A trans-esophageal echocardiogram was performed the 
day prior to the ablation and found a contractile left atrial appendage 
with no thrombus. Left atrial septum was normal without persistent 
foramen ovale.

Electrophysiologic Study
An electrophysiology study was performed with patient in the 

postabsorptive state under light sedation. All antiarrhythmics were 
discontinued 5 half-life periods.  Oral anticoagulation was replaced 
by heparin 48 hours before and ceased 6 hours before the procedure. 
After transseptal access, an intravenous bolus of heparin (0.5 mg/kg 

body wt.) was administered.
A 6-French decapolar catheter (2-5-2mm, Xtrem, ELA Medical, 

Montrouge, France) was advanced from the right femoral vein and 
placed in the coronary sinus (CS). After performing the transseptal 
catheterization, pulmonary veins were mapped with a decapolar 
circular mapping catheter (Reflexion™ Spiral Catheter, St Jude 
Medical).
Ablation Catheter

Ablation was performed by using a novel 4-mm, flexible irrigated-
tip catheter with 1-4-1 mm interelectrode spacing (FlexAbilityTM 
Ablation Catheter, uni-directional F curve, St Jude Medical).  The 
ablation catheter uses a flexible tip (Figure 1) designed to conform to 
the cardiac anatomy.  The tip was also designed to provide improved 
signal quality and better irrigation in the direction of the tissue being 
ablated.  The shaft was designed to improve the ability to get to 
challenging anatomy.
Pulmonary Vein Isolation

The patient presented into the lab in atrial fibrillation.  The 
techniques used for segmental ostial PV isolation was previously 
described.1 The catheter was advanced via transseptal access and 
manipulated within the left atrium without the aid of a long  sheath.  
Ablation was performed at 1 cm from the ostium of both right PVs as 
well as the posterior and superior aspects of the left PVs (to minimize 
any risk of PV stenosis).  Ablation continued circumferentially 
around the PV during ongoing AF to achieve electrical isolation of 
the PVs.  The catheter maintained stable tissue contact and was easy 
to use navigate around the RIPV (Figure 2).

A combination of point lesions (30 to 60 sec per point) and drag 
lesions were utilized.  The irrigation pump (Cool PointTM Pump, St 
Jude Medical) was set to a constant flow rate of 13 mL/min during 
radiofrequency (RF) applications and 2mL/min between applications.  
RF energy was delivered with the generator (AmpereTM Generator, 
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intracardiac signals, displayed at an amplification of 0.1 mV/cm and 
no 50/60 Hz notch filter.

The FlexAbility Ablation Catheter has a unique 1-4-1 inter-
electrode spacing configuration with 4 mm distal tip electrode and 
1 mm electrode bands.  Given the unique electrode configuration, 
electrogram quality from bipolar and unipolar electrograms were 
carefully assessed both prior to and during RF energy application.

Prior to RF ablation, the bipolar and unipolar signal quality of 
the ablation catheter electrograms were assessed.  The peak-to-peak 
noise was recorded at .015 mV on the distal ablation electrogram 
(Figure 4).

During RF ablation, bipolar electrograms from the distal tip were 
monitored to confirm stability of the ablation catheter.  Additionally, 
the enhanced signal resolution of the FlexAbility Ablation Catheter 
during RF energy delivery proved useful to assess the effect of each 
RF application.  During application of RF energy, peak-to-peak 
noise on the distal ablation electrogram measured .03 mV. (Figure 
5) Signal quality was exceptionally good during the RF application,
which is better than prior catheters.
Procedure Endpoint

The procedure endpoint consisted of PV isolation (PVI) of all four 

St Jude Medical) programmed in power control with a temperature 
limit of 45°C. Typically Energy was delivered within the first few 
millimeters of the anterior portion of the left pulmonary veins to 
achieve catheter stability and effective disconnection (Figure 3).  The 
catheter was then rotated clockwise to extend the lesion posteriorly to 
the LIPV ostium.  Radiofrequency (RF) energy was prolonged when 
a change occurred in activation/ morphology of the PV potentials. 
The stability of the catheter was monitored during RF applications 
using electrograms and intermittent fluoroscopy.

It is often challenging to achieve stability at the LSPV-LAA ridge 
but the catheter shaft stiffness with the flexible tip helped address 
this challenge. We felt that when a counter-clockwise rotation was 
applied to the catheter, the torque was transmitted directly to the 
catheter tip on the ridge.  Additionally the tip conformed to the 
tissue better than conventional rigid tips (Figure 3).

Electrogram Analysis
Surface electrocardiograms and bipolar intracardiac electrograms 

were continuously monitored with the use of Lab-System Pro (Bard 
Electrophysiology, Lowell, MA, USA).  Signals were sampled at 1 
kHz, and ECG’s were filtered at 0.1–50 Hz and 30–250 Hz for all 

Figure 1: FlexAbilityTM catheter tip and handle

Figure 2: AP fluoroscopy view demonstrating catheter stability at the inferior 
margin of the RIPV

Figure 3: LAO fluoroscopy view demonstrating ablation catheter stability at 
the LSPV-LAA ridge
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PV’s.  PVI was achieved by complete elimination or dissociation 
of all PV potentials as determined by the circular mapping 
catheter.  After PVI, a careful search was performed of the entire 
circumferential perimeter of each PV, and ablation was performed at 
sites demonstrating any residual potentials. The final endpoint was 

demonstrated by entrance and exit block for all pulmonary veins.  
Subsequent to PVI, no spontaneously occurring premature beats 
were identified.  Procedure time from transseptal access to final PVI 
was 1 hour 20 min.  Total RF duration was 21 minutes.  Fluoroscopy 
time was 19 minutes.  There were no complications.
Conclusions:

 In this initial case report, the FlexAbility Catheter allows for safe 
and effective PVI with excellent signal quality and maneuverability. 
Future studies targeting VT and AF will determine if this catheter 
improves long-term success rates and reduces procedure times.
References
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Figure 4: Bipolar/unipolar electrograms from the ablation catheter during 
sinus rhythm Figure 5: Electrogram assessment at the LSPV during RF energy delivery 

while in AF

Table 1: Procedure Statistics

Patient Age 64 years

Diagnosis Paroxysmal Atrial Fibrillation

Underlying Heart Disease None

LV Ejection Fraction 60%

LA Size 17 cm2

Procedure Time 80 min
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Abstract
Two imaging cases highlight the important role of 3D ICE/Cartosound™ in the intracardiac echocardiographic imaging of esophagus 

and Cartosound™ guidance of radiofrequency lesions delivered safely at the left atrial posterior wall adjacent to esophagus during atrial 
fibrillation ablation. 

Introduction
Esophageal injury during left atrial (LA) ablation at the LA posterior 

wall (LAPW) adjacent to the esophagus for atrial fibrillation (AF) 
can result in life threatening complications including perforation and 
atrioesophageal fistula.1-8 Strategies for avoiding esophageal injury 
have been developed including esophageal temperature monitoring 
and on-line 2-dimensional (2D) intracardiac echocardiographic 
(ICE) imaging as well as adjusting the power, temperature and 
duration of lesion application.8 However, these strategies need to be 
further improved. We introduce 3 dimensional (3D) ICE imaging of 
esophagus as complementary tool to real-time 2D ICE in guiding 
LAPW ablation for AF.
3D ICE Imaging Of Esophagus And Cartosound™ Guiding 
LAPW Lesions

All AF ablation procedures were guided/monitored by 2D ICE 
imaging. During the ablation procedure, 3D ICE imaging of 
esophagus and LA with pulmonary veins (PVs) was performed 
using a Sequoia ultrasound system (Siemens Medical Solutions) 
equipped with SoundStar® 3D diagnostic ultrasound catheter (10F, 
90cm, Biosense Webster, Inc., Diamond, Bar, CA) and Cartosound™ 
mapping system. The SoundStar® catheter was inserted into the 
femoral vein through an 11-Fr introducer sheath and advanced 
into the right atrium (RA). As described previously,9 ICE imaging 

was used to guide transseptal catheterization, assist positioning of 
the mapping and ablation catheters at the PV ostia, measure ostial 
flow before and after radiofrequency (RF) lesions and monitor 
for possible complications. Esophageal imaging features (lumen, 
anterior and posterior wall) were described in detail as reported 
previously.7-8 To image and monitor the esophagus and the LAPW 
contiguous to esophagus, the ICE transducer was placed in the 
mid/high RA and rotated clockwise to scan between the left and 
right mid/lower PV ostia during the ablation procedure. Based on 
acquisition of esophageal images, scanning its border from left to 
right side and tracing the esophageal outline on the 2D images 
(Fig.1A), 3D Cartosound imaging of esophagus and its laterally 
spatial relationship with LAPW could be obtained and reconstructed 
(Fig.1B). Importantly, these details are not directly seen with 2D ICE, 
which usually displays the esophagus and its antero-posterior border 
(Fig. 1A). During LA mapping and RF ablation, SmartTouch™ 
(Biosense Webster, Inc. Diamond Bar, CA) was used to provide 
optimal catheter tissue contact conditions (contact force ranged from 
6 to 34 g).10 During RF lesions delivered at the LAPW for the left 
PV isolation (PVI) 3D Cartosound with esophageal imaging in the 
left posterior oblique projection could provide additional anatomical 
detail and accurate spatial location of LAPW related to the left lateral 
border of the esophagus, not directly seen with 2D ICE (Fig.1C 
and D). Similarly, RF lesions were delivered at the LAPW for the 
right PVI using 3D Cartosound guidance (Fig.1E and F). Based on 
the 3D Cartosound spatial imaging and real-time 2D ICE lesion 
morphological monitoring, RF power and duration can be accurately 
adjusted and controlled to avoid esophageal injury.

  The ultrasound imaging of the esophagus depends on whether the 
esophagus is collapsed or distended. A variety of esophageal imaging 
features including whether filled with gas, fluid, or both, movement 
within its segment, or variably collapsed lumen may identify the 
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detail and improved spatial relationships. This detail is critical to 
be defined between LAPW and the esophagus. 3D Cartosound 
imaging of LAPW-esophageal region defines the lateral (left and 
right) border of the esophagus and identifies the spatial relationship 
between the LAPW and esophagus near the PV ostia. This definition 
is not simultaneous and directly seen with the 2D ICE which 
provides images of mainly the anterior (immediately contiguous to 
the LAPW) and posterior (adjacent to the descending aorta) wall 
of the esophagus. Therefore, 3D ICE/Cartosound imaging can add 
important spatial/anatomical relationships between the LAPW with 
PV ostia and esophagus, which enhance the capability of modifying 
ablation lesions in proximity to the esophagus by adjusting the power, 
temperature, and duration of lesion application. 

  3D ICE/Cartosound imaging can monitor/guide the RF lesions 
delivered at the LAPW-esophageal region and complement the 
esophageal temperature probe. Whether it can be used instead 

esophagus with real-time 2D ICE monitoring during LA ablation 
procedure.7 It is important to frequently check the esophageal lumen 
diameter and spatial relationship with the LAPW by real-time 2D 
ICE to confirm the accuracy of the esophageal image reconstruction 
with 3D Cartosound before lesions are delivered at the LAPW-
esophageal region. As reported previously,8 esophageal diameter 
ranged from 6 to 25 mm measured in patients undergoing AF ablation. 
Significantly changes in diameter were occasionally observed during 
the ablation procedure (Fig.2). Real-time 2D ICE monitoring and 
3D Cartosound with esophageal imaging reconstruction could 
provide on-line guidance for RF lesions delivered safely at the 
LAPW-esophageal region. 
Discussion

3D ICE/Cartosound imaging is a newly developed catheter-based 
diagnostic ultrasound imaging modality. It is complementary to the 
2D ICE and has the advantage of providing additional anatomical 

Figure 1:

2D- and 3D-ICE/Cartosound imaging of esophagus (E) and guiding radiofrequency (RF) lesions at the left atrium (LA) posterior wall (PW) 
contiguous to the E in a 59 year old man with successful pulmonary vein (PV) isolation (PVI) for paroxysmal atrial fibrillation. This patient 
had mildly enlarged LA (diameter=4.2 cm), normal left ventricle in size and function (ejection fraction = 60%), normal right ventricular 
size and pulmonary artery systolic pressure estimated at 37 mmHg. 2D ICE image at the baseline of LA immediately contiguous to the 
E (the outline traced with yellow lines) (Fig.1A), and 3D ICE/Cartosound image of the E and LAPW with complete PVI lesions around the 
PVs (pink to red tags, representative of different contact force ranged from 6 to 34 g/300 to 600 gsec detected by SmartTouch™) in a 
postero-anterior projection (Fig.1B); 2D ICE image of LA with significantly swollen wall except the wall contiguous to the E post RF lesions 
(Fig.1C), and 3D ICE/Cartosound image of the E and LAPW with left PVI lesions, defined the spatial relationship between the most medial 
lesion (arrow, corresponding to that lesion indicated with an arrow in Fig.1C) for left PVI and the left border of the E in a left posterior 
oblique projection (Fig.1D); similarly, 2D ICE image of LA contiguous to the E post PVI lesions (Fig.1E), and 3D ICE/Cartosound image of 
E and LAPW with right PVI lesions, defined the spatial relationship between the most medial lesion (arrow, corresponding to that lesion 
indicated with an arrow in Fig.1E) for right PVI and the right border of the E in a right posterior oblique projection (Fig.1F). The esophageal 
diameter measured 10 mm in 2D ICE images and its segmental contract movement with a little change in lumen diameter noted in Fig.1E. 
c=ablation catheter; Desc Ao=descending aorta; RA=right atrium.
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note, although the positioning of esophageal temperature probe tip 
can be adjusted to meet the level of the ablation catheter electrode 
based on the fluoroscopic imaging, lateral displacement can 
exaggerate the distance between the lesion site and the probe location 
in the esophageal lumen (Fig.2C and D) and may limit its accuracy 
and sensitivity in monitoring the temperature change during the RF 
delivered at the LAPW-esophageal region.
Current limitations of the technology

 At present, the technology of 3D ICE is not true real-time 

this probe remains to be determined. Real-time 3D-CartoUnivu™ 
(Biosense Webster, Inc. Diamond Bar, CA) is a novel technology that 
combines the information from a choice of fluoroscopy systems with 
the mapping capabilities of the Carto system. During the procedure, 
all catheter locations are shown in real-time over the Carto map and 
registered fluoro image. This allowed for accurate and proper position 
of the ablation catheter tip on real-time 3D “overlapped” imaging. It 
has the capability to overlap esophageal temperature catheter (probe) 
imaging on the 3D Cartosound electroanatomic map (Fig.2D). Of 

Figure 2:

2D- and 3D-ICE/Cartosound imaging of esophagus (E) and guiding radiofrequency (RF) lesions at the left atrium (LA) posterior wall 
(PW) contiguous to the E in a 53 year old man with successful pulmonary vein isolation for paroxysmal atrial fibrillation. This patient 
had enlarged LA (diameter=5.1cm), normal left ventricle in size and function (ejection fraction=55%), normal right ventricular size and 
pulmonary artery systolic pressure estimated at 28 mmHg. 2D  ICE image at the baseline of LA immediately contiguous to the E (the outline 
traced with yellow lines, diameter = 10mm, between the two red arrows)(Fig.2A), and 3D ICE/Cartosound image of the LA with pulmonary 
veins and an E segment immediately contiguous to LAPW in a postero-anterior projection (Fig.2B); 2D ICE image of LA with significantly 
swollen wall except the wall contiguous to the E post RF lesions, significant change in the E diameter (21 mm, between the two red arrows) 
during the ablation procedure (Fig.2C), and 3D ICE/Cartosound image of the E with enlarged diameter and LAPW with complete PVI lesions, 
defined the spatial relationship between the E and LAPW lesions around the pulmonary veins (pink to red tags, representative of different 
contact force ranged from 6 to 34 g/300 to 600 gsec detected by SmartTouch™) in a postero-anterior projection (Fig.2D). Based on the 
3D Cartosound spatial imaging and real-time 2D ICE lesion morphological monitoring, reduction of RF power and shortened duration were 
taken with the ablation delivered at the most medial lesions for left PVI to avoid E injury. The positioning of E temperature probe (yellow 
arrow) was imaged in the E antero-posterior view with 2D ICE imaging, whereas a significant eccentric positioning of the e temperature 
probe was identified in the E postero-anterior projection view (yellow arrow) with real-time 3D CartoUnivu™. Desc Ao=descending aorta.
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imaging. 3D ICE was performed with a mono-plane transducer 
using a multiple scan approach for sequential data acquisition, gated 
to ECG and respiration. Although 3D ICE reconstructed esophageal 
imaging can be obtained within minutes, this methodology is limited 
by the need for multiple image sampling producing long data 
acquisition times and some image artifacts. In addition, as compared 
to the real-time 2D ICE, 3D ICE has a relative low spatiotemporal 
resolution and slow imaging acquisition rate. To overcome these 
limitations, real-time 3D ICE with further miniaturization of 
matrix-array transducer and the use of an advanced integrated circuit 
will be required, which allows a significant portion of beam forming 
to be housed and processed inside the transducer.
Conclusion

  Esophageal injury during LA ablation at the LAPW-esophageal 
region can result in atrio-esophageal fistula. Because of the high 
mortality of this complication, avoiding and preventing esophageal 
injury is paramount during LA ablation procedures. 3D ICE/
Cartosound can provide additional anatomical detail and define 
spatial relationship between LAPW and the esophagus near the 
pulmonary vein ostia. It provides an important complementary role 
to real-time 2D ICE and esophageal temperature monitoring for 
guiding RF lesions safely delivered at the LAPW-esophageal region.
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Abstract
Ischemic stroke is an important cause of morbidity and mortality when untreated. Identifying atrial fibrillation is important because atrial 

fibrillation ischemic related strokes are associated with an increased risk of disability and death compared with strokes of other etiologies 
and tend to recur without anticoagulation.  However, atrial fibrillation detection can be difficult when it is asymptomatic and paroxistic and 
may be the underlying cause of some cryptogenic strokes or strokes of unknown origin.  In this review, the different methods of cardiac 
monitoring to detect atrial fibrillation in patients with cryptogenic stroke are summarized, with a focus on loop recorder monitoring.

Introduction
Ischemic Stroke is a disabling disease and leads to significant 

morbidity and mortality. Clinical and subclinical atrial fibrillation 
(AF) increases the risk of a stroke four fold and, indeed, is the 
predominant risk factor for cardioembolic stroke: in approximately 
50% of cardioembolic strokes, AF is the source of cardiac emboli.1,2,3 

The self-terminating and often asymptomatic nature of paroxysmal 
atrial fibrillation (PAF) may lead to its underdetection and 
untreatment. Cryptogenic stroke has been defined as a cerebrovascular 
event of unknown origin, despite through work-up and represents 
20- 30% of all ischemic strokes. Furthermore, reported rates of
cryptogenic stroke recurrence vary across cohorts but may be high.4   
The presence of occult PAF and uncovered atrial tachyarrhythmias
(otherwise probably non-detected) by prolonged cardiac rhythm
monitoring has been shown to be associated with increased risk of
stroke in several studies of patients with implantable pacemakers
and defibrillators.5,6 Therefore, it is likely that a proportion of strokes
labeled as cryptogenic are cardioembolic in origin because of occult
AF.7,8

Detection of AF usually prompts long term anticoagulation instead 
of antiplatelet therapy because anticoagulation in AF related stroke 
has been proved to reduce morbidity by reducing the probability of 
recurrent stroke by two-thirds. Although two randomized trials are 
currently ongoing,9,10 at this point in time anticoagulation has no 
proven benefit in cryptogenic stroke when AF is not documented11-14 
and antiplatelet agents are recommended.15 Therefore, it is very 

important to monitor cardiac rhythm in the presence of a cryptogenic 
stroke to detect AF and identify which patients will benefit from 
anticoagulation.   The European Stroke Organization16 and the 
American Heart Association (AHA)/ American Stroke Association17 
recommend that 24-hour-Holter monitoring is used to detect 
paroxistic AF in patients with cardioembolic stroke as standard of 
care. More prolonged cardiac monitoring is recommended when AF 
is supposed. 

The probability of detecting AF in cryptogenic stroke/TIA is 
highly variable depending on which strategy we use for monitoring 
and when it has been initiated after stroke/TIA episode. 

There are several methods to detect AF in patients with 
cryptogenic stroke/TIA. In Table 1 these methods are summarized.  
They can be divided into noninvasive and invasive and they rely on 
skin surface electrograms and subcutaneos electrograms, respectively. 
The duration, diagnostic yield and price vary across the different 
methods. In general, the longer duration of the monitoring method, 
the higher the diagnostic yield and cost.18-21 AF can be detected 
also through intracardiac electrograms of dual-chamber pacemakers 
and implantable cardioverter defibrillators but these devices are 
not implanted for this purpose and are beyond the scope of this 
manuscript.5,6,22 In this review article, the electrocardiographic 
monitoring methods for detecting AF in cryptogenic stroke are 
summarized, with special emphasis on external and implantable loop 
recorders.23

12-Lead Ecg , Holter And Ambulatory Telemetry
The detection rate of AF from a 12-lead ambulatory ECG after

ischemic stroke or TIA is low, from 1% to 5%, as demonstrated by 
Bell C et al in a meta-analysis.24 Shafqat S et al in a retrospective 
study of 210 consecutive patients with ischemic stroke that 
underwent 24-hour-Holter monitoring, AF was detected in only 5 
cases (2,4%).25 In a retrospective study, PAF lasting > 30 seconds 
was detected in only 2,4% in 413 patients with a definite ischemic 
stroke or TIA undergoing Holter monitoring for a mean of 22.6 
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continuously. Once activated, data are stored for a programmable 
fixed amount of time before the activation (looping memory) and 
a period of time after the activation. Recording can be activated in 
two ways:  automatically according to heart rate ranges previously 
defined and set, and through a hand-held patient activator pushed 
by the patient when they notice symptoms. Some of these devices, 
both external and internal, have algorithms specifically designed for 
the detection of AF, based not on a cutoff frequency, but on other 
criteria, such as the RR interval irregularity or P wave detection. 
The former devices are those recommended for detecting AF due to 
the possibility of detecting asymptomatic episodes and the ones not 
exceeding the programmed heart rate limits35 Because PAF are so 
often asymptomatic, the patient-activated device function is much 
less useful in the context of a cryptogenic stroke. Data can be sent 
by the patient over the phone to a data center and physician notified 
based on pre-specified alerts or the patient may return the device to 
the outpatient for download.  These devices are extremely sensitive 
and can uncover brief and asymptomatic episodes of PAF. Over-
reading of the pertinent tracings by a cardiologist is advisable.36

External Loop Recorder Monitoring
ELR are small devices that are attached to the patient through chest 

electrodes or a wrist band and record the ECG for a maximum of 30 
days.  They are also referred to as event monitors or event recorders.37  
Because of the limited recording capacity of the ECG, the total AF 
burden can not be determined.38 Despite a high sensitivity of 93% 
(comparable to ILR), specificity is lower, 51%,  because of frequent 
artifacts.30 

   There are several studies of external loop recorder monitoring 
with automatic AF detection algorithms in ischemic stroke or TIA 
(see Table 2).  The majority have been observational, prospective 
or retrospective, evaluating a single type of device. Definitions of 
cryptogenic stroke/TIA were not uniform  (different diagnostics 

hours.26 Although ECG and 24-hour Holter monitoring are two not 
comparable techniques (a minimum time to diagnose AF, usually 30 
seconds, is required in Holter monitoring and not in the ECG) the 
diagnostic yield of 24-hour Holter monitoring does not appear to 
be higher than the one of ECG. However, the diagnostic yield of 
Holter may be higher when monitoring is performed for more than 
24 hours.  Schuchert et al and Stahrenberg et al detected AF in  4.9% 
and 12.5% in their observational studies with a 72-hours-Holter and 
7-days-Holter monitoring studies in patients with ischemic stroke
or TIA, respectively.  The interval from cerebrovascular event to
monitoring strategy initiation were ≤ 14 – 21 days in the former
and 5,5h in the later.  The definition of PAF were 60 seconds  in the
former   and 30 seconds in the later.27,28 Furthermore, data provided
by Holter may help to find patients more prone to have AF: in the
study of Wallmann D et al, which  included 127 patients with acute
ischemic stroke, the presence of frequent premature atrial complexes
(≥ 70/24h)  in a 24-hour-Holter ECG was the only independent
predictor of paroxysmal AF during follow-up (odds ratio 6.6, 95%
confidence intervals 1.6 to 28.2, P=0.01).29

Ambulatory cardiac telemetry can provide real time monitoring for 
up to 30 days. Data are transmitted by cellular network to a central 
monitor. Diagnostic yield of this monitoring strategy is highly 
variable (0% to 25%) because several PAF definitions have been used, 
some of them considering AF episodes less than 30 seconds. As in 
Holter monitoring, the AF detection rate is higher the greater the 
number of days of monitoring. Noncompliance reaches 36% probably 
due to the long period of monitoring.30-34

Loop Recorder Monitoring
General Characteristics

There are two types of devices: external loop recorders (ELR) 
and implantable loop recorders (ILR) which share some features. 
Basically, a loop recorder monitors the electrical activity of the heart 

Figure 1: Automatic atrial fibrillation detected episode with the external loop recorder SpiderFlash-t TM, Sorin
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parasternal  region with a very small incision. ECG signals are 
recorded through two electrodes within the device. Its longevity 
is 3 years approximately.  Since 2010, the ILR have incorporated 
automatic AF detection capabilities. The sensitivity, specificity, 
positive predictive value, and negative predictive value for identifying 
patients with any AF with these devices are considerably high: 96.1%, 
85.4%, 79.3%, and 97.4%, respectively. Furthermore AF burden 
(which may represent a useful measure of stroke risk) is accurately 
quantified when compared with an ECG Holter strip: Pearson 
coefficient = 0,97.46 

With the enhancement of the AF detection software, in which 
now the P wave detection is incorporated in the R-R interval pattern 
algorithm, the inappropriate episodes and duration are reduced by 
46% and 55%, respectively, with a minimal  reduction of  appropriate 
episodes and duration by 2% and 0.1%, respectively. ILRs only detect 
AF episodes ≥ 2 minutes.47 

There are several studies that have attempted to analyze the ability 
of an ILR to detect AF in patients with ischemic stroke (see Table 
2). Most of them are non-randomized, non-comparative studies. 
All of them have only included patients with cryptogenic stroke 
(not TIA, not patients with remote AF). All but one, have used an 
ILR with automatic AF detection capabilities. Despite a minimum 
AF detection time of 2 minutes, the diagnostic yield is higher (AF 
detection rate of 20-36%) than using a conventional Holter strategy 
and it may be also higher than using an ELR with automatic AF 
detection capabilities (although comparative studies between ILR 
and ELR are lacking). However, ILR offers a longer follow-up.48-53

CRYSTAL AF is the only randomized study that have compared 
ILR with a conventional monitoring strategy. Sanna T el al 
randomized, in a 1:1 ratio,  441 patients  with cryptogenic stroke 

tests were used to reach the final diagnosis), one study included 
patients with remote AF,   and intervals between cerebrovascular 
event occurrence and monitoring initiation were not homogenous. 
Because of this heterogeneity across the former studies and the lack of 
comparative trials among different devices, the rates of PAF detection 
are not strictly comparable. AF detection rate varies between 5.7% 
and 20% across the studies. The shorter the time required for PAF 
definition and the shorter the time interval between cerebrovascular 
event and monitoring initiation, the higher the diagnostic yield.  This 
applies to the other types of ECG monitoring.38, 40-45 

   EMBRACE is the largest randomized trial on external loop 
recorder monitoring in patients with cryptogenic or TIA. It has 
proved superiority of external loop recorder over conventional 
strategy (24-hour-Holter monitoring) in detecting AF in patients 
with cryptogenic stroke or TIA occurred in the previous 6 months 
before randomization. Five hundred seventy-two patients 55 years 
or older were assigned to undergo ambulatory ECG monitoring 
with an event recorder (which incorporates an algorithm based on 
the irregularity of the RR interval that automatically detects AF) or 
with a 24-hour-Holter monitoring (control group). AF lasting 30 
seconds or longer was detected in 45 of 280 patients (16.1%) in the 
event recorder, as compared with 9 of 277 (3.2%) in the control group 
(absolute difference, 12.9 percentage points; 95% confidence interval. 
[CI], 8.0 to 17.6; P<0.001; number needed to screen, 8). By 90 days, 
oral anticoagulant therapy had been prescribed for more patients in 
the intervention group than in the control group (52 of 280 patients 
[18.6%] vs. 31 of 279 [11.1%]; absolute difference, 7.5 percentage 
points; 95% CI, 1.6 to 13.3; P = 0.01).38

Implantable Loop Recorder Monitoring
These leadless devices are inserted subcutaneously  in the left 

Figure 2 A and B: Automatic atrial fibrillation detected episode with the implantable loop recorder Reveal LINQTM, Medtronic

Table 1: Features of different methods for cardiac monitoring in patients with cerebral ischemia

Device Invasivness Location Duration Minimal Threshold Diagnostic Yield Cost ($) Advantatges Disadvantatges

12 lead ECG Noninvasive Skin surface Seconds Seconds 1-5 % 39 - 47 (Ref. 18) -Low cost -Low diagnostic yield

24 - 48 hour-Holter Noninvasive Skin Surface Usually 24-48 hours Seconds 2,4 % 178 (Ref. 19) -Continuous recording

Ambulatory Telemetry Noninvasive Skin Surface ≤ 30 days Seconds 0 – 25 % 660 (Ref. 20) -Continuos recording

External loop recorder Noninvasive Skin Surface ≤ 30 days Seconds 5.7-20 % 534 (Ref.19) -Long duration
-High diagnostic yield
-Correlation of symptoms 
and rhythm

-Expensive
-Patient participation
-False positive

Implantable loop 
recorder

Minimal 
invasive

Subcutaneos 3 years 2 minutes 20 – 36 % 2925 (Ref. 21) -Long follow-up
-High diagnostic yield
-Remote monitoring

-Expensive
-Minimal invasive
-Not possible to record 
short AF runs
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frequent premature ventricular or supraventricular complexes, 
sinus arrhythmias or sinoatrial blocks.46,49,54 Second, they have a 
limited memory and once the storage capacity is met, data on the 
oldest episodes are discarded in order to record new episodes. So, 
theoretically a true positive AF episode may be erased by a false 
positive AF episode occurred later.  Third, they are expensive. 
Therefore, it seems reasonable to indicate them to those patients 
most likely to have occult PAF and when anticoagulation is needed 
if PAF is encountered. The main risk factors for AF detection are:  
older age, coronary artery disease, high CHADS2 or CHA2DS2-
VASc score, sever stroke, frequent premature atrial complexes, left 
atrial dilatation, left atrial appendage dysfunction and a particular 
embolic pattern on brain imaging (multiterritorial or single cortical-
subcortical infarctions).29, 40, 55 

In figures 1 and 2 an automatic AF detection episode is shown 
with an ELR and ILR respectively. 
Gaps And Lines Of Future Research

The superiority of the loop recorder to Holter monitoring is evident. 
However, it is unclear if newly discovered AF is always the etiology 
of the index stroke, particularly when the detected AF episodes are 
brief. There are some unsolved issues in this field. 

Despite methods of prolonged cardiac monitoring are expensive, 
they may be cost-effective. According to the study of Kamel H 
et al, one week of cardiac monitoring (ECG, Holter, Telemetry 
or Loop recorder) after ischemic stroke to detect AF   would be 
cost-effective.56  Research on cost-effectiveness of more prolonged 

to receive an ILR or  to a conventional follow- up which comprised 
ECG monitoring at the discretion of the site investigator. ILRs were 
connected to Medtronic CareLink Network to remotely transmit 
the device data.  Maximum follow-up was 36 months and follow-
up visits were scheduled at 1,6 and 12 months and every 6 months 
thereafter.  By 6 months, AF had been detected in 8.9% of patients 
in the ILR group (19 patients) versus 1.4% of patients in the control 
group (3 patients) (hazard ratio, 6.4; 95% confidence interval [CI], 
1.9 to 21.7; P<0.001). By 12 months, AF had been detected in 12.4% 
of patients in the ILR group (29 patients) versus 2.0% of patients 
in the control group (4 patients) (hazard ratio, 7.3; 95% CI, 2.6 to 
20.8; P<0.001).  At 36 months of follow-up, the rate of detection 
of AF was 30.0% in the ILR group (42 patients) versus 3.0% in the 
control group (5 patients) (hazard ratio, 8.8; 95% CI, 3.5 to 22.2; 
P<0.001). Although the superiority of the ILR for detecting AF 
resulted in a higher rate of use anticoagulation  ( 14.7% versus 6.0% 
at 12 months in the ILR and control group respectively P = 0.007 ), 
the recurrent ischemic stroke or TIA  incidence  was not statistically 
different between groups  (7.1% versus 9.1% in the ILR and control 
group respectively at 12 months follow-up). Seventy-nine percent 
of AF episodes detected in this study at 12 months follow-up were 
asymptomatic.48 This finding, in combination with the paroxysmal 
nature of atrial fibrillation after cryptogenic stroke, may account for 
the low yield of diagnostic strategies based on symptom occurrence 
or the use of intermittent short-term recordings. 

These devices (ELR and ILR) have some limitations. First, they 
have false positives caused by noise, intermittent T wave oversensing, 

Table 2: Studies of loop recorder monitoring in patients with ischemic stroke or TIA

Study [ref] No. of 
patients

Study design Mean age (y) Study population Interval from CV 
event

Definition of 
PAF

Detection 
Method

Duration of monitoring Diagnostic Yield

Barthélemy JC et al [9 
bis 19]

60 Prospective 
cohort

64.0 ± 16.3 Any TIA or stroke 
(including 28 with
CS or CTIA)

Mean 10 ± 2 d 30 s aELR 4 d (70±31 h) 20% whole 
cohort,
14.3% CS/CTIA

Jabaudon et al [9 
bis 20]

88 Prospective 
cohort

72 (56-91) in the AF 
group and 66 (37-
93) in the non-AF 
group

Any TIA or stroke 
(patients with
remote PAF were 
not excluded)

Mean 55 d NA aELR 7 d 5,5%

Elijovich et al [ 9 
bis 21]

20 Retrospective 
cohort

68 ± 14 CS or CTIA NA 30 s aELR ≤ 30 d 20%

Flint et al [9 bis 22] 239 Prospective 
cohort

64.6 ± 13.8 CS Mean 29 d (17 
– 50 )

5 s aELR ≤ 30 d (24.5 ± 9 d) 12.1%

Higgins et al [9 bis 
23]

100 Randomizaed 
trial

65.8 ± 12.3 Any TIA or stroke 
without known AF

≤ 7 d Non-sustained: 
6 VC 
Sustained: 20 s

aELR 7 d Any: 44%
Sustained: 18%

EMBRACE [9 bis 17] 572 Randomized 
trial

72.5 ± 8.5 >55 y
CS or CTIA

Mean 75.1 ± 
38.6 d

30 s aELR 30 d 16.1%

Dion F et al [15] 24 Prospective 
cohort

49±13.6 <75 y
CS

Mean 3 ±1.1 m Any duration ILR 14.5 m 4%

Mercé J et al (13) 14 Prospective 
cohort

65.4 ± 10.9 CS < 1 m 2 min aILR 29 ± 5.9 m 36%

Cotter PE et al [16] 51 Prospective 
cohort

Median 52 (17 – 73) CS NA 2 min aILR 116 d 25.5%

Etgen T el al (17) 22 Prospective 
cohort

65.8 (45.3-86.4) in 
the AF group and  
60.0 (54.4–65.6) in 
the non AF group

CS NA ≥ 6 min aLR 12 m 27.3 %

SURPRISE study (18) 85 Prospective 
cohort

66.9 in the AF and 
54.0 in the non -AF 
group 

CS Mean 107 ± 
117 d

2 min aILR Mean 569 ± 310 d 20.7%

CRYSTAL AF (12) 441 Randomized 
trial

61.5 ± 11.3 > 40 y
CS

Mean 48 d 
aprox.

2 min aILR 36 m 30%

aELR= automatic AF detection external loop recorder; aILR = automatic AF detection implantable loop recorder;  AF = atrial fibrillation;  CS = Cryptogenic stroke; CTIA = Cryptogenic transient ischemic 
attack; d = day/s; h = hour/s; ILR = implantable loop recorder without ; min = minute/s; m = month/s; NA = not available; PAF = paroxysmal atrial fibrillation; s = second/s; TIA = Transient ischemic 
attack; VC = ventricular complexes
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transtelephonic arrhythmia monitoring. Am J Cardiol. 1995;75:184-5.
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monitoring in the setting of an ischemic stroke of unknown origin is 
lacking and warranted. 

There have been  described some surrogates markers for AF 
detection in cryptogenic stroke. Fonseca AC et al. showed in their 
prospective study that a N-terminal probrain natriuretic peptide > 
265,5 pg/ml was a biomarker of cardioembolic stroke (in comparison 
to noncardioembolic stroke) with a sensitivity and specificity of 71.4% 
and 73.7% respectively.57 A decreased left atria strain (deformation) 
is also an independent marker for detection of AF in cryptogenic 
stroke.58 Further studies are needed to determine which risk factors 
identify the patients who would derive the most clinical benefit from 
detection of AF by prolonged monitoring with an ELR or ILR. 

Does the well established benefit of anticoagulation in patients with 
ischemic stroke or TIA and detected AF by conventional methods 
(ECG, bedside telemetry, 24-48 hour Holter monitoring) apply also 
when AF is detected by prolonged monitoring strategies (which 
may imply less PAF burden)? Does the magnitude of the benefit 
of anticoagulation depends on the AF burden? In other words: are 
the results of prolonged monitoring useful to guide anticoagulation? 
Further research in these issues is required. 

What are the optimal timing and duration of cardiac monitoring?  
In which setting (outpatient or in patient)?  What is the optimal 
monitoring device? Further studies are needed to answer these 
questions.
Conclusions:

Loop recording monitoring is superior to a conventional monitoring 
strategy and may be considered after a cryptogenic stroke or TIA 
in patients who are good candidates for anticoagulation. However, 
the optimal use of these diagnostic techniques and the therapeutic 
implications of the findings remain to be established.
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J Wave Syndrome: Clinical Diagnosis, Risk Stratification And 
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Abstract
J wave syndrome has emerged from a benign electrocardiographic abnormality to a proarrythmic state and a significant cause of 

idiopathic ventricular fibrillation  responsible for sudden cardiac death. Electrical genesis, genetics and ionic mechanisms of J wave 
syndromes are active areas of research. Typically two of these viz., Early repolarization syndrome (ER) and Brugada syndrome (BrS) 
are fairly well characterized enabling correct diagnosis in most patients. In early repolarization syndrome,  J waves are seen in inferior 
(2,3, avF) or lateral leads (V4, V5, V6), while in Brugada syndrome they are best seen in right precordial leads (V1-V3). The first part of 
repolarization of ventricular myocardium is governed by Ito current i.e., rapid outward potassium current. The proposed mechanism of 
ventricular fibrillation (VF) and ventricular tachycardia (VT) storms is faster Ito current in the epicardium than in the endocardium resulting 
in electrical gradient that forms the substrate for phase 2 re-entry. Prevention of Ito current with quinidine supports this mechanism. 
Morphological features of benign variety of J wave syndrome and malignant/ proarrythmic variety have now been fairly well characterized. 
J waves are very common in young, athletes and blacks; risk stratification for VF/sudden cardiac death (SCD) is not easy.   Association 
of both ER syndrome and Brugada syndrome with other disease states like coronary artery disease is being reported frequently. Those 
with ECG abnormality as the only manifestation are difficult to manage. Certain ECG patterns are more proarrythmic. Individuals 
resuscitated from VF definitely need an implantable cardiac defibrillator (ICD) but in others there is no consensus regarding therapy. Role 
of electrophysiology study to provoke ventricular tachycardia or fibrillation is not yet well defined. Radiofrequency ablation of epicardial 
substrate in right ventricle in Brugada syndrome is reported and is also under critical evaluation. In this review we shall discuss some 
interesting historical features, epidemiology, electrocardiographic features, and ionic mechanisms on pathogenesis, clinical features, risk 
stratification and treatment issues in J wave syndromes. Brugada syndrome is not discussed in this review.

Preamble
J wave /Early Repolarization (ER) wave names after junction point 

of QRS with ST segment on ECG and reflects junction point ( J Point) 
of end of depolarization with initiation of repolarization on action 
potential curve. This J point is characterized by  transient outward 
current called `Ito K` current which  may not be homogenous in 
epicardium and endocardium in various parts of the heart/ ventricles. 
This gradient may result in a hump on action potential curve and on 
ECG. The initial description of a prominent J wave was in a case of 
hypothermia described by Osborne.1 Some prevalence studies with 
reasonably long follow up in community set up concluded that J 
waves were an innocuous /benign condition. Interestingly, in 2008, 
Haissaguerre et al2 published data of 206 patients, less than 60 years 

of age, who had sudden cardiac death due to idiopathic ventricular 
fibrillation (VF). They assessed the prevalence of ER and compared 
it with a control group who were matched for age, sex, race and level 
of physical activity from 22 international tertiary care arrhythmia 
centers. The prevalence of ER in sudden death group was higher than 
in control group (31% vs. 5%, p< 0.001).It was more in males who 
had history of syncope or sudden cardiac death (SCD) during sleep. 
In eight patients the origin of PVC that initiated VF was localizable 
to inferolateral left ventricle. On mean follow up of 61± 50 months 
ICD monitoring showed higher incidence of VF in case group with 
ER than without ER (Hazard ratio 2.1; 95% confidence interval 1.2 
to 3,5; p=0.008). This seminal and landmark study defacto changed 
the whole concept of J wave from being a benign ECG abnormality 
to a proarrythmic state and a marker for VF/SCD. None of these 
cases had features of Brugada syndrome. 

J wave hump is a common incidental finding in normal individuals, 
especially in blacks and athletes. A unique feature of J wave is that it 
may not be present all the times and actually has been seen to emerge 
just before onset of VF and also to disappear in survivors of VF. Hence 
we need to first look for J wave, identify its malignant nature, risk 
stratify the patient and if needed treat for VF. In this article we shall 
describe some historical events, physiological versus pathological J 
waves, benign Vs malignant J waves, transient vs. persistent J waves, 
identification of proarrythmic J waves, risk stratification of patients 
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waves.
Types of Early Repolarization (ER) 

Antzelevitch et al described early repolarization syndrome into 
three subtypes5: 

Type 1: Early repolarization pattern predominantly in the lateral 
precordial leads. This form is very prevalent among healthy male 
athletes and is rarely seen in VF survivors. (Fig.1)

 Type 2: Early repolarization pattern predominantly in the inferior 
or infero-lateral leads. Numerous cases of otherwise idiopathic VF 
have this ECG pattern; this is also prevalent in healthy young males 
(Fig.2).

Type 3: Early repolarization pattern globally in the inferior, lateral, 
and right precordial leads. This is associated with the highest level of 
risk for development of malignant arrhythmia. It is often associated 
with VT/VF storms.
Tikkanen’s Classification

     They described ER as J-point and ST segment elevation >1mm 
in 2 or more contiguous leads.4 Two types of J point elevation are 
described: 

1. J point with rapidly ascending  ST segment, considered a
Benign form (Fig. 1,2)

and currently available treatment.
J Wave In Athletes

Abundant data demonstrate that early repolarization is very 
common among young athletes. Quattrini et al.3 reported the 
prevalence and clinical significance of J wave/QRS slurring in a large 
population of competitive athletes. Seven hundred and four athletes 
(436 males [62%], age 25 ± 5 years) free of cardiovascular (CV) 
disease who had engaged in 30 different sports were examined. Serial 
clinical, ECG, and echocardiographic evaluations were available 
over 1 to 18 years of follow-up (mean 6 ± 4 years).Interestingly, 
J wave was found in 102 subjects  (14%) and was associated with 
QRS slurring in 32 (4%). It was found most commonly in anterior, 
lateral, and inferior leads (n = 73 [72%]), occasionally in lateral leads 
(n = 26 [25%]), and rarely in inferior leads (n = 3 [3%]). Most of 
102 athletes (n = 86 [84%]) also showed ST-segment elevation. 
During follow-up, no athlete with J wave experienced cardiac event 
or ventricular tachyarrhythmia, or developed structural CV disease. 
It was concluded that in athletes, early repolarization pattern was 
associated with other ECG changes, such as increased QRS voltages 
and ST-segment elevation, as well as LV remodeling, suggesting that 
it likely represented another benign expression of the physiologic 
athlete’s heart. J wave/ER is common in highly trained athletes and 
does not convey risk for adverse cardiac events, including sudden 
death or tachyarrhythmia.
Proarrythmic J Wave

Tikkanen et al.4 were the first to focus on the contour of the ST-
segment in ER. To define a benign form, they initially studied two 
populations of healthy athletes, knowing that ER is particularly 
frequent in this group. The vast majority of healthy athletes with ER 
(85% in 1 series and 96% in the other) had a “rapidly ascending” 
ST-segment blending with the T-wave. They naturally assumed 
this rapidly ascending form to be benign. The remaining minority 
of athletes with ER featured an ST-segment that remained flat, 
horizontal, or even descended toward the T-wave. This “horizontal/
descending” pattern drew suspicion to a “potentially malignant” 
variant of ER. 
Morphological Classification of  J Waves

Clearly, J waves can be physiological (benign) or pathological 
(malignant). Morphological features considered important are (i) J 
point elevation, (ii) height of J wave, (iii) slope of ST segment i.e., 
up- sloping, horizontal or downsloping and (iv) number of ECG 
leads showing these changes. So far no scoring method has evolved. 
Table 1 shows differences between physiological and pathological J 

Figure 1: Benign type ER

Figure 2: ER with J point elevation in Inferior and lateral leads <1mV
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sloping ST following J point elevation.
3. J waves with Coronary artery disease (CAD) with increased

risk of ischemic VF. ER pattern recorded during ischemic event 
is strongest predictor of VF occurrence. Such pronounced J waves 
mostly appear prior to onset of VF. (11).(Fig.5)

4. J waves/ER has been linked to high cardiac death and
arrhythmic death rates in vasospastic angina.
Laboratory Diagnosis

There are no validated techniques to provoke the ER pattern, 
although 12-lead Holter monitoring to detect transient ER pattern 
during bradycardia is warranted. In survivors of VF and in patients 
with polymorphic VT, clinical evaluation to rule out structural heart 
disease including echocardiogram, coronary angiography, magnetic 
resonance imaging (MRI), and selected endocardial biopsies should 
be performed to exclude other causes of VF.15

Risk stratification
The magnitude of the J-point elevation may have prognostic 

significance. Either slurred or notched J-point elevation ≥0.2 mV is 
relatively rare in the general population, but appears to be associated 
with an increased risk. Furthermore, J point elevation in idiopathic 
VF patients is of greater amplitude and ECG lead distribution 
compared to those with an established cause of cardiac arrest. The 
available data also suggest that transient changes in the presence 
and amplitude of J-point elevation portends a higher risk for VF. A 
horizontal or descending ST-segment following J-point elevation is 
associated with a worse outcome in the general population. Often, 

2. J point with horizontal or descending  ST segment,
considered a Malignant form (Fig. 3,4)

ER in Infero-lateral leads is more associated with ventricular 
fibrillation.6 ER ECG pattern (> 1 mm) in the inferior/lateral 
leads occurs in 1-13% of the general population and in 15-70% 
of Idiopathic VF cases. In the pediatric age group it is even more 
prevalent. Male sex is strongly associated with ER ECG pattern; over 
70% of subjects with ER are males. Its prevalence declines in males 
from early adulthood until middle-age which suggests a hormonal 
influence on the presence of ER. The ER pattern is more common in 
young physically active individuals, athletes, and African-Americans. 
There is an increased prevalence of ER in South-East Asians. The ER 
pattern is associated with high vagal tone, as well as hypothermia and 
hypocalcaemia.7

Genetic Basis And Variants
The genetic basis for early repolarization is not well defined. Genetic   

contributions to ER are suggested by anecdotal observations of a 
common familial history of SCD in subjects with ER and idiopathic 
VF. Familial ER has been reported to have an autosomal dominant 
inheritance pattern with incomplete penetrance. Two independent 
population-based studies also have suggested some degree of 
inheritance of the ER patterns in the general population, but the 
familial inheritance of malignant ER patterns has not been clearly 
demonstrated. A candidate gene approach in idiopathic VF patients 
with ER has identified a mutation in KCNJ8, which encodes a pore-
forming subunit of the ATP-sensitive potassium channel. 

Mutations in the L-type calcium channel genes, including 
CACNA1C, CACNB2B, and CACNA2D1 as well as loss-of-
function mutations in SCN5A have also been associated with 
idiopathic VF with ER. Given the high prevalence of ER in the 
general population, ER likely has a polygenic basis that also is 
influenced by non-genetic factors.8-10

Clinical Diagnosis
Following clinical patterns are now known11-14:
1. Asymptomatic and incidentally detected J waves are very

common in athletes. The prevalence and magnitude of ER increase 
as their training intensifies. 

2. Malignant variety with Idiopathic VF and Sudden Cardiac
Death (SCD). Idiopathic VF is reported with horizontal or down-

Figure 3: Malignant variety of ER with J point elevation >2mV in inferolateral 
leads with downsloping ST segment. 

Figure 4: Ventricular tachycardia in same patient  as  in fig 3.



Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation39 Featured Review

www.jafib.com Dec 2014-Jan 2015| Volume 7| Issue 4

2. ICD implantation may be considered in asymptomatic
individuals who demonstrate a

        High-risk ER ECG pattern (high J-wave amplitude, 
horizontal/ descending ST)   in

            Infero-lateral leads in the presence of a strong family history 
of juvenile unexplained sudden death with or without a pathogenic 
mutation

Class III
          ICD implantation is not recommended in asymptomatic 

patients with an isolated J wave/ER pattern on ECG
Conclusion:

Idiopathic ventricular fibrillation (VF) accounts for significant 
cause of sudden cardiac death and is a challenge to electrophysiology 
physicians. Though coronary artery disease with ischemia and 
structural heart diseases are significant causes yet primary electrical 
disorders like long QT, Short QT, Brugada syndrome and 
catecholaminergic polymorphic ventricular tachycardia are emerging 
as notable causes and transient or new onset significant J waves are 
being reported as proarrythmic for VF.

Understanding of J wave syndrome/ER syndrome has improved 
considerably, yet many questions in management of patients suffering 
from this condition remain unanswered. J wave is an ECG finding 
and not a clinical sign or symptom. The only known manifestation 
symptom is sudden cardiac death (SCD) or VF. Benign versus 
malignant morphological features of J wave are described yet 
sometimes dynamic variability of J wave shape especially in setting 
of CAD is intriguing.18 Benign J waves are prominent among young, 
athletes and blacks. Risk stratification is only through ECG pattern; 
no clinical investigation like EP studies, microvolt T wave alternans 
etc are useful. If index event is VF and patient is successfully 
resuscitated, ICD implantation is recommended. Electrical storm 
should be managed with intravenous isoproterenol and then oral 
Quinidine. The latter by suppressing Ito current is highly useful. Role 
of Genetic testing is unclear. Vocational guidelines, participation in 
competitive exercises and driving guidelines are in stage of evolution.
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increase in amplitude of J wave is observed just before occurrence 
of PVCs initiating VF. This observation has been very helpful in 
distinguishing idiopathic VF.14-16

Management
The clinical implications of the observation of Type 1 and 2 ER 

pattern/J waves in the ECG of an asymptomatic subject are not 
clear at this stage. The presence of Type 3 ER/J waves is associated 
with three times the risk of developing VF. Because the presence 
of ER may increase the vulnerability to sudden death during an 
acute ischemic event, a plausible implication coming from the 
population studies is that middle-aged subjects with the ER pattern 
in the ECG, especially those with a high amplitude of J-point 
elevation (>2 mm) and horizontal or downsloping ST segment, 
should target a reduction in their long-term risk for acute coronary 
events in accordance with current practice guidelines. Electrical 
storm is relatively common after ICD implantation in patients with 
the ER syndrome. Case series evidence supports the acute use of 
Isoproterenol for suppression of recurrent VF, and Quinidine for 
long-term suppression. Isoproterenol is typically initiated at 1.0 μg/
minute, targeting a 20% increase in heart rate or an absolute heart 
rate > 90 bpm, titrated to hemodynamic response and suppression of 
recurrent ventricular arrhythmia.17

Screening Of Family Members
No recommendations can be given to do ECG screening of the 

families of individuals with asymptomatic ER pattern or individuals 
with strong family history of ER/J wave or ER with VF. There are 
no established provocative tests to diagnose concealed ER in family 
members of J wave/ ER syndrome patients, although preliminary 
observations suggest that the Valsalva maneuver may assist in 
identifying concealed ER cases.16

At this time there are no clear recommendations regarding driving, 
competitive sports or genetic testing in patients with J wave/ER 
syndrome.17

Treatment
Following are recommendations from latest Consensus document 

of 2011 HRS/ACC/ESC.17

Class I
1. ICD implantation is recommended in patients with a

diagnosis of J wave/ ER syndrome who have survived a VF/cardiac 
arrest

Class II a
1. Isoproterenol infusion can be useful in suppressing electrical/

VT storms in patients with diagnosis of J wave/ER syndrome
2. Quinidine in addition to an ICD can be useful for secondary

prevention and suppression of VT/VF in patients with a diagnosis of 
J wave/ER syndrome

Class II b
1. ICD implantation may be considered in symptomatic family

members of J wave/ER syndrome, with   history of syncope in the 
presence of ST segment elevation >1mm in 2 or more inferior or 
lateral leads

Figure 5: J point elevation prior to ventricular fibrillation

Table 1: Differences between Benign and Malignant variety of J wave 
syndromes

Characters Physiological J Wave Pathological J wave

J point Elevation <0.1 mV >0.2 mV

Height of J wave 1-2 mm >2mm

Descent of J wave Up-sloping Horizontal or Downsloping)

ECG Leads Only V4-6 or II,III,aVf Both, V4-6 plus II,III,aVf
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Which Is The Appropriate Arrhythmia Burden To Offer RF Ablation 
For RVOT Tachycardias?
Andreas Rillig, Tina Lin, Feifan Ouyang, Karl-Heinz Kuck, Roland Richard Tilz

Department of Cardiology, Asklepios Klinik St. Georg, Hamburg, Germany.

Abstract
Premature ventricular complexes (PVCs) and ventricular tachycardia (VT) in patients with structurally normal hearts originate from the 

right ventricular outflow tract (RVOT) in the majority of cases. In the last few decades catheter ablation of these arrhythmias has been proven 
to be effective. RVOT VT/PVCs may cause disabling symptoms or arrhythmia induced cardiomyopathy. However, the PVC burden at which 
catheter ablation should be recommended is still controversial. What adds to the controversy is why some patients with only a low number of 
PVCs can be highly symptomatic and may even develop arrhythmia induced cardiomyopathy, whilst others may have a higher PVC/VT burden 
and remain asymptomatic and do not develop cardiomyopathy for a long period of time. Therefore, although catheter ablation of RVOT PVCs 
has high success and low complication rates, the time point of when ablation should be recommended is currently still under debate. This 
review discusses the treatment strategies and prognosis for RVOT tachycardias and focuses on the question of which arrhythmia burden is 
appropriate to offer RF ablation.

Introduction
The incidence of PVCs or non-sustained VTs (NSVTs) in subjects 

with apparently healthy hearts varies according to observational 
studies and is predominantly dependent on the sampling technique.1 
PVCs were seen in 7.8% of the participants during evaluation of 
12-lead ECGs in a large healthy military population, with a much
lower incidence seen in younger patients below the age of 20 (4.6%)
compared to those older than 50 years of age (21.7%).2 In another
study published by Hinkle et al., the incidence of asymptomatic
ventricular arrhythmias was 62% in a mixed population of healthy
individuals and patients with known heart disease.3

Monomorphic PVCs are usually associated with a favourable 
prognosis, whereas polymorphic PVCs or NSVTs may indicate 
an increased risk of cardiovascular morbidity and mortality.4,5 In 
addition, the occurrence of PVCs or NSVTs during the exercise or 
recovery phases may be a predictor for poorer prognosis even when 
no structural heart disease is present.6,7 Furthermore, the prognostic 
implication of PVCs may vary depending on the patient’s age, baseline 
heart disease, left ventricular (LV) function and co-morbidities. In 
general however, patients with structurally normal hearts and aged 
less than 30 are not at increased cardiovascular risk, whereas PVCs 
may be associated with an increased risk in patients older than 30 
years.8

Generally, PVCs originate predominantly from the right or left 
outflow tract in young patients. In these patients with structurally 

normal hearts and right ventricular outflow tract (RVOT) PVC/
VTs, MRI studies have shown variable results ranging from 
completely normal hearts9 to subtle structural wall abnormalities of 
the RVOT.10-14

This review discusses the diagnosis of RVOT VT/PVCs and the 
treatment strategy for symptomatic and asymptomatic patients, with 
a special focus on catheter ablation. 

How To Diagnose RVOT PVCs From Other Sites Of Origin
The 12-lead surface ECG is crucial for identifying the origin of 

PVCs/VTs from this anatomically complex region.15, 16 Resting 12-
lead ECGs in sinus rhythm are usually normal, with up to 10% of 
patients presenting with incomplete or even complete right bundle 
branch block (RBBB).17 Typically, PVCs originating from the 
RVOT have an inferior axis with left bundle branch block (LBBB) 
morphology, and a late R/S transition at V4 in the precordial leads. 
A QRS duration <140ms is suggestive of a PVC with a ‘septal’ 
origin, whereas a QRS duration >140ms favours a ‘free wall’ origin, 
particularly when notches are seen in the downstroke of the QRS of 
the inferior leads.18,19 (Figure 1). 

Due to the close anatomical relationship between the RVOT and 
left ventricular outflow tract (LVOT), the differences in the ECG 
characteristics can be subtle (Figure 2). Large R-wave amplitude 
and duration in V1-V2, and early transition in the precordial leads 
suggest a PVC/VT origin from the LVOT.20, 21, 22, 23. 24 In addition, 
Hoffmayer, et al. demonstrated that ventricular arrhythmias due to 
arrhythmogenic right ventricular cardiomyopathy (ARVC) have a 
significantly longer mean QRS duration in lead I, more often exhibit 
a precordial R/S transition at lead V6, and more often have notching 
in at least one ECG lead. In fact, a R/S transition at lead V6 was 
the most specific criterion for ARVC (100% specificity), and a QRS 
duration ≥120ms in lead I was the most sensitive (88% sensitivity).25
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cardiomyopathy described recovered LV systolic function after 
successful cathter ablation in patients with a high monomorphic PVC 
burden arising from the RVOT (generally >20000 PVCs/24h).44, 48-

50 However, to date the important question of how many PVCs are 
required to cause PVC-induced cardiomyopathy is not yet completely 
answered. Whereas in one study from Carbeillera Pol et al., the PVC 
burden was not associated with the developement of cardiomyopathy 
(PVC burden >10% was used as inclusion criteria in this study),51 
several other studies showed correlation between PVC frequency and 
cardiomyopathy.

In most series, a higher PVC burden was associated with a higher 
incidence of impaired LV systolic function. Del Carpio Munoz et 
al. demonstrated that patients with impaired LV function had an 
increased PVC burden (29.3±14.6% vs 16.7±13.7%, P=0.004).52 
Baman et al.53 evaluated the impact of PVC burden on reduced LV 
systolic function in 57 patients with PVCs predominantly originating 
from the RVOT. The initial mean LV systolic function in this patient 
population was 35%, which improved by at least 15% or normalized 
after succesful RF ablation, defined as suppression of the PVC 
burden >80%. The PVC burden was significantly higher in patients 
with suppressed LV systolic function compared to those without 
LV dysfunction (33% vs 13%). A PVC burden cut-off of >24% best 
separated patients likely to develop impaired LV function from those 
less likely to develop LV dysfunction (sensitivity 79%, specificity 78%, 
area under curve 0.89).53 The authors also stated that a PVC burden 
cut-off of 16% would result in a higher sensitivity of 90% for PVC-
induced cardiomyopathy, but the specificity would decrease to 58%.53 
Importantly, patients with preserved LV function but a dilated LV 
were associated with an intermediate PVC burden of 22%, which was 
significantly lower compared to patients with LV systolic dysfunction 
but significantly higher compared to patients with normal LV systolic 
function and dimensions.53 Another interesting finding was that the 
development of cardiomyopathy was independent of the site of PVC 
origin. Thus, patients with an epicardial or left-sided PVC origin also 
developed impaired LV function. This finding was in line with reports 
from other investigators who described cardiomyopathy induced by 
monomorphic PVCs originating from other locations such as the 
LV54, 55 or from above the pulmonary valve56-58 that resolved after 
successful catheter ablation.

In another study from Baman et al., successful RF ablation could 
be achieved in 82% of patients with PVC/VTs. In these patients, 

Clinical Presentation Of RVOT PVC/VTs
The clinical presentation of patients with RVOT PVC/VTs varies 

and usually occurs as follows:
1) Most patients report various symptoms such as dyspnea,

reduced exercise capacity, palpitations, a racing heart rate, dizziness, 
pre-syncope and syncope. 

2) Other associated symptoms include coughing, dysphagia
and claudication.26-30 The development of tachycardia-induced 
cardiomyopathy with LV dilatation can worsen the clinical symptoms 
of heart failure and reduced exercise capacity.31

3) Quality of life (QOL) is often reduced in patients with
RVOT PVC/VTs. Radiofrequency (RF) ablation of PVCs and VTs 
in patients with structurally normal hearts has been shown to result 
in a significantly improved QOL in 6 out of 8 SF-36 domains.32, 33

4) Recurrent syncope may occur in patients with RVOT PVC/
VT. In these patients and particularly those with short PVC coupling 
intervals or fast VT cycle lengths (CL), a so-called “malignant 
variant“ of RVOT tachycardia has to be considered, which has a 
worse prognosis.34, 35

Cardiomyopathy Associated With RVOT PVC/NSVTs
General Aspects Of PVC/NSVT-Induced Cardiomyopathy

Cardiomyopathy induced by atrial tachyarrhythmias has been well 
described.34-37 The suggested underlying pathophysiology is consistent 
with animal models of tachycardia-induced cardiomyopathy.40 
Furthermore, cardiomyopathy secondary to VT in patients with 
structurally normal hearts was initially described in the early 1990s,41-

43 and the first reported case of a successfully reversed PVC-induced 
cardiomyopathy after catheter ablation was published in 2000 by 
Chugh et al.44 Although the mechanism for tachycardia-induced 
cardiomyopathy secondary to atrial tachyarrhythmias with fast 
ventricular activation is well understood, the mechanisms for PVC-
induced cardiomyopathy are less clear. Besides LV dyssynchrony 
due to LBBB during PVCs,45 other causes such as increased oxygen 
consumption46 have been implicated. Furthermore, the so-called 
apical-to-basal “squeezing effect“ in systole during physiological 
activation of the LV is disrupted during RVOT PVCs with LBBB 
morphology, which may further impair LV systolic output.47

What Is The Arrhythmia Burden That Leads To Cardiomyopathy?
The initial case reports of patients with PVC-induced 

Image A (left side): PVC originating from the RVOT (red
arrow)
Image B (right side): Perfect pace map (red arrows) at the
ablation side in the RVOT with successful suppression of
PVCs

Figure 1

Figure 1: Typical ECG morphology of PVCs originating from the right 
ventricular outflow tract (RVOT).

The anatomical location and R progression in V1

With permission from Tabatabaei et al. Circulation arrhythmia 2009

Figure 2

Figure 2: Anatomical origin of PVCs and R progression in lead V1.
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independently associated with a reversible cardiomyopathy. Another 
study published 2011 demonstrated that patients with PVC-induced 
cardiomyopathy had64 broader QRS complexes than those without 
cardiomyopathy. A reasonable explanation for this phenomenon 
could be that a wider QRS duration leads to a higher degree of 
dyssynchrony in the heart.65 Furthermore, symptom duration66 in 
patients with PVCs may also be associated with the occurrence of 
PVC-induced cardiomyopathy. Carbeillera Pol et al.51 found that 
patients with PVCs with a broader QRS complex (>150ms) are at 
higher risk of developing PVC-induced cardiomyopathy after RF 
ablation. Furthermore, a non-right-sided origin was also associated 
with irreversible cardiomyopathy. Deyell et al. found that a longer 
QRS duration was associated with a lower likelihood of recovery 
from PVC-induced cardiomyopathy. The hypothesis was that a 
combination of both fibrosis and myofiber disarray may play a role in 
the prolongation of PVC QRSs.67

The incidence of PVC-induced cardiomyopathy is higher in older 
patients59 and the pathophysiology is less well understood. It is often 
more difficult to determine whether PVCs are a result of reduced 
LV function or the cause. It is well described that PVCs/NSVTs are 
a common finding on 24-hour holter recordings in patients with 
ischemic or dilated cardiomyopathy. The indication for primary ICD 
implantation in these patients to reduce the arrhythmogenic risk for 
SCD is dependent on LV function and not arrhythmia burden. The 
increased risk for SCD is present even if no arrhythmias have been 
documented.
When Does LV Dysfunction Resolve?

In patients with PVC-induced cardiomyopathy, an improvement 
of systolic function can usually be observed post-ablation after 
a short follow-up period of approximately 3 months.67 When 
the LV dysfunction completely resolves is less clear and may 
vary, as demonstrated by Yokokawa et al., who evaluated the time 
course of LV function recovery in 87 patients with PVC-induced 
cardiomyopathy after successful RF ablation, defined as a reduction 
of >80% of the initial PVC burden (Yokokawa et al HR 2013). 
The majority (68%) of patients experienced LV function recovery 
within 4 months post-ablation,66 whilst in the remaining patients 
LV recovery was seen after a mean of 12±9 months. Importantly, 
one patient had LV function normalization only after 45 months. In 
the patients with delayed improvement of LV function, QRS width 
was significantly longer. Furthermore, an epicardial origin was an 
independant predictor for delayed LV recovery from PVC-induced 
cardiomyopathy.66 Also, a right-sided PVC origin was associated 
with faster recovery of LV function. Therefore, it is recommended 
that final evaluation of LV function recovery after successful PVC 
ablation should only be performed after a minimum of one year. 
Although animal studies demonstrated no structural changes such 
as fibrosis,68 delayed remodelling or prolongation of Ca2+ channel 
function has been hypothesized to cause slower LV function recovery 
in some patients.66

Medical Therapy For The Treatment Of PVC/NSVTs
Data regarding medical therapy for the treatment of idiopathic 

PVCs or VTs is sparse. Duffe et al. described four patients where 
PVC-induced cardiomyopathy was successfully treated with beta-
blockers or amiodarone.17, 69, 70 According to the current guidelines 
for the management of symptomatic PVCs,71 beta-blockers are the 
drug of choice. However, the efficacy of beta-blocker therapy (namely 

RF ablation not only improved LV systolic function, it also reduced 
LV diameters (end-systolic and end-diastolic diameters) after a 
follow-up period of 6 months.53 Noteably, cardiomyopathy was also 
observed in one patient with a PVC burden of only 10%. This is in 
line with results from several other studies and case reports. In a 
study published by Yarlagadda et al.,59 even a PVC burden of only 
5500 per day resulted in cardiomyopathy in one patient. Shanmugam 
et al. reported resolution of significant LV systolic impairment after 
successful RF ablation in a patient with <5000 PVCs per day (i.e. a 
PVC burden of 4%/24h).60 In contrast, Takemoto et al.31 reported a 
patient with a PVC burden <10% who did not have improvement 
of LV dysfunction after successful ablation. This suggests that PVCs 
in some patients may be associated with the early stages of DCM 
or other cardiac diseases. Kanei et al. evaluated the prevalence of 
cardiomyopathy in patients with PVCs as assessed by 24h-holter 
monitoring categorized as follows: low PVC burden of <1000, 
intermediate PVC burden of 100-10000 and high PVC burden 
of >10000. The prevalence of reduced LV function was associated 
with the number of PVCs (4%, 11% and 32%, respectively) in this 
retrospective study.61

Another entity called interpolated PVCs might be associated with 
PVC-induced cardiomyopathy.62 Olgun et al., evaluated 21 patients 
with PVC-induced cardiomyopathy for the presence of interpolated 
PVCs. Although overall a higher PVC burden was seen in patients 
with PVC-induced cardiomyopathy, interpolated PVCs were found 
to be an independent predictor for cardiomyopathy.62 The mechanism 
for this phenomenon is not clear, but it is possible that a higher 
heart rate in sinus rhythm may lead to a higher likelihood for PVC 
occurrence. Therefore in these patients, the PVC burden itself may 
not be a reliable criterion for deciding whether ablation should be 
performed or not.
Specific Aspects Of PVC/NSVT-Induced Cardiomyopathy

In a consecutive series of 294 patients with idiopathic PVCs 
evaluated by Yokokawa et al., the QRS duration found to be 
significantly longer in patients who had reversible cardiomyopathy 
after RF ablation.63 Importantly, a QRS-duration of >150ms 
identified patients with reversible cardiomyopathy compared with 
those without reversible cardiomyopathy with a sensitivity of 80% 
and specificity of 52%. Although PVCs with an epicardial origin 
had the longest QRS duration, an epicardial origin itself was 

Post AblationPre Ablation

24648±13385 PVCs/24 hours before ablation 78±148 PVCs / 24h 3 months after ablation

Figure 3

Figure 3: Holter ECG recordings pre (left panel) and post (right panel) 
ablation in a patient with frequent PVCs originating from the RVOT.
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generally show reduced LV function with global hypokinesia, but 
without local wall motion abnormalities54 and with or without 
enlarged LV diameters but preserved LV wall thickness.53 Coronary 
angiography rules out coronary heart disease in these patients.53, 59

As described above, although a low PVC burden could also cause 
cardiomyopathy, the PVC burden is usually high (>24% or >20000 
PVCs/24hrs), with a predominant monomorphic PVC morphology 
(literature) most often emanating from the RVOT (53). Polymorphic 
PVCs are usually a sign of a more complex tachyarrhythmia or 
extensive myocardial damage, and are more often seen in patients with 
structural heart disease.80 Whenever the cause of the cardiomyopathy 
remains unclear, one should consider antiarrhythmic drug therapy 
for 3-6 months with the aim for PVC suppression to see if an 
improvement of LV systolic function occurs. The antiarrhythmic 
drug of choice is amiodarone as most others are contraindicated,71 
and short-term treatment with this drug is reasonable in selected 
patients.
Success Rate And Complications Of RF Ablation

In general, the succes rate of catheter ablation of arrhythmias 
originating from the RVOT is reported to be high.81-83 In most 
studies, the acute success rate is reported to be >80%.71 After initial 
successful ablation the recurrence rate is also low, generally not 
exceeding 5% even after long-term follow-up.21, 22, 71, 84-86 The acute 
success rate of catheter ablation is usually lower in patients who have 
only infrequent PVCs or non-inducibility of the clinical arrhythmia 
during the procedure. The pathophysiologic basis for idiopathic 
PVCs, NSVTs and ventricular tachycardias vary, but are considered 
to be mostly related to triggered activity due to intracellular calcium 
overload mediated by cyclic-AMP. Therefore, an isoproterenol 
infusion may be required to induce these arrhythmias during an 
electrophysiology study.87-89 Difficulties in inducing the clinical 
arrhythmia even after isoproterenol administration may decrease the 

atenolol and metoprolol) is generally modest, with a reduction 
of PVC burden between 10-25%.72, 73, 74 The efficacy of calcium 
channel antagonists such as verapamil varies in several reports, with 
reasonable efficacy in patients with idiopathic VT70, 75, 76 but it is less 
effective in patients with only PVCs, most likely as a result of different 
underlying mechanisms.74 Following these, Class I antiarrhythmic 
drugs such as propafenone or flecainide are recommended. Although 
treatment of symptomatic patients with PVCs in structurally 
normal hearts with these antiarrhythmic drugs may be reasonable,71 
they are contraindicated in patients with cardiomyopathy due to 
their proarrhythmic effects.77 In these patients, beta-blockers and 
amiodarone are the only antiarrhythmic drugs available. However, 
due to the frequent and significant side effects associated with 
amiodarone,78 it should only be administered in patients refusing 
catheter ablation or after failed catheter ablation. Since catheter 
ablation of RVOT PVC/VTs is a highly effective therapy with a very 
low complication rate, this should be the treatment of choice.

A recent study by Zhong et al. further highlights the superiority 
of RF ablation compared with antiarrhythmic drug therapy for the 
treatment of idiopathic PVCs. In this study, RF ablation reduced the 
PVC burden by 93%, which was significantly higher compared to 
treatment with Class I and III antiarrhythmic drugs.79

How To Differentiate Cardiomyopathy Associated 
With Structural Heart Disease From PVC-Induced 
Cardiomyopathy?

At times it may not be clear if reduced LV function is due to the 
early stages of dilated cardiomyopathy or undetected ischemic heart 
disease, myocarditis or as a result of frequent PVCs in patients without 
structural heart disease. We propose the following recommendations 
for the initial evaluation of such patients:

Firstly, patients with idiopathic PVCs are usually young, with a 
higher incidence seen in women.71 Echocardiographic findings 

Table 1: Overview of relevant studies about RVOT ablation.

Author Author and 
year of publication

Patients with 
reduced LV 
function, n (%)

PVC burden before ablation PVC burden 
after ablation

Success rate 
n (%)

Systolic ejection 
fraction at baseline

Systolic ejection 
fraction after ablation

Patients with 
normalized systolic 
LV function, n (%)

LVEDD before 
ablation (mm)

Chugh et al. 2000 1 25.000-56.000 PVCs/24h 1.100-1.800 
PVCs/24h

1/1 (100) 43% 58% 1 (100) 65

Redfearn at al. 
2003

1 31.000 PVCs/24h 1 PVC/24h 1/1 (100) Mildly-moderately 
reduced

54% 1 (100) 59

Shiraishi et al. 2002 1 50.000 PVCs/24h 1.100-1.800 
PVCs/24h

1/1 (100) 34% normalized 1 (100) 65

Efremidis et al. 
2008

1 >50.000 PVCs/24h No PVCs/24h 1/1 (100) 40-45% 55% 1 (100) n.a.

Deyell et al. 2012 48/114 (42) (Inclusion Criterion PVC 
burden ≥ 10%/24h)
34.202 ±15.493 PVCs/24h 
in patients with reversible LV 
function

n.a. 37/44 (84%; 
4 lost to FU)

38.2% in Pts 
with reversible LV 
function

Median improvement 
of LV function 17.5% 
(IQR 10–40) for 
patients with reversible 
LV dysfunction

24/48 (50) 56±0.7

Ezzat et al. 2007 1 30000 PVCs/24h (30%/24h) 2.022 
PVCs/24h

1/1 (100) 40% 62% 1 (100) 65

Olgun et al. 2011 21/51 (41.2) PVC burden 30±10%/24h n.a. 42/51 (82) 37±10% 55±9% 21/21 (100) n.a.

Takemoto et al. 
2005

14/40 (35) PVC burden >20%/24h 
(mean 34±3%)

PVC burden 1.3 
±0.9

37/40 (92.5) 66±2% 72±2% 13/14 (93) 54±1

Yarlagadda et al. 
2005

8/27 (29.6) 17541±11479 PVCs/24h 507±722 23/27 (85) 39±6% 62±6% 7/8 (87.5) n.a.

Yokokawa et al. 
2013

87/264 (33) PVC burden 26 ±11%/24h 2% ± 4%/24h 75/87 (86.2) 39±10% 59±4% 51/ 75 (68) 56±6

Baman et al. 2010 57/174 (32.8) PVC burden 33 ±14%/24h 1.9% 
±4.4%/24h

146/174 (84) 35±9% 54±10% 46/57 (81) 57±6
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impaired LV systolic function. Therefore, also in this last condition, 
close monitoring of these patients is recommended to screen for early 
forms of impairment of LV function. In addition, a complete cardiac 
work-up should be performed to exclude any underlying early-stage 
structural cardiomyopathy that may require a different therapeutic 
strategy.
RF Ablation In Asymptomatic Patients With Reduced Systolic 
Ejection Fraction

Whenever reduced LV systolic function is observed in a patient 
with frequent monomorphic PVCs, catheter ablation should be 
offered to prevent worsening of LV systolic function or development 
of heart failure symptoms.

Because LV function impairment has also been described despite 
a lower PVC burden,60 catheter ablation should also be offered. 
Therefore, catheter ablation should be offered to all patients with 
reduced LV systolic function to prevent further progression of 
LV dysfunction and to normalize cardiac function. Given that LV 
function recovery may take up to one year or longer, RF ablation 
should be recommended without delay in these patients.
Special Considerations For Particular Conditions

The prognosis in patients with RVOT PVC/VTs is usually 
favourable. However special attention should be given to patients 
fulfilling the criteria of potentially malignant variants of RVOT 
arrhythmias. These include symptoms of recurrent syncope, PVCs 
with very short coupling intervals, VTs with short cycle lengths, or 
documented polymorphic RVOT PVCs/VTs or “benign” RVOT 
PVCs in the presence of channelopathy or structural heart disease. 
Whenever one of the above-mentioned criteria is present, further 
treatment should be modified with an early recommendation for 
catheter ablation independent of the arrhythmia burden or LV 
function, associated with the evaluation of the need for further 
treatment based on the underlying cardiopathy.
Conclusion

Catheter ablation is an excellent option for the treatment of 
RVOT PVC/VTs and is superior to antiarrhythmic drug treatment. 
High success rates of >80% are achieved with catheter ablation, even 
during long-term follow-up and significant complications are rare. 
Therefore we recommend that ablation may be offered to all patients 
with symptomatic RVOT PVC/VT refractory to antiarrhythmic 
drug treatment or when antiarrhythmic drugs are not desired by the 
patient regardless of the PVC burden. In patients with asymptomatic 
RVOT PVCs and preserved LVEF, catheter ablation should be 
considered if the arrhythmia burden is >20-24% to prevent the 
development of tachycardia-induced cardiomyopathy. In patients 
with reduced LVEF where a possible  etio-pathogenetic link between 
the PVCs and impaired LVEF is suspected, catheter ablation should 
be considered unless contraindicated.

Special attention should be given to patients with syncope, 
very short RVOT-PVC coupling intervals, fast RVOT-VT or 
polymorphic PVC/VTs. In these cases, evaluation should focus on the 
exclusion/confirmation of the presence of an underlying  structural 
heart disease with subsequent treatment directed at the management 
of potential life-threatening  arrhythmias.
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echocardiography may help to better define the anatomy in complex 
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shown to be helpful, particularly during ablation of tachycardias from 
the LVOT.94

Although RF energy is still the gold standard for ablation within 
the RVOT21, 22, 71, 84-86 with high efficacy and safety,21 cryoablation is 
a reasonable alternative that allows for almost pain-free ablation.48, 95

What Is The Arrhythmia Burden To Offer RF Ablation?
RF Ablation To Treat Symptomatic Patients

Catheter ablation in symptomatic patients with PVC/VTs has 
been described for many decades and is highly effective.48, 96, 97(Figure 
3). These initial results have been confirmed in later studies and have 
been shown to be superior to medical management.72-74 Although 
symptomatic patients usually suffer from a high PVC burden 
(>10000 PVCs/24h), symptoms are not exclusive to these patients 
and those with a smaller PVC burden (<5000/24h) may also be 
highly symptomatic and warrant ablation. The low PVC burden 
makes activation mapping more difficult and often pace-mapping 
or non-contact mapping is required60, 98 for successful mapping and 
catheter ablation. Nevertheless, effective catheter ablation has also 
been shown to be able to obtain a significant improvement of QOL.99 
In addition, it has also been proven to be more cost effective.100 In 
comparison, medical therapy with atenolol has been shown to be 
effective in reducing symptoms as well as PVC burden versus placebo, 
but failed to improve overall QOL.33

In conclusion, ablation should be offered to all patients with 
symptomatic RVOT PVCs refractory to antiarrhythmic drug 
treatment or when medical therapy is not desired by the patient 
regardless of the PVC burden.
RF Ablation In Asymptomatic Patients With Preserved Systolic 
Ejection Fraction

 As described above, RVOT PVCs may result in reduced LV 
systolic function or even PVC-induced cardiomyopathy. Superior 
to antiarrhythmic drug therapy, catheter ablation is the treatment 
option of choice for PVC-induced cardiomyopathy. The cutoff is 
still not yet defined, however two large studies have demonstrated 
that a cutoff value of 20% to 24% PVCs per 24 hours is associated 
with an increased risk of developing reduced LV function and 
cardiomyopathy. Therefore, in patients with such a high volume of 
PVCs, prophylactic catheter ablation may be proposed even when 
patients are asymptomatic. Furthermore as described above, even 
a PVC burden of less than 5000 PVCs per 24 hours can result in 
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Rate Control Strategy Elevated To Primary Treatment For Atrial 
Fibrillation:  Has The Last Word Already Been Spoken?
Osmar Antonio Centurión, MD, PhD, FACC, FAHA, Akihiko Shimizu, MD, PhD, FACC

Cardiology Department. Clinic Hospital. Asunción National University, Division of Arrhythmias and Electrophysiology, 
Sanatorio Migone-Battilana,  Asuncion, Paraguay, The Faculty of Health Sciences, Yamaguchi University School of Medicine, 
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Abstract
In the last decade, we were able to see the light shed by several trials and observational studies that dealt with the appropriate manner 

of treating patients with atrial fibrillation (AF). Recently the AF management by cardiologists has become more aggressive, in part because 
of an improved comprehension of this rhythm disturbance, as well as, the availability of new treatment strategies. Increasing awareness of 
AF as a disease rather than as an acceptable alternative to sinus rhythm has led to search for clear arguments to support a certain strategy 
as a gold standard. In this respect, the decision of whether to restore sinus rhythm, or to control the ventricular rate and allow AF to persist 
is of critical importance. The results of randomized, controlled trials addressing this matter shed some light on the proper way of treatment 
for these AF patients. The AFFIRM and RACE trials and their respective sub-studies showed surprising results. The vast majority of physicians 
were surprised to learn that the rate control strategy was elevated to the position of primary treatment for the AF management instead of 
the all-time recognized rhythm control approach to restoration and maintenance of sinus rhythm. The use of anticoagulants in the trials was 
different in the treatment strategies. There was a greater anticoagulant use in the rate control arm because of the belief that anticoagulation 
can be discontinued in the rhythm control arm when sinus rhythm was restored and maintained for one month. On the other hand, only 
pharmacological agents were used to maintain sinus rhythm in those trials, however, there is increasing evidence that AF ablation can 
restore and maintain sinus rhythm in a great proportion of patients. Indeed, there are some limitations and several interesting aspects of 
these trials and other studies that will be discussed. The last word has not been spoken yet.

Introduction
It is well known that arrhythmias are generated by the presence 

of substrates, triggers, or modifying factors for arrhythmias. Since 
the beginning of this century, the debate on ectopic foci versus 
reentry as the mechanism underlying atrial fibrillation (AF) in 
humans has continued. It has been reported that ectopic foci from 
the pulmonary veins can initiate AF and can also act as drivers for 
maintaining AF. However, not all patients with atrial arrhythmias 
initiate AF. A substrate for atrial propensity to AF is required for 
AF initiation and maintenance. Clinical electrophysiological studies 
have focused on the properties of the electrophysiological substrates 
in the atrial muscle during sinus rhythm and on the atrial electrical 
responses elicited by programmed atrial stimulation.1-3 For example, 

abnormal atrial electrograms recorded by endocardial mapping 
during sinus rhythm, abnormal responses of the atrium elicited by 
programmed stimulation, shorter atrial effective refractory periods, 
greater dispersion of atrial refractoriness and atrial conduction delay 
have been observed more frequently in patients with paroxysmal 
AF.4-6 However, even if atrial electrical remodeling facilitates AF 
initiation and maintenance, the initiation of AF requires a trigger. 
Perhaps, the greatest recent advancement in our understanding 
of AF relates to the demonstration that ectopic foci from the 
pulmonary veins are the main triggers of AF. The mechanism of 
AF maintenance was shown to be a spiral wave of activation,7,8 or 
a random multiple reentry9,10 of independent wavelets wandering in 
the atria around arcs of refractory tissue11,12 driven by focal activity 
originating mainly from the pulmonary veins13-16 or the superior 
vena cava,17 or ligament of Marshall.18,19 Increasing awareness of 
atrial fibrillation as a disease rather than as an acceptable alternative 
to sinus rhythm has led to search for clear arguments to support 
a certain strategy as a gold standard. In the search to develop an 
appropriate treatment for adequately managing the clinical spectrum 
of symptoms and complications related to this disorder, several 
randomized clinical trials have been developed. The new emerging 
methods for restoring sinus rhythm have been accompanied by 
a search for methods of maintaining sinus rhythm. Furthermore, 
the risks of pro-arrhythmia with anti-arrhythmic agents, their 
limited efficacy, and the undesirability of long-term prophylactic 
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during sinus rhythm and abnormal responses of the atrium elicited 
by programmed stimulation have been observed more frequently 
in patients with paroxysmal AF than in those without paroxysmal 
AF4-6 (Figure 3). A shorter atrial refractoriness, greater dispersion 
of the atrial refractoriness and atrial conduction delay are also of 
electrophysiological significance in the genesis of AF. Electrical 
remodeling is likely to be a final common pathway that ultimately 
supervenes. Even if atrial electrical remodeling facilitates AF 
initiation and AF perpetuation, the initiation of AF requires a trigger. 
A wealth of new information has been published on the genesis of 
AF, especially arrhythmogenic pulmonary veins as the triggers of 
AF,13-16 and on electrical remodeling28-30 of the electrophysiological 
properties in the atrial muscle as modifying factors of AF (Figures 4, 
and 5). Furthermore, a possible genetic basis of AF has been suggested 
in some cases,31 although little is known about its electrophysiology.
Adequate Therapeutic Management Of Atrial Fibrillation

In the search to develop an appropriate treatment to adequately 
manage the clinical spectrum of symptoms and complications 
related to this disorder, several randomized clinical trials have been 
developed.32-36 The new emerging methods for restoring sinus rhythm 
have been accompanied by a search for methods of maintaining 
sinus rhythm. Furthermore, the risks of proarrhythmia with 
antiarrhythmic agents, their limited efficacy, and the undesirability 
of long-term prophylactic administration have prompted interest in 
non-pharmacologic methods. These include pacing strategies and 
cardiac surgical procedures. Bi-atrial pacing has been developed as 
a technique for simultaneous activation of the RA and left atrium to 
reduce the intra-atrial conduction delay37-39 This has been reported 
to prevent the recurrence of AF in paced patients with a marked 
intra-atrial conduction delay.40 Thus, these facts indicate that the 
intra-atrial conduction delay can play an important role in the 
onset of AF. Later additions include radiofrequency ablation “maze” 
procedures, in which electrophysiologists try to perform a maze 
surgical-like operation with electrode catheters by a percutaneous 
ablation procedure. The development on implantable atrial 
defibrillators further expands the non-pharmacological options in 
the management of this rhythm disturbance. Approaches to the 

administration have prompted interest in non-pharmacologic 
methods.20 These include pacing strategies, radiofrequency catheter 
ablation and cardiac surgical procedures. Bi-atrial pacing has been 
developed as a technique for simultaneous activation of the right and 
left atrium to reduce the intra-atrial conduction delay.21-24 This has 
been reported to prevent the recurrence of AF in paced patients with 
a marked intra-atrial conduction delay.25 Thus, these facts indicate 
that the intra-atrial conduction delay can play an important role 
in the onset of AF. More recent additions include radiofrequency 
ablation “maze” procedures in which electrophysiologists try to 
perform a maze surgical-like operation with electrode catheters by 
a percutaneous ablation procedure. Moreover, there is great interest 
and good results with radiofrequency ablation of atrial and junctional 
tachycardias, and pulmonary veins or other ectopic foci that underlie 
some cases of atrial fibrillation. The development on implantable 
atrial defibrillators further expands the non-pharmacological options 
in the management of this rhythm disturbance.26, 27 Therefore, there 
are some limitations and several interesting aspects of these different 
methods of AF treatment that will be discussed in this manuscript.
Electrophysiological Properties Of The Atrial Myocardium 
In Atrial Fibrillation

The well known complexity of the mechanism for developing 
AF accounts for the failure and relative success of the different 
therapeutic maneuvers in the management of AF. The AF mechanism 
is considered to be a spiral wave with a continuously changing pattern 
of the activation wave front,7, 8 that is, a random multiple reentry9, 

10 of independent wavelets wandering in the atria around arcs of 
refractory tissue11, 12 or the accentuation of focal activity originating 
mainly from the pulmonary veins13-16 or the superior vena cava,17 
ligament of Marshall.18, 19 Clinical electrophysiological studies have 
concentrated on the electrophysiological properties of the substrates 
in the atrial muscle during sinus rhythm, and on the atrial electrical 
responses elicited by premature stimulation method1-3 (Figures 1 and 
2). However, many fundamental aspects of this arrhythmia have been 
poorly understood until quite recently. Abnormal atrial electrogram 

Figure 1:

This is an example of the induction of fragmented atrial activity as 
a feature of atrial vulnerability. Surface electrocardiographic lead 
V1 is shown together with intracardiac electrograms from the high 
lateral right atrium (HLRA), and distal coronary sinus (CSd). S1 and 
S2 are, respectively, the driving and premature stimulus artefacts. 
The basic drive cycle length (BCL) was 500 ms and the coupling 
interval (S1–S2 interval) was 230 ms. There is a prolongation of 
the duration of atrial activity from 110 to 200 ms in the HLRA. CD 
indicates interatrial conduction delay. Reprinted with permission 
from Konoe et al. Pacing Clin Electrophysiol 1992;15:1040-1052.

Figure 2:

This is an example of the induction of repetitive atrial firing as a 
feature of atrial vulnerability. Surface electrocardiographic lead 
V1 is shown together with intracardiac electrograms from the high 
lateral right atrium (HLRA), and distal coronary sinus (CSd). S1 and 
S2 are, respectively, the driving and premature stimulus artefacts. 
The basic drive cycle length (BCL) was 500 ms and the coupling 
interval (S1–S2 interval) was 230 ms. Reprinted with permission 
from Konoe et al. Pacing Clin Electrophysiol 1992;15:1040-1052.



Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation52 Featured Review

www.jafib.com Dec 2014-Jan 2015| Volume 7| Issue 4

AF that was thought likely to be recurrent and to require long-term 
therapy.32 The patients were randomly assigned to rate control using 
digoxin, beta blocker, and/or calcium antagonist and anticoagulation 
with warfarin; or to rhythm control with the most effective anti-
arrhythmic drug. After a mean follow-up of 3.5 years, the following 
findings were observed. There was a trend toward an increase in 
incidence of the primary end point (all cause mortality) with rhythm 
control (27% vs 26%, hazard ratio 1.15, 95% CI 0.99 to 1.34). There 
was no significant difference in the composite secondary end point 
of death, ischemic stroke, anoxic encephalopathy, major bleeding, or 
cardiac arrest. There was a trend toward a higher risk of ischemic 
stroke with rhythm control (7.1% vs 5.5%); 72% of strokes occurred 
in patients receiving no or suboptimal anticoagulation. There was 
no significant difference in functional status or quality of life. The 
number of patients requiring hospitalization during follow-up was 
significantly greater in the rhythm control group than in the rate 
control group (80% vs 73%). The data from this trial, as well as the 
data from the RACE trial33 confirm that both rate and rhythm control 
are acceptable approaches, depending upon the specific clinical  
individual circumstances. It may be stated that rate control is at least 
just as good if not even better than rhythm control in patients with 
AF over 65 years of age. However, this results can not be extrapolated 
to young adults with PAF, since this patients were not enrolled in 
these trials and also because the mechanism for development of 
AF may not be the same. The likelihood of firing pulmonary veins 
focus in the genesis of the AF in young adults makes radiofrequency 
ablation of these focuses an attractive first line definitive therapy.

We have also learned from these trials results that most patients 
with AF, regardless of whether a rate control or rhythm control 
strategy is chosen, should be chronically anti-coagulated with a target 
INR of 2.0 to 3.0. It is not safe to stop anticoagulation after successful 

surgical management have improved and have provided information 
about the clinical determinants of AF.11, 12, 41-43 Information has been 
obtained about post-operative AF and the response to implanted 
devices, such as both atrial pacemakers and atrial defibrillators.44, 45

Further investigation into the electrophysiological properties in AF 
will be needed in order to contribute to the future development of an 
appropriate treatment.

For most patients with AF, the major problem is preventing 
recurrence of AF rather than restoring sinus rhythm. Maintenance 
of sinus rhythm is not always possible, and often, the attempt ceases 
to be worthwhile. In this setting, long-term anticoagulation and 
pharmacologic treatment with rate-control anti-arrhythmic agents 
can provide adequate symptom and risk control for most patients. 
However, the optimal heart rate at rest and during exercise for 
patients with AF is uncertain and susceptible to individual variations. 
Due to the loss of atrial kick and the presence of inefficient short 
ventricular cycles, the heart rate probably needs to be relatively 
faster than that during sinus rhythm to maintain cardiac output. The 
irregularity of the rhythm may itself be detrimental. Clear clinical 
evidence exits that abolishing AF makes patients feel better in the 
short to medium-term, however, data on the economic viability or 
long-term efficacy of such a strategy are scanty. 

Among the several clinical trials that assessed the best way to treat 
a patient with AF, the most representative probably is the AFFIRM 
trial. This trial consisted of 4060 patients over 65 years of age with 

Figure 3:

(Top) Twelve endocardial mapping sites in the right atrium. Atrial 
endocardial electrograms were recorded in each patient from the 
anterior, lateral, posterior, and medial aspects of the high (a– d), 
mid (e– h), and low (i–l) right atrium. 
(Bottom) (A) Abnormal atrial electrogram with 10 fragmented 
deflections and 130 ms in duration versus (B) normal atrial 
electrogram with 2 fragmented deflections and 80 ms in duration. 
Ao: aorta;   IVC: inferior vena cava;   LA: left atrium;    LV: left 
ventricle; 
PA: pulmonary artery;   RV: right ventricle;   SVC: superior vena 
cava.
Reprinted with permission from Centurión OA et al. Am J Cardiol 
2005;96:239-242.

Figure 4:

Electroanatomic bipolar voltage mapping of the right atrium in a 
patient with evidence of diffuse atrial remodeling prone to develop 
atrial fibrillation (right) and an age-matched control patient (left). 
Note the widespread regions of low voltage (indicated in red) and 
scar (indicated in gray) in the patient with sinus node disease. In 
addition, the patient on the right has a greater number of points 
with fractionated signals (brown dots) and double potentials (blue 
dots). SVC indicates superior vena cava; IVC, inferior vena cava; CS, 
coronary sinus. Reprinted with permission from Sanders P et al. 
Circulation. 2004;109:1514–1522.
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control patients. Today, thanks to these trials results, we can say that 
it is unsafe to leave an elderly patient with AF without adequate 
anticoagulant protection even if sinus rhythm is restored and 
apparently maintained. In patients with symptomatic AF, rate control 
may be effective in reducing or eliminating symptoms. The adequacy 
of rate control should be assessed both at rest and with exercise, with 
defined maximal heart rates, for example 80 at rest and 110 with 
exertion. However, in patients who are highly symptomatic, such as 
those with diastolic dysfunction or hypertrophic cardiomyopathy, 
rate control may be insufficient to control symptoms. In this setting, 
rhythm control should be attempted more aggressively.

The trials results showed a very low incidence of maintenance 
of sinus rhythm, except for the AFFIRM trial that demonstrated 
a 60% maintenance of sinus rhythm in the long-term follow-up.32, 

46 However, this high percentage may be due to the fact that up to 
35% of the patients had paroxysmal AF, while the other trials did 
not include this kind of patients. It might be argued that the rhythm 
control strategy failed to demonstrate superiority over the rate 
control strategy because maintenance of sinus rhythm could not be 
achieved in the long term. Whatever the case, it must be assumed 
that the strategies used to maintain sinus rhythm are far away of 
being adequate. This is the road we have to pave to find a proper 
solution to manage patients with AF in the near future. A long way 
has been traveled so far with radiofrequency ablation of ectopic focus 
of AF. Although this procedure has been tested primarily in young 
patients,13-15 there are promising results utilizing this therapeutic 
modality with 3D electroanatomical mapping guidance in elderly 
patients with chronic AF.47-50

Percutaneous Catheter Ablation Of Atrial Fibrillation
Catheter ablation of AF has emerged from being a novel, largely 

unproven procedure to its role today as a very commonly performed 
procedure for treatment of patients with symptomatic AF.51-57 

Although, pulmonary vein isolation is increasingly utilized and 
currently is considered the cornerstone procedure for AF ablation, 
these procedures have not yet attained a high degree of perfection 
because of the controversy concerning ablation strategy, the relatively 
high recurrence rate, and specific complications.58-63 Nevertheless, 
a recent study, which included 63 radiofrequency ablation studies, 
reported the outcomes of two meta-analyses of the safety and efficacy 
of catheter ablation of AF and anti-arrhythmic drug therapy.64 The 
single-procedure success rate of ablation with no anti-arrhythmic 
drug therapy was 57%, the multiple-procedure success rate with no 
anti-arrhythmic drugs was 71%, and the multiple-procedure rate 
with anti-arrhythmic drugs or with unknown anti-arrhythmic drug 
usage was 77%. In comparison, the success rate for anti-arrhythmic 
therapy was 52%. There have been at least 7 prospective randomized 
clinical trials that compared the outcomes of AF ablation with anti-
arrhythmic drug therapy.65-74 A meta-analysis of 4 of these studies 
reported that 76% of patients treated with catheter ablation were 
free of AF compared with 19% of patients randomized to anti-
arrhythmic drug therapy.69 The study concluded that there was a more 
than 3.7-fold higher probability of remaining in sinus rhythm with 
catheter ablation than with anti-arrhythmic medications. Catheter 
ablation was deemed superior to medical therapy as a strategy for 
maintenance of sinus rhythm even in patients with persistent AF at 
12-month follow-up in the SARA Study.75

Since many AF patients are sufficiently symptomatic and

AF cardioversion, even when there is strong documented evidence 
that sinus rhythm has been restored and maintained longer than one 
month. In addition, many symptomatic patients with AF present also 
asymptomatic episodes of paroxysmal AF after restoration to normal 
sinus rhythm. Therefore, symptoms are not enough to demonstrate 
AF recurrence with thromboembolic potential. Retrospectively, we 
have learned that even the patients that are treated with the rhythm 
control strategy should be kept on life-long anticoagulation. It is well 
known that coumadin or warfarin therapy significantly diminishes 
the incidence of stroke in AF patients compared to placebo. In this 
regard, the rate control group should have had lesser incidence of 
stroke because of permanent anticoagulation. Indeed, this thought is 
consistent with the trials results. There was a trend to excess of stroke 
and systemic embolism in the rhythm control strategy in AFFIRM,32 
RACE,33 and STAF36 trials. The PIAF study also noted an increased 
stroke rate in the rhythm control arm.35 The use of anticoagulants in 
all trials was different in the two treatment strategies. There was a 
greater anticoagulant utilization in the rate control arm because of the 
belief that anticoagulation can be discontinued in the rhythm control 
group when sinus rhythm is restored and maintained for one month. 
We can imagine the danger for patients who alternate between AF 
and sinus rhythm in the absence of anticoagulation considering the 
likelihood of thrombus ejection in this setting. Considering that 
the incidence of stroke and systemic embolism should have played 
an important role in morbidity and mortality, ¿what would have 
happened with the incidence of total mortality in the rhythm control 
group if anticoagulation was not stopped and given lifelong? There 
is a possibility that the combination of sinus rhythm and permanent 
warfarin protection would diminish even further the incidence of 
stroke demonstrating superiority for the rhythm control strategy. 
Perhaps, the unequal conditions in anticoagulant therapy may 
have contributed to the surprising worse outcome in the rhythm 

Figure 5:

Electroanatomic atrial activation mapping in a patient with 
evidence of diffuse atrial remodeling prone to develop atrial 
fibrillation (right) and an age-matched control patient (left). The 
patient in the right demonstrates significantly greater number of 
points with double potentials (blue dots) and fractionated signals 
(brown dots) and earliest activity (sinus node complex) over a 
greater extent of crista terminalis. SVC=Superior vena cava; IVC= 
Inferior vena cava.
Reprinted with permission from Sanders P et al. Circulation. 
2004;109:1514–1522.
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inadequately compensated with the strategy of rate control, there is 
still a role for the development, and utilization of new methods that 
may be more effective in the long-term maintenance of sinus rhythm. 
This shall include novel atrial selective anti-arrhythmic agents and 
several non-pharmacologic procedures.76 In this regard, more than 
3000 eligible patients for the AFFIRM trial were not enrolled due to 
highly symptomatic AF. Hence, the results of these trials can not be 
extrapolated to these latter patients, neither to young symptomatic 
AF patients who may benefit from pulmonary vein radiofrequency 
ablation. Percutaneous catheter ablation was shown to be superior to 
medical therapy as a strategy for maintenance of sinus rhythm even 
in patients with persistent AF.75

Conclusion
There is considerable evidence available demonstrating that catheter 

ablation of AF is more effective than anti-arrhythmic drug therapy in 
controlling AF and that AF ablation improves quality of life. There 
is great interest in the development of new ablation technology that 
will improve even further the safety and efficacy of AF ablation. The 
decision as to weather restoring sinus rhythm is feasible and realistic 
in individual patients, and will remain a decision to be made on a case-
by-case basis bearing in mind the light that recent trials and scientific 
works have shed in the management of this growing social problem. 
Until a new randomized controlled trial of rhythm and rate control 
strategy, with newer ablation methods for sinus rhythm restoration, 
and with equal and adequate anticoagulation is performed, we think 
that the proper way of managing the therapeutic maneuvers in AF 
patients remains to be determined, and for instance, the last word has 
not been spoken yet.
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Abstract
The number of atrial fibrillation (AF) catheter ablations performed annually has been increasing exponentially in the western countries 

in the last few years. This is clearly related to technological advancements, which have greatly contributed to the improvements in catheter 
ablation of AF. In particular, state-of-the-art electroanatomical mapping systems have greatly facilitated mapping processes and have 
enabled complex AF ablation strategies. In this review, we outline contemporary and upcoming electroanatomical key technologies focusing 
on new mapping tools and strategies in the context of AF catheter ablation.

Introduction
Atrial fibrillation (AF) constitutes the most common arrhythmia 

in clinical practice with prevalence estimates varying from 1% in 
the general population to 17% in octogenarians.1 Rhythm control 
represents a therapeutic goal in patients, which are still symptomatic 
after rate control. Antiarrhythmic drugs (AADs) have long been 
the only means to maintain sinus rhythm. However, AADs are 
associated with limited efficacy and considerable side effects. Thus, 
interventional approaches have gained in importance. Catheter 
ablation is such a promising procedure, which - in the early days - 
focused on transferring surgical MAZE strategies into the EP lab by 
creating linear radiofrequency lesions in the right (and left) atrium. 
However, rather modest success rates and significant complication 
rates were observed. The discovery of recurrent focal activity as AF 
triggers, and the demonstration that the primary source is located 
within or near the pulmonary veins (PVs) whose elimination has the 
potential to abolish AF reinitiated enthusiasm for catheter-based 
ablation.2-4 The technique of ablation has evolved from early attempts 
to target individual ectopic foci within the PV over segmental ostial 
PV isolation to wide circumferential ‘antral’ electrical disconnection by 
circumferential linear lesions around both ipsilateral PVs.5 Recovered 
PV conduction is a dominant finding in the majority of patients 
with recurrences and can be successfully eliminated by gap closure 

within the encircling lines.6, 7 Nowadays, electrical isolation of the 
PVs is recommended as the cornerstone of AF catheter ablation.8-10 
Although more than one ablation session may be necessary in some 
patients, rates of long-term survival free from AF recurrences after 
circumferential PV isolation with or without elimination of non-PV 
triggers are relatively high in paroxysmal AF. However, procedures in 
patients with persistent and especially long-standing persistent AF 
have a lower long-term success rate.11, 12 At least in part, this may 
be explained by the fact that chronic forms of AF are very often 
associated with structurally diseased and remodeled atria requiring 
additional atrial myocardial substrate modifications.13,14 As a 
consequence, many centers add some kind of substrate modification 
for all patients with (longstanding) persistent AF routinely. 
Established forms of substrate modification include left and right 
atrial defragmentation during AF (as described below) and/or linear 
ablations in the left atrium. These debulking linear lesions (e.g. roof 
line, mitral isthmus line) serve to avoid common postinterventional 
macroreentrant tachycardias like the roof-dependent or perimitral 
atrial flutter. Endpoints of AF catheter ablation are still a matter 
of debate. Whereas bidirectional PV isolation and verification of 
linear lesion completeness is common standard, ablation-induced 
AF slowing/termination and subsequent AF noninducibility are less 
clear. 

At the end of the day, all current strategies require application of 
systematic lesion patterns with long linear lesions, which need to 
be electrically continuous, transmural, and irreversible at best. This 
goal means a major challenge for the operator, because effective 
catheter ablation in the LA/PV transition zone and anywhere else 
in the complex and individually variable anatomy of the human 
atrium is difficult, especially in a beating heart within a breathing 
thorax. Inaccuracies in catheter manipulation and lesion deployment 
may not only result in incomplete lines of electrical block, but 
may also cause collateral damage like pulmonary vein stenosis, 
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is achieved via the impedance-based tracking technology. More 
than 3000 “virtual” (non-contact) far-field signals are simultaneously 
superimposed on a reconstructed endocardial surface reconstruction 
allowing for high-density electrophysiologic maps from single 
beats. However, the system did not prevail for routine use, mainly 
because of its complexity, costs, and limitations like electrogram 
timing inaccuracies at distances more than 34 mm from the center 
of the array.20 Nowadays, two EAMS have become the standard in 
electrophysiological practice: (1) the EnsiteNavX® system (St Jude 
Medical, St. Paul, MN, USA), incorporating a further development 
of the impedance-based Localisa navigation technology, and (2) 
the Carto® system (Biosense Webster, Baldwin Park, CA, USA). 
Since their introduction into clinical practice, these EAMS have 
seen continuous technical development in various aspects such as 
(multiple) catheter visualization, creation of chamber models, image 
integration, and mapping modalities.21 In consideration of this, this 
review article outlines state-of-the-art features and derived strategies 
of these rapidly evolving EAMS technologies and outlines upcoming 
technologies in the context of AF ablation.
Description Of Established Electroanatomical Mapping 
Technologies
Contact Mapping

The fundamental concept of established EAMS consist of a 
precise non-fluoroscopic visualization of mapping catheters and a 
reconstruction of 3D volumes of interest (e.g. the left atrium) that are 
created by the manipulation of the mapping catheter. The resulting 
3D reconstruction model is illustrated as a shell representing 
the cardiac structure of interest and can be more accurate in its 
representation by increasing the number of sampled points. The latest 
EAMS versions come with tools that enable fast and automated 
multi-point model creation during catheter movement. Multipolar 
catheters may additionally support rapid chamber reconstruction and 
mapping with individual anatomical locations such as His bundle, 
valvular annuli and other structures being marked or tagged within 
the model. Another feature of current EAMS is the simultaneous 
display of various diagnostic catheters and devices (e.g. esophageal 
probe) in real-time in relation to the 3D geometry. Additionally, 
electrical information at map points can be recorded and used for 
further analyses. The most established mapping techniques include 
color-coded display of the referenced electrical activation sequence 
known as “activation mapping”, and mapping of unipolar/bipolar 

perforation, phrenic nerve injury, and esophageal damage. In this 
context, fluoroscopy, which is still the basic tool to visualize catheter 
location and maneuvering, may only insufficiently demarcate critical 
targets, especially without contrast enhancement. Thus, it is generally 
understandable, that sole reliance on two-dimensional x-ray impedes 
complex ablation approaches and exposes patients and staff to 
significant amounts of ionizing radiation.

In the late 1990’s, electroanatomical mapping systems (EAMS) 
were introduced into clinical practice. Early technologies like the 
LocaLisa® system (Medtronic, Arden Hills, MN, USA) were 
capable of tracking intracardiac electrodes as well as tagging points in 
a 3D electrical field.15 Reduced x-ray needs for all kinds of ablations 
were consistently observed.16-19 However, the navigation system 
has been largely superseded, because of its inability to build surface 
geometries and to create electrophysiological maps. The Ensite 
Array® (Endocardial Solutions, St. Paul, MN, USA) uses a mesh of 
64 coated wires spanned over a balloon forming more than 3,000 
unipolar electrodes. In later generations the LocaLisa® technology 
has been integrated so that array and ablation catheter localization 

Figure 1: A. Segmented CT model of the left atrium. B. Left atrial reconstruction created by the roving catheter using the FAM tool of CARTO3®. C. 
Merged LA model

Figure 2:

Activation map of an atrial tachycardia depicted on a left 
atrial geometry created with the FAM tool of CARTO3® 
(anteroposterior view). The color-coded scale visualizes earlier 
activated regions (red/yellow color) in comparison to later 
activated (green/blue color) areas. In this case, an atrial focus 
is postulated at the roof of left atrium, adjacent to the left 
upper pulmonary vein
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System (Carto3®) integrate a hybrid of magnetic and current-
based catheter localization technology that enables visualization of 
multiple catheters simultaneously without the need for fluoroscopy. 
For this, six electrode patches positioned at the patient’s back and 
chest continuously screen the current emitted at a unique frequency 
from different catheter electrodes. Localization of the non-magnetic 
electrodes can be calibrated by the detection of the magnetic sensor 
within the coordinate system in order to overcome distortions from 
non-uniform intrathoracic resistances. Other new development of 
the Carto3® system is the fast anatomical mapping (FAM) allowing 
the creation of detailed shells with all electrodes of a multipolar 
mapping catheter by moving it around in the chamber of interest. 
These representations of end-diastolic surfaces provide a much better 
reconstruction than the point-by-point maps in the earlier Carto® 
versions. Another development targeting the accuracy of surface 
reconstructions is accomplished by a unique type of respiratory gating 
in which varying thoracic impedances are measured throughout the 
respiratory cycle. The new developments in the current Carto3® 
version have already been shown beneficial in terms of fluoroscopy 
requirements, when compared to the older CartoXP® version.23 

The other EAMS commonly used today is the EnsiteNavX® 
system. This system is based on the LocaLisa® technology and uses 
six skin electrode patches to create high frequency electric fields 
(approximately 8 kHz in the current version) in three orthogonal 
planes. The 3D-localization of conventional electrophysiology 
catheters is calculated based on an impedance gradient in relation 
to a reference electrode.15 Calculations can be complicated by the 
body’s non-linear impedance, which is to some extent correctable by 
a process called field scaling.15, 24 In order to improve compensation 
for cardiac and respiratory motion artifacts, intra-cardiac reference 
catheters such as catheters placed at the relatively stable proximal 
coronary sinus are usually preferred over an extra-cardiac reference 
electrode. However, dislocation of the intra-cardiac reference catheter 
may lead to uncorrectable map shifts. It is an advantage of the 
EnSiteNavX® system over the Carto® system that it is architecturally 
open and allows for visualization of multiple catheters from different 
manufacturers.25 Moreover, all electrodes of any catheter can be 
used simultaneously for a relatively quick reconstruction of cardiac 
chambers providing not only anatomical information but also 

electrograms as part of “fractionation mapping” and “voltage mapping” 
on the model surface.22 Optional features allow for the measurement 
and display of electrical contact or the contact force at the electrode-
tissue interface. The two most widely applied contemporary contact 
EAMS versions for AF ablation worldwide are Carto3® (Biosense 
Webster) and EnSiteNavX Velocity® (St Jude Medical).

The original Carto® system is principally based on three active 
weak magnetic fields (5x10-6 to 5x10-5 Tesla), generated by a 3-coil 
location pad placed underneath the patient’s thorax. Magnetic field 
strengths are measured with mini-sensors embedded in the catheter 
tip on a continuous basis providing information about the exact 
position and orientation of the sensor in space.21 One sensor attached 
to the patient’s skin within the working space of interest serves as a 
location reference. Patient movement or dislocation of the location 
pad may lead to uncorrectable map shifts. Modern versions of Carto® 

Figure 3:

A map of post-pacing intervals is displayed on the 
electroanatomical model created by the EnSite NavX Velocity® 
system. Times are manually annotated and reflect the post-
pacing intervals at all sites where entrainment maneuvers were 
successfully performed. In this case, red color portrays pathway 
of shortest post-pacing intervals closest to the reentry circuit. 
In the final map, the reentry circuit is characterized by a route of 
“earliest” activation depicting a roof-dependent atrial flutter (A. 
Posterior-anterior view, B. Anterior-posterior view.)

Figure 4:

Illustration of focal impulse and rotor modulation (FIRM) supported 
by conventional electroanatomical mapping system. Right and 
left atrial geometries created with EnsiteNavX Velocity® (modified 
anteroposterior view), the left atrial reconstruction being fused 
with a 3D reconstruction derived from computed tomography. The 
64-polar basket catheter is visualized within the left atrium. Also 
shown: decapolar catheter in the coronary sinus (yellow), tip of 
ablation catheter within left superior PV (green), 3D marker points 
illustrating coronary sinus ostium (yellow) and FIRM ablation sites 
(blue, green)

Figure 5:

Voltage map projected on a 3D model of the left atrium after 
registration of a segmented CT geometry, created by the 
EnSite NavX Velocity® System. Gray areas correspond to scar 
(electrograms amplitudes <0.2 mV), purple areas correspond to 
normal voltage amplitude >0.5 mV, red/yellow colors depict areas 
with reduced (low) electrograms voltage amplitudes: 0.2-0.5 mV. 
Strategic radiofrequency lesions have been placed (red dots) after 
circumferential pulmonary vein isolation in order to prevent left 
atrial macro-reentrant tachycardias having their critical isthmus 
sites within the low voltage zones (left), or to exclude diseased 
atrial tissue (box lesions, right)
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transseptal puncture, monitoring catheter-tissue-contact, and early 
detection of complications such as pericardial effusion, thrombus 
formation, or tissue overheating (microbubble formation).26-28 The 
most widely used ICE technology runs integrated in the Carto® 
system (CartoSound®, Biosense Webster). It uses a phased-array 
ultrasound tipped catheter consisting of a 64-element transducer 
(Sound29Star® Catheter, Biosense Webster). The high-resolution, 
multiple-frequency transducer (5-10 MHz) is incorporated into a 
10F steerable catheter and provides 90° sector images with depth 
control. The CartoSound® module is capable of creating 3D models 
by combining multiple 2D ultrasound cross sections generated by 
the transducer.30 The latter can be merged with segmented CT/MRI 
left atrial models.29 The technology allows improvement in success 
and complication rates as well as shortening of LA catheter dwell 
and fluoroscopy times when compared with the fluoroscopy-only 
approach.26 However, intracardiac ultrasound adds a non-negligible 
cost to the procedure, which has impeded widespread use of this 
technology. Another potential disadvantage is the requirement of an 
additional 11F sheath for transducer introduction, potentially raising 
the risk of femoral access complications. 
Clinical Benefit of EAMS use in AF Ablation

Comparative studies have shown that by means of the 3D EAMS 
both, radiation exposure and procedure duration can be significantly 
shortened versus conventional fluoroscopy-guided AF ablation 
procedures.31,32 Small single-center studies comparing the two 
systems in AF ablation directly demonstrated similar clinical results, 
but advantages of Carto® over EnsiteNavX® in terms of fluoroscopy 
use and procedure durations.33,34 

Further clinical benefits of image integration remain controversial. 
Retrospective comparative studies showed evidence of reduced 
fluoroscopy times, improved success rates and lower complication 
rates such as pulmonary vein stenosis.35, 36 These benefits, however, 

electrophysiological mapping data, when the OneMap® tool is used.
Image Integration

Image integration is used by many electrophysiologists for catheter 
ablation of AF in order to further increase the understanding of 
the patient’s complex atrial anatomy. It may enhance recognition 
of important anatomical variations, particularly concerning the 
pulmonary vein-atrial junction and the ridge between the left 
pulmonary veins and the left atrial appendage. In most cases, CT 
or MRI data, which were acquired prior to the procedure, are 
integrated in the EAMS. After image processing (segmentation), 
3D images are either merged or fused with the 3D reconstructions 
(Fig.1) with fusion usually requiring a more extensive registration 
process.24 Utilization of intracardiac echocardiography (ICE) enables 
non-fluoroscopic real-time imaging allowing for visualization of 
mapping/ablation catheters, identification of various important 
anatomical structures (e.g. LA-PV junction, esophagus), guidance of 

Figure 6:

Electroanatomical ripple map (Carto3R, postprocessed) illustrating 
counterclockwise perimitral atrial flutter at three different 
time points of the tachycardia cycle (1-3, taken from a movie). 
Electrograms do not require manual annotation and are displayed 
as dynamic bars protruding from the surface changing in length 
and color depending on the local electrogram voltage-time 
relationship (Courtesy of Nick Linton, Imperial College Healthcare 
NHS Trust, London, UK)

Figure 7:

Snapshot of two simultaneously displayed MediGuide® screens showing the left atrial mapping process during catheter ablation of atrial 
fibrillation. Sensors at the tip of various catheters are projected in real-time on pre-recorded loops (red tip for mapping catheter, yellow tip for 
coronary sinus catheter). Left (right anterior oblique view): Background movie showing semi-selective pulmonary vein angiography of the right 
upper pulmonary vein. Right (left anterior oblique view): Pre-recorded semi-selective left upper pulmonary vein angiography was chosen as the 
background for non-fluoroscopic sensor tracking. Various markers were set with the MediGuide® system (RSPV, RIPV, LSPV, and LIPV for ostia 
of right/left superior/inferior pulmonary veins; SVC, IVC for superior/inferior caval vein; PointMark for oval fossa). At the time of recording the 
background loops, the transseptal sheath, coronary sinus catheter (CS), and esophageal probe were already in place
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in the EAMS.  In the Carto® system, the contact force measurements 
and the force vector at the catheter tip are illustrated on the EAMS 
screen. Optionally, ablation points can be created dependent on the 
prespecified force-time integral39 (VisiTag®). In the EnsiteNavX® 
system, contact force data and the direction of forces (axial or lateral) 
are depicted in a separate screen tab. The safety and effectiveness of 
the technologies have been evaluated both in prospective multicenter 
and smaller single-center studies. Energy delivery seem to be optimal 
in terms of efficacy (PV reconnection rate and clinical outcome), 
risks (steam pops, perforation, collateral thermal damage), and 
procedural parameters (procedural, ablation and fluoroscopy times), 
when contact forces are kept between 10 and 30g.40-44

Remote Catheter Navigation and EAMS
Both remote navigation systems are integrated with 3D EAMS. 

The Sensei® electromechanical navigation system (Hansen 
medical, Mountain View, CA, USA) is designed for integration 
with EnsiteNavX®, and the Niobe® magnetic navigation system 
(Stereotaxis, St. Louis, MO, USA) fully integrates with CartoRMT®, 
although use with EnsiteNavX® is feasible. In the robotic system, 
adjustments of the map orientation can be performed with a roller 
ball in the workstation simultaneously with controlling the catheter 
using the joystick. Coaxial forces applied to the catheter tip can be 
measured and displayed as a realtime waveform on the main screen 
as visual feedback of force (Intellisense® technology). The operator 
can set a warning level resulting in a colour change of the virtual 
catheter tip and the pressure waveform as well as a mechanical 
feedback alarm at the 3D control mouse. In the magnetic system, 

could not be entirely reproduced in prospective studies, particularly 
not the improved efficacy rates.37 There are significant limitations 
of integration of virtual models, which require consideration. First, 
contemporary 3D models represent static representations of a moving 
organ and not all motion artifacts from the beating heart or respiration 
can currently be entirely compensated. Second, the different volume 
status during CT/MRI and during the procedure may result in 
mismatches of image integration. Further disadvantages relate to the 
additional radiation exposure due to CT scans, to potential kidney 
damage or allergic reactions induced by contrast agents, or to an 
additional logistic and economic burden. Despite these limitations, 
image integration is considered useful by many electrophysiologists 
and applied routinely.
Contact Force

Besides delivered power and catheter stability, adequate tissue 
contact by radiofrequency catheters are the variables needed to 
achieve durable and transmural lesions and to prevent complications 
secondary to excessive force. So far, electrophysiologists used signs 
of contact like the mechanical feedback at the catheter handle, 
observation of catheter manipulation on fluoroscopy, and rather 
inaccurate surrogate measures such as intracardiac electrograms and 
impedance changes during ablation.38 Another optional technology, 
which has found its integration into EAMS relates to monitoring 
of electrode-tissue contact force. Currently, the SmartTouch® 
catheter (Biosense Webster), and since recently the TactiCath® 
Quartz catheter (St Jude Medical) provide continuous real-time 
measurements of contact force (scaled in grams), which is visualized 

Figure 8:

Left atrial reconstruction created with CARTO UniVu,® RAO and LAO projections. Following registration of the x-ray system to the EAMS, multiple 
fluoroscopy snapshots can be recorded. The reconstructed 3D model is then projected and auto-registered into the fluoroscopic environment. 
In this example, a 3D voltage map has been created. Red color indicates areas with absence of signals due to low-voltage/scar. In this case, 
no potentials are found within the pulmonary veins after wide atrial isolation. Purple color indicates areas of ‘healthy’ left atrium with voltage 
amplitudes above 0.5 mV
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as well as identification of conducting gaps within ablation lines at 
re-do procedures may require various mapping strategies supported 
by EAMS.46-49

Activation Mapping
Activation mapping requires information about the timing of 

bipolar electrical signals of multiple surface points in relation to a 
stable reference signal (e.g. from the coronary sinus catheter). This 
process can be successfully shortened with the use of multielectrode 
catheters like the PentaRay® catheter (Biosense Webster). The 
activation sequence is then depicted in a color-coded fashion on 
the 3D model as an isochronal map (Fig.2). With this technique, 
focal or microreentry sources, as well as gaps within incomplete 
linear lesions can be easily localized. Macroreentrant tachycardias 
are more challenging to interpret and require the description of the 
complete tachycardia cycle length. In these situations, termination 
of the tachycardia by additional strategic ablation lesions requires 
consideration of anatomical (e.g. valves, vessels) and structural (e.g. 
scars, slow conduction zones) obstacles.46, 48

Entrainment Mapping
As mentioned above, interpretation of activation maps of 

macroreentry atrial tachycardias can be challenging, particularly for 
the identification of the leading circuit and critical isthmus sites. 
Entrainment mapping has been proven useful in characterizing reentry 

complete EAMS integration allows use of the computer mouse for 
both, moving the magnetic vector (and catheter) and controlling the 
map on the same window. Magnetic vector orientation is displayed 
on the map allowing for intuitive vector movements. Moreover, the 
display capabilities of the Odyssey system allow for simultaneous 
projection of mapping integrated in the fluoroscopy environment 
as well as magnetic navigation and ECG recordings. Recently, a 
meta-analysis that included 941 patients demonstrated that remote 
magnetic catheter navigation was associated with less periprocedural 
complications and with substantially less fluoroscopy time. However, 
clinical success rates were not superior to manual catheter navigation 
and total procedure times were longer.45 The cost issue involving 
initial acquisition costs as well as disposable material costs – being 
additions to the overall cost of the procedure - continues to be a 
major concern.
Description Of Established Mapping Strategies

During the index procedure, anatomically-based PVI or empirical 
lesion sets usually do not require sophisticated mapping strategies. 
In these cases, EAMS are used to support continuous lesions 
deployment within the left atrium. Ring catheters usually confirm 
bidirectional block.

However, certain methods of substrate modification, or 
characterization of extra-PV foci and/or secondary atrial tachycardias 

Figure 9:
3D models of porcine right and left atria created with Rhythmia Mapping® System (left: modified posterior-anterior view, right: left anterior 
oblique view). A color-coded sinus rhythm activation map is depicted showing earliest activation in red. More than 4,000 electrograms were 
taken and automatically analyzed from >400 beats within less than 7 minutes using the basket catheter
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analysis of the Fourier power spectrum with its dominant frequency 
(DF).59 Contemporary EAMS allow for the automated display of 
color-coded 3D DF maps. High DF sites are usually defined as sites 
demonstrating a 20% frequency gradient relative to the surrounding 
tissue, representing possible targets for ablation. Multiple DF sites 
are usually found in individual patients. In patients with paroxysmal 
AF, DF sources were more often found close to the PVs, whereas 
in permanent AF, DF sites were more often located in the atria. 
Regardless of the specific location, atrial activation by high-
frequency sources results in inter-atrial DF gradients. Ablation of 
DF sites may result in significant slowing of AFCL, reduction of 
AF inducibility, and even AF termination most notably in patients 
with paroxysmal AF, with sinus rhythm maintenance predicted by 
elimination of preexisting left to right atrial DF gradients.60, 61 There 
is concern about the spatiotemporal stability of DF sites detected 
intra-procedurally, and consecutively about their role as fixed AF 
drivers. Thus, large-scale randomized clinical studies are warranted to 
determine the role of high DF ablation, as a stand-alone strategy or 
as an adjunct to PV isolation. In this regard, two novel technologies 
may contribute relevant findings: one is the use of modern body 
surface mapping technology, which may prove valuable in the 
non-invasive determination of AF mechanisms and preparation of 
ablation procedures.62, 63 The other is a novel computational approach 
to map stable sources as potential targets of AF ablation. 
Focal Impulse And Rotor Mapping And Modulation

The concept of focal impulse and rotor modulation (FIRM) is a 
promising concept for substrate modification in AF patients.64 For 
this technique, 64-pole basket catheters are used for panoramic left 
(and right) atrial mapping during AF. The RhythmView® mapping 
system (Topera, Menlo Park, CA, USA) is subsequently used to create 
AF propagation maps. Rotors are defined as stable and sustained 
spiral activation around a center of rotation, whereas focal impulses 
are defined by centrifugal activation from a source. Focal target zones 
are located by their electrode coordinates, where radiofrequency 
energy using a conventional ablation catheter is usually applied for 
15–30 sec up to 10 min or achievement of AF termination or slowing. 
Due to the fact, that (EAMS-supported) PV isolation should follow, 
EnsiteNavX® or Carto® can be used to support FIRM. EAMS may 
then be used for nonfluoroscopic tracking of the basket catheters and 
simultaneous creation of atrial geometries (Fig.4), which may then 
be fused with 3D CT/MR images. Additionally, FIRM target and 
ablation sites can be marked within these models, which eliminates 
errors from basket catheter dislocation. Clinical studies have shown, 
that usually 2-3 rotors or focal impulses can be demonstrated in the 
vast majority of patients. Direct or coincidental FIRM on top of 
conventional PVI was able to improve mid-term and long-term AF 
ablation outcome.64-66 However, similar to other technologies, which 
are used on top of conventional AF ablation, additional costs remain 
an issue.
Voltage Mapping And Substrate Imaging

Low-voltage areas (<0.5 mV) in the left atrium have been 
associated with endocardial scar and/or structural defects and their 
presence has been shown to result in impaired outcomes after 
PVI.67-71 Targeting low-voltage zones by radiofrequency substrate 
modification similar to a substrate modification for unstable 
ventricular tachycardias may be a valuable therapeutic option. To 
evaluate this option, our group performed left atrial voltage maps in 

circuits, which can be applied in the context of electroanatomical 
mapping. To do so, a map of post-pacing intervals is displayed on 
the EAMS instead of the color-coded display of activation times. 
For this purpose, activation times are manually replaced by post-
pacing intervals at all locations where entrainment maneuvers 
were successfully performed. In the final map, the reentry circuit is 
characterized by a route of “earliest” activation (Fig.3). Esato et al. 
studied 26 patients presenting with macroreentry atrial tachycardia.  
Color-coded 3D post-pacing interval maps resulted in accurate 
visualization of the reentrant circuit in all study patients. Strategic 
linear lesions were then placed in the right or left atrium in order 
to interrupt impulse propagation. A procedural success of 100% was 
reported, while 88% of patients remained free of any tachycardia 
recurrences during 10 months of follow-up.50

Mapping Of Complex Fractionated Atrial Electrograms
Complex fractionated atrial electrograms (CFAEs) are defined 

as low voltage (≤0.15 mV) multiple potential signals with one or 
both of the following characteristics: (1) atrial EGMs composed of 
two deflections or more, and/or perturbations of the baseline with 
continuous deflection of a prolonged activation complex; (2) atrial 
EGMs with a very short cycle length (≤120 milliseconds), with or 
without multiple potentials.  Miscellaneous mechanisms have been 
proposed to explain the genesis of CFAEs. In some cases, these 
mechanisms are thought to be related to factors which perpetuate 
AF, while in others they are considered to be passive consequences of 
rapid AF drivers originating e.g. in the PVs.51 Supplementary ablation 
of CFAEs  has been shown to improve outcomes preferentially in 
patients with persistent and long-lasting persistent AF.32 At least 
in part, some of the beneficial effects of CFAE ablation may be 
mitigated by higher rates of post-procedural atrial tachycardias.52  

Contemporary EAMS integrate automated algorithms which enable 
acquisition of CFAEs and construction of corresponding maps.53 

So far, these algorithms for mapping of electroanatomical CFAEs 
have not yet been proven beneficial in terms of procedure time or 
clinical outcomes when compared to conventional CFAE mapping 
and ablation.54 
Multipolar Mapping And Ablation Of AF

Simultaneous multipolar ablation catheters have been proposed 
to simplify PV isolation. Recently, a new multipolar open-irrigated 
radiofrequency ablation catheter (nMARQ, Biosense-Webster) has 
been developed, which can be used with the Carto3® EAMS. The 
catheter is equipped with a circular or semilunar distal tip section 
that contains 10 platinum ring electrodes. A dedicated multi-
channel radiofrequency energy generator delivers unipolar or bipolar 
radiofrequency energy over multiple electrodes. Feasibility and 
safety of ablation with the nMARQ® catheter has been shown in 
patients with paroxysmal AF.55, 56 However, issues regarding silent 
cerebral ischemia remain as observed with the nonirrigated duty-
cycled bipolar and unipolar radiofrequency ablation PVAC® catheter 
(Medtronic, Minneapolis, MN, USA) remain to be addressed.57, 58

New Electroanatomical Mapping Developments And 
Technologies 
Mapping Of  High Dominant Frequencies

Experimental studies have demonstrated that AF may be driven 
by localized reentrant sources known as rotors and/or focal impulses, 
which result in a hierarchical distribution of frequencies throughout 
the atria. These rotors can be identified by high-resolution signal 
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head-to-head comparison with other mapping modules.
Integrated Use Of Non-Fluoroscopic And Fluoroscopic Techniques

A major limitation of established EAMS is the absence of direct 
flow of imaging information from the x-ray system. The MediGuide® 
Technology (St Jude Medical) has overcome this constraint by using 
electromagnetic tracking and small (<1 mm) sensors embedded in 
a multitude of medical devices such as wires, sheaths, and catheters 
to enable tracking over pre-recorded fluoroscopy loops. With the 
integration of the electromagnetic transmitters to the x-ray flat-
panel detector, fluoroscopy and magnetic tracking are automatically 
aligned within the 3D working space. This combination allows 
real-time non-fluoroscopic visualization of sensor position and 
orientation on pre-recorded loops. The system displays two screens 
simultaneously, allowing for a virtual biplane 3D sensor visualization 
(Fig.7). A reference sensor on the patient’s chest supports 
compensation of motion artifacts, and the electrocardiogram (ECG) 
is used to adapt the speed of the cine-loop display. Integration of 
MediGuide® tracking data into the Ensite NavX® system improves 
its compensation for field distortions, enabling creation of very 
accurate chamber reconstructions. For AF catheter ablation in 
particular, catheters with sensors at their distal tips are used and left 
atrial angiographies instead of native fluoroscopy loops serve as the 
environment for non-fluoroscopic tracking. Comparative studies 
have shown significant reduction in fluoroscopy requirements when 
MediGuide is used supplementary to Ensite NavX®. After a steep 
learning curve, less than 3 minutes of fluoroscopy time, mainly used 
for the transseptal puncture, is currently used to complete an entire 
AF ablation procedure without any negative impacts on procedure 
time, efficacy and safety.78-80

A module for the integration of electroanatomical mapping 
and x-ray images/movies has also been developed for the Carto3® 
system (Carto UniVu®), similar to the technology that has already 
been used for remote catheter navigation (Navigant®, Stereotaxis). 
Communication between the x-ray system and the EAMS on the 
hardware level allow co-registration of real-time electromagnetic 
mapping within the fluoroscopic environment. Simultaneous display 
of two different projections allows for a virtual biplane view (Fig.8). 
Anecdotal experiences have shown potential to significantly reduce 
fluoroscopy use. However, clinical studies are needed to further define 
the clinical value of this new development.
Automatic High-Resolution Mapping

Very recently, a novel EAMS (Rhythmia Mapping®, Boston 
Scientific, Marlborough, Massachusetts, USA) received FDA 
clearance and CE mark approval. The mapping system uses a 
specially-designed mini basket array with 8 splines, each containing 
8 electrodes attached to a bi-directional deflectable catheter 
(IntellaMap Orion® High Resolution Mapping Catheter). Similar 
to the CARTO3® technology, the RHYTHMIA® system uses a 
hybrid of magnetic with one sensor at the catheter tip and impedance-
based tracking with all 64 electrodes for catheter navigation and 
geometry creation. The major advantage of the system is the rapid 
and automatic acquisition of high-resolution electroanatomical 
contact maps without the need for extensive manual annotation 
(Fig.9). For this purpose, the system selects cardiac beats considering 
stability of cycle length, timing, location, and the respiratory cycle. 
Far-field components are reduced by combining unipolar and bipolar 
electrograms. Nakagawa et al. evaluated the features of the system 

178 AF patients and observed low-voltage areas outside the encircled 
pulmonary veins in 35% of patients with persistent AF and in 10% 
of patients with paroxysmal AF, preferentially in the septal, anterior, 
and posterior left atrium (Fig.5). All patients without low-voltage 
areas were left without further substrate modifications. One-year 
freedom of atrial arrhythmias was 62% in these patients without any 
low-voltage areas after a single procedure. A comparison group of 
26 patients with low-voltage and PVI only had a one-year success 
rate of 23%. On the other hand, patients with low-voltage areas and 
strategic substrate modification targeting the low voltage areas had a 
70% arrhythmia-free survival rate after one year.72 These results may 
indicate that almost two thirds of all persistent AF patients may not 
require additional substrate modifications. Moreover, in patients with 
a structurally diseased left atrium, an individualized voltage-based 
substrate modification may compensate for the impaired outcomes, 
at least within a time-frame of one year. Prospective, randomized 
clinical studies are necessary to clarify the role of a voltage-based AF 
ablation in comparison to established strategies.

As mentioned earlier, scarred and fibrotic and/or diseased 
(remodeled) atrial tissue may also be identified by MRI late 
gadolinium enhancement (LGE).69 Recently, the DECAAF study 
demonstrated that atrial tissue fibrosis estimated by LGE MRI pre-
procedurally was an independent AF recurrence factor in patients 
ablated for AF.68 Arrhythmia recurrence was related to LGE burden, 
ranging from 15% for stage 1 fibrosis (<10% of the atrial wall) to 
69% for stage 4 fibrosis (≥30% of the atrial wall) after 1-2 years. 
Integration of LGE data into electroanatomical maps for targeted 
substrate modification represents a promising ablation strategy, 
either for the index procedure or for redo procedures requiring gap 
detection.73-75

Ripple Mapping
The automated mapping algorithms integrated in contemporary 

EAMS can be susceptible to annotation and interpolation errors. 
Even manual point-by-point verification of annotated points is 
prone to incorrect judgment regarding signal selection, inappropriate 
selection of the window-of-interest or the presence of fragmented, 
double-potentials or areas of very-low continuous potentials 
where annotation can be challenging. Furthermore, many of these 
informative electrogram characteristics are lost when a single timing 
point is assigned to generate activation maps. Ripple Mapping 
is a novel technique that displays electrogram time-voltage data 
simultaneously as dynamic bars on CARTO surface shells to 
overcome these limitations.76 Electrograms are visualized on the 3D 
geometries as color bars corresponding to 3D coordinates, changing 
colors and dimensions according to the voltage-time relationship, 
time-gated to a pre-selected electrogram used as reference (Fig.6). 
Differentiation of these bars based on time gives the operator the 
impression of a “wave-like” movement of the propagation, without any 
manual or automatic annotations. The feasibility of “ripple mapping” 
for rapid diagnosis of atrial tachycardias has been reported recently, 
demonstrating higher diagnostic accuracy compared to conventional 
3D activation mapping.77 A current limitation of this approach is the 
fact, that maps are generated offline and post-processing can take 
time. In conclusion, ripple mapping has the potential to simplify 
electroanatomical mapping and to minimize operator-dependence. 
However, the extent to which this technology will be incorporated 
into “real-time” application will require prospective evaluation and 
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electrogram-based ablation strategies (voltage or CFAE). 
 Ultimately, transferring the patient into the MRI suite for AF 

therapy represents a desirable future task. The potential to visualize 
the anatomy, to identify pathomorphology, to monitor lesion 
development, to detect complications, and to track the catheters 
simultaneously in real-time in a fluoroscopy-free environment is an 
exciting project.83
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in a feasibility study involving electroanatomical mapping in canine 
models.81 Right atrial electroanatomical activation maps with more 
than 4,000 electrograms were created within 7 minutes (medians). 
Furthermore, the low noise level in the system of 0.01 mV allowed 
the recording of very low-amplitude potentials indicative of scarred 
atrial myocardium. Complete linear lesions after radiofrequency 
ablation, as well gaps within incomplete lines were accurately detected 
with minor manual corrections. In another study, the technology has 
been used in a porcine model for detailed assessment of sinus node 
activation.82 Application of this technology in patients will elucidate 
the utility of the system in a clinical setting. 
Summary and Perspective

There is no doubt, that the introduction and advances of 
electroanatomical mapping systems have paved the way to facilitate 
PV isolation and to serve as a prerequisite for more complex substrate 
modification and for successful treatment of diverse primary or 
postinterventional atrial tachycardias. Carto® and EnsiteNavX®, 
which are fundamentally dissimilar in terms of tracking technology, 
are successfully used in the context of AF ablation and have evolved 
as the standard EAMS today. A variety of useful tools (optional 
in part) have been developed and EAMS-based strategies have 
emerged recently. Principally, these novelties raise a claim to make 
procedures shorter, easier, less dependent on fluoroscopy, safer, and 
last but not least more effective. All of these goals should at best be 
achieved with reasonable costs. Image integration is well established 
in many labs and results in less fluoroscopy use. Due to improved 
awareness of the individual anatomy, prevention of complications 
like pulmonary vein stenosis or esophageal thermal damage may 
be expected, but has not yet been proven. Precise autoregistration 
of 3D models may represent another important step forward 
towards reduction of procedure duration. Activation mapping using 
(multielectrode) catheters as well as entrainment mapping already 
belongs to the standard armamentarium for ablation of complex 
substrates today. Innovative mapping approaches like ripple mapping 
may someday allow experienced operators to create maps of complex 
atrial tachycardias without assisting experts. Fluoroscopy-integrated 
electroanatomical mapping enables the operator to perform catheter 
ablation of (even complex) AF cases with a minimum use of ionizing 
radiation. Similar effects have been found for remote navigation 
systems. However, these technologies require cost-intensive hardware 
installations. Therefore, further development of these technologies 
should enter the next stage to improve efficacy and lower risks of 
the procedure. An open design resulting the applicability on other 
fluoro-intensive interventions (like left ventricular lead implantation 
in cardiac resynchronization therapy) may serve as another argument 
for such a technology.

Enhanced efficacy remains one of the most important goals of 
future advances in ablation tools. In this regard, improvements in 
energy delivery and ablation strategy play a major role, whereas the 
EAMS may rather have an indirect, permissive role. Contact force 
monitoring seems to be a promising application with reasonable 
additive costs. Innovative strategies like voltage-based left atrial 
substrate modification possess the potential of increased efficacy, 
although not yet proven in prospective studies. Scar-based strategies 
may additionally benefit from scar visualization by image integration 
(i.e. delayed enhancement MRI) in the future. Novel systems 
capable of automated high-density mapping may prove valuable for 
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Abstract
Systemic hypertension is the most consistent modifiable risk factor for atrial fibrillation (AF) in adults with consistent data from both 

animal models and human studies suggesting a consistent pattern of autonomic imbalance underlying both conditions. Relative sympathetic 
nervous system activation is a demonstrably common attendant to the local mechanisms in pulmonary veins that sustain persistent or 
recurrent AF and may represent a new objective for adjunctive treatment. Established management of AF aims to achieve durable control 
through either pharmacologic or catheter-based interventions. The introduction of catheter-based renal denervation as a safe, alternate 
approach to target the sympathetic nervous system therapeutically represents a potential opportunity to treat the shared pathophysiological 
mechanisms with minimal additional treatment burden when added in this context. Preliminary investigations have demonstrated both 
proof-of-concept and the technical feasibility of combined renal denervation and AF ablation procedures with the suggestion of benefit 
in terms of freedom from AF recurrence. The available data is promising but absolute confirmation of efficacy remains unconfirmed in 
the absence of more definitive evidence. This paper reviews the role of autonomic imbalance in the initiation and maintenance of AF by 
summarizing the observations from both experimental models and clinical studies from the perspective of potential therapeutic overlap 
between catheter-based treatments. 

Introduction
The relationship between atrial fibrillation (AF) and hypertension 

is both epidemiologically strong and physiologically complex. AF 
is the most common sustained cardiac arrhythmia in humans1 

with significant morbidity and mortality associations1-3 whilst 
hypertension independently represents a major health burden at 
a population level as a potentially modifiable risk factor across 
the spectrum of cardiovascular disease.4-6 Avenues of potential 
therapeutic overlap have been increasingly explored in the context 
of associations between hyperactivity of the sympathetic nervous 
system, hypertension and both the prevalence and post-treatment 

recurrence of AF. Pharmacotherapy represents the primary strategy 
applied to effectively manage both conditions to date though this 
paradigm has been increasingly challenged by the arrival of catheter-
based procedural treatments for each disease.7, 8 As AF and resistant 
hypertension are frequently coexistent disease states with shared 
pathophysiological mechanisms underpinning each condition, 
procedural similarity in terms of an endovascular catheter-based 
approach easily lends itself to investigation for potential synergy 
between the two treatments.
Pulmonary Vein Isolation AF Ablation

Predominantly explored in the context of symptomatic drug-
refractory AF, pulmonary vein isolation (PVI) by atrial endocardial 
catheter ablation has emerged into widespread clinical use, obtaining  
consensus recommendation for this indication.7 Targeting the 
primary initiating source of AF,9 real-world experience has seen a 
sustained antiarrhythmic response in around 65-75% of cases outside 
the clinical trial environment.10 In unsuccessful cases, advanced 
structural and electrical remodelling as a consequence of hypertension, 
chronic AF and the influence of angiotensin 2 and aldosterone have 
been proposed to undermine a lack of durable treatment effect.11-15 
Underlying these influences, a persistent autonomic trigger via 
either sympathetic nervous overactivity or vagal imbalance remains 
a demonstrable conspirator to AF vulnerability in both the primary 
and recurrent settings.16-21
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of clinical harm. This observation remains consistent with an approach 
to potentially expand treatment horizons under formalised research 
conditions exploring safety and efficacy across broader indications 
where sympathetic overactivity is a feature such as impaired glycemic 
control,28 sleep apnea,29, 30 and cardiac arrhythmias such as AF. 
Evidence of Autonomic Dysfunction in AF

Observations in both animal models of provoked AF and in humans 
have suggested that the autonomic nervous system is an important 
factor in the precipitation and maintenance of AF.  Modulation of 
β-adrenergic and cholinergic stimulation in the intact canine heart 
has demonstrated a gate-keeper role for autonomic tone fluctuations 
in arrhythmogenesis. Excess sympathetic stimulation appears to act 
as a potential AF trigger whilst background adrenergic (vagal) tone 
may modulate the relative threshold at which AF can be initiated 
and maintained under cholinergic drive.31 Further work monitoring 
stellate ganglion and vagus nerve activity in ambulatory canines with 
pacing induced AF demonstrates more easily inducible and sustained 
patterns of arrhythmia with progressive sympathetic activation in the 
setting of higher baseline vagal tone.32 Spectral analysis of heart rate 
variability data from ambulatory Holter monitoring in humans with 
paroxysmal AF  has reinforced dynamic autonomic imbalance with 
sympathetic excess (via acute disruption in vagal tone or cumulative 
sympathetic excitation) as a closely time-associated factor in acute 
AF episodes.17, 33, 34 Either pathway to autonomic imbalance may 
contribute to dysrhythmia by variation in action potential lengths 
and refractory duration of the atria.35

Generalised pharmacological inhibition of the sympathetic 
nervous system by moxonidine  has been trialled in humans as both 
an adjunct to PVI in patients with symptomatic AF36 and as add-
on antihypertensive therapy alone in hypertensive patients with 
paroxysmal AF.37  Addition of the centrally acting sympathoinhibitory 
agent appears to alleviate AF morbidity and significantly prolong 
time to recurrence independent of any systolic antihypertensive effect. 

Hypothesising that lowering sympathetic burden through renal 
denervation could reduce the occurrence of AF (Figure 1), the first 
proof-of-principle intervention studies investigated the impact of 
the procedure on AF inducibility during rapid atrial pacing in the 
canine model.38 Despite an immediate and sustained fall in atrial 
refractory time in response to rapid pacing in control animals, those 
undergoing renal denervation had no suppressive effect on atrial 
effective refractory period. Frequency and duration of inducible AF 
episodes were significantly lower in denervated animals compared to 
non-denervated controls (1.0 + 1.26 vs 3.14 + 2.54 observed episodes, 
P=0.03 and 16.5 + 25.1 vs 86.6 + 116.4 seconds per episode, P=0.02 
respectively).38 A further denervation case-control study in the 
pacing-stimulated hyper-sympathetic canine model had consistent 
findings.  AF induction rates were strongly associated with shorter 
atrial effective refractory times and higher plasma norepinephrine 
levels under stimulated conditions. Both parameters returned to 
baseline levels in the renal nerve ablated animals with a substantial 
reduction in AF inducibility whilst remaining unaltered in the non-
denervated controls.39 A significant post-intervention blood pressure 
reduction was also noted in the treated study arm.
Proof of Concept in Humans

To translate proof of this concept into humans with AF, Pokushalov 
and colleagues40 prospectively trialled the use of adjunctive renal 
denervation in combination with pulmonary vein isolation in 

Renal Sympathetic Denervation
Renal sympathetic denervation is an intra-arterial catheter-

based intervention primarily applied for the treatment of drug-
resistant hypertension. Radiofrequency ablation pulses are delivered 
endoluminally in a distal-to-proximal fashion along each renal artery 
with longitudinal and radial separation to target the sympathetic 
nerves located  in the adventitia of the vessel wall. Though the 
majority of studies have been performed to safety and blood pressure 
endpoints in patients with severe and treatment resistant hypertension, 
assessment of norepinephrine spillover  has demonstrated that 
treatment with a single electrode device  on average results in a  47% 
reduction of renal sympathetic nerve activity8 with corresponding 
reductions whole-body sympathetic nervous activity.22 The potential 
implications of these effects range across a wider spectrum of disease 
states  associated with sympathetic up-regulation other than simply 
hypertension alone. 

Promising results from the first in-human clinical trials Symplicity 
HTN-123, 24 and Symplicity HTN-225, 26 demonstrated substantial 
and durable reductions in average office and home blood pressure 
measurements of the order of 32/14 mmHg and  20/12 + 13/7 
mmHg  respectively in denervated patients. The rate of procedural 
complications was < 3% in both trials. The release of Symplicity 
HTN-327 in early 2014, the first and largest randomised trial 
incorporating a double-blind sham-controlled design across 535 
patients, has cast doubt on the superiority of antihypertensive effect 
compared to medical therapy through failure to reach the primary 
efficacy endpoint at 6 months follow up. Whilst this was the most 
rigorous trial performed thus far, shortcomings in execution relating 
particularly to medication changes during the 6 month follow up phase 
and inexperience of operators, with only a small number of patients 
actually receiving adequate treatment where bilateral circumferential 
ablation was achieved, put these results into perspective. Irrespective 
of these issues but very relevant to the potential use of this approach 
in other indications, the primary study safety endpoint was met with 
a <2% adverse event rate and reinforced prior experience that renal 
denervation is a relatively safe intervention with minimal expectation 

Figure 1:

Possible mechanisms contributing to the potential beneficial 
effects of renal denervation (RDN) on atrial fibrillation burden. RDN 
may reduce afferent signalling via renal sensory nerves which can 
result in reduced central sympathetic outflow to various organs 
including the heart. Reduced sympathetic cardiac nerve activity, 
either alone or in combination with RDN induced BP lowering may 
have several beneficial effects on the heart as illustrated.  
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drive or autonomic balance were reported, this study was the first to 
demonstrate that renal denervation may safely reduce the reduce the 
risk of AF recurrence in drug-resistant hypertensive patients. 

The same group has gone on to detail their cumulative experience of 
combined procedures across a broader spectrum of hypertension via a 
summary analysis of two separate studies;42 the first a continuation of 
the initial pilot trial with the addition of a further 11 study patients 
(n=38) and the second in 48 patients with refractory AF and more 
moderate hypertension (office blood pressure readings  >140/90 and 
<160/100 mmHg). The dual trials ran in parallel across multiple 
centres with identical active intervention arms randomised on a 1:1 
basis to PVI with adjunctive renal denervation against a control group 
of PVI alone. The aggregated study population was consistent with 
the initial pilot cohort, being predominantly middle aged (56+6 years) 
non-diabetic (94%) males (71%), though a substantial proportion of 
eligible patients (43%) were excluded either due to refusal of consent 
or ‘unsuitable’ renal anatomy. The combined procedure added a mean 
of 34 minutes to overall procedure time (186+32 vs 152+26 minutes), 
a similar margin to the initial trial and with no statistically significant 
difference in active fluoroscopy time. No procedural complications 
were noted in relation to the renal denervation procedure nor were 
any occurrences of arterial stenosis detected at 6 month magnetic 
resonance surveillance. Despite showing practical feasibility, the 
assessment of primary outcome measures demonstrated that the 
addition of sympathetic denervation did little to alter the pattern of 
AF recurrence in the moderate hypertension group with 15 of 23 
(65%) and 11 of 21 (52%) patients followed up in the active and 
control arms respectively maintained in drug-free sinus rhythm at 
12 months.  The group with more severe hypertension at baseline 
found 11 of 18 (61%) adjunctively denervated patients were free 
of AF recurrence and anti-arrhythmics compared to 5 of 18 (28%) 
of the PVI-only arm (P=0.03). Office blood pressures showed a 
fall consistent with magnitude observed in the pilot study and 
SYMPLICITY-1 and SYMPTLICITY-2 studies.

Potentially overemphasising the beneficial effect of the combination 
treatment,  the primary success rate of PVI alone in both this 
extended experience and the initial study are lower than expected 
given reports from other investigators where primary success rates 
approach 70%.10-12, 43 This observation may be a particular function of 
the truly severe refractory hypertension associated with AF in these 
trials and, although hypertension is an independent risk factor for AF 
recurrence, the relationship with degree of blood pressure elevation is 
somewhat more obscure.

A number of active clinical trials are ongoing presently into the 
feasibility and efficacy the concomitant addition of renal denervation 
to PVI in the hypertensive patient (Table 1). The H-FIB study44 

(clinicaltrials.gov NCT01635998) is the largest of these with 
the hypothesis that adjunctive renal denervation will reduce AF 
recurrence after PVI ablation. The trial is a multicentre prospective 
1:1 randomised double-blind controlled study of 300 patients to the 
primary efficacy endpoint of drug-free absence of AF recurrence 
through 12 months of follow up. Whilst catheter treatments are 
consistent with prior trials, the entry criteria differ slightly in terms 
of the hypertensive range which, whilst still defined by systolic 
>160mmHg and/or diastolic >100mmHg, has single antihypertensive 
agent as the minimum for patient inclusion. Enrolling since late
2012 and estimated for completion in 2017, recruitment is currently
suspended per the local data and safety monitoring board (August

hypertensive subjects (systolic blood pressure >160mmHg despite 
triple drug therapy) and symptomatic or persistent atrial fibrillation 
refractory to 2 or more dysrhythmic agents.  Concentrating on patients 
without significant chronic kidney disease (eGFR by MDRD >45ml/
min/1.73m2), the 27-patient study population was predominantly 
non-diabetic (89%) middle-aged males (77%) all prescribed at least 
3 drugs for blood-pressure lowering in addition to 3 agents for AF 
control. 13 patients were randomised to the combined PVI plus renal 
denervation procedure against 14 patients receiving catheter based 
PVI alone to the endpoints of antiarrhythmic drug free rhythm 
maintenance and office blood-pressure measurements at 3 monthly 
intervals to 12 months follow up. 

Though catecholamine spillover measurements were not reported, 
in contrast to more recent trials in resistant hypertension, successful 
renal sympathetic denervation was confirmed by observation of 
attenuated systolic pressure surge to intra-arterial high frequency 
nerve stimulation in all patients. In terms of primary outcome, 
nine of the 13 patients (69%) undergoing dual intervention had 
maintained anti-arrhythmic drug free sinus rhythm at the 12-month 
visit compared to 4 of 14 patients (29%) in the PVI only arm (P = 
0.033) (Figure 2).

 Those undergoing the combined intervention protocol experienced 
a substantial reduction in both systolic and diastolic office blood 
pressure (25+5mmHg and 10+2mmHg respectively) compared to no 
significant change seen in the PVI-only group. The trajectory of this 
blood pressure decline was both rapid and sustained, achieving nadir 
pressure at 3 months follow-up which was maintained consistently 
out to 1 year.

From an operational perspective, the addition of renal denervation 
to PVI added a mean of 38 minutes to the total procedure time off 
a PVI-only group baseline approaching 2 1/2 hours, remaining well 
within reported data for treatment time by other investigators.41 
No significant difference was noted in terms of added fluoroscopy 
time. Clinical safety of the combined procedure was confirmed in-
line with experience in the resistant hypertension studies with no 
procedural complications noted in either study arm and no evidence 
of renal arterial stenosis detected by magnetic resonance angiography 
at 6 months post-intervention.

Irrespective of the potential contribution that optimised blood 
pressure control may make in preventing AF recurrence and 
accepting no specific markers of a sustained reduction in sympathetic 

Figure 2: Incidence of AF recurrence in patient with PVI alone compared to 
those with PVI and renal ablation (from 40). 
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understanding will be important in evaluating if the apparent benefits 
of combined treatment are independent of blood pressure lowering 
and if reduction of sympathetic tone is the key mediator. A challenge 
will be to identify the most appropriate candidates for this approach. 
Learning about the outcomes of active randomised controlled trials 
will help to address these important clinical questions.
Conclusion

Whilst catheter based PVI is well established in the management 
of drug refractory AF, the role of adjunctive renal sympathetic 
denervation is encouraging but unconfirmed. Theoretically enticing 
from the perspective of the physiologic and therapeutic overlap, 
appropriate trials are in progress to evaluate the extent of any durable 
benefits that may be seen in the management of AF and hypertension.
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Abstract
Ventricular arrhythmias (VAs) arising from the right ventricular outflow tract (RVOT) are a common and heterogeneous entity. Idiopathic right 

ventricular arrhythmias (IdioVAs) are generally benign, with excellent ablation outcomes and long-term arrhythmia-free survival, and must be 
distinguished from other conditions associated with VAs arising from the right ventricle: the differential diagnosis with arrhythmogenic right 
ventricular cardiomyopathy/dysplasia (ARVC/D) is therefore crucial because VAs are one of the most important causes of sudden cardiac 
death (SCD) in young individuals even with early stage of the disease. Radiofrequency catheter ablation (RFCA) is a current option for the 
treatment of VAs but important differences must be considered in terms of indication, purposes and procedural strategies in the treatment 
of the two conditions. In this review, we comprehensively discuss clinical and electrophysiological features, diagnostic and therapeutic 
techniques in a compared analysis of these two entities.

Introduction
The right ventricular outflow tract (RVOT) is the most common 

origin of non-ischemic ventricular arrhythmias (VAs). RVOT VAs 
- including premature ventricular contractions (PVCs) and non-sus-
tained or sustained ventricular tachycardia (VT) - are the expression
of two different entities, both in terms of natural history and in terms
of therapeutic management: idiopathic right ventricular arrhythmias
(IdioVAs) and arrhythmogenic right ventricular cardiomyopathy/
dysplasia (ARVC/D).1,2

IdioVAs is a benign condition that occurs in young adults without 
structural heart disease, traditionally considered a primary electrical 
disease, responsive to medical and ablative therapy.3,4 ARVC/D is a 
autosomal dominant genetically determined heart muscle disorder 
characterized by pathological fibro-fatty replacement of the right 
ventricular (RV) myocardium, that leads to VAs, RV dysfunction 
and sudden cardiac death (SCD).5-7 In the early stage of the disease, 
structural changes may be absent or subtle, progressively affecting 
localized areas of the RV, typically the inflow tract, outflow tract, 
or apex of the RV, the so-called “triangle of dysplasia”.8 However, 
the subsequent involvement of other regions of the RV is common.9 
Whilst in the past the involvement of the left ventricle (LV) was 
considered an expression of the final stage of the disease, known as 
“biventricular failure phase”, it is currently recognized that ARVC/D 
can present with isolated or predominant involvement of LV since 
the early stages.10 Clinical and genetic characterization of families 
demonstrated 3 different patterns of ARVC/D: classic pattern with 
predominant RV disease; left dominant pattern, with early and 
prominent LV disease; bi-ventricular pattern, with synchronous 
involvement of both ventricles.11 The diagnosis of ARVC/D relies on 
the demonstration of structural, functional, and electrophysiological 
abnormalities, as defined by the 2010 modified Task Force criteria 
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different procedural endpoints should be defined and different 
ablation strategies are required.13-15

Electrophysiological Properties Of The Embryonic Outflow 
Tract Related To Ventricular Arrhythmias In Adults 

Anatomically, four portions of RVOT are described: rightward, also 

adapted to improve diagnostic sensitivity.12

Radiofrequency catheter ablation (RFCA) is a highly effective 
treatment for symptomatic patients with IdioVAs, whilst the 
role of ablation in ARVC/D is not definitively curative. As such, 
differentiating between the two conditions is essential because 

Table 1: Revised Task Force (TF) criteria of 2010.12

Global or regional dysfunction and 
structural alterations

Major Criteria

- 2D echo Regional RV akinesia, dyskinesia, or aneurysm and 1 of the following (end diastole):

PLAX RVOT ≥32 mm (corrected [PLAX/BSA] ≥19 mm/m2)

PSAX RVOT ≥36 mm (corrected [PSAX/BSA] ≥21 mm/m2)

or fractional area change ≤33%

- MRI Regional RV akinesia or dyskinesia or dyssynchronous RV contraction and 1 of the following:

Ratio of RVEDV to BSA ≥110 mL/m2 (male) or ≥100 mL/m2 (female)

or RV ejection fraction ≤40%

- RV angiography Regional RV akinesia, dyskinesia, or aneurysm

Minor Criteria

- 2D echo Regional RV akinesia or dyskinesia and 1 of the following (end diastole):

PLAX RVOT ≥29 to <32 mm (corrected [PLAX/BSA] ≥16 to <19 mm/m2)

PSAX RVOT ≥32 to <36 mm (corrected [PSAX/BSA] ≥18 to <21 mm/m2)

or fractional area change >33 to ≤40%

- MRI Regional RV akinesia or dyskinesia or dyssynchronous RV contraction and 1 of the following:

Ratio of RVEDV to BSA ≥100 to <110 mL/m2 (male) or ≥90 to <100 mL/m2 (female)

or RV ejection fraction > 40 to ≤45%

Tissue characterization of wall

Major Criteria Residual myocytes <60% by morphometric analysis (or <50% if estimated), with fibrous replacement of the RV free wall myocardium in ≥1 sample, 
with or without fatty replacement of tissue on EMB

Minor Criteria Residual myocytes 60% to 75% by morphometric analysis (or 50% to 65% if estimated), with fibrous replacement of the RV free wall myocardium in ≥1 
sample, with or without fatty replacement of tissue on EMB

Repolarization abnormalities

Major Criteria Inverted T waves in right precordial leads (V1, V2, and V3) or beyond in individuals >14 years of age (in the absence of complete RBBB QRS ≥120 ms)

Minor Criteria Inverted T waves in leads V1 and V2 in individuals >14 years of age (in the absence of complete RBBB) or in V4, V5, or V6

Inverted T waves in leads V1, V2, V3, and V4 in individuals >14 years of age in the presence of complete RBBB

Depolarization/conduction abnormalities

Major Criteria Epsilon wave (reproducible low-amplitude signals between end of QRS complex to onset of the T wave) in the right precordial leads (V1 to V3)

Minor Criteria Late potentials by SAECG in ≥1 of 3 parameters in the absence of a QRS duration of ≥110 ms on the standard ECG

Filtered QRS duration (fQRS) ≥114 ms

Duration of terminal QRS <40 μV (low-amplitude signal duration) ≥38 ms

Root-mean-square voltage of terminal 40 ms ≤20 μV

Terminal activation duration of QRS ≥55 ms measured from the nadir of the S wave to the end of the QRS, including R’, in V1, V2, or V3, in the absence 
of complete RBBB

Arrhythmias

Major Criteria Non-sustained or sustained VT of LBBB morphology with superior axis (negative or indeterminate QRS in leads II, III, and aVF and positive in lead aVL

Minor Criteria Non-sustained or sustained VT of RV outflow configuration, LBBB morphology with inferior axis (positive QRS in leads II, III, and aVF and negative in 
lead aVL) or of unknown axis)

>500 ventricular extrasystoles per 24 hours (Holter)

Family History

Major Criteria ARVC/D confirmed in a first-degree relative who meets current TF criteria

ARVC/D confirmed pathologically at autopsy or surgery in a first-degree relative

Identification of a pathogenic mutation categorized as associated or probably associated with ARVC/D in the patient under evaluation

Minor Criteria History of ARVC/D in a first-degree relative in whom it is not possible or practical to determine whether the family member meets current TF criteria

Premature SCD (<35 years of age) due to suspected ARVC/D in a first-degree relative

ARVC/D confirmed pathologically or by current TF criteria in a second-degree relative

RV = right ventricle, PLAX = parasternal long-axis, RVOT = right ventricular outflow tract, BSA = body surface area, PSAX = parasternal short axis, RVEDV = right ventricular end-diastolic volume, EMB = 
endomyocardial biopsy, RBBB = right bundle-branch block, SAECG = signal-averaged ECG, LBBB = left bundle-branch block, SCD = sudden cardiac death
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(88%), earliest QRS onset in V1 (90%), late (V5; 90%) and very late 
(V6; 100%) precordial transition were all highly specific criteria.31

For clinical purposes, ECG characteristics of different sites of 
RVOT and the left ventricular outflow tract (LVOT) VAs are given 
in Table 2.32,33 

In the Revised Task Force criteria, Signal Averaged 
Electrocardiography (SAECG) is a minor criterion of ARVC/D.12 
However, O’Donnell and coworkers found that late potentials (LPs) on 
the SAECG were not present in any patient with RVOT tachycardia 
but were present in 78% of the patients with ARVC/D.34 Moreover, 
in a recent non-invasive ECG study, the SAECG parameters and the 
frequency components recorded from the wavelet-transformed ECG 
were compared between three different groups: IdioVAs, ARVC/D 
and Brugada syndrome. Focusing on the first two entities, LPs were 
positive in all of ARVC/D patients whilst were negative in all of 
IdioVAs patients and high-frequency components (80-150 Hz) were 
developed in ARVC/D but not in IdioVAs.35

Electrophysiological Differences Between IdioVAs And 
Ventricular Arrhythmias In ARVC/D 

Taking into account the different underlying substrate of the two 
entities, electrophysiological findings help to differentiate IdioVAs 
from VAs in the setting of ARVC/D.

Different groups compared electrophysiological findings in 
patients with IdioVAs and ARVC/D reporting similar results.30,34 

IdioVAs are due to cyclic AMP mediated triggered activity. Thus, 
it is a focal form of tachycardia, frequently presenting in form of 
non-sustained arrhythmias, sensitive to catecholamine infusion (i.e. 
epinephrine, phenylephrine or isoproterenol) and burst stimulation; 
for the same reason IdioVAs are monomorphic with the common 
inferior axis – LBBB morphology and present a presystolic high 
amplitude local electrogram.36,37

VAs in context of ARVC/D are the expression of slow conduction 
areas within the diseased myocardium that allow continuous electrical 
activity, fragmented diastolic potentials (figure 2) in an expanded 
area, creating a circuit pathway. For this reason, programmed 
ventricular stimulation is more effective to induce VT in ARVC/D 
patients compared with IdioVAs.38,39 Moreover, the evidence of 
different reentry pathways justifies the inducibility of multiple VT 
morphologies that may be common in ARVC/D patients. 
Imaging - Cardiac Magnetic Resonance 

Cardiac magnetic resonance (CMR) imaging is increasingly used 
as a standard technique for imaging of RV structure and function. 
Indeed, CMR is the most reliable modality available for the 
quantification of ventricular size and volume and for the detection of 
RV morphological abnormalities due to its capacity to perform tissue 
characterization.

called free wall, anterior, leftward, and posterior. The myocardium is 
relatively thin in the rightward, anterior, and leftward portions of the 
RVOT, whilst the posterior infundibular part is the thickest16 (figure 
1). In the developing embryonic heart, the presence of “transitional 
zones”, with slow conducting properties, seems to be related to the 
presumptive cardiac conduction system.17 One of these transitional 
zones is found in the myocardial outflow tract. Several markers 
related to the developing cardiac conduction system have been 
described in these zones,18 including the Hyperpolarization-activated 
cyclic nucleotide-gated channel 4 (HCN4), that is responsible for the 
current in the sino-atrial node (If ).19 The expression of HCN4 among 
other markers (such as CCS-lacZ and MinK-lacZ20,21), in RVOT of 
the developing heart may explain the occurrence of arrhythmias in the 
adult heart. Re-expression of an embryonic phenotype, or embryonic 
remnants of tissue may provide the arrhythmogenic potential of this 
area.22

Clinical Presentation And ECG Of Ventricular Arrhythmias 
In Patients With IdioVAs And ARVC/D 

Clinical presentation of IdioVAs typically includes palpitations, 
dizziness, related to frequent PVCs or non-sustained VT. Less 
frequently, physical exercise or emotional stress can lead to 
sustained VT that may be occasionally the cause for syncope. On 
the other hand, clinical presentation of ARVC/D may be variable: 
palpitations, but also syncope, cardiac arrest or SCD have been 
reported. Traditionally, 3 different phases have been distinguished. 
In the early “concealed phase”, patients are commonly asymptomatic, 
with minor VAs and subtle RV structural changes. However, risk of 
SCD is reported particularly during exercise.5 In the second phase, 
“overt electrical phase”, patients present symptomatic VAs and 
morphological RV abnormalities detected by imaging. Finally, the 
third phase is the “end-stage-disease”, often indistinguishable from 
dilated cardiomyopathy.23

Several ECG markers related to ARVC/D have been described.24-29 
According to the Revised Task Force criteria, summarized in Table 
1, evidence of negative precordial T-wave in V1-V3 or beyond and 
epsilon wave in V1-V3 on sinus rhythm are major criteria.12 

Regarding presentation with Vas, the typical inferior axis / left 
bundle branch block (LBBB) pattern is common in more than 
90% of IdioVAs patients. Differently, ARVC/D patients present 
with inferior axis as well as intermediate axis or superior axis VAs.30 
Recently, Hoffmayer et al. compared ARVC/D and IdioVAs patients 
in a population presenting with the same inferior axis / LBBB ECG 
morphology, finding several distinguishing criteria between the two 
conditions. With regard to the diagnosis of ARVD/C, QRS duration 
≥ 120 ms in lead I was highly sensitive (88%), whereas a “notching” 
on QRS upstroke (88%), multiple QRS notching in different leads 

Table 2: Outflow tract VAs origin based on QRS pattern. ECG differentiation of a RVOT from a LVOT origin VAs is based on the R/S precordial 
transition.32-33

Right ventricle BBB Axis Precordial transition V1 V6 other

RVOT septal LBBB Inferior ≤ V3 rS R (-) polarity of lead I in anterior and leftward location; (+) polarity in posterior and rightward 
location; multiphasic polarity in midway location.

RVOT free-wall LBBB Inferior ≥ V3 rS R (-) polarity of lead I in anterior and leftward location; (+) polarity in posterior and rightward 
location; multiphasic polarity in midway location. Notching in lead II, III and aVF.

LCC LBBB Inferior ≤ V2 QS/QR R

RCC LBBB Inferior ≥ V3 Multiphasic “M” or “W” R

AMC “RBBB” Inferior ≤ V3 qR R

LBBB = left bundle branch block; LCC = left coronary cusp; RCC = right coronary cusp; AMC = aorto-mitral continuity.
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ARVC/D; DE predominantly involved the RV free wall but also 
affected the RV side of the ventricular septum and, in most of the 
patients, it was associated with regional contraction abnormality.48 
A significant inter-observer variability in the interpretation of 
qualitative findings and segmental contraction analysis of the RV 
free wall was reported: CMR was implicated in the overdiagnosis of 
ARVC/D based on the low specificity of qualitative findings, such 
as increased intramyocardial fat and wall thinning.49 A CMR study 
demonstrated a 93.1% prevalence of RV wall motion abnormalities 
in healthy subjects, including areas of apparent dyskinesia (75.9%) 
and bulging (27.6%).50 These data indicate that conventional 
CMR may lead to misdiagnosis of ARVC/D by showing equivocal 
morphofunctional RV abnormalities. Noteworthily, even if CMR is 
considered an important test for ARVC/D diagnosis may not detect 
the initial phases of the disease.
The Adjunctive  Role Of Three-Dimensional 
Electroanatomical Voltage Mapping

Three-dimensional electroanatomical voltage mapping 
(3D-EAVM) using CARTO system (Biosense-Webster, Diamond 
Bar, CA, USA) is able to unmask subtle structural heart disease 
in patients with VAs and an apparently normal heart, despite a 
thorough noninvasive evaluation, including CMR.51 Specifically, 
3D-EAVM accurately identifies and characterizes low-voltage 
regions (“electroanatomical scar”) that, in patients with ARVC/D, 
correspond to areas of myocardial depletion and correlate with 

Although IdioVAs occur in patients with no structural heart 
disease, several groups reported that CMR imaging detected 
structural abnormalities in patients with IdioVAs, which are similar 
to those seen in the early stages of ARVC/D. CMR showed 
subtle areas of diminished wall motion and suggested that mild 
structural abnormalities may be present.40-43 These findings made the 
differentiation of ARVC/D and RVOT tachycardia at the time of 
initial diagnosis more difficult in some patients. In clinical routine 
CMR imaging is of fundamental value in the diagnosis of ARVC/D; 
however, a suspicion of ARVC/D cannot be confirmed or excluded 
based on CMR imaging alone.

On the other hand, it is well established that the typical 
morphological features of ARVC/D are RV dilatation and/or 
dysfunction, wall motion abnormalities, diastolic bulging, wall 
thinning, reduced systolic thickening and trabecular disarray.44 
Moreover, CMR has the unique ability to detect diffuse or segmental 
replacement of myocardium in the RV free wall by fibro-fatty 
tissue.45 Delayed enhancement (DE) CMR is effective in detecting 
the presence, location, and extent of myocardial scarring. DE has 
been described in areas of fibro-fatty myocardial changes in patients 
with ARVC/D.46 Tandri et al.47 first reported an excellent correlation 
between DE and histopathological diagnosis of fibro-fatty infiltration 
in patients with ARVC/D. Moreover, they showed that the presence 
of RV DE was predictive of inducible VT during electrophysiological 
study. Another group reported DE in 88% of patients studied with 

Figure 1:

RVOT can be thought of as a cylinder that wraps around LVOT. RVOT courses anterior to the LVOT, from a rightward inferior to a leftward 
superior direction, such that the pulmonary valve lies to the left and anteriorly to the aortic valve. The pulmonary annulus is cephalad to the 
aortic annulus thus the structure immediately anterior to the aortic valve, specifically the right coronary cusp and part of the left coronary 
cusp, is the posterior muscular infundibular portion of the RVOT.
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in ARVC/D patients.56 These results were however not confirmed 
by the histopathological study.56 Differently, Corrado et al.57 
demonstrated that some patients with RVOT VT in the absence of 
RV dilatation and/or dysfunction showed electroanatomical scar in 
the RVOT corresponding to histopathological features diagnostic of 
early ARVC/D, like fibro-fatty myocardial replacement, conditioning 
malignant arrhythmic course. This was consistent with the current 
perspective on the ARVC/D natural history, and with an early 
“concealed” phase with subtle RV structural changes that can be 
identified by 3D-EAVM with a high degree of sensitivity of 100% 
and specificity of 95%.57 Santangeli et al.58 compared CMR with 
3D-EAVM for scar identification in patients with RV arrhythmias 
and structural heart disease evidenced at EMB, confirming that 
3D-EAVM is more sensitive than DE-CMR, particularly in cases 
of small scars, and should be used as mapping guide for EMB. Their 
conclusion was that 3D-EAVM with EMB should be considered 
when the clinical suspicion is high, because absence of DE does not 
reliably rule out abnormal myocardial substrates.58

Recently, Perazzolo Marra and co-workers confirmed that currently 
available DE-CMR visualizes RV scars unsatisfactorily: based on 
their findings, it seems that DE-CMR and 3D-EAVM should not be 
considered alternative imaging tools in ARVC/D patients, but they 
should be used synergistically to combine their strategic diagnostic 
and prognostic information regarding quantitative evaluation of RV 
function and assessment of arrhythmogenic myocardial substrate.59 
A new technique to predict the presence and extension of epicardial 
involvement in patients with ARVC/D undergoing endocardial 
EAVM was proposed by the Marchlinski’s group. This technique 
shows that, in patients with limited endocardial substrate, endocardial 
unipolar intracardiac electrograms (EGMs) <5.5 mV well correlate 
with electrogram abnormalities detected from the epicardial aspect in 
patients with ARVC/D:61 therefore endocardial unipolar electrogram 
abnormalities may represent the clue of an early “epicardial” disease, 
that requires further investigation (figure 3).  
Radiofrequency Catheter Ablation In IdioVAs And ARVC/D

RFCA of IdioVAs arising from the RVOT is based on two main 
methods of mapping: activation mapping and pace-mapping. In 
addition, both available 3D-EAVM systems, CARTOTM (Biosense-
Webster, Diamond Bar, CA, USA) or NavXTM (St. Jude Medical, 
St. Paul, MN, USA), are widely used to relate the anatomy to the 
mapping data (figure 4, panel A). During activation mapping, the 
earliest intracardiac bipolar electrogram recorded from the mapping 
catheter is compared with the surface QRS onset, with an expected 
advance of 20 to 40 milliseconds (figure 4, panel B-C); a sharp “QS” 
deflection at the unipolar recording should confirm the site of origin 
of the arrhythmia. Of note, unipolar EGMs have been related to a 
high sensitivity for successful ablation sites, but may also be recorded 
at unsuccessful sites up to 11 mm from the site of origin.26,62-64 

Pacemapping has been proposed to confirm the activation mapping 
findings and in particular if PVCs are not frequent or VT is not 
inducible. It should be performed using as little current as needed 
to reliably capture and at the same cycle length of VT or similar, 
and perfect match on a 12-lead ECG with regard to spontaneous 
arrhythmias is mandatory.65-67

Accordingly to the available published data in respect of the 
outcome of RFCA for IdioVAs, acute procedural success was 
reported in 93% of patients, with about 5% of recurrence risk.68 

the histopathological finding of myocardial atrophy and fibro-
fatty replacement confirmed at endomyocardial biopsy (EMB).52-55 

Boulos et al.56 compared electroanatomical findings in patients with 
an ultimate diagnosis of IdioVAs with those in patients who had 
established ARVC/D. They found that mapping results were in 
concordance with previous clinical diagnosis, by showing normal 
voltages in the IdioVAs group and abnormal low-amplitude areas 

Figure 2:

Electroanatomical endocardial 3D mapping shows a large diseased 
area in the antero-septal portion of the RVOT (<0.5 mV), where 
fragmented low-voltage electrograms are detected (Panel A, 
left and right), diagnostic of arrhythmogenic right ventricular 
cardiomyopathy/dysplasia. VT 12-lead ECG (Panel B) and 
intracardiac electrograms (Panel C) are shown: radiofrequency 
delivery at the site of interest, where a diastolic fragmented 
activity is recorded, immediately terminates the VT.
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mostly due to the relatively thin structure of the RVOT.16 
RFCA of VAs in ARVC/D patients is not considered curative and 

thus is not a first-line therapy.13-15 The results of RFCA in the setting 
of ARVC/D-related VAs substantially vary among the several single-

Serious complications were described in approximately 1% of 
patients, primarily related to myocardial perforation. For this reason, 
the integration with the new available technologies, such as contact 
force information, is mandatory to reduce the risk of perforation 

Figure 3:

Electroanatomical bipolar endocardial mapping (left anterior oblique, LAO) and right anterior oblique, RAO) views, Panel A and B) is 
characterized by normal voltage electrograms in the entire right ventricular chamber. Unipolar electrogram analysis shows however in the 
anterior aspect of the ventricle/RVOT a narrow area where abnormal electrograms (red;  <5.5mV) are recorded; this evidence suggests 
epicardial substrate abnormalities as an initial stage of the disease, that are confirmed by direct epicardial bipolar mapping (<1.0mV).
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papers published.13,14,53,55,69-71 These unsatisfactory results achieved 
with RFCA may be related to an inadequate characterization of the 
substrate. Considering the diffuse substrate of ARVC/D and the 
predominant epicardial involvement and taking into account the 
relevant incidence of failure using an endocardial-only approach, 
Garcia et al.60 described the role of a combined endo-epicardial 
substrate-based ablation approach to improve the outcomes in 
ARVC/D patient population. In this study the feasibility of 
endo-epicardial substrate–based approach to improve arrhythmia 
control was demonstrated, underlying importance of targeting 
the epicardium to further optimize long-term clinical outcome.60 
During a mean follow-up of 18±12 months from RFCA, 77% of 
patients have no VT recurrence.60 Bai and coworkers72 interestingly 
suggested that the endo-epicardial approach not only increased 
long-term arrhythmia-free survival but was more likely to result in 
discontinuation of antiarrhythmic drugs. Berruezo et al.73 showed 
that a combined endo-epicardial mapping reveals larger epicardial 
substrate in patients with ARVC/D, confirming the low efficacy of 
the endocardial-only strategy. Moreover, it was demonstrated that 
using the endo-epicardial approach including scar dechannelling 
technique is possible to achieve a high acute success rate with low 
incidence of recurrence during follow-up.73

RFCA results in a significant reduction in the VT burden among 
patients with ARVC/D, regardless of ablation strategy. However, 
despite the better results using the epicardial approach, recurrence 
rates remain considerable as shown by Philips et al.74 In their series of 
87 ARVC/D patients undergoing RFCA, they reported a cumulative 
freedom from VT after epicardial ablation of 64% and 45% at 1 and 
5 years, which was significantly longer than with the endocardial 
approach.74

Conclusion
IdioVAs and ARVC/D, even at the early stage, are fundamentally 

different entities. Nevertheless, clinical presentation is not 
unequivocal, so that, particularly in early stage of ARVC/D, non-
invasive diagnostic tools may direct towards one or the other 
suspected diagnosis. ECG differences in sinus rhythm between 
IdioVAs and early stage ARVC/D may be unremarkable, whilst, 
during VAs different ECG and intracardiac findings have been 
identified to assist in the differential diagnosis. Currently available 
imaging techniques are of fundamental importance to recognize 
RV structural and functional abnormalities and the combined 
information derived from CMR and 3D-EAVM represent the most 
effective tool for the identification of myocardial abnormalities in 
early stages of the disease. The role of RFCA is well established in the 
setting of IdioVAs, whilst more and more evidences support the use of 
a combined endo-epicardial substrate-based approach to effectively 
control the arrhythmic burden in ARVD patients, modifying the 
course of the disease in a prognostic way.
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Should Adenosine Test Be Performed Systematically At The End 
Of Atrial Fibrillation Ablation Procedure?
Fernando M. Contreras-Valdes, MD, Elad Anter, MD

Harvard-Thorndike Electrophysiology Institute, Division of Cardiovascular Disease Beth Israel Deaconess Medical Center, 
Harvard Medical School, Boston, MA.

Abstract
Pulmonary vein (PV) reconnection is a major limitation of atrial fibrillation (AF) ablation and is a significant contributor for arrhythmia 

recurrence, particularly in patients with paroxysmal AF. Recent technological advances, including the use of steerable sheaths and force 
sensing catheters resulted in reduced incidence of PV reconnection; however its incidence remains unacceptably high. Additional efforts 
to reduce pulmonary vein reconnection include the use adenosine to detect dormant PV to left atrial (LA) electrical conduction as well 
as identification of non-PV triggers. While this strategy is associated with an increased detection rate of reconnection that can be further 
targeted with ablation, its effect on long-term arrhythmia control is controversial. Still, adenosine-induced PV reconnection appears to be an 
independent predictor of arrhythmia recurrence despite additional ablation. We favor its use in patients with paroxysmal AF as an additional 
step for risk stratification and prediction of arrhythmia recurrence. 

Introduction
Catheter ablation is an effective therapy for patients with 

symptomatic atrial fibrillation (AF), however the recurrence rate 
of AF at one year post-procedure remains high, approximately 16-
25% and 29-35% for paroxysmal and persistent AF, respectively.1-3 
Pulmonary vein isolation (PVI) is the cornerstone for AF ablation, 
especially for patients with paroxysmal AF. Recurrences in these 
patients are often associated with recovery of pulmonary vein 
(PV) to left atrial (LA) electrical conduction.4-6 Despite advances 
in operator expertise and technological advancement including the 
use of steerable sheaths, high-frequency jet ventilation,7 and contract 
force sensing catheters,8-10 durable PVI remains a clinical challenge.

For a subgroup of patients, recurrence is related to the presence of 
non-PV triggers,11 accounting for 2-18% of AF relapses following 
PVI. Common sites of non-PV triggers include the superior vena 
cava (SVC),12, 13 fossa ovalis, ligament of Marshall,14 mitral annulus, 
Eustachian ridge, and the left atrial appendage (LAA).15

However, the recovery of PV conduction is by far the most 
common cause of procedural failure, being present in up to 90% of 
patients with AF recurrence presenting for a redo procedure.5, 6 That 
said, recent data suggests that the incidence of PV reconnection is 

similar between patients with and without clinical recurrence, again 
highlighting our limited understanding of AF pathophysiology.16 

Adenosine can reveal dormant PV conduction or re-connection 
during acute and repeat PVI,13 thus allowing operators to treat 
ablation gaps and potentially improve procedural outcomes.17 In this 
review, we describe the electrophysiological properties of adenosine 
that facilitate the detection of dormant PV conduction, its role in 
improving procedural outcome and its value for clinical use.
Electrophysiological Effects of Adenosine

Adenosine is an endogenous nucleoside that elicits its 
electrophysiological effects after binding to the A1 cardiac receptor. 
In atrial tissue, it activates a specific outward potassium (K+) current 
(IKAdo) leading to shortening of the action potential (AP) duration 
and refractoriness, as well as hyperpolarization of the resting 
membrane potential. Adenosine also suppresses the automaticity 
of the sinoatrial nodal cells through the hyperpolarizing effect, and 
depresses the AP of atrioventricular (AV) nodal cells, resulting in 
bradycardia and transient AV block, respectively.18, 19 These actions 
are mediated by the same G protein system and couple K+ channels 
(Kir3.1/3.4) as the acetylcholine-regulated K+ current (IKAch),20, 

21 suggesting similarities with the effects of vagal stimulation to 
facilitate AF.22 Lastly, the activation of the adenosine effector cascade 
produces secondary sympathetic activation mediated through 
baroreflex activity and chemoreceptor stimulation, corroborated by 
transient sinus tachycardia.

The initial correlation between adenosine and AF was derived from 
clinical observations in patients with supraventricular tachycardia 
treated with adenosine and acutely developed AF.23-26

Datino et al. demonstrated the mechanisms through which 
adenosine promotes the initiation and perpetuation of AF.27 In a 
canine model, adenosine had a differential effect in the LA and PVs, 
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catheter-tissue contact and /or stability during ablation.7

Adenosine And Dormant PV Conduction
The ability of adenosine to reveal PV reconnection following PVI 

was first described by Arentz et al., in a prospective, observational 
study including patients with paroxysmal and persistent AF. 
Twenty-nine patients were followed, accounting for 83 studied 
PVs. Following adenosine injection, 25% of initially isolated veins 
showed dormant conduction in sinus rhythm and during coronary 
sinus pacing. The rate of arrhythmia recurrence was higher in patients 
exhibiting PV reconnection, with 71% having recovery of conduction 
in at least one vein seen at repeat ablation compared to only 35% in 
those that did not.39 This observation was further studied by Tritto 
et al. in a prospective study analyzing a similar number of patients 
and documenting an incidence of acute reconnection in 35% of the 
analyzed PVs. Of note, this was the first study with a systematic 
attempt to detect the sites of reconduction and approach them 
with further RF ablation. After a follow-up of 6 months, there was 
no difference in the rate of recurrence for patients that exhibited 
dormant conduction in response to adenosine.40

Since these original reports, different groups including ours have 
conducted similar studies demonstrating an adenosine-induced 
dormant conduction or PV reconnection incidence rate in the range 
of 25-60%.17, 39-47 These studies are summarized in Table 1. Overall, 
the majority of these studies showed that resumption of LA to 
PV conduction during adenosine challenge was associated with 
increased recurrence rate. Specifically, of the eight studies where 
dormant PV conduction was treated with additional ablation, two 
of them showed no significant difference in the rate of arrhythmia 
recurrence;40, 44 three studies prior to 2012 reported an improvement 
in AF freedom;41-43 while the latest three studies showed higher risk 
of recurrence despite eliminating the sites of PV reconnection.17, 46, 

47 Still, these studies report comparisons between patients where the 
outcomes of adenosine-induced PV reconnection are contrasted to 
those without recovery of PV conduction or patients that were not 
tested. No study to date has randomized patients with evidence of 
PV-LA reconduction to observation versus additional ablation in 
order to analyze the impact of treatment on arrhythmia recurrence.

As suggested from the experimental animal model,27 the adenosine 
effect is probably related to restoration of conduction through 
hyperpolarization of partially depolarized cardiomyocytes injured but 

reducing the AP duration in both, yet significantly hyperpolarizing 
the resting membrane potential only in PV cells. This phenomenon 
was attributed to a larger IKAdo current in PVs when compared to 
LA cardiomyocytes, as well as to a smaller IK1 current that leads to 
a less negative resting membrane potential in PVs. In consequence, 
hyperpolarization of these myocytes in the thoracic veins leads to 
improved conduction and creation of a functional conduction gap 
allowing initiation and perpetuation of re-entry circuits.

Radiofrequency (RF) ablation not always results in myocardial 
cell death, but instead may cause injury associated with partial 
depolarization of the membrane to about (-) 60 mV. At this stage, Na+ 
channels are inactive and non-excitable, producing functional block 
that is susceptible to recovery over time. In fact, clinical studies have 
noted that a third of PVs that initially demonstrated bidirectional 
block following PVI reconnect spontaneously following a waiting 
period of 30-60 minutes.28, 29 Adenosine hastens the recovery of PV 
conduction in areas of RF-induced partial tissue injury and edema 
by hyperpolarizing these cells and restoring electrical excitability 
(Figure 1). 
Clinical Use Of Adenosine During AF Ablation

PVI is usually performed using RF ablation delivered 
circumferentially around each pair of PVs.30 Acute endpoints are 
functional in nature and include establishment of entrance and exit 
block at each vein.31 However, anatomical (substrate) endpoints 
including confirmation of non-reversible transmural lesion formation 
are still lacking. As such, the current standard is susceptible to potential 
gaps in the ablation lesion set and the false impression of acute PV-
LA disconnection that is not durable.32 Evidence from magnetic 
resonance imaging experiments suggests that this transient injury 
and functional isolation is related to the presence of tissue edema 
that is prone to recovery. Patients with more extensive reversibility 
of injury, detected as a higher T2 signal on acute scans and greater 
decline in delayed enhancement seen on chronic imaging have an 
increased susceptibility to PV reconnection and AF recurrence.33 
Histopathologic analysis of RF lesions supports the observation that 
partial thickness lesions correlate with persistent PV conduction and 
clinical relapse.34

The limitations in achieving transmural lesions are multifactorial 
and include anatomical variability with different wall thickness, such 
as the ridge between the left PVs and the LAA,12, 35-38 inadequate 

Table 1: Impact of adenosine-induced dormant conduction on arrhythmia recurrence after PVI.

Study N Paroxysmal AF (%) Follow-up* Acute PV Reconnection† Recurrence Rate‡

Group Design Adenosine(+) Adenosine(-)

Arentz et al., 2004[39] Prospective 29 68.9 12 25% 71 35

Tritto et al., 2004[40] Prospective 29 72.4 6.3±2.4 35% 31 31

Hachiya et al., 2007[41] Retrospective 252 78.1 6.1±3.3 41% 27 40

Matsuo et al., 2007[42] Retrospective 148 64.8 19.9±6 56% 20 40

Kumagai et al. 2010[43] Retrospective 212 84.4 16±5.2 51% 23.6 37.7

Matsuo et al., 2010[44] Retrospective 233 62 30.1±13.1 59.7% 37.4 34

Gula et al., 2011[45] Prospective 72 100 12 35% 24 26

Miyazaki et al., 2012[46] Prospective 109 100 12 35.8% 48.7 27.2

Cheung et al., 2013[47] Prospective 156 64 12.5 30% 36 24

Anter et al., 2014[17] Prospective 44 55 12 36.4% 50 10.7

N=sample size; AF=atrial fibrillation; PV=pulmonary veins; *follow-up in months; †rates expressed as percentage; ‡recurrence rate in percentage. See text for details.
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paroxysmal AF were equally divided in two groups, with and without 
the administration of adenosine after PVI. Once again, those with 
evidence of dormant conduction were treated with further ablation 
and had lower rates of AF recurrence at 23.6% vs. 37.7%. Despite the 
plausibility of these initial results, these studies were retrospective in 
nature, compared to historical cohorts with some including different 
ablation technologies, thus limiting their clinical validity. Subsequent 
prospective and retrospective studies were performed in large 
cohorts of patients with paroxysmal AF where adenosine was used 
to routinely evaluate for the presence of dormant PV conduction. 
Matsuo et al.44 analyzed outcomes of 233 consecutive patients and 
identified PV reconnection induced by adenosine in 59.7%. Ninety-
eight percent of the ablation gaps were successfully isolated, yet 
the success rates of the index PVI was similar to those without 
dormant conduction (62.6% vs. 66%). Subsequently, Gula et al.45 
went further and prospectively analyzed 72 patients with paroxysmal 
AF in which no further intervention was performed despite acute 
PV reconnection. Remarkably, patients with untreated transient 
conduction recovery had very similar rates of recurrence compared to 
those without evidence of dormant conduction, suggesting a limited 
ability of adenosine to predict recurrence of clinically significant 
atrial arrhythmias.

Since the report by Gula et al., three recent prospective studies 
systematically reviewed the significance of adenosine-induced 

not destroyed with RF energy, re-establishing PV-LA conduction. A 
similar phenomenon has been observed with RF ablation outside of 
the PVs, such as after formation of a cavo-triscuspid isthmus line in 
atrial flutter48, 49 or isolation of the SVC.12, 36

Clinical Implications of Adenosine-Induced PV Reconnection
The clinical utility of recognizing dormant PV conduction in 

response to adenosine and its effect on clinical outcome has become 
a subject for intense clinical research. A series of studies initially 
documented improved outcomes when adenosine-induced PV 
reconnection was treated with additional ablation. Hachiya et al.41 
performed a retrospective analysis comparing the outcome of PVI 
between 82 patients challenged with adenosine and further ablated 
as necessary with a cohort of 170 patients not challenged with 
adenosine. In this study, the group subjected to adenosine challenge 
and further ablation showed a trend towards higher arrhythmia-free 
survival rate (73% vs. 60%, p=0.04) at 6 months. Matsuo et al.42 did 
a similar comparison among cohorts before and after the routine use 
of adenosine as a mean to evaluate the significance of identifying 
and treating dormant conduction and reported very similar results. 
In this case, ablation of the gaps led to an increase in the efficacy 
of PVI from 60% to 80% after a mean follow-up period of 19.9±6 
(6-28) months. A consistent trend was evident even when a larger 
retrospective series was analyzed by Kumagai and colleagues.43 In 
this particular study, 212 consecutive patients with predominantly 

Figure 1: Adenosine-induced Dormant PV Conduction

PV reconnection in the right PVs (ABL) as evidenced by a circular mapping catheter localized to the left superior PV. After the administration of an intravenous bolus of 24mg of adenosine during 
coronary sinus (CS) pacing, transient AV block is induced (arrows) followed by re-initiation of atrial fibrillation and resumption of conduction along the right PVs (arrowhead).
PV=pulmonary veins; ABL=ablation catheter; CS=coronary sinus; AV=atrioventricular
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systems, general anesthesia, use of steerable sheaths, and changes in 
power limit and duration of RF applications, all of which can impact 
the effectiveness of individual lesions. Nevertheless, there is a clear 
trend showing that acute PV reconnections revealed by adenosine 
most likely reflect an inability to achieve durable PVI lesions and 
are a marker of an increased risk of recurrence. At the time of this 
writing, a multi-center, prospective randomized clinical trial named 
ADVICE is being conducted to better address the mechanism and 
implications of adenosine-induced PV reconnection.51 As part of 
its design, patients with dormant conduction will be randomized 
to no additional ablation or to additional targeted ablation with the 
primary endpoint of time to first recurrence.

The limited impact of treating dormant conduction with further 
ablation on the incidence of chronic PV reconnection and arrhythmia 
recurrence is intriguing. Potential mechanisms include the inability 
to precisely map and ablate the focal area of reconnection due to 
multiple ineffective lesions with variable degrees of edema and partial 
injury, limiting adequate recording and even effective energy delivery. 
Similarly, there may be areas of more significant, yet still reversible, 
tissue injury that fail to reconnect within the allowed time period or 
that are only partially repolarized in response to traditional doses of 
adenosine that subsequently become the sites of relapse. In support 
of this observation, chronic PV reconnections have been shown 
to occur also at a distance from the previously documented acute 
reconnection sites17 as well as in PVs that had negative response to 
adenosine challenge.
Impact of Time in Revealing Dormant PV Conduction

Studies that have examined the incidence of PV reconnection 
following PVI have showed a positive relationship between time 
interval after PVI and incidence of PV reconnection, suggesting a 
time-dependent tissue recovery. The available data suggest a steady 
increase in PV reconnection rates at 30, 60 and 90 minutes28, 29, 52

where the majority of acute PV reconnections occur during the initial 
60 minutes. This time effect of the incidence of PV reconnection 
is additional and independent of identification of dormant PV 
conduction in response to adenosine.17, 37, 53 Thus, we advocate for at 
least 30 if not 60 minutes of waiting time in addition to adenosine in 
the evaluation of acute reconnection.
Limitations of Adenosine Use During AF Ablation

Clinical evidence supports the role of adenosine as a powerful tool 
in the armamentarium of the electrophysiologist to achieve durable 
PVI. Its use throughout the years has provided insights into some 
of the mechanisms that initiate and perpetuate AF, as well as on 
the effect of RF injury to the electrical properties of atrial tissue. 
The main limitation of adenosine in the acute procedural setting 
relies in its inability to accurately identify and localize all sites of 
conduction gaps.38 In order to maximize its benefit, operators should 
follow a systematic approach to detect sites of earliest activation after 
resumption of conduction, a phenomenon that may be transient. 
Nevertheless, the use of adenosine following PVI may help in two 
other manners: (1) it may identify non-PV triggers54 particularly 
when other efforts have been completed to ensure adequate PVI, 
and (2) may identify patients with increased recurrence rate who 
would potentially benefit from closer clinical follow-up and decisions 
regarding medical management. Last, all studies assessing the short- 
and long-term impact of adenosine-induced PV reconnection have 
been observational, which predisposes to bias inherent to their design. 

reconnection in arrhythmia freedom. Paradoxically, the results suggest 
that even when conduction gaps are adequately treated by further 
RF application, patients with dormant conduction have higher 
rates of AF recurrence. Moreover, proportional hazards modeling 
consistently associated the presence of PV reconnection, whether 
transient or sustained, with a higher risk of arrhythmia recurrence.

The first of these studies was reported by Miyazaki et al.,46 
analyzing the response to adenosine of 109 consecutive patients with 
paroxysmal AF immediately after PVI. Thirty-six percent of subjects 
had evidence of dormant conduction and experienced higher rates 
of recurrence at one year post-procedure, 48.7% in the group with 
conduction recovery vs. 27.2% in those without PV reconnection. 
The presence of adenosine-provoked dormant PV conduction was 
associated with a 38.7% increased risk of recurrence after a single 
PVI. Cheung et al.47 followed a similar study design that also 
included subjects with non-paroxysmal AF. In this report, 156 
patients received an adenosine challenge after PVI and were classified 
as exhibiting transient or sustained PV reconnection as different 
markers of dormant conduction. All sites exhibiting resumption of 
conduction were targeted with further ablation. Fourteen percent of 
PVs had evidence of adenosine-induced transient PV reconduction, 
accounting for 30% of patients. A similar proportion of patients, 
29%, exhibited sustained PV reconnection and underwent further 
RF ablation. After a year of follow-up, freedom from AF was 
significantly lower in those with evidence of dormant conduction, 
63% vs. 76%. Similar to the results obtained by Miyazaki et al., 
patients with PV ectopy in response to adenosine had a greater risk 
of recurrence estimated at 90%, while the combination of PV ectopy 
and reconnection was associated with a hazard ratio of recurrence 
of 2.9 (95% CI 1.28-6.37, p=0.01) during the first year of follow-up 
even when reconnection was successfully eliminated by ablation at 
the index procedure.

Our group recently reported consistent findings. In a prospective 
cohort of 44 patients,17 adenosine induced dormant conduction in 
as much as 36.4% of subjects. The group of patients with a positive 
response to adenosine underwent further ablation to eliminate 
dormant conduction. Despite further ablation, the 1-year recurrence 
rate was 50% in the group of patients with positive response to 
adenosine compared to only 10.7% in those with negative adenosine 
response. We also performed a multivariate analysis that included 
covariates such as LA dimension, type of AF and OSA and found 
that PV reconnection was an independent risk factor for arrhythmia 
recurrence despite further ablation. A positive response to adenosine 
resulted in a 6-fold increased risk of relapse in the year following 
initial PVI despite evidence of isolation at the end of the procedure. 
Comparatively, a meta-analysis50 pooling the results of the trials 
performed prior to 2013 and described previously, associated 
adenosine-induced transient reconnections post-PVI with a non-
significant trend to reduction in freedom from AF of approximately 
9% (HR 0.91, 95% CI 0.79-1.94, p=0.149).

Therefore, while we have a partial understanding on the mechanism 
through which adenosine reveals dormant PV conduction, the data 
available today provides limited insight into the implications of such 
findings. These results are from observational, non-randomized trials 
that are subjected to the inherent limitations and bias associated with 
their design. Similarly, they reflect variable periods in the evolution 
of AF ablation with gradual addition of technical improvements 
to the approach, including the use of electroanatomical mapping 
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Despite a consistent trend in their findings, there is still a need for a 
prospective, randomized controlled trial aimed at guiding the role of 
adenosine in modern AF ablation.51

Novel Tools to Improve Ablation of AF
The success of catheter ablation for the treatment of AF depends 

on simultaneous efforts to achieve durable PVI.55-57 Emerging 
technologies offer strategies aimed to overcome the anatomical and 
functional limitations of delivering adequate and durable lesions 
for PV-LA isolation. Amongst them are the use of contact-force 
catheter8, 9, 58, 59 and objective annotation of ablation lesions that is 
based on catheter stability, tissue contact and impedance decrease.37

Cryoballoon ablation, particularly with the second-generation 
cryoballoon catheters, offers the advantage of a larger and 
homogeneous contact area along the PV. In the studies published 
to date, this approach has been proven effective and promising in 
the management of AF after short follow-up period. A recent study 
analyzed 50 patients with AF (82% paroxysmal, 200 PVs) treated 
with the use of the 28mm cryoballoon.60 Successful PVI was achieved 
in 95% of PVs after a single application. The incidence of PV 
reconnection after a waiting time of 30 minutes and subsequent use 
of adenosine was very low, with a combined incidence of 4% of PVs 
and 12% of patients. Specifically, the rate of adenosine-induced PV 
reconnection was only 2%. After re-isolation, subjects with targeted 
PV reconduction remained free of AF after 7 months of follow-up. 
In this study, nadir temperature of < -51 °C and rewarming time >28 
seconds were significantly associated with successful ablation and 
absence of PV reconnection. Similar results were obtained by Kumar 
and colleagues,61 with a rate of adenosine-induced PV reconnection 
of 5%. 
Conclusion:

 Adenosine is a powerful tool during AF ablation procedures. 
It allows identification of dormant PV conduction and/or acute 
PV reconnection and identification of non-PV triggers. Although 
outcome data following identification and treatment of dormant 
conduction with further ablation is limited and awaits further studies, 
its presence is associated with worse clinical outcome and identifies 
patients with increased recurrence rate. We recommend a multi-
level approach for achieving durable PVI during catheter ablation of 
AF that includes adequate patient selection, meticulous technique, 
objective feedback during lesion creation and functional testing of 
the ablation lines evaluated by a combination of a waiting period 
of at least 30 minutes and adenosine provocation. Further studies 
are needed to fully understand the mechanism behind the increased 
risk of recurrence for patients that exhibit acute reconnection despite 
successful isolation of these sites, as well as the variability of this 
risk as newer technologies are adopted for the management of atrial 
fibrillation.
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Abstract
The cornerstone of the new imaging technologies to treat complex arrhythmias is the electroanatomic (EAM) mapping. It is based on 

tissue characterization and in particular on determination of low potential region and dense scar definition. Recently, the identification of 
fractionated isolated late potentials increased the specificity of the information derived from EAM. In addition, non-invasive tools and their 
integration with EAM, such as cardiac magnetic resonance imaging and computed tomography scanning, have been shown to be helpful to 
characterize the arrhythmic substrate and to guide the mapping and the ablation. Finally, intracardiac echocardiography, known to be useful 
for several practical uses in the setting of electrophysiological procedures, it has been also demonstrated to provide important informations 
about the anatomical substrate and may have potential to identify areas of scarred myocardium.

Introduction
In the last years our understanding of the arrhythmic substrate in 

various cardiomyopathies, resulting in substrate-based approaches 
for targeted complex arrhythmias ablation was improved. Further, 
the growth in better technologies and techniques for complex 
procedures such as atrial fibrillation (AF), left atrial flutter and 
ventricular tachycardia (VT) ablation have overcome the limitations 
and greatly improved the success rates of radiofrequency catheter 
ablation (RFCA). This review summarizes the relationship between 
the arrhythmic substrate feature sand and novel approaches in the 
new technologies for RFCA of complex arrhythmias.
Anatomopathological Features Underlying Arrhythmia 
Induction

VT in the context of ischemic cardiomyopathy are caused by 
reentry involving a ventricular scar. During the infarct healing 
process, necrotic myocardium is replaced with fibrous tissue. Dense 
fibrotic scar creates areas of anatomical conduction block, and fibrosis 
between surviving myocytes decreases cellular coupling and distorts 
the path of propagation causing areas of slow conduction and block, 
which promotes reentry. Endocardial recordings from sites of VT 
origin during sinus rhythm consistently demonstrate low-amplitude, 

prolonged, multicomponent potentials. The duration of the local 
electrogram represents the abnormally slow, fractionated conduction. 
Differently, arrhythmogenic right ventricular cardiomyopathy/
dysplasia (ARVC/D) involves primarily the right ventricle (RV). 
In this condition, portions of the RV are replaced by fibro-fatty 
tissue. Focal inflammation and necrosis can be seen at histologic 
study. The interventricular septum and left ventricle may also show 
involvement. VT are common in ARVC/D because of the extensive 
myocardial fibrosis that provides the substrate for reentry. Also in 
non-ischemic dilated cardiomyopathy the myocardial fibrosis is an 
important factor in the substrate leading to VT. However, in patients 
with non-ischemic cardiomyopathy the cause of fibrosis is not well 
defined. The reentry circuits are typically associated with regions of 
low voltage electrograms, consistent with scar.1,2

Arrhythmogenic Substrate And Scar Identification By 
Electroanatomic Mapping

Electroanatomic mapping (EAM) systems have been introduced 
into clinical electrophysiology in 1997.3-5 Sinus-rhythm EAM 
was found to identify infarct areas in animal models.6,7 In human 
studies, however, high-density EAM scar definition using multiple 
electrogram (EGM) parameters has been matched against a gold-
standard technique based on tissue characterization and validation 
studies have confirmed that low voltage corresponds to the presence 
of scar defined by delayed enhanced MRI (DE-MRI).8 This 
comparison was first evaluated in the study of Codreanu and co-
workers, which confirmed that bipolar EGM characteristics could 
reliably differentiate scar from healthy tissue.9 The most important 
EGM characteristic initially analyzed was bipolar peak-to-peak 
voltage. This was shown to be a powerful discriminant of scarred areas 
from background normal myocardium when, after analysis of post-
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EGM sites and entrainment maneuvers show a mean stimulus-QRS 
interval longer than in other sites inside the scar area.20,21 Several 
studies have been shown that LPs can be used as targets of catheter 
ablation for unmappable VT.22-25 According to the study of Vergara 
et al., complete abolition of LPs predicts arrhythmic recurrences. 
Indeed, they found arrhythmic recurrences only in 9.5% of patients 
in which LPs were eliminated at the end of the procedure. Complete 
abolition of LPs over the scar area represents an effective strategy of 
substrate modification for the ablation of scar-related VT.26

Recently, Efremidis and coworkers reported a case of effective 
radiofrequency ablation of VT in a patient with Naxos disease in 
which at the site of earliest endocardial activation was found a LPs 
area. The entire area of LPs were targeted and ablated resulting in 
non-inducibility of VT.27

Moreover, it has been demonstrated that, adjusting the voltage 
cutoffs that define the scar, it is possible to identify conducting 
channels in the setting of ischemic cardiomyopathy.28,29 As previously 
described by Arenal et al. and Bogun et al. these “corridors” of slow 
conduction within the scar often contain LPs.21,22 However, if large 
scars are present, the use of these channels alone in identifying the 
critical isthmus has low specificity, and therefore their ability to 
accurately guide ablation is poor. Mountantonakis and coworkers 
demonstrated that the presence of LPs within a channel increases 
the likelihood that the channel will be important for maintaining 
VT.30 In patients with ARVC/D, Berruezo et al. showed that a 
combined endo-epicardial approach including complete elimination 
of all conducting channels, so-called scar dechannelling technique, 
achieves a high acute success rate with low incidence of recurrence 
during a one year follow-up.31

Ablation Using MRI Technology
Preprocedural cardiac MRI is valuable due to its ability to provide 

high-resolution anatomic mapping and tissue characterization in 
the absence of ionizing radiation. DE-MRI can be used to localize 
the arrhythmia substrate within the chamber of interest prior to the 
procedure. There is growing evidence that DE-MRI may be useful in 
patients with AF in terms of treatment decisions and assessment of 
ablation efficacy.

Over the past twenty years, technologies for the treatment of 
both supraventricular and ventricular arrhythmias has significantly 
advanced and ablation is now the first-line therapy for many 
arrhythmias.32-34 As mentioned above current catheter-based 
techniques employ EAM provides real-time guidance for the 
operator during the procedure.35 Image fusion techniques that merge 
chamber morphology data from preprocedural MRI or CT with 
intraprocedural anatomical and electrical data are now widely used for 
accurate depiction of critical anatomic details that aid in the selection 
of ablation sites. Given its strengths in non-invasive identification of 
myocardial fibrosis, an anatomical substrate for arrhythmia, contrast-
enhanced cardiac MRI has an emerging role in anatomic mapping of 
scar and ablation planning.36

Magnetic Resonance Imaging and Atrial Fibrillation
Magnetic Resonance Imaging (MRI) basally was used for EAM 

mainly for fusion of volumetric MRI data obtained during the 
procedure. The MRI anatomic map precisely defines the anatomy 
of the chamber of interest, which is particularly important in AF 
ablation. MRI is useful in the pulmonary vein’s (PV) anatomy 
evaluation. The left atrium (LA) and PVs are accurately visualized.14 

infarct patients and normal controls, the presently used cut-off values 
of >1.5 mV for normal myocardium and <0.5 mV for dense scar were 
derived. Amplitudes between 0.5 mV and 1.5 mV were found to 
be present at the edges of dense infarct scars and corresponded to 
the scar border zone. EAM can be performed if a particular cardiac 
chamber can be reached and mapped with a mapping catheter.10 In 
addition to bipolar EGM amplitude, bipolar EGM duration and 
fractionation were also found in similar early studies to be increased 
in the presence of scarring because of electrical uncoupling of adjacent 
myocytes by islands or shards of replacement or interstitial fibrosis,11 
which is necessary conditions for the development of reentrant 
arrhythmias. Adequate catheter contact with the myocardial wall, 
however, is a requirement for an adequate voltage map (figure 1). 
Bipolar recording more accurately reflects local changes in electrical 
activity and is less influenced by far-field electrical activity, possibly 
explaining its ability to provide information about intramural scar 
location but still unable to predict transmural depth.  More recently, 
and particularly in the setting of non-ischemic cardiomyopathy 
where epicardial and intramural substrate predominates, the utility 
of unipolar EGM amplitude for the delineation of deeper layers 
of more diffuse fibrosis has been demonstrated, both in the right 
and left ventricles.12 Hutchinson et al. assessed the role of unipolar 
recording during voltage maps created during VT ablation.13 In 11 
patients with epicardial low voltage regions noted during epicardial 
mapping, 9/11 patients had corresponding low voltage (≤ 8.27 mV) 
unipolar recording from the endocardial surface. This data suggested 
that unipolar recording might have a greater field of view, which 
could predict an epicardial substrate during endocardial mapping. 
This same methodology was used to assess the RV epicardium in 
patients with ARVC/D with an endocardial unipolar voltage of <5.5 
mV indicative of an epicardial low voltage region.14 The presence 
of a critical extent of unipolar-defined substrate (>32% of total LV 
endocardial surface) has now been shown to predict non-reversibility 
of non-ischemic cardiomyopathy, consistent with detection of a 
critical diffuse burden of irreversible microfibrosis that may not be 
identified with bipolar recording or standard MRI techniques.
Late Potential Activity, Voltage Map Channels And Scar 
dechannelling Technique

Late potentials (LPs) are high frequency, low amplitude, microvolt-
size signals at the end of the QRS complex related to fragmented 
and delayed electrical activity in the ventricles. LPs were detected 
in patients with ventricular arrhythmias, ventricular aneurysms and 
ARVC/D. LPs are associated with reentry mechanism responsible 
for the induction of sustained VT and it has been reported a higher 
frequency of sudden cardiac death. LPs can be identified non-
invasively using a quick and inexpensive diagnostic tool, the signal 
averaged electrocardiogram (SAECG).15-17 However, conventional 
SAECG criteria for the presence of LPs in patients with a prolonged 
QRS duration are inaccurate. As reported by Gatzoulis et al. 
modification of these criteria is necessary to obtain useful information 
in these patients.18

Invasively, LPs activity is a discrete bipolar electrical signal recorded 
after the prevalent EGM occurring after the end of the surface QRS 
complex. LPs are marker of slow conduction and can be used to 
identify the critical isthmus of the reentry circuit of VT19 (Figure 2). 
Pacemapping from LPs sites allows an 11/12 or 12/12 concordance 
with VT morphology more frequently than in other low amplitude 
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difference between gadolinium retention in normal tissues versus 
fibrotic myocardium is maximal at approximately 10–20 min after 
contrast administration, which is the optimal time for obtaining 
DE images.46 These sequences are further optimized for maximal 
contrast between normal tissue and scar by applying a 180° inversion 
recovery pulse before image acquisition. The 180° pulse has the 
effect of flipping the magnetic moment of the spinning protons 180° 
from their equilibrium position. In the setting of acute myocardial 
infarction (MI), myocardial necrosis results in disruption of 
myocyte membranes, allowing increased space for the distribution 
of gadolinium. In the setting of chronic MI, collagenous scar tissue 
has replaced the necrotic tissue and the increase in interstitial MRI 
allows for exact anatomic reconstruction of cardiac anatomy, and can 
be used in conjunction with DE to localize scar tissue. In the setting 
of chronic MI, collagenous scar tissue has replaced the necrotic 
tissue and the increase in interstitial tissue increases the volume of 
distribution for gadolinium, resulting in hyperenhancement. Initial 
studies used a signal intensity of 2–3 standard deviations above 
normal appearing myocardium in order to define the presence of 
DE.47

MRI And Arrhythmogenic Right Ventricular 
Cardiomyopathy/Dysplasia 

Cardiac MRI plays a key role in the diagnosis of ARVC/D. High 
resolution cine imaging is widely considered the gold standard for the 
quantitative assessment of RV volume and systolic function. The high 
spatial and temporal resolution enables a detailed assessment of the 
RV for regional wall motion abnormalities. The modified Task Force 
Criteria include an assessment of a combination of RV function and 
wall motion abnormalities. RV volumes have been adjusted for body 
surface area and sex. Previous criteria that included wall thinning, 
and fatty infiltrations, as well as wall motion abnormalities such as 
hypokinesis, have been abandoned for akinetic and dyskinetic wall 
motions in order to achieve higher specificity.48 Fibro-fatty tissue 
has been described in ARVC/D, and DE-MRI has also been found 
to indicate scar tissue in this particular cardiomyopathy (Figure 
3). Inducibility of VT does correlate with the presence of DE. 
Correlations of abnormalities within the MRI and electrophysiologic 
findings such as low voltage areas have been done in a qualitative 
manner in small series of patients.49

MRI And Other Forms Of Non-Ischemic Cardiomyopathy
DE-MRI has been used to differentiate various forms of 

cardiomyopathy. Mid-wall DE has become the imaging hallmark 
of idiopathic dilated cardiomyopathy. Patchy multifocal DE with 
a basal and septal involvement preferentially affecting the mid- 
and epicardial myocardium is typically seen in cardiac sarcoidosis 
The presence of scar by DE-MRI has been correlated with the 
spontaneous occurrence of VT as well as the inducibility of VT and 
outcome in patients with non-ischemic cardiomyopathy.50,51 In the 
setting of non-ischemic cardiomyopathy, it is important perform 
adequate scar imaging with cardiac MRI to assess the etiology of the 
cardiomyopathy prior to implantation of a cardioverter defibrillator. 
Identification of scar tissue in patients with idiopathic dilated 
cardiomyopathy or cardiac sarcoidosis has been useful in assisting 
with mapping and ablation of ventricular arrhythmias. As described 
by Bogun it has valuable role to identify the location of the scar if 
corresponds to the location of the arrhythmogenic substrate.52 If 
the scar was located endocardially, all arrhythmias were mapped to 

MRI has also been used to define the location of the esophagus 
relative to the LA that may reduce the risk of esophageal injury.37

In the last years new techniques for evaluation of DE within the 
LA have recently been developed.38,39

Left atrial imaging is technically challenging, as the thin walls of 
the LA demand very high spatial and contrast resolution that push 
the boundaries of current MRI technology. Detecting fibrosis in the 
LA wall using MRI was first applied by Marrouche group at the 
CARMA Center, and enabled them to visualise the location, extent, 
and amount of atrial fibrotic changes. In this study the LA was 
scanned using late gadolinium enhancement to evaluate the extent of 
enhancement in the LA before AF ablation, and correlated with low 
voltage area in EAM (CARTO; Biosense Webster, Diamond Bar, 
California, USA) during AF ablation.40

Although several studies have been conducted to determine 
predictors of AF recurrences following catheter ablations, identifying 
the ideal candidate for catheter ablation of AF remains a significant 
challenge. Akoum et al. reported important data that can be utilised 
for personalising the strategy of AF ablation.41 Based on the amount 
of pre-ablation DE in the LA wall patients are divided into four 
stages of left atrial structural remodelling. Utah stage I is defined 
as ≤5% enhancement (minimal), Utah stage II as >5% and ≤20% 
enhancement (mild), Utah stage III as >20% and ≤35% enhancement 
(moderate), and Utah stage IV as >35% enhancement (extensive). 
Patients with minimal left atrial fibrosis (Utah stage I) had excellent 
results after AF ablation, whereas poor results were obtained in 
patients with extensive left atrial structural remodelling (Utah stage 
IV). 

DE-MRI has been used also to identify ablation lesions in the left 
atrial wall and surrounding the PVs, as well as gaps in circumferential 
PV isolation that are associated with increased risk of recurrence.38,42

For the first time the group of Marrouche also demonstrated that 
the large areas marked as ablated in the EAM did not result in long-
term scar and could well be the reason for high recurrence rates of 
arrhythmias like AF.43

Scar Mapping Using Delayed Enhancement MRI
DE-MRI is considered the gold standard for imaging of scar tissue. 

In patients with structural heart disease, ventricular arrhythmias 
originate from scar tissue. Furthermore, in the presence of ventricular 
arrhythmias, cardiac MRI helps to rule in or rule out the presence 
of structural heart disease. We will focus on the use of DE-MRI to 
identify scar tissue in various cardiomyopathies, and the potential value 
for mapping and ablation of ventricular arrhythmias. Furthermore, 
we will discuss the value of MRI for ruling out structural heart 
disease. Cardiac MRI typically utilizes a T1-weighted fast gradient 
echo images acquired during a held breath. Maximal resolution is 
typically on the order of 1–2 mm for each dimension in the x, y and z 
planes. One potential pit-fall encountered with the use of registered 
3D images is loss of accurate positional data if the patient moves 
during the study, requiring repeat acquisition of reference points. The 
utility of DE imaging using cardiac MRI for the identification of 
ventricular myocardial scar has been well established.44 In myocardial 
fibrosis, the extracellular matrix is expanded due to replacement of 
normal myocytes with collagen. Gadolinium contrast agent washes 
in and out of normal myocardium relatively rapidly; however, it is 
retained within the fibrotic myocardium both due to the increased 
extracellular fluid volume and decreased capillary density.45 The 
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positioning and identifying potential target areas for RFCA.
Substrate mapping of VT involves characterization of areas 

likely to support reentry based on anatomy and electrophysiological 
characteristics. Substrate mapping typically begins with identification 
of the region of ventricular scar, based on electrogram characteristics.33

Since voltage is used to define scar, consistent catheter contact is 
necessary. If catheter contact is not sufficient (i.e. ridges, geometric 
distortions), the EAM could suggest an erroneous scar. For this 
reason, substrate mapping relies heavily on the correct interpretation 
of electrograms. Whilst using traditional EAM only those regions 
in which there is a good contact are correctly mapped, ICE imaging 
has potential advantages: ICE can reliably identify scar both by wall 
thickness and motion a process that does not require wall contact. 
Moreover, ICE allows to visualize all segments of the left ventricle 
from multiple planes in real-time.

The first experience that demonstrated the feasibility of ICE 
guidance for identifying the VT anatomical substrate was published 
by Bunch and co-workers.69 According to the authors ICE imaging 
was more accurate in prediction of scar borders than transthoracic 
echocardiography, particularly in the basal segments of the heart.

Bala et al. showed the usefulness of ICE in a series of patients with 
non-ischemic cardiomyopathy and recurrent VT.70 In these patients 
ICE imaging identified abnormal increased echogenicity in the 
lateral wall of the left ventricle. This substrate was characterized by 
detailed endocardial and epicardial mapping, analysis of electrograms 
in low-voltage areas and correlation with MRI and CT angiography. 
They found predominantly normal LV endocardial voltage and 
abnormal epicardial substrate identified by ICE imaging (Figure 5). 
In all patients detailed epicardial mapping revealed that areas of low 
amplitude, wide, split and late electrograms were related with areas 
of increased echogenicity. In a subset of patients, MRI confirmed 
abnormal substrate in the lateral wall, correlating to the ICE-defined 
abnormality. These areas can be successfully targeted for RFCA to 
provide effective VT control.

In concordance with these observations in patients with non-
ischemic VT, the anatomical VT substrate in the study of Hussein et 
al. was found to have increased echogenicity.71

Noteworthy, this study was extended to a population with both 
ischemic and non-ischemic VT patients. ICE was confirmed to have 
the potential to assess anatomical substrate characterization for VT 
ablations. In addition, using a software - Image J, Java-based standard 
image processing software, National Institutes of Health, Bethesda, 
MD - that allows measurement of signal intensity units in every 
pixel, a quantitative assessment of signal intensity and heterogeneity 
was performed in order to better characterize the VT scar and border 
zone on ICE images.72-75 Scar zones, identified on endocardial voltage 
maps, were found to have increased tissue echogenicity compared 
to myocardial areas without scar in ischemic and non-ischemic 
patients. Border zones were found to have more heterogeneous signal 
intensities than normal myocardium.
Computed Tomography

It is well known that epicardial catheter ablation for ventricular 
arrhythmias is an important therapeutic option not only after 
endocardial ablation failure but also as first approach especially in 
patients with non-ischemic cardiomyopathy. However, epicardial 
mapping and ablation in epicardial space may have limitations, in 
particular EAM and RFCA may be limited by the presence of coronary 

the endocardium. In the case of an epicardial scar, the origin of the 
arrhythmias was originating from the epicardium, which significantly 
ease mapping and ablation planning and orient the operator to the 
priority of epicardial approach from the beginning. In the case of 
intramural scars, only arrhythmias in which the scar extended to the 
endocardium or epicardium could be mapped and ablated from the 
endocardium or epicardium, respectively.
Intracardiac Echocardiography

During the past 20 years, electrophysiological procedures have been 
performed almost exclusively under fluoroscopic guidance. However, 
due to the need to reduce fluoroscopic exposure and the increased 
complexity of procedures, accurate imaging of intracardiac anatomic 
structures and interventional catheter devices has been required.53,54

Intracardiac echocardiography (ICE) has proved to be helpful for 
several practical uses in the setting of electrophysiological procedures, 
including: (1) identification and evaluation of the endocardial 
structures before and after procedure; (2) safe guidance of transseptal 
puncture, particularly in the setting of complex or unusual anatomy; 
(3) real-time determination of catheter placement relative to cardiac
structures; (4) evaluation of catheter contact with cardiac tissues; (5)
visualization of evolving lesions during radiofrequency (RF) energy
delivery; (6) monitoring of complications.55-59

To date two different types of ICE imaging systems are available: 
the mechanical ultrasound catheter radial imaging system, a single, 
rotating, crystal ultrasound transducer mounted on a non-steerable 
9Fr catheter (Ultra ICE, EP Technologies, Boston Scientific 
Corp, San Jose, CA) and the electronic phased-array catheter 
sector imaging system, a forward-facing 64-element phased-array 
transducer scanning in the longitudinal plane mounted on the distal 
end of an 8 or 10 Fr 4-way steerable tip catheter (AcuNav, Acuson 
Corporation, Siemens Medical Solutions, Malvern, PA). A newer 
64-element phased-array and bidirectional curve ultrasound catheter
(St. Jude Medical, St. Paul, MN) is the ViewFlex Plus which runs on
the ViewMate ultrasound system (EPMedSystems, Inc., Berlin, NJ).

Moreover, the feasibility of the integration of EAM and intracardiac 
echocardiography has been demonstrated. The introduction of the 
CARTOSOUND Image Integration Module (Biosense Webster, 
Diamond Bar, CA) has expanded ICE applications. Indeed, the 
CARTOSOUND incorporates the electroanatomical map to an 
ICE 3D volume reconstruction of the cardiac chambers using real-
time ICE imaging.60-63

Despite a wide use of ICE imaging during RFCA for AF,64,65 

ICE has not been routinely used during RFCA for VT.53 Several 
studies have described that the use of ICE in VT ablation present 
the following advantages: to accurately guide and locate catheter 
placement on specific anatomic targets and confirm catheter 
contact with the endocardium; to guide transseptal access; to 
facilitate mapping and ablation of left ventricular outflow tract VT 
(visualization of coronary artery ostia and aortic cusp); to guide the 
subxiphoid pericardial puncture and visualize the puncture-related 
complications; and to monitor tissue injury and complications during 
the procedure (i.e. cardiac perforation and tamponade, valvular injury 
and thromboembolic events66-68 ICE imaging created volumes have 
been shown to accurately assist in VT ablation.63 In addition, recent 
studies focused on the ability of ICE to identify the arrhythmogenic 
substrate during VT ablation: scars, aneurysms, akinesia or dyskinesia 
(Figure 4). Adequate visualization of the akinetic and/or dyskinetic 
regions using ICE is feasible, enabling guidance of catheter 
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25. Nakahara S, Tung R, Ramirez RJ, Michowitz Y, Vaseghi M, Buch E, Gima J, Wiener 
I, Mahajan A, Boyle NG, Shivkumar K. Characterization of the arrhythmogenic

arteries and epicardial fat. CT is a reliable imaging technique that 
allows visualization of the coronary arteries and epicardial fat.76,77 The 
group of Zeppenfeld recently evaluated the feasibility and accuracy 
of accurate real-time integration of CT-derived coronary artery 
anatomy and fat distribution during the ablation procedure.78 After 
registration of a single coronary injection, the distance between target 
sites of ablation and coronary arteries can be accurately evaluated by 
integrated CT, with a mean surface error of only 2.8 mm. Moreover, 
in contrast to previous observations, the authors demonstrated that 
unipolar voltage is not influenced by epicardial fat, probably because 
the larger field of view.13,79 Therefore, unipolar voltage mapping 
may be useful for identification of subepicardial or intramural scar 
even when thick fat is present. In conclusion, in this study a thick 
epicardial fat layer (>7 mm) and the presence of coronary arteries are 
important reasons for epicardial ablation failure. 
Conclusion:

The new imaging technologies are promising tools to better 
characterize the arrhythmic substrate. The high density mapping 
with the assessment of late, fragmented potentials and channels 
help to localize the critical isthmus in the complex arrhythmias. In 
addition, the real-time image integration of preacquired MRI and 
CT information is feasible and accurate to assess epicardial fat and 
coronary artery, important issues during epicardial ablation. Finally, 
ICE integration with EAM and catheter tip-tissue contact analysis 
provides optimization of the lesions during complex procedures.
References
1. Huang SKS, Wood MA. Catheter Ablation of Cardiac Arrhythmias. 2011

Saunders
2. Issa ZF, Miller JM, Zipes DP. Clinical Arrhythmology and Electrophysiology – A 

companion to Braunwald’s Heart Disease. 2009 Saunders
3. Gepstein L, Goldin A, Lessick J, Hayam G, Shpun S, Schwartz Y, Hakim G,

Shofty R, Turgeman A, Kirshenbaum D, Ben-Haim SA. Electromechanical
characterization of chronic myocardial infarction in the canine coronary occlusion 
model. Circulation 1998;98(19):2055–64

4. Gepstein L, Hayam G, Ben-Haim SA. A novel method for nonfluoroscopic
catheter-based electroanatomical mapping of the heart. In vitro and in vivo
accuracy results. Circulation 1997;95(6):1611–22

5. Wittkampf FH, Wever EF, Derksen R, Wilde AA, Ramanna H, Hauer RN,
Robles de Medina EO. LocaLisa: new technique for real-time 3-dimensional
localization of regular intracardiac electrodes. Circulation 1999;99(10):1312–7,
Mar. 1999

6. Callans DJ, Ren JF, Michele J, Marchlinski FE, Dillon SM. Electroanatomic
Left Ventricular Mapping in the Porcine Model of Healed Anterior Myocardial
Infarction: Correlation With Intracardiac Echocardiography and Pathological
Analysis. Circulation 1999;100(16):1744–1750

7. Wrobleski D, Houghtaling C, Josephson ME, Ruskin JN, Reddy VY. Use of
electrogram characteristics during sinus rhythm to delineate the endocardial scar
in a porcine model of healed myocardial infarction. J Cardiovasc Electrophysiol
2003:14(5):524–9

8. Perin EC, Silva GV, Sarmento-Leite R, Sousa AL, Howell M, Muthupillai R,
Lambert B, Vaughn WK, Flamm SD. Assessing Myocardial Viability and Infarct
Transmurality With Left Ventricular Electromechanical Mapping in Patients
With Stable Coronary Artery Disease: Validation by Delayed-Enhancement
Magnetic Resonance Imaging. Circulation 2002;106(8):957–961

9. Codreanu A, Odille F, Aliot E, Marie PY, Magnin-Poull I, Andronache M,
Mandry D, Djaballah W, Régent D, Felblinger J, de Chillou C. Electroanatomic
characterization of post-infarct scars comparison with 3-dimensional myocardial



Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation97 Journal Review

www.jafib.com Dec 2014-Jan 2015| Volume 7| Issue 4

intraprocedural registration into an electroanatomical mapping system in post-
infarction patients. JACC Cardiovasc Imaging 2012;5(2):207–10

37. Bunch TJ, Day JD. Novel ablative approach for atrial fibrillation to decrease risk
of esophageal injury. Heart Rhythm 2008;5(4):624–7

38. Peters DC, Wylie JV, Hauser TH, Kissinger KV, Botnar RM, Essebag V, Josephson 
ME, Manning WJ. Detection of pulmonary vein and left atrial scar after catheter
ablation with three-dimensional navigator-gated delayed enhancement MR
imaging: initial experience. Radiology 2007;243(3):690–5

39. McGann CJ, Kholmovski EG, Oakes RS, Blauer JJE, Daccarett M, Segerson N, 
Airey KJ, Akoum NW, Fish E, Badger TJ, DiBella EVR, Parker D, MacLeod RS, 
Marrouche NF. New magnetic resonance imaging-based method for defining the
extent of left atrial wall injury after the ablation of atrial fibrillation. J Am Coll
Cardiol 2008;52(15):1263–71

40. Oakes Rs, Badger TJ, Kholmovski EG, Akoum N, Burgon NS, Fish EN, Blauer
JJE, Rao SN, DiBella EVR, Segerson NM, Daccarett M, Windfelder J, McGann
CJ, Parker D, MacLeod SR, Marrouche NF. Detection and quantification of
left atrial structural remodeling with delayed-enhancement magnetic resonance
imaging in patients with atrial fibrillation. Circulation 2009;119(13):1758–67

41. Akoum NW, Daccarett M, McGann CJ, Segerson NM, Vergara G, Kuppahally S, 
Badger TJ, Burgon NS, Haslam TS, Kholmovski EG, Macleod SR, Marrouche NF. 
Atrial fibrosis helps select the appropriate patient and strategy in catheter ablation 
of atrial fibrillation: a DE-MRI guided approach. J Cardiovasc Electrophysiol
2011;22(1):16–22

42. Badger TJ, Daccarett M, Akoum NW, Adjei-Poku YA, Burgon NS, Haslam TS, 
Kalvaitis S, Kuppahally S, Vergara G, McMullen L, Anderson PA, Kholmovski
EG, MacLeod RS, Marrouche NF. Evaluation of left atrial lesions after initial and 
repeat atrial fibrillation ablation: lessons learned from delayed-enhancement MRI 
in repeat ablation procedures. Circ Arrhythm Electrophysiol 2010;3(3):249–59

43. Parmar BR, Jarrett TR, Burgon NS, Kholmovski EG, Akoum NW, Hu N,
Macleod RS, Marrouche NF, Ranjan R. Comparison of left atrial area marked
ablated in electroanatomical maps with scar in MRI. J Cardiovasc Electrophysiol
2014;25(5):457–63

44. Hundley WG, Bluemke DA, Finn JP, Flamm SD, Fogel MA, Friedrich MG,
Ho VB, Jerosch-Herold M, Kramer CM, Manning WJ, Patel M, Pohost GM,
Stillman AE, White RD, Woodard PK. ACCF/ACR/AHA/NASCI/SCMR
2010 expert consensus document on cardiovascular magnetic resonance: a report
of the American College of Cardiology Foundation Task Force on Expert
Consensus Documents. J Am Coll Cardiol 2010;55(23):2614–62

45. Mewton N, Liu CY, Croisille P, Bluemke DA, Lima JAC. Assessment of
myocardial fibrosis with cardiovascular magnetic resonance. J Am Coll Cardiol
2011;57(8):891–903

46. Simonetti OP, Kim RJ, Fieno DS, Hillenbrand HB, Wu E, Bundy JM, Finn JP, 
Judd RM. An improved MR imaging technique for the visualization of myocardial 
infarction. Radiology 2001;218(1):215–23

47. Kim RJ, Fieno DS, Parrish TB, Harris K, Chen EL, Simonetti OP, Bundy JM,
Finn JP, Klocke FJ, Judd RM. Relationship of MRI delayed contrast enhancement 
to irreversible injury, infarct age, and contractile function. Circulation
1999;100(19):1992–2002

48. Marcus FI, McKenna WJ, Sherrill D, Basso C, Bauce B, Bluemke DA, Calkins
CH, Corrado D, Cox MGPJ, Daubert JP, Fontaine G, Gear K, Hauer R, Nava
A, Picard MH, Protonotarios N, Saffitz JE, Sanborn DMY, Steinberg JS, Tandri
H, Thiene G, Towbin JA, Tsatsopoulou A, Wichter T, Zareba W. Diagnosis
of arrhythmogenic right ventricular cardiomyopathy/dysplasia: proposed
modification of the task force criteria. Circulation 2010;121(13):1533–41

49. Tandri H, Asimaki A, Abraham T, Dalal D, Tops L, Jain R, Saffitz JE, Judge
DP, Russell SD, Halushka M, Bluemke DA, Kass DA, Calkins CH. Prolonged
RV endocardial activation duration: a novel marker of arrhythmogenic right
ventricular dysplasia/cardiomyopathy. Heart Rhythm 2009;6(6):769–75

substrate in ischemic and nonischemic cardiomyopathy implications for catheter 
ablation of hemodynamically unstable ventricular tachycardia. J Am Coll Cardiol 
2010;55: 2355-2365

26. Vergara P, Trevisi N, Ricco A, Petracca F, Baratto F, Cireddu M, Bisceglia C,
Maccabelli G, Della Bella P. Late Potentials Abolition as an Additional Technique 
for Reduction of Arrhythmia Recurrence in Scar Related Ventricular Tachycardia
Ablation J Cardiovasc Electrophysiol 2012;23:621-627

27. Efremidis M, Prapa E, Charalampous C, Protonotarios N, Letsas PK, Sideris
A. Endocardial late potentials during sinus rhythm define the re-entry circuit
of ventricular tachycardia in arrhythmogenic right ventricular cardyomiopathy.
Hellenic J Cardiol 2013;54:394-396

28. Arenal A, del Castillo S, Gonzalez-Torrecilla E, Atienza F, Ortiz M, Jimenez J,
Puchol A, García J, Almendral J. Tachycardia-related channel in the scar tissue in
patients with sustained monomorphic ventricular tachycardias: influence of the
voltage scar definition. Circulation 2004;110:2568 –2574

29. Hsia HH, Lin D, Sauer WH, Callans DJ, Marchlinski FE. Anatomic
characterization of endocardial substrate for hemodynamically stable reentrant
ventricular tachycardia: identification of endocardial conducting channels. Heart
Rhythm 2006;3:503–512

30. Mountantonakis SE, Park RE, Frankel DS, Hutchinson MD, Dixit S, Cooper J, 
Callans D, Marchlinski FE, Gerstenfeld EP. Relationship between voltage map
“channels” and the location of critical isthmus sites in patients with post-infarction 
cardiomyopathy and ventricular tachycardia. J Am Coll Cardiol 2013;61(20):2088-
2095

31. Berruezo A, Fernandez-Armenta J, Mont L, Zeljko H, Andreu D, Herczku C,
Boussy T, Tolosana JM, Arbelo E, Brugada J. Combined endocardial and epicardial 
catheter ablation in arrhythmogenic right ventricular dysplasia incorporating scar
dechannelling technique. Circ Arrhythm Electrophysiol 2012;5:111-121

32. Calkins CH, Kuch KH, Cappato R, Brugada J, Camm AJ, Chen SA, Crijns HJG, 
Damiano RJ, Davies DW, DiMarco J, Edgerton J, Ellenbogen E, Ezekowitz MD, 
Haines, DE, Haissaguerre M, Hindricks G, Iesaka Y, Jackman W, Jalife J, Jais P, 
Kalman J, Keane D, Kim YH, Kirchhof P, Klein G, Kottkamp H, Kumagai K,
Lindsay BD, Mansour M, Marchlinski FE, McCarthy PM, Mont JL, Morady
F, Nademanee K, Nagakawa H, Natale A, Nattel S, Packer DL, Pappone C,
Prystowsky E, Raviele A, Reddy V, Ruskin JN, Shemin RJ, Tsao HM, Wilber
D. “2012 HRS/EHRA/ECAS Expert Consensus Statement on Catheter and
Surgical Ablation of Atrial Fibrillation: Recommendations for Patient Selection, 
Procedural Techniques, Patient Management and Follow-up, Definitions,
Endpoints, and Research Trial Design. A report of the Heart Rhythm Society
(HRS) Task Force on Catheter and Surgical Ablation of Atrial Fibrillation, Heart 
Rhythm, 2012 vol. 9(4), 632-69

33. Aliot EM, Stevenson WG, Almendral-Garrote JM, Bogun F, Calkins CH,
Delacretaz E, Della Bella P, Hindricks G, Jaïs P, Josephson ME, Kautzner J, Kay
GN, Kuck KH, Lerman BB, Marchlinski FE, Reddy VY, Schalij MJ, Schilling R, 
Soejima K, Wilber D. EHRA/HRS Expert Consensus on Catheter Ablation of
Ventricular Arrhythmias: developed in a partnership with the European Heart
Rhythm Association (EHRA), a Registered Branch of the European Society
of Cardiology (ESC), and the Heart Rhythm Society (HRS). Heart Rhythm
2009;6(6)886–933

34. Dong J, Dickfeld T, Dalal D, Cheema A, Vasamreddy CR, Henrikson CA,
Marine JE, Halperin HR, Berger RD, Lima JAC, Bluemke DA, Calkins CH.
Initial experience in the use of integrated electroanatomic mapping with three-
dimensional MR/CT images to guide catheter ablation of atrial fibrillation. J
Cardiovasc Electrophysiol 2006;17(5)459–66

35. Knackstedt C, Schauerte P, Kirchhof P. Electro-anatomic mapping systems in
arrhythmias. Europace 2008;10(S3):28–34

36. Gupta S, Desjardins B, Baman T, Ilg K, Good E, Crawford T, Oral H, Pelosi
F, Chugh A, Morady F, Bogun F. Delayed-enhanced MR scar imaging and



Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation98 Journal Review

www.jafib.com Dec 2014-Jan 2015| Volume 7| Issue 4

67. Seiler J, Lee JC, Roberts-Thomson KC, Stevenson WG. Intracardiac
echocardiography guided catheter ablation of incessant ventricular tachycardia
from the posterior papillary muscle causing tachycardia-mediated cardiomyopathy. 
Heart Rhythm 2009;6:389-392.

68. Jongbloed MRM, Bax JJ, Borger van der Burg AE, Van der Wall EE, Schalij MJ. 
Radiofrequency catheter ablation of ventricular tachycardia guided by intracardiac 
echocardiography. Eur J Echocardiography 2004;5:34-40.

69. Bunch TJ, Weiss JP, Crandall BG, Day JD, Di Marco JP, Ferguson JD, Mason
PK, McDaniel G, Osborn JS, Wiggins D, Mahapatra S. Image integration using
intracardiac ultrasound and 3D reconstruction for scar mapping and ablation of
ventricular tachycardia. J Cardiovasc Electrophysiol 2010;21:678-684.

70. Bala R, Ren JF, Hutchinson MD, Desjardins B, Tschabrunn C, Gerstenfeld EP,
Deo R, Dixit S, Garcia FC, Cooper J, Lin D, Riley MP, Tzou WS, Verdino R,
Epstein AE, Callans DJ, Marchlinski FE. Assessing epicardial substrate using
intracardiac echocardiography during VT ablation. Circ Arrhythm Electrophysiol 
2011;4(5):667–73.

71. Hussein A, Jimenez A, Ahmad G, Mesubi O, Klein T, Gurm G, Beck H, Shams O, 
See V, Saliaris A, Shorofsky S, Dickfeld T. Assessment of ventricular tachycardia
scar substrate by intracardiac echocardiography. Pacing Clin Electrophysiol
2013;00:1-10.

72. Han RI, Black A, Culshaw G, French AT, Corcoran BM. Structural and cellular
changes in canine myxomatous mitral valve disease: An image analysis study. J
Heart Valve Dis 2010; 19:60–70.

73. Hadi AM, Mouchaers KT, Schalij I, Grunberg K, Meijer GA, Vonk- Noordegraaf 
A, van der Laarse WJ Beliën JAM. Rapid quantification of myocardial fibrosis:
a new macro-based automated analysis. Cell. Oncol. (Dordr)., vol. 34, no. 4, pp.
343–54, Aug. 2011

74. Schneider CA, Rasband WS, Eliceiri KW. NIH Image to ImageJ: 25 years of
image analysis. Nat Methods 2012; 9:671–675

75. Picht E, Zima AV, Blatter LA, Bers DM. SparkMaster: Automated calcium spark 
analysis with ImageJ. Am J Physiol Cell Physiol 2007; 293:1073–1081

76. van Velzen JE, Schuijf JD, de Graaf FR, et al. Diagnostic performance of non-
invasive multidetector computed tomography coronary angiography to detect
coronary artery disease using different endpoints: detection of significant stenosis
vs. detection of atherosclerosis. Eur Heart J 2011;32:637-45

77. Abbara S, Desai JC, Cury RC, et al. Mapping epicardial fat with ultidetector
computed tomography to facilitate percutaneous transepicardial arrhythmia
ablation. Eur J Radiol 2006;57:417-22

78. Zeppenfeld K, Tops LF, Bax JJ, Schalij MJ. Images in cardiovascular medicine.
Epicardial radiofrequency catheter ablation of ventricular tachycardia in the vicinity 
of coronary arteries is facilitated by fusion of 3-dimensional electroanatomical
mapping with multislice computed tomography. Circulation 2006;114(3):e51–2

79. Desjardins B, Morady F, Bogun F. Effect of epicardial fat on electroanatomical
mapping and epicardial catheter ablation. J Am Coll Cardiol 2010;56(16):1320–7

50. Neilan TG, Coelho-Filho OR, Danik SB, Shah RV, Dodson JA, Verdini DJ,
Tokuda M, Daly CA, Tedrow UB, Stevenson WG, Jerosch-Herold M, Ghoshhajra 
BB, Kwong RY. CMR quantification of myocardial scar provides additive
prognostic information in nonischemic cardiomyopathy. JACC Cardiovasc
Imaging 2013;6(9):944–54

51. Nazarian S, Bluemke DA, Lardo AC, Zviman MM, Watkins SP, Dickfeld TL,
Meininger GR, Roguin A, Calkins CH, Tomaselli GF, Weiss RG, Berger RD,
Lima JAC, Halperin HR. Magnetic resonance assessment of the substrate for
inducible ventricular tachycardia in nonischemic cardiomyopathy. Circulation
2005;112(18):2821–5

52. Bogun FM, Desjardins B, Good E, Gupta S, Crawford T, Oral H, Ebinger M,
Pelosi F, Chugh A, Jongnarangsin K, Morady F. Delayed-enhanced magnetic
resonance imaging in nonischemic cardiomyopathy: utility for identifying the
ventricular arrhythmia substrate. J Am Coll Cardiol 2009;53(13):1138–45.

53. Ren JF, Marchlinski FE. Utility of intracardiac echocardiography in left heart
ablation for tachyarrhythmias. Echocardiography 2007;24(5):533–40.

54. Bruce CJ, Packer DL, Belohlavek M, Seward JB. Intracardiac echocardiography:
newest technology. J Am Soc Echocardiogr 2000;13(8):788–95.

55. Dello Russo A, Casella M, Pelargonio G, Bonelli F, Santangeli P, Fassini G,
Riva S, Carbucicchio C, Giraldi F, De Iuliis P, Bartoletti S, Pintus F, Di Biase
L, Pepi M, Natale A, Fiorentini C, Tondo C. Intracardiac echocardiography in
electrophysiology. Minerva Cardioangiol 2010;3:333-42.

56. Saad EB, Costa IP, Camanho LEM. Clinical Update Use of Intracardiac
Echocardiography in the Electrophysiology. Arq Bras Cardiol 2011;96(1):e11-e17.

57. Banchs JE, Patel P, Naccarelli GV, Gonzalez MD. Intracardiac echocardiography
in complex cardiac catheter ablation procedures. J Interv Cardiovasc Electrophysiol 
2010;3:167-84.

58. Kalman JM, Fitzpatrick AP, Olgin JE, Chin MC, Lee RJ, Scheinman MM,
Lesh MD. Biophysical characteristics of radiofrequency lesion formation in vivo:
dynamics of catheter tip–tissue contact evaluated by intracardiac echocardiography. 
Am Heart J 1997;133:8-18.

59. Kalman JM, Olgin JE, Karch MR, Hamdan M, Lee RJ, Lesh MD. “Cristal
tachycardia”: origin of right atrial tachycardia from the crista terminalis identified
by intracardiac echocardiography. J Am Coll Cardiol 1998;31:451-9.

60. Khaykin Y, Klemm O, Verma A. First human experience with real-time integration 
of intracardiac echocardiography and 3D electroanatomical imaging to guide right 
free wall accessory pathway ablation. Europace 2008;10:116-7.

61. Pratola C, Baldo E, Artale P, Marcantoni L, Toselli T, Percoco G, Sassone B,
Ferrari R. Different image integration modalities to guide AF ablation: impact on 
procedural and fluoroscopy times. Pacing Clin Electrophysiol 2011;34(4):422–30.

62. Khaykin Y, Skanes A, Champagne J, Themistoclakis S, Gula L, Rossillo A,
Bonso A, Raviele A, Morillo CA, Verma A, Wulffhart Z, Martin DO, Natale
A. A randomized controlled trial of the efficacy and safety of electroanatomic
circumferential pulmonary vein ablation supplemented by ablation of complex
fractionated atrial electrograms versus potential-guided pulmonary vein antrum
isolation guided by intracardiac ultrasound. Circ Arrhythm Electrophysiol
2009;2(5):481–7.

63. Khaykin Y, Skanes A, Whaley B, Hill C, Beardsall M, Seabrook C, Wulffhart
Z, Oosthuizen R, Gula L, Verma A. Real-time integration of 2D intracardiac
echocardiography and 3D electroanatomical mapping to guide ventricular
tachycardia ablation. Heart Rhythm 2008;5(10):1396–402.

64. Saliba W, Thomas J. Intracardiac echocardiography during catheter ablation of
atrial fibrillation. Europace 2008;10(Suppl 3).

65. Verma A, Maroouche N, Natale A. Pulmonary vein antrum isolation: intracardiac 
echocardiography-guided technique. J Cardiovasc Electrophysiol 2004;15:1335-
40.

66. Farah A, Khan F, Machado C. Thrombus formation at the site of radiofrequency
catheter ablation. Pacing Clin Electrophysiol 2000;23(4 Pt 1):538-40.



www.jafib.com Dec 2014-Jan 2015| Volume 7| Issue 4

Von Willebrand Factor Plasma Levels Variability In Nonvalvular 
Atrial Fibrillation
Gerardo Muñoz Cortés MD1, Martha Eva Viveros Sandoval PhD2, Carlos Arturo Areán Martínez MD3, Helios 
Eduardo Vega GómezMD4, Sandra Edith López Castañeda MD,MSc5, Anel Gómez García PhD6

1Laboratory of Haemostasis and Vascular Biology. Faculty of Medical and Biological Sciences “Dr. Ignacio Chavez”. 
Michoacan University of San Nicolas de Hidalgo. Biomedical Research Center of Michoacán. Mexican Social Security 
Institute. Morelia, Michoacán, México. 2Laboratory of Haemostasis and Vascular Biology. Faculty of Medical and Biological 
Sciences “Dr. Ignacio Chavez”. Michoacan University of San Nicolas de Hidalgo. Morelia, Michoacán, México. 3Department 
of Interventional Cardiology, General Hospital “Dr Miguel Silva”. Morelia, Michoacán, México. 4Department of 
Cardiology, Regional General Hospital No. 1. Mexican Social Security Institute. Morelia, Michoacán, México. 5Laboratory of 
Haemostasis and Vascular Biology. Faculty of Medical and Biological Sciences “Dr. Ignacio Chavez”. Michoacan University 
of San Nicolas de Hidalgo. Morelia, Michoacán, México. 6Biomedical Research Center of Michoacán, Mexican Social Security 
Institute.  Morelia, Mich. México.

Abstract
Atrial Fibrillation (AF) is the most common cardiac arrhythmia of clinical significance; it increases the risk of mortality due to stroke. 

The mechanisms behind cerebral thromboembolism in AF are associated with a prothrombotic state, demonstrated by higher levels of von 
Willebrand Factor (vWF), a multimeric glycoprotein that plays a crucial role in platelet adhesion and aggregation and it has been proposed 
as a biomarker of endothelial dysfunction. Plasma vWF levels are elevated in patients with nonvalvular Atrial Fibrillation (NVAF) associated 
to the presence of cardiovascular risk factors. The variability in vWF plasma levels in healthy subjects has a wide distribution, but there is no 
description available of the variability in AF patients and among types of AF. The aim of this study was to determine the variability of vWF 
plasma concentrations in patients with NVAF, associated to cardiovascular risk factors. Search strategy included PubMed and Ovid. Keywords 
used were “Atrial Fibrillation” and “von Willebrand Factor”. It includes original articles, with analysis of plasma vWF levels by ELISA, without 
acute stroke. Review articles and meta-analysis were excluded. Reviewed studies include 22 trials and 6542 patients with nonvalvular 
AF associated to cardiovascular disease risk factors: age, sex, hypertension, heart failure, diabetes mellitus, prior stroke, coronary artery 
disease. Variability in vWF plasma levels was wide, with minimum values of 77 IU/dl and maximum values of 245 IU/dl and a mean of 146 
IU/dl. Age of patients ranged between 54 and 78 years, and the percentage of males ranged between 23% and 80%. According to type of AF 
vWF levels were as follows, in paroxysmal AF: 92-264 IU/dl; persistent AF: 76-234 IU/dl; permanent AF: 91-247 IU/dl. The variability in vWF 
plasma levels is affected by risk factors and the AF type, however vWF levels in AF patients are higher when compared with healthy subjects. 

Introduction
Atrial Fibrillation 

Atrial Fibrillation (AF) is the most common cardiac arrhythmia of 
clinical significance.1 The presence of AF independently increases the 
risk of mortality and morbidity due to stroke and thromboembolism, 
congestive heart failure and impaired quality of life, resulting in high 
health-care cost and a public health burden.2 AF is an epidemic dis-
ease, affecting 1% to 1.5% of the population in the developed world.3 
Approximately 2.3 million peo¬ple are currently diagnosed with AF 

in the United States and this number is expected to increase to 15.9 
million by 2050.4 

Risk factors for the development of AF include: increasing 
age, hypertension, myocardial infarction, heart failure, diastolic 
dysfunction, valvular heart disease, thyrotoxicosis, alcoholism, obesity 
and diabetes.5-7 The term nonvalvular AF (NVAF) is restricted to 
cases in which the rhythm disturbance occurs in the absence of 
rheumatic mitral stenosis or a prosthetic heart valve.8

The prevalence of AF increases with advancing age.9 The SAFE 
Study (Screening for Atrial Fibrillation in the Elderly) showed a 
prevalence of AF of 7.2 % in patients over  65 years and in those over 
75 years old (10.3%).10

AF is classified into paroxysmal, persistent and permanent 
categories. It is designated paroxysmal AF when the arrhythmia 
episode terminates spontaneously within 7 days or by electrical/
pharmacological cardioversion within 48 hours of its onset; AF 
is persistent when it is sustained beyond 7 days or terminated by 
electrical/pharmacological cardioversion after 48 hours of sustenance, 
it also includes cases of long-standing AF where AF has lasted for 12 
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plays a crucial role in platelet adhesion and aggregation, which 
are the main initial steps in haemostasis after vascular injury and 
also under conditions of high shear stress as it happens in lesions 
in the coronary arteries.17 Recent studies have implicated vWF as 
a regulator of angiogenesis, smooth muscle cell proliferation, and 
interactions in the immune system. It is synthesized in endothelial 
cells and megakaryocytes as a propeptide. Following synthesis, 
vWF undergoes dimerization and further multimerization to finally 
be proteolized by ADAMTS 13 protease, into functional vWF 
multimers of varying size.18, 19

vWF has two main functions: this glycoprotein carries and protects 
factor VIII in circulation and mediates the initial platelet adhesion 
to the subendothelium, by linking to specific platelet membrane 
receptors: glycoprotein Ib-V-IX complex, facilitating platelet 
adhesion and glycoprotein αIIbβ3 mediating platelet aggregation at 
the site of injury, and consequently, activated coagulation.18

The mean vWF plasma level is 100 IU/dl, but the variability in the 
population is wide, with 95% of values between 50 IU/dl and 200 
IU/dl.20, 21

Plasma vWF concentration is affected by the ABO blood group. 
O group individuals having plasma levels 25% lower than non-O 
(A, B and AB) subjects.22 The mechanism by which ABO group 
determines vWF plasma levels has not been well established.23

Circulating plasma vWF, is almost exclusively synthesized, 
stored, and secreted by endothelial cells.24 It has been proposed as 
a biomarker of endothelial damage/dysfunction as increased plasma 

months uninterruptedly; finally, the term permanent AF is applied to 
clinical AF when the attempts of restoration of sinus rhythm are not 
contemplated.2

AF occurring in the absence of structural heart disease, is called 
lone AF2 and is considered a nosographic entity, when conditions such 
as hypertension, diabetes, hyperthyroidism, acute infections, recent 
cardiothoracic or abdominal surgery, and systemic inflammatory 
diseases, should be excluded.11

AF is associated with a prothrombotic (hypercoagulable) state and 
with an increased thromboembolic risk, by virtue of the Virchow’s 
triad for thrombogenesis: endothelial or endocardial damage/
dysfunction; abnormal blood stasis; and abnormal haemostasis, 
increased platelet activity, and fibrinolysis.12

The management of AF includes, reducing symptoms through 
rhythm or rate management, treating underlying medical conditions, 
concomitant cardiovascular disease and reducing the risk of stroke 
and thromboembolic events13 with oral anticoagulation or aspirin.14

Atrial fibrillation confers a five-fold increased risk of stroke, 
and one in five of all strokes are attributed to this arrhythmia.2 
The mechanisms behind cerebral thrombo-embolism in AF are 
not completely understood, but it is well documented that AF is 
associated with a prothrombotic state, demonstrated by higher levels 
of von Willebrand Factor (vWF), when compared to healthy control 
subjects.15, 16

Von Willebrand Factor
von Willebrand factor (vWF) is a multimeric glycoprotein that 

Table 1: Characteristics of participants and vWF levels in NVAF

Study Participants vWF levels  (IU/dl)

Author, year Country n Age  (years) Man       (%) Mean Range

Freynhofer et al. 2013 41 Austria 269 69 58 151 (89-212)

Roldan et al. 201142 Spain 829 76 50 171 (131-230)*

Ammash et al. 2011 43 USA 414 63 75 157 (104-210)

Fu et al. 2011 44 China 90 54 70 117 (79-154)

Hou et al. 2010 45 China 26 65 58 132 (94-170)

Kalyoncu et al. 2009 46 Turkey 13 65 23 137 (102-190)*

Freestone et al. 2008 47 UK 52 71 73 122 (77-173)*

Freestone et al. 2008 48 UK 40 68 38 175 (113-237)

Freestone et al. 2007 49 UK 145 66 57 165 (85-245)

Varughese et al. 2007 50 UK 1235 70 74 145 (122-166)*

Heerringa et al. 2006 51 UK 162 78 51 144 (112-172)

Lip et al. 2005 52 UK 1321 70 70 144 (113-175)

Roldan et al. 2005 53 UK 200 72 51 143 (101-185)

Barber et al. 2004 54 UK 258 72 54 172 (142-211)*

Conway et al. 2004 55 UK 54 67 74 129 (103-155)*

Conway et al. 2003 29 UK 994 69 75 145 (114-176)

Conway et al. 2003 56 UK 162 78 51 144 (112-176)

Conway et al. 2002 27 UK 1321 70 71 145 (113-177)

Li-Saw-Hee et al. 2001 57 UK 78 65 65 132 (95-169)

Li-Saw-Hee et al. 2000 58 UK 61 64 72 143 (106-180)

Li-Saw-Hee et al. 2000 59 UK 52 68 80 137 (110-164)

Lip at al. 1995 60 UK 87 63 53 152 (108-198)*

Mean average 68 61 146 (106-188)

vWF: von Willebrand Factor; NVAF: nonvalvular Atrial Fibrillation; IU/dl: International Unit/deciliter; USA: United State of America; UK: United Kingdom. 
vWF plasma levels are expressed as mean and range (minimum and maximum value). * Studies reported on a median (interquartile range).
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Statistical Analysis
 Continuous data are expressed as mean and interquartile range, 

while categorical variables are expressed as a percentage. Statistical 
analysis was performed using the program IBM® SPSS® Statistics 
20 version.
Results

The combination of the keywords “Atrial Fibrillation” and “von 
Willebrand Factor” showed 97 results in Pub Med and 43 in OVID; 
only 22 articles met the selection criteria.

Sato et al.31 was excluded because AF patients were enrolled with 
acute stroke; several studies were excluded because they reported 
their results in different international units: Alonso et al.,32 Feng et 
al.33 and Mondillo et al.34 informed in percentage (%); Yip et al.35 in 
g/ml; Marín et al.36 on ng/ml; Kahn et al.37 in μ/ml;  Pinto et al.38 
on pg/ml. Kumagai et al.39 and Fukuchi et al.40 were not included 
because they presented results based on expression of vWF mRNA 
in the endocardium and by measuring vWF by endothelial cell 
Immunohistochemistry, respectively. The remaining articles did not 
show inclusion criteria and were excluded on the basis of title and 
abstract, for clearly not being related to clinical trials in AF.

Reviewed studies included 22 trials and 6542 patients with 
nonvalvular AF (NVAF), associated to cardiovascular disease risk 
factors. Table 1 shows general characteristics and levels of vWF in 
these studies. 16 studies showed a normal distribution and continuous 
data are expressed as mean ± standard deviation (SD), however, in 
Table 1, the value of the standard deviation is described as minimum 
value and maximum value (or range); the other 6 studies had a 
nonparametric distribution and vWF levels reported as a median 
(interquartile range).

Variability in vWF plasma levels in patients with NVAF was 
observed in Table 1, values of 77 IU/dl (minimum) to 245 IU/
dl (maximum) were found; with a mean of 146 IU/dl. The age of 
patients ranged between 54 and 78 years, with a mean of 68 years and 
the percentage of males ranged between 23 - 80% with an average 
of 61%.

The study with the lowest vWF plasma levels was reported by Fu 
et al. 201144 with values of 117 IU/dl (79-154) for 90 participants 
from China, with an average age of 54 years old and 70% of male 
participants. The highest value was from Freestone et al. in 200847 

with levels of 175 IU/dl (113-237) in 1321 patients from United 
Kingdom, 65 years of age and 38%  males.

levels have been found in inflammatory and atherosclerotic vascular 
diseases.25

The availability of a useful index of endothelial dysfunction, 
may therefore have potential value, since the measurement of such 
a marker can be a non-invasive way of assisting in diagnosis as an 
indicator of disease progression and prognosis.26

Atrial Fibrillation And Stroke
Plasma vWF levels are elevated in patients with NVAF associated 

with endothelial dysfunction.27, 28  Raised plasma levels of vWF are 
predictive of stroke and vascular events among patients with AF29 

and are associated with a poor prognosis. These levels in AF patients 
are not altered by warfarin and/or aspirin treatment.30

Multiple studies show increased plasma levels of vWF in patients 
with AF when compared with a control group; several studies 
associate this increase to the presence of cardiovascular risk factors. 
Finally, results have been reported on the levels of vWF according to 
the type of AF, however, there are no descriptions of the ranges of 
variation available.

Therefore, our hypothesis is that vWF plasma levels show variability 
in patients with NVAF and that this variability is influenced by risk 
factors and by AF type. The aim of the present study is to identify 
these ranges of variability in patients with AF.
Material And Methods
Study Selection

A search of the literature was conducted using electronic databases. 
Search strategy included: PubMed and Ovid. The keywords used 
were: “Atrial Fibrillation” and “von Willebrand Factor” (examination 
term of January 31, 2014).

A separate search for each keyword was realized. With the 
objective of providing reliability in the selection process of articles, 
two researchers were given the task of performing the process 
independently, afterwards their level of agreement was found.

Original articles were reviewed with experimental, quasi-
experimental and observational designs, the articles must have been 
written in English, and followed methodological characteristics like: 
inclusion of patients with nonvalvular AF (NVAF), with description 
of associated risk factors, average age of the sample, percentage of 
male, analysis of plasma vWF levels by ELISA and report vWF 
concentrations in International Unit/deciliter (IU/dl), with presence 
or absence of a control group, without acute stroke or acute coronary 
syndrome, and provide statistical data for analysis and interpretation 
of results. Review articles and meta-analysis articles with incomplete 
methodological description or unclear data, were excluded.

Table 2: Effect of risk factor in vWF levels in AF patients

         Author, year  Risk 
Factor

vWF (IU/dl)

AF without RF AF + RF

Mean Range Mean Range

Kalyonku et al. 2009 46 HT
DM

110
110

(50-394)
(50-390)

169
142

(67-390)
(67-390)

Heerringa et al. 2006 51 HT 145 (122-166) 149 (130-169)

Lip et al. 2005 52 HF
HF

144
145

(113-175)
(115-175)

154
159

(125-183)
(128-190)

Conway et al. 2002 27 DM
PS
HT

145
145
144

(114-176)
(114-176)
(112-178)

159
154
149

(130-188)
(127-181)
(119-179)

vWF: von Willebrand Factor; AF: Atrial Fibrillation; IU/dl: International Unit/deciliter; RF: Risk 
Factor. HT: Hypertension, DM: Diabetes Mellitus; HF: Heart Failure; PS: Prior Stroke.
vWF plasma levels are expressed as mean and range (minimum and maximum value).

Table 3: Characteristics and vWF levels in AF patients with and without 
Warfarin

vWF (IU/dl)

n Age
(years)

Mean
(%)

No warfarin Tx Warfarin Tx

Mean Range Mean Range

Freestone et al 
2007 49

30 68 50 155 (82-228) 151 (100-202)*

Li-Saw-Hee et al. 
2000 58

23 64 75 144 (106-180) 148 (108-188)**

Barber et al. 
2004 54

166 70 55 156 (124-196) 181 (50-218)

Lip et al. 1995 60 31 60 39 152 (108-198) 169 (118-227)

Freestone et al. 
2008 47

31 71 73 122 (77-173)*** 100 (68-171)

vWF: von Willebrand Factor; AF: Atrial Fibrillation; IU/dl: International Unit/deciliter; Tx: Treatment 
vWF plasma levels are expressed as mean and range (minimum and maximum value)
* After at least 4 weeks of therapeutic anticoagulation. ** After 8 weeks of warfarin. *** 
Patients with and without warfarin.
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between 84 and 254 IU/dl, with an average of 148 IU/dl.
Types of Atrial Fibrillation

 Table 5 summarizes the variability of vWF plasma levels in AF 
studies categorized into 3 types. These studies included a total of 
658 participants. In Paroxysmal AF (47.6%) concentrations of 
vWF ranged between 92 to 264 IU/dl, with a mean of 141 IU/dl 
in patients 62 years old and 70% men; Persistent AF (30.7%) varied 
between 76 and 234 IU/dl with a mean of 137 IU/dl, 62 years and 
70% men; finally in Permanent AF (21.7%) values rangedfrom 91 to 
247 IU/dl with a mean of 162 IU/dl, mean age of 66 years and 61% 
of participants were male.
Control Groups

Studies that involved a control group are shown in Table 6; 2 types 
of subjects were found: healthy subjects (no AF and no risk factors) 
and patients with sinus rhythm matched (by age and gender, in terms 
of smoking status, body mass index, and systolic and diastolic blood 
pressure). Healthy patients (n=233) showed vWF plasma levels 
between 55 and 136 IU/dl with a mean of 95 IU/dl, age of 60 years 
and 70% men. And 371 participants with sinus rhythm matched had 
values of 54 to 176 IU/dl with a mean of 114 IU/dl, mean age of 64 
years and 58% men.

Most of these studies were conducted in Europe (82%), mainly in 
the UK (73%) and the rest in Asia (18%).
Variability In Vwf

Table 7 summarizes the vWF plasma concentrations, shows the 
variability of these based on the different types of atrial fibrillation. 
The highest values were found in patients with Permanent AF (162 
IU/dl) and the lowest (114 IU/dl) were found in Lone AF patients 
younger than 60 years. Healthy subjects showed the lowest vWF 
plasma levels (95 IU/dl).
Discussion

In this study, we show the variability of vWF plasma levels, as a 
marker of endothelial dysfunction in Atrial Fibrillation patients, and 
the influence of cardiovascular risk factors on these concentrations.

The endothelial damage or dysfunction may play an important role 
in the pathobiology of vascular outcome in diabetes, hypertension 
and heart failure. Shear stress at the vessel wall, affect endothelial 
cell integrity and function, leading to the secretion of vWF in these 
disorders.46 Reviewed studies show there is an effect of hypertension, 
diabetes and heart failure in the increased vWF plasma levels, 
therefore, these are risk factors to be taken into consideration to 
measure the variability of vWF.

Increased vWF plasma levels are well recognized to be associated 

The reviewed studies include cities from three continents. However, 
most of research studies (86.4%) were performed in Europe. The 
United Kingdom is the country with the largest number of studies 
(72.7%); 9.1% of the studies were performed in Asia and the rest 
(4.5%) in North America.
Influence Of Risk Factors In Vwf Levels

Cardiovascular risk factors associated with AF in the reviewed 
studies included: hypertension (39%), heart failure (33%), coronary 
artery disease (24%), diabetes mellitus (15%), prior stroke (12%) and 
hyperlipidemia (8%).

Four studies described the effects of risk factors in vWF levels in 
AF patients (Table2). Kalyonku et al.46 evidence the highest levels 
of vWF in patients with hypertension and diabetes compared with 
AF patients without the risk factor. Herringa et al.51 and Lip et al.52 
show the greatest vWF levels by effect of hypertension and heart 
failure, respectively. Finally, Conway et al.27 describe the effect of 6 
risk factors: heart failure, hypertension, diabetes, prior stroke, age and 
female sex. The influence of age and female sex in vWF levels were: 
patient >75 years 151 IU/dl (123-179) and ≤75 years 145 IU/dl (113-
177); women 150 IU/dl (119-181) and men 145 IU/dl (114-176).

Differences of vWF concentrations in patients with and without 
warfarin treatment are showed in Table 3. Two studies had a 
longitudinal design and show vWF levels in AF patients before and 
after warfarin treatment: Freestone et al. 200749 and Li-Saw-Hee et 
al. 200058 showed the same variation of 4I U/dl in the mean value, 
after 4 and 8 weeks of treatment with warfarin, respectively.

Three studies show differences in vWF by comparing two groups 
of patients: AF with and without warfarin. Barber et al. in 200454 

showed a difference of 25 IU/dl between their means: AF without 
warfarin group (n = 92, age 72 years, 52% men) and warfarin group 
(n = 166, Age 70 years, 50% men). Lip et al. 199558 described a 
difference of 17 IU/dl between the 2 groups: without warfarin (n = 
37, age 73 years, 51% men) and warfarin (n = 31, age = 60, 39% male). 
And Finally, Freestone et al. 2008,47 presented high levels of vWF in 
patients with warfarin therapy, but they don´t specify the differences 
between their groups.
Lone Atrial Fibrillation

 The general characteristics and vWF plasma levels in Lone AF 
patients are shown in Table 4. In this group, 193 subjects with AF 
were included; 2 types of Lone AF were found: Lone AF (Fu et al. 
2011) with patients <60 years of age (mean 49 years) where variability 
in plasma vWF concentrations ranged between 79 and 147 IU/dl, 
with a mean value of 114 IU/dl. More studies49, 56, 58, 59 with Lone AF 
in patients >60 years of age (mean 69 years) had vWF levels ranged 

Table 4: Characteristics and vWF levels  in Lone AF

Publications Participants

Authors, year Country n Age   (years) Man   (%) vWF (IU/dl)

Mean Range

Fu et al. 2011 44 China 60 49 72 114 (79-147)

Freestone et al. 2007 49 UK 35 62 69 169 (84-254)

Conway  et al. 2003 56 UK 66 76 94 139 (107-171)

Li-Saw-Hee et al. 2000 58 UK 16 69 69 149 (123-175)

Li-Saw-Hee et al. 2000 59 UK 16 68 80 136 (129-143)

vWF: von Willebrand Factor; IU/dl: International Units/ deciliter; UK: United Kingdom. 
vWF plasma levels are expressed as mean and range (minimum and maximum value)

Table 5: vWF plasma levels in participants of 3 categories of Atrial 
Fibrillation

Study

vWF (IU/dl)

Paroxysmal AF Persistent AF Permanent AF

Mean Range Mean Range Mean Range

Scridon et al. 2013 61 107 (99-115) 125 (115-135)

Ammash et al. 2011 43 148 (95-201) 160 (105-215) 174 (117-231)

Freestone  et al. 2007 49 178 (92-264) 155 (76-234) 169 (91-247)

Li-Saw-Hee et al. 2001 28 130 (96-164) 106 (80-132) 143 (96-190)

Mean Average 141 (96-186) 137 (94-179) 162 (101-223)

vWF plasma levels are expressed as mean and range (minimum and maximum value)
vWF: von Willebrand Factor; AF: Atrial Fibrillation; IU/dl: International Units/deciliter.
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healthy control subjects in sinus rhythm. The mean plasma level of 
VWF in healthy subjects is 100 IU/dl, but the population distribution 
is broad, with 95% of values between 50 IU/dl and 200 IU/dl.20, 21

Similar results were found in the reviewed studies: healthy patients 
had vWF levels between 55 and 136 IU/dl with a mean of 95 IU/dl.

Plasma vWF concentrations are strongly influenced by ABO blood 
group. Blood group O individuals have lower levels than non-O 
subjects;22 although this issue is well described in the hemostasis 
field, none of the articles reviewed considered neither reported the 
blood group.

Limits and Features: Other factor that affect the variability on 
vWF levels, and which was not taken into account in the studies 
reviewed, was genetic determinant. Moreover, twin studies have 
demonstrated that 66% of all variations in plasma VWF are 
genetically determined.62 Further studies are required in different 
populations, including Latin American countries.

with ischemic cerebrovascular events,26 which were verified in the 
study of Conway et al.,27 where there was an increase of vWF in 
patients with prior stroke. Also age and female gender influence the 
levels of vWF as demonstrated in all studies reviewed: vWF levels 
were elevated in those studies involving elderly patients and with a 
higher percentage of women.

VWF levels in AF patients are not altered by warfarin treatment.30 
This is demonstrated in the results published by Freestone et al. 
200749 and Li-Saw-Hee et al. 2000,58 where vWF levels were very 
similar before and after treatment with warfarin (difference not 
statistically significant). Moreover, in studies where two groups 
were compared, Barber et al.,54 Lip et al.60 and Freestone et al.,47 
the differences in plasma levels were justifiable because both groups 
were not homogeneous (not matched in their risk factors) and this 
difference was not due to the use of warfarin.

Lone AF has not been defined consistently; many cardiologists 
have suggested that a major diagnosis of lone AF should be restricted 
to patients <60 years of age11 in order to avoid the effect of age on the 
increased levels of vWF. Accordingly, Fu et al.44 describe lower vWF 
levels (mean 114 IU/dl), in AF Lone patients with an average age of 
49 years; nevertheless, several reports do not consider age younger 
than 60 to define Lone AF. According to this, studies by Freestone 
et al.,49 Conway et al.56 and Li-Saw-Hee et al.58, 59 describe higher 
vWF levels (148 IU/dl) in patients whose average age was 69 years. 
All these studies support the idea that age is an important factor in 
the variability of vWF levels, consequently, it is important to take age 
factor into account when defining Lone AF.

Endothelial dysfunction exists whether AF is paroxysmal, 
persistent, or permanent,28 but the differences in vWF levels among 
them, are unclear. Our review shows that there is in fact a difference 
between the 3 types of AF, with the highest levels found in patients 
with permanent AF, although this might be influenced by the older 
age found in patients included and a smaller amount of men; unlike 
paroxysmal AF and persistent AF studies.

Finally, the results showed in this analysis, have confirmed the 
presence of higher vWF levels in patients with AF compared with 

Table 6: von Willebrand Factor levels in 2 types of Control Groups

Authors, year Participants       Healthy*  Control   Matched** Control

Country n Age  (years) Man (%) vWF (IU/dl)

Mean  Range Mean  Range

Scridon et al. 2013 61 France 17 55 76 87 (73-101)

Fu et al. 2011 44 China 79 55 57 106 (76-136)

Freestone et al. 2008 47 UK 117 68 73 81 (55-133)***

Li-Saw-Hee et al. 2001 57 UK 20 63 75 105 (75-135)

Hou et al. 2010 45 China 26 65 58 113 (76-150)

Freestone et al. 2008 46 UK 26 66 50 115 (54-176)

Freestone et al. 2007 47 UK 40 64 40 116 (57-175)

Conway et al. 2004 55 UK 41 67 61 125 (104-146)***

Li-Saw-Hee et al. 2001 57 UK 20 63 65 119 (76-162)

Li-Saw-Hee et al. 2000 58 UK 60 66 75 105 (75-135)

Lip et al. 1995 60 UK 158 59 56 105 (80-147)***

Mean Average 604 63 62 95 (75-126) 114 (75-156)

vWF: von Willebrand Factor; UK: United Kingdom. IU/dl: International Units/ deciliter
vWF plasma levels are expressed as mean and range (minimum and maximum value). 
*Healthy control: patients with sinus rhythm without risk factors; ** Matched Control: patients with sinus rhythm (without AF) and matched for age and sex, in terms of smoking status, body mass 
index, and systolic and diastolic blood pressure. *** Studies reported on a median (interquartile range).

Table 7: Variability in vWF levels in AF and Control Groups

vWF (IU/dl)

Intervals  
(minimum 
- maximum 
values)

Mean  Average Range Average

NVAF* 27, 29, 41-60 77 - 245 146 (106-188)

Lone AF** < 60 years 44 79 – 147 114 (79-147)

Lone AF > 60 years 49, 56, 58, 59 84 - 254 148 (111-186)

Paroxysmal AF 28, 43, 49, 61 96 – 264 141 (96-186)

Persistent  AF 28, 43, 49, 61 76 – 234 137 (94-179)

Permanent  AF 28, 43, 49 91 – 247 162 (101-223)

Healthy Control*** 44, 47, 57, 61 55 - 136 95 (70-126)

Matched Control**** 45, 48, 49, 55, 57,58, 60 54 - 176 114 (75-156)

vWF: von Willebrand Factor; NVAF: nonvalvular Atrial Fibrillation; AF: atrial fibrillation.; IU/dl: 
International Units/deciliter.
vWF plasma levels are expressed as mean and range (minimum and maximum value). 
*NVAF: AF + Risk Factors; ** Lone AF: AF without Risk Factors; ***Healthy control: patients whit 
sinus rhythm without risk factors; **** Matched Control: patients whit sinus rhythm (without 
AF) and matched for age and sex, in terms of smoking status, body mass index, and systolic and 
diastolic blood pressure.



Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation104 Journal Review

www.jafib.com Dec 2014-Jan 2015| Volume 7| Issue 4

17. Fredrickson BJ, Dong JF, McIntire LV, Lopez JA. Shear-dependent rolling on
von Willebrand factor of mammalian cells expressing the platelet glycoprotein
Ib-IX-V complex. Blood 1998; 92: 3684-3693.

18. Nordoy A. Haemostatic factors in coronary heart disease. J Intern Med 1993; 233: 
377-383.

19. Wolf G. Not known from ADAM (TS-13) – novel insights into the
pathophysiology of thrombotic microangiopathies. Nephrol Dial Transplant 2004; 
19: 1687-1693.

20. Gill JC, Endres-Brooks J, Bauer PJ, Marks WJ, Montgomery RR. The effect of
ABO blood group on the diagnosis of von Willebrand disease. Blood 1987; 69:
1691-1695.

21. Mannucci PM, Lattuada A, Castaman G, Lombardi R, Colibretti ML, Ciavarella 
N, et al. Heterogeneous phenotypes of platelet and plasma von Willebrand factor
in obligatory heterozygotes for severe von Willebrand disease. Blood 1989; 74:
2433-2436.

22. Gill JC, Endres-Brooks J, Bauer PJ, Marks WJ, Montgomery RR. The effect of
ABO blood group on the diagnosis of von Willebrand disease. Blood 1987; 69:
1691-1695.

23. Jenkins PV, O’Donnell JS. ABO Blood group determinates plasma von Willebrand 
factor levels: a biologic function after all? Transfusion 2006; 46: 1836-1844.

24. Ruggeri ZM, Ware J. The structure and function of von Willebrand factor. Thromb 
Haemost 1992; 67: 594-599.

25. Blann AD, Lip GYH. The endothelium in atherothrombotic disease: assessment
of function, mechanisms and clinical implications. Blood Coagul Fibrinolysis
1998; 9: 297-306.

26. Lip GYH, Blann A. von Willebrand factor: a marker of endothelial dysfunction in 
vasculare disorders? Cardiovascular Research 1997; 34: 255-265.

27. Conway DS, Chin BS, Pearce LA, Hart RG, Lip GY. Plasma von Willebrand
factor and soluble p-selectin as indices of endothelial damage and platelet
activation in 1321 patients with nonvalvular atrial fibrillation: relationship to
stroke risk factors. Circulation 2002; 106: 1962-1967.

28. Li-Saw-Hee FL, Blann AD, Gurney D, Lip GY. Plasma von Willebrand factor, 
fibrinogen and soluble P-selectin levels in paroxysmal, persistent and permanent
atrial fibrillation. Effects of cardioversion and return of left atrial function. Eur
Heart J 2001; 22: 1741-1747.

29. Conway DS, Pearce LA, Chin BS, et al. Prognostic value of plasma von
Willebrand factor and soluble P-selectin as indices of endothelial damage and
platelet activation in 994 patients with nonvalvular atrial fibrillation. Circulation
2003; 107: 3141-3145.

30. 3Lip GY, Blann AD. Von Willebrand factor and its relevance to cardiovascular
disorders. Br Heart J 1995; 74: 580-583. 

31. Sato M, Suzuki A, Nagata K, Uchiyama S. Increased von Willebrand factor in
acute stroke patients with atrial fibrillation. J Stroke Cerebrovascular Dis 2006;
15 (1): 1-7

32. Alonso A, Tang W, Agarwal SK, Soliman EZ, Chamberlain AM, Folsom AR.
Hemostatic markers are associated with the risk and prognosis of atrial fibrillation: 
the ARIC study. Int J Cardiol 2012; 155 (2): 217-222.

33. Feng D, D´Agostino RB, Silbershatz H, Lipinska I, Massaro J, Levy D, et al.
Hemostatic state and atrial fibrillation (the Framingham Offspring Study). Am J
Cardiol 2001; 87; 168-171. 

34. Mondillo S, Sabatini L, Agricola E, Ammaturo T, Guerrini F, Barbati R, et al.
Correlation between left atrial size, prothrombotic state and markers of endothelial 
dysfunction in patients with lone chronic nonrheumatic atrial fibrillation. Int J
Cardiol 2000; 75: 227-232. 

35. Yip HK, Lai SL, Lan MY, Chang WN, Liu JS, Kao YF, et al. Time course of
platelet activation and von Willebrand factor in patients with nonvalvular atrial
fibrillation after ischemic stroke. Circ J 2007; 71(3): 321-326. 

36. Marín F, Roldán V, Climent VE, Ibáñez A, García A, Marco P, et al. Plasma von

Conclusion
 The variability in vWF plasma levels found in the studies involving 

atrial fibrillation patients associated to cardiovascular risk factors 
ranged from 77 to 245 IU/dl, with a mean average of 146 IU/dl. 
Associated risk factors were: elderly age, female gender, hypertension, 
heart failure, diabetes, and prior stroke. Furthermore this variability 
in vWF plasma levels is affected by AF type: paroxysmal, persistent 
or permanent. And vWF levels in AF patients are higher compared 
with healthy subjects.
References
1. Wolf PA, Abbott RD, Kannel WB. Atrial Fibrillation as an independent risk

factor for stroke: the Framingham study. Stroke 1991; 22: 983-988.
2. Camm AJ, Kirchhof P, Lip GY, Schotten U, Savelieva I, Ernst S, et al. Guidelines 

for the management of atrial fibrillation: the Task Force for the Management of
Atrial Fibrillation of the European Society of Cardiology (ESC). Eur Heart J
2010; 31: 2369-2429.

3. Savelieva I, Camm AJ: Clinical trends in atrial fibrillation at the turn of the
millennium. J Intern Med 2001; 250: 369-372.

4. Miyasaka Y, Barnes ME, Gersh BJ, Cha SS, Bailey KR, Abha¬yaratna WP, et al. 
Secular trends in incidence of atrial fibrillation in Olmsted County, Minnesota,
1980 to 2000, and implications on the projections for future prevalence.
Circu¬lation 2006; 114: 119-125.

5. Tsang TS, Miyasaka Y, Barnes ME, Gersh BJ. Epidemiological profile of atrial
fibrillation: a contemporary perspective. Prog Cardiovasc Dis 2005; 48: 1-8.

6. Benjamin EJ, Levy D, Vaziri SM, D´Agostino RB, Belanger AJ, Wolf PA.
Independent risk factors for atrial fibrillation in a population-based cohort: the
Framingham Heart Study. JAMA 1994; 271: 840-844.

7. Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor F, Bales VS, et al.
Prevalence of obesity, diabetes, and obesity-related health risk factors. JAMA
2003; 289: 76-79.

8. Camm AJ, Lip GYP, De Catarine R, Savelieva I, Atar D, Hohnloser SH, et
al. Actualización detalla de las guías de la ESC para el manejo de la fibrilación
auricular 2012. Rev Esp Cardiol 2013; 66 (1): 54.e1-e24

9. Kannel WB, Wolf PA, Benjamin EJ, Levy D. Prevalence, incidence, prognosis, and 
predisposing conditions for atrial fibrillation: population-based estimates. Am J
Cardiol 1998; 82: 2N-9N.

10. Hobbs FD, Fitzmaurice DA, Mant J, Murray E, Jowett S, Bryan S, et al. A
randomized controlled trial and cost-effectiveness study of systematic screening
(targeted and total population screening) versus routine practice for the detection
of atrial fibrillation in people aged 65 and over. The SAFE study. Health Technol
Assess 2005; 9: iii–iv, ix–x, 1-74.

11. Frost L. Lone Atrial Fibrillation Good, Bad, or Ugly? Circulation 2007; 115:
3040-3041.

12. Choudhury A, Lip GYH. Atrial fibrillation and the hypercoagulable state: from
basic science to clinical practice. Pathophysiol Haemost Thromb 2003; 33: 282-
289

13. Singer DE, Albers GW, Dalen JE, Fang MC, Go AS, Halperin JL, et al.
Antithrombotic therapy in atrial fibrillation: American College of Chest
Physicians Evidence-Based Clinical Practice Guidelines (8th Edition). Chest
2008; 133 (Suppl): 546S-592S.

14. Lip GYH, Lim HS. Atrial fibrillation and stroke prevention. Lancet Neurol 2007; 
6: 981-993.

15. Kumagai K, Fukunami M, Ohmori M, Kitabatake A, Kamada T, Hoki N.
Increased intracardiovascular clotting in patients with chronic atrial fibrillation. J
Am Coll Cardiol 1990; 16: 377-380.

16. Watson T, Shantsila E, Lip GY. Mechanisms of thrombogenesis in atrial
fibrillation: Virchow’s triad revisited. Lancet 2009; 373: 155-166.



Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation105 Journal Review

www.jafib.com Dec 2014-Jan 2015| Volume 7| Issue 4

Willebrand factor levels an index of endothelial damage/dysfunction, with two 
point-based stroke risk stratification scores in atrial fibrillation. Thrombosis 
Research 2005; 116: 321-325. 

54. Barber M, Tait RC, Scott J, Rumley A, Lowe GDO, Stott DJ. Dementia in
subjects with atrial fibrillation: hemostatic function and the role of anticoagulation. 
J Thromb Haemost 2004; 2: 1873-1878.

55. Conway DSG, Buggins P, Hughes E, Lip GYH. Predictive Value of Indexes of
Inflammation and Hypercoagulability on Success of Cardioversion of Persistent
Atrial Fibrillation. Am J Cardiol 2004; 94: 508-510. 

56. Conway DSG, Heeringa J, Van Der Kuip DAM, Chin BSP, Hofman A, Witteman 
JCM, et al. Atrial fibrillation and the prothrombotic state in the elderly: the
Rotterdam Study. Stroke 2003; 34: 413-417.

57. Li-Saw-Hee FL, Blann AD, Edmunds E, Gibbs CR, Lip GYH. Effect of Acute
Exercise on the Raised Plasma Fibrinogen, Soluble P-Selectin and von Willebrand 
Factor Levels in Chronic Atrial Fibrillation. Clin Cardiol 2001; 24: 409-414.

58. Li-Saw-Hee FL, Blann AD, Lip GYH. Effects of Fixed Low-Dose Warfarin,
Aspirin-Warfarin Combination Therapy, and Dose-Adjusted Warfarin on
Thrombogenesis in Chronic Atrial Fibrillation. Stroke 2000; 31: 828-833.

59. Li-Saw-Hee FL, Blann AD, Lip GYH. A Cross-Sectional and Diurnal Study of
Thrombogenesis Among Patients With Chronic Atrial Fibrillation. J Am Coll
Cardiol 2000; 35: 1926-1931. 

60. Lip GYH, Lowe GDO, Rumley A, Dunn FG. Increased markers of
thrombogenesis in chronic atrial fibrillation: effects of warfarin treatment. Br
Heart J 1995; 73: 527-533. 

61. Scridon A, Girerd N, Rugeri L, Nonin-Babary E, Chevalier P. Progressive
endothelial damage revealed by multilevel von Willebrand factor plasma
concentrations in atrial fibrillation patients. Europace 2013; 15(11):1562-1566. 

62. Orstavik KH, Magnus P, Reisner H, Berg K, Graham JB, Nance W. Factor VIII
and factor IX in a twin population: evidence for a major effect of ABO locus on
factor VIII level. Am J Hum Genet 1985; 37: 89-101.

Willebrand factor, soluble thrombomodulin, and fibrin D-dimer concentrations 
in acute onset non-rheumatic atrial fibrillation. Heart 2004; 90(10): 1162-1166. 

37. Kahn SR, Solymoss S, Flegel KM. Nonvalvular atrial fibrillation: evidence for a
prothrombotic state. Can Med Assoc J 1997; 157: 673-681

38. Pinto A, Tuttolomondo A, Casuccio A, Di Raimondo D, Di Sciacca R, Arnao
V, et al. Immuno-inflammatory predictors of stroke at follow-up in patients with
chronic nonvalvular atrial fibrillation (NVAF). Clin Sci 2009; 116(10): 781-789

39. Kumagai K, Fukuchi M, Ohta J, Baba S, Oda K, Akimoto H, et al. Expression
of the von Willebrand Factor in Atrial Endocardium is Increased in Atrial
Fibrillation Depending on the Extent of Structural Remodeling. Circ J 2004; 68: 
321-327

40. Fukuchi M, Watanabe J, Kumagai K, Katori Y, Baba S, Fukuda K, et al. Increased
von Willebrand factor in the endocardium as a local predisposing factor for
thrombogenesis in overloaded human atrial appendage. J Am Coll Cardiol 2001;
37(5): 1436-1442.

41. Freynhofer MK, Gruber SC, Bruno V, Höchtl T, Farhan S, Zaller V, et al.
Prognostic value of plasma von Willebrand factor and its cleaving protease
ADAMTS13 in patients with atrial fibrillation. Int J Cardiol 2013; 168: 317-325. 

42. Roldán V, Marín F, Muiña B, Torregrosa JM, Hernández-Romero D, Valdés M, 
et al. Plasma von Willebrand Factor Levels Are an Independent Risk Factor for
Adverse Events Including Mortality And Major Bleeding in Anticoagulated
Atrial Fibrillation Patients. J Am Coll Cardiol 2011; 57: 2496-2504.

43. Ammash N, Konik EA, McBane RD, Chen D, Tange JI, Grill DE, et al. Left
Atrial Blood Stasis and Von Willebrand Factor-ADAMTS13 Homeostasis in
Atrial Fibrillation. Arterioscler Thromb Vasc Biol 2011; 31: 2760-2766.

44. Fu R, Wu S, Wu P, Qiu J. A Study of blood soluble P-selectin, fibrinogen and von 
Willebrand factor levels in idiopathic and lone atrial fibrillation. Europace 2011;
13: 31-36. 

45. Hou J, Liang Y, Gai X, Zhang H, Yang X, Lan X, et al. The impact of acute atrial
fibrillation on the prothrombotic state in patients with essential hypertension.
Clin Biochem 2010; 43 (15): 1212-1215.

46. Kalyoncu U, Dizdar O, Duman AE, Karadag O, Tufan A, Yucel O, et al.
Alterations of von Willebrand Factor and Ristocetin Cofactor Activity During
Atrial Fibrillation. Clin Appl Thromb Hemost 2009; 15 (1): 103-108. 

47. Freestone B, Gustafsson F, Chong AY, Corell P, Kistorp C, Hildebrandt P, et
al. Influence of Atrial Fibrillation on Plasma Von Willebrand Factor, Soluble
E-Selectin and N-Terminal Pro B-Type Natriuretic Peptide Levels in Systolic
Heart Failure. Chest 2008; 133: 1203-1208. 

48. Freestone B, Chong AY, Nuttall S, Lip GYH. Impaired flow mediated dilatation
as evidence of endothelial dysfunction in chronic atrial fibrillation: Relationship to 
plasma von Willebrand factor and soluble E-selectin levels. Thrombosis Research
2008; 122: 85-90

49. Freestone B, Chong AY, Nuttall S, Blann AD, Lip GYH. Soluble E-selectin,
von Willebrand Factor, Soluble Thrombomodulin, and Total Body Nitrate/
Nitrite Products as Indices of Endothelial Damage/Dysfunction In Paroxysmal,
Persistent, and Permanent Atrial Fibrillation. Chest 2007; 93: 495-499. 

50. Varughese GI, Patel JV, Tomson J, Lip GYH. Effects of blood pressure on the
prothrombotic risk in 1235 patients with nonvalvular atrial fibrillation. Heart
2007; 93: 495-499.

51. Heerringa J, Conway DSG, Van Der Kuip DAM, Hofman A, Breteler MMB, Lip 
GYH, et al. A longitudinal population-based study of prothrombotic factors in
elderly subjects with atrial fibrillation: the Rotterdam Study 1990-1999. J Thromb 
Haemost 2006; 4: 1944-1949. 

52. Lip GYH, Pearce LA, Chin BSP, Conway DSG, Hart RG. Effects of
congestive heart failure on plasma von Willebrand Factor and soluble P-selectin
concentrations in patients with non- valvular atrial fibrillation. Heart 2005; 91:
759-763.

53. Roldán V, Marín F, García-Herola A, Lip GYH. Correlation of plasma von



www.jafib.com Dec 2014-Jan 2015| Volume 7| Issue 4

Importance Of Delayed Enhanced Cardiac MRI In Idiopathic 
RVOT-VT: Differentiating Mimics Including Early Stage ARVC And 
Cardiac Sarcoidosis
Carlos Macias, MD, Keijiro Nakamura, MD, Roderick Tung, MD, Noel G. Boyle, MD, PhD, Kalyanam Shivkumar, 
MD, PhD, Jason S. Bradfield, MD
UCLA Cardiac Arrhythmia Center, Ronald Reagan UCLA Health System, David Geffen School of Medicine at UCLA, Los 
Angeles, CA.

Abstract
A detailed understanding of cardiac anatomy and pathophysiology is necessary to optimize catheter ablation procedural success for 

patients with symptomatic ventricular tachycardia (VT)/premature ventricular contractions (PVCs) of outflow tract origin. Comprehensive 
imaging with cardiac magnetic resonance imaging (cMRI) is now at the forefront of procedural planning for complex ventricular arrhythmia 
ablation for patients with structural heart disease, but is increasingly used in patients with presumed “idiopathic” outflow VT/PVCs as well. 

cMRI with late gadolinium enhancement (LGE) can localize small regions of myocardial scar from previous myocardial infarction, fibrosis 
from non-ischemic cardiomyopathy, or edema/fibrosis from inflammatory disorders and help define targets for ablation.  LGE, in combination 
with structural assessment, can help differentiate true idiopathic outflow VT/PVCs from those caused by early stage disease secondary to 
more significant pathology, such as arrhythmogenic right ventricular cardiomyopathy or cardiac sarcoidosis.

We review the benefits of cMRI with LGE for patients with VT/PVCs of outflow origin.

Introduction
Pre-procedure imaging is a well established practice in clinical 

electrophysiology prior to catheter-based cardiac ablation, with the 
majority of patients having a transthoracic echocardiogram (TTE) 
as the initial imaging modality. While TTE provides an assessment 
of biventricular function, cardiac chamber size and valvular function 
and excludes most congenital heart disease, it falls short of providing 
high-resolution assessment of regions of scar/fibrosis.

Cardiac magnetic resonance imaging (cMRI) has been increasingly 
used in the last decade for cardiac ablation pre-procedure imaging, 
and is no longer reserved for complex cases.1-2 cMRI with late 
gadolinium enhancement (LGE), with excellent soft-tissue 
visualization, is unsurpassed in defining cardiac anatomy and function 
while characterizing regions of scar that correlate with low voltage 
areas seen on electroanatomic mapping (EAM) during diagnostic 
electrophysiologic study.3-4

The most frequent use of cMRI within cardiac electrophysiology 
remains prior to ablation for arrhythmias such as atrial fibrillation 
(AF) or ventricular tachycardia (VT) in the setting of structural 
heart disease. However, as more data becomes available on the ability 

of cMRI to differentiate early stage pathology, it has become an 
increasingly useful tool in presumed “normal heart” arrhythmias to 
differentiate truly idiopathic arrhythmias from pathologic conditions 
such as arrhythmogenic right ventricular cardiomyopathy (ARVC) 
and cardiac sarcoidosis (CS).  

Potential detection of these pathologic conditions in patients 
thought to have an idiopathic arrhythmia not only changes ablation 
strategy and potentially allows for a more focused ablation approach, 
but also may completely alter the overall treatment strategy.  
Review
cMRI For VT In Structurally Normal Hearts

VT with left bundle branch (LBBB)/inferior axis morphology, in 
the setting of a preserved ejection fraction (EF) is most consistent 
with idiopathic outflow VT and associated scar/fibrosis is not typically 
expected in this clinical scenario. (Figure 1) The use of cMRI for 
pre-procedure imaging and planning in patients with VT has until 
recently predominantly focused on the left ventricle (LV).  While 
cMRI has been used for patients with known or high suspicion for 
ARVC, cMRI has not been routinely used in presumed structurally 
normal hearts due to resolution limitations for the relatively thin-
walled right ventricle (RV). However, as imaging techniques 
continue to improve and the availability of cMRI increases, the 
utility of RV imaging has become more evident.  This is important 
as many patients with RV outflow (RVOT) arrhythmias, previously 
identified as having normal cardiac structure by TTE and resting 
12-lead electrocardiogram (ECG), may in fact have underlying
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and functional findings on cMRI when compared to a cohort with 
truly normal structure VT/PVC patients.12 

cMRI may have intra-procedural benefits as well.  The benefits 
of catheter ablation for idiopathic RVOT VT/PVCs are clear and 
generally associated with a low risk for a major complication13-14  

However, the relative close proximity of these right-sided cardiac 
structures to the left main coronary artery and the potential 
for coronary injury with ablation in the septal RVOT is often 
underestimated.15 Fusion of cMRI images intra-procedurally with 
EAM can be performed using proprietary software such as 
CartomergeTM (Biosense Webster, Diamond Bar, CA USA), which  
allow assessment of proximity to the coronary vasculature or other 
areas of interest seen on cMRI during mapping and radiofrequency 
delivery.

Advanced imaging may also provide beneficial information after 
successful ablation, if not done pre-procedure.  In cases when outflow 
VT/PVCs are diagnosed in the setting of depressed left ventricular 
EF, the concern for tachycardia-induced cardiomyopathy (TIC) is 
often raised.  In patients with a high burden of VT/PVCs, there is 
evidence that successful ablation can improve EF.16-18 After successful 
ablation, cMRI can be used to evaluate for the presence of ventricular 
LGE outside of the region of focal ablation. LGE at sites distant 
from regions of ablation is indicative of concomitant pathology 
causing ventricular dysfunction, as LGE has rarely been found in 
patients with true idiopathic VT leading to TIC.19

cMRI In Arrhythmogenic Right Ventricular Cardiomyopathy 
ARVC is an inherited cardiomyopathy characterized by ventricular 

arrhythmias and slowly progressive ventricular dysfunction. Although 
ARVC can progress to have biventricular involvement, there is 
a predilection for the disease to primarily affect certain regions 
of the RV: the RVOT, the RV apex, and the subtricuspid region. 
These anatomical regions together give rise to what is known as the 
triangle of dysplasia.20-21 Therefore, in the early-stages ARVC, VT/
PVCs from the superior aspect of the triangle of dysplasia can have a 
similar morphology to VT/PVCs of idiopathic origin, and should be 
considered in the differential diagnosis of outflow origin arrhythmias.  

When considering a diagnosis of ARVC-induced VT/PVCs, 
TTE may fall short in recognizing subtle wall motion abnormalities 
early in the disease process. Resting ECGs can provide additional 

undiagnosed early-stage pathology. (Figure 2)
Regions of low voltage/scar and fibrosis can be reliably 

identified non-invasively with cMRI as well as invasively during 
electroanatomic mapping (EAM) performed at the time of diagnostic 
electrophysiologic testing. While cMRI with LGE is not meant 
to substitute for comprehensive EAM during electrophysiologic 
testing, it has been shown to reliably detect areas of low voltage 
(scar) corresponding to different cardiomyopathic substrates when 
compared to EAM5-7 and is not subject to detection of pseudo-scar 
due to poor catheter contact during EAM acquisition.  

The majority PVCs originating from the outflow tracts will not 
increase ones risk of sudden cardiac death (SCD), however the 
clinical risk may vary based on the coupling interval (CI) as described 
by Viskin and colleagues.8 They demonstrated that ultra-short and 
intermediate CI PVCs conveyed increased risk for ventricular 
fibrillation (VF) and polymorphic VT when compared with the 
longer CI of true idiopathic RVOT PVCs. Further evidence suggests 
that not only absolute CI, but also potentially the variability of the 
CI of presumed idiopathic VT/PVCs may affect risk of cardiac 
events.9,10 Variable coupling, more frequently seen in VT/PVCs 
originating from the coronary cusps/aortic sinus of valsalva and from 
the epicardial venous system, were more likely to be associated with 
syncope and cardiac arrest in this study.  

The underlying mechanism for the increased risk of a subset 
of presumed idiopathic outflow ventricular arrhythmias remains 
unclear.  Possible mechanisms have been postulated including lack 
of restraining effect from surrounding myocardium in relatively 
anatomically isolated foci,10 as well as underlying peri-valvular 
fibrosis.11 Nagashima and colleagues found that some presumed 
idiopathic outflow arrhythmias may in fact be reentrant in mechanism  
(Figure 3) and related to peri-aortic fibrosis.  cMRI with LGE can 
provide a detailed anatomic and functional assessment of the RV 
for dilation, fat infiltration, subtle changes in wall motion and scar/
fibrosis that may aid in risk stratifying these PVC cases.  In a study 
by Aquaro and colleagues, the composite end point of cardiac death, 
aborted cardiac arrest and appropriate shock from an implantable 
cardiac-defibrillator (ICD) was higher in patients with anatomical 

Figure 1:
12-lead ECG of a patient with frequent outflow origin PVCs referred 
for catheter ablation.The PVCs display a left bundle, inferior axis 
morphology.

Figure 2:
cMRI of a patient with presumed idiopathic RVOT-VT.  A mid-septal 
region of LGE is noted (green arrow). The LGE site correlated with 
the VT origin found during diagnostic electrophysiologic study.  
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findings with thoracic lymphadenopathy will be almost exclusively 
seen in CS.29

CS is an under-diagnosed disorder, with only half of the patients 
diagnosed during autopsy known to have carried the diagnosis in 
vivo.29-30 Clinical effects of sarcoidosis on the heart include electrical 
conduction disturbances,31-32 tachy-arrhythmias,33-34 specifically 
sustained monomorphic VT,35 heart failure and increased risk of 
sudden cardiac death (SCD).18 Prompt diagnosis is essential to 
ensure early initiation of systemic immunosuppressive therapy and 
therefore minimize the risks of end-organ damage.30, 35 

Reports on the frequency of cardiac involvement in patients with 
systemic disease vary significantly with evidence that up to a third 
of patients with systemic sarcoidosis will have cardiac involvement 
in some studies, with other series reporting cardiac foci in as low as 
5%36-37 with isolated CS regarded as a relatively rare entity.  However, 
in patients who present with sustained monomorphic VT in whom 
idiopathic and ischemic etiology are excluded as many as a third of 
cases may be related to previously undiagnosed as CS.36-37 While 
the incidence of SCD is not known in CS, the five-year all cause 
mortality has been estimated between 25-66%.38 SCD in CS is most 
commonly a result of conduction abnormalities (heart block) or 
VT.35-39 

cMRI is an important management tool for patients with CS, as 
those in whom LGE has been documented will have a survival benefit 
from implantable cardioverter defibrillator (ICD) implantation.40  
An increased incidence of death, aborted SCD and appropriate ICD 
shock have been associated with the presence of LGE on cMRI, 
independent of LV ejection fraction, LV end diastolic volume and 
heart failure.38 The use of integrated positron emission tomography/
computed tomography (PET/CT) with the glucose analogue 
2-F-fluoro-2-deoxy-D-glucose (FDG) has been validated for the
diagnosis of patients with sarcoidosis39 and has become the primary
imaging modality for CS.  (Figure 5) However, the combination
of simultaneous PET and MRI demonstrating increased FDG
uptake and LGE is indicative of not only the diagnosis of CS with
associated scar, but also implies active cardiac inflammation, which
if left untreated may progress to further myocardial fibrosis. The

insight as to the etiology of LBBB/inferior axis VT/PVCs leading to 
a further increased suspicion for ARVC as the etiology.22-23 However, 
TTE and ECG alone may be insufficient, as not all patients in whom 
the diagnostic index of suspicion is high will meet non-MRI Task 
Force Criteria for the diagnosis of ARVC.  

cMRI may identify previously undiagnosed wall motion 
abnormalities and regional areas of scar and with continued 
improvement in cMRI imaging resolution, its sensitivity for the early 
detection and diagnosis of ARVC will likely increase.  cMRI is not 
only important for initial diagnosis and to rule out other previously 
undiagnosed cardiac pathology,24-26 but it can also assess progression 
of disease from dysplasia to cardiomyopathy.27-28 Further, cMRI can 
provide additional risk stratification information in patients with 
documented LBBB morphology VT/PVCs (Figure 4) and can be 
useful for peri-procedural planning for future radiofrequency ablation 
procedures, should one be required.  
cMRI In Cardiac Sarcoidosis

When considering the differential diagnosis of RV origin VT/
PVCs, cardiac sarcoidosis (CS) (with or without non-cardiac 
involvement) should be considered among the possible diagnoses.  
Sarcoidosis is a multisystem granulomatous disease of unknown 
etiology characterized by noncaseating granulomas in involved 
organs. Organs involved include the lymphatic system, heart, lung, 
central nervous system and the eyes. 

When comparing ARVC to CS, RV involvement favors ARVC, 
though in the later stages of the illness, ARVC can have a higher 
incidence of biventricular involvement.29 In comparison, it is 
generally accepted that in CS, the pattern of ventricular involvement 
will favor an LV distribution. However, isolated RV involvement can 
occur in CS and therefore it must be considered in the differential 
diagnosis.  Extra-cardiac involvement such as chronic inflammatory 

Figure 3:

Electroanatomic Map (EAM) of reentrant RVOT-VT. (A) Right 
anterior oblique (RAO) view of an EAM demonstrating scar in the 
RVOT (red) with superimposed radiofrequency (RF) ablation delivery 
sites (red dots), pace mapping sites (green dots) and pulmonary 
valve annulus (white dots). (B) 12-lead and ablation catheter 
recording during VT induced with evidence of diastolic potentials 
(arrow) providing evidence that this VT was not focal or triggered, 
but rather reentrant. (C) The VT was successfully ablated with 
immediate termination with ablation in this region of diastolic 
potentials.  

Figure 4:
cMRI of patient with ARVC.  cMRI Short Axis view demonstrating 
LGE (arrows) in a patient with ARVC involving the RV free wall and 
the interventricular septum.
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significantly change the treatment course for an individual patient. 
We anticipate cMRI imaging will continue to improve and will be an 
invaluable tool in the diagnostic workup of patients with VT/PVCs 
of outflow origin and should be considered as part preprocedure work 
up when ever possible.   
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