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World Atrial Fibrillation Awareness Day – High Time To Spread 
The Word
Dhanunjaya Lakkireddy MD, FACC, FHRS, Andrea Natale MD, FACC, FECS, FHRS

Dear Readers
Welcome back to the September issue of JAFIB. We are sure you 

are back to the grind from your summer vacations.  September is 
the Atrial Fibrillation Awareness month. Heart Rhythm Society 
has officially launched a bigger campaign in promoting awareness of 
the disease across the world. The Global Atrial Fibrillation Alliance 
Foundation (www.global-af-alliance.org ) continues its work on this 
patient-physician-industry partnership in multiple cities across the 
world. The second Saturday of every September has been commem-
orated as the World AF Awareness Day. This year it was commem-
orated on the 13th of September. Several cities have a wide range of 
activities including AF walk, run, yoga and town hall meetings on 
this day to spread the word on prevention and early recognition and 
treatment. We will have a full report of this exciting global event in 
our next issue. Notably the Governors of the states of Kansas and 
Arkansas have issued proclamations recognizing the efforts of Glob-
al AF Alliance for its unfettered awareness campaign and officially 
pronouncing every second Saturday of September as the World AF 
Awareness Day here forth. There were 5K and 10K Runs and Walks 
with awareness material distributed. 

Another exciting event we just wrapped up was Kansas City Heart 
Rhythm Symposium (KCHRS). The 6th annual edition of KCHRS 
took place on August 16th and 17th in Kansas City. This symposi-
um serves the educational needs of health care professionals in the 
greater Midwest very effectively time and time again. Prof. Michel 
Haissaguerre from Bordeaux, France was honored with the KU Pi-
oneers in Cardiovascular Electrophysiology Award in recognition 
for his seminal contributions to the field. Over a one and half day 
symposium a broad variety of cardiac arrhythmia related issues were 
discussed and debated. The Annual Manohar Gowda Young Cardio-
vascular Investigator Awards were also given out. Many enthusiastic 
participants from all over the country participated with the top three 
winners presenting their work at the meeting.

With ever increasing incidence of AF across the world and contin-
ued rise of AF related strokes, are we doing enough to prevent and 
effectively treat this arrhythmia. Has the world invested enough into 
taking on this global epidemic at a grass root level? It is probably apt 
to compare the AF epidemic to coronary artery disease a couple of 
decades ago. Awareness and early access to care are important com-
ponents that aid a successful campaign against AF. The onus is on 
all of us to join hands together in fighting this disease at all levels. 
Please support the efforts of JAFIB and Global AF Alliance in the 

AF awareness campaign by organizing AF educational events at your 
institutions and cities.

Best Wishes

Dhanunjaya (DJ)Lakkireddy
MD, FACC, FHRS

Associate-Editor
JAFIB

Andrea Natale
MD, FACC, FHRS, FESC

Editor-in-Chief
JAFIB
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Retrospective Evaluation Of Novel Percutaneous Left Atrial 
Appendage Ligation Using The Lariat Suturing Device: Single 
Center Initial Experience
Soidjon Khodjaev MD, Duong Le, MD, MSc, Wei Rao MD, Remo Morelli MD, FACC
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Abstract
Background: The left atrial appendage (LAA) is the source of considerable thromboemboli responsible for embolic strokes in patients with 

atrial fibrillation (AF). The LARIAT™ suturing device has been used to ligate the LAA and negate the use of systemic anticoagulation. However, 
its efficacy and stroke outcome is still unknown. 

Methods: We retrospectively evaluated the clinical status and risk of occurrence of systemic emobolic events, strokes, transient ischemic 
attacks, and procedure related complications in patients after LAA ligation using the LARIAT™ device. 

Results: Permanent suture was successfully delivered in 21 patients. Mean follow up time was 17.2+-3.3 months. The average HAS-
BLED score was 3.3+/-1.1. Only 1 patient developed clinical symptoms of stroke 7 days post procedure. One patient had uncomplicated 
perioperative bleeding not requiring blood transfusion. One patient developed transient ECG changes of ischemia during mapping for 
ablation following the LAA ligation and subsequently, underwent bypass surgery. Three patient developed post-procedural pericarditis and 
were medically managed. Three patients died from non-LAA ligation related conditions including congestive heart failure, lung cancer, and 
severe coronary disease. We observed a 32% and 30% reduction in the annual risk of stroke when compared to the expected risk of stroke 
based on the CHADS2 and CHA2DS2-VASc score respectively. 

Conclusion: LAA ligation using the LARIAT™ suturing device is clinically feasible in carefully selected patients. This study has the longest 
follow up period to date, however further studies are required to determine the efficacy of stroke reduction and long-term clinical outcomes.

Disclosures:
None.

Corresponding Author:
Soidjon D. Khodjaev MD,
USA and Department of Cardiology at SFVAMC/University of California,
San Francisco, CA, USA.

Introduction
Atrial Fibrillation (AF) is the most common arrhythmia treated in 

clinical practice and accounts for 15-20% of all strokes in the United 
States.1, 2 Embolic stroke is the most devastating and fearful compli-
cation of AF. These detrimental effects were explained by its two-fold 
increase in all-cause mortality.3, 4 Based on autopsy and echocardi-
ography studies, the left atrial appendage (LAA) is considered to be 
the nidus of greater than 90% of thromboemboli in AF patients.5, 6, 7

There have been great interests in eliminating the LAA as a source 
of emboli through a catheter based approach. An epicardial-deployed 
percutaneous LAA ligation device using the LARIAT™ (Sentre-

Heart, Redwood City, CA, USA) has been described in the literature 
to exclude the LAA.8, 9 Although LAA ligation using the LARIAT™ 
suturing device obviates the need for oral anticoagulation therapy, 
there are limited studies that evaluate the occurrence of thromboem-
bolism and long-term clinical outcomes utilizing the LARIAT™ su-
ture device. In this retrospective study, we seek to evaluate the clinical 
status and the occurrence of thromboembolism in patients who have 
undergone LAA ligation with the LARIAT™ device.    
Materials And Methods 

With approval from the St. Mary’s Medical Center Institutional 
Review Board we conducted a retrospective data analysis on patients 
who underwent LAA ligation using the LARIAT™ suture device 
from February 2011 to November 2012 at St. Mary’s Medical Center 
San Francisco, CA, USA. A total of 22 patients were identified and 
evaluated. The follow up period was determined from the day of the 
procedure to April 2013. Data collection included paper based charts, 
electronic medical records, direct phone interview with patients, pri-
mary care provider, and specialists.

Inclusion criterion was an attempt to perform LAA ligation with 
the LARIAT™ suture device from February 2011 to November 

Key Words: 
LARIAT Suturing Device, Laa Ligation, Stroke Prophylaxis.
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Statistical Methods
All categorical and continuous variables are summarized by mean, 

standard deviation, and range. Estimates of occurrence of events are 
expressed as percentage. CHADS2, CHA2DS2-VASc, and HAS-
BLED scores were individually scored and averaged to calculate the 
expected risk of stroke or bleeding risk. The observed risk of stroke 
was determined by rate of stroke or TIA per patient-time as ex-
pressed by percentage. 
Results

Twenty-two patients underwent attempted LAA ligation and per-
manent suture was successfully delivered in 21 (95%) patients. Table 
1 shows the baseline characteristics of the patients who underwent 
LAA ligation. A procedure was aborted due to pericardial adhesions 
from previously unrecognized pericarditis. Eighteen patients (86%) 
had paroxysmal AF, 1 patient had permanent AF (0.5%), and 2 pa-
tients had persistent AF (9.5%). One patient refused to participate 
in the study after undergoing the procedure and 2 patients were lost 
to follow up.

The majority of our patient population had a high CHADS2 score 
and one-third of the patients had a prior stroke/TIA (see table 2 for 
details). Six (29%) patients had history of GI bleed, 8 (38%) refused 
warfarin therapy due to fear of bleeding complications and/or thera-
py regimen discomfort, and 4 patients (19%) did not tolerate warfa-
rin therapy due to GI discomfort (see table 3 for details). 

Our patient population also had a high risk for bleeding with an 
average HAS-BLED score of 3.3+/- 1.1. All patients were on oral 
anticoagulation prior to the procedure. A large majority of the pa-
tients (76%) were discharged with no oral anticoagulation therapy 
(see table 4 for details). One patient was discharged with dabiga-
tran which was discontinued after the patient underwent pulmonary 
vein isolation and ablation, 1 patient remained on dabigatran due to 
prior evidence of a small thrombus in the LAA which was discon-
tinued after sufficient duration of therapy, 1 patient was discharged 
with aspirin and rivaroxaban until the patient underwent pulmonary 
vein isolation and ablation, 1 patient was discharged with warfarin 
for upper extremity deep vein thrombosis and then later switched 
to dabigatran after suffering a stroke that was presumed as a lacunar 
infarction but could not completely exclude an embolic stoke, and 
1 patient was discharged on warfarin which was discontinued after 
pulmonary vein isolation and ablation.   
Primary Outcome

Only 1 patient had clinical symptoms of stroke 7 days after the 
procedure. The stroke was thought to be due to a lacunar infarction 
due to uncontrolled hypertension. The patient underwent rehabili-
tation therapy and was discharged home at near baseline functional 
status.  There were no other thromboembolic events seen in patients 
included in this study.
Secondary Outcome

Twenty patients (95%) who underwent an attempted procedure 
had successful peri-operative closure of the LAA. One patient ex-
perienced non-life threatening peri-procedural pericardial bleeding 
that did not require blood transfusion. One patient developed tran-
sient ST-segment elevation during mapping for planned AF ablation 
once LAA ligation was completed. Mapping was aborted and coro-
nary angiogram revealed two vessel disease. The patient subsequently 
underwent two vessel coronary artery bypass grafting. No patients 
had evidence of significant pericardial effusion requiring prolonged 

2012 at St. Mary’s Medical Center, San Francisco and provide in-
formed consent. Exclusion criterion included all patients who did 
not undergo an attempt to perform LAA ligation. 
Outcomes

The primary outcomes were the occurrence of systemic throm-
boembolic events or TIA within the time observed. The secondary 
outcomes included successful peri-operative closure of the LAA (de-
fined as <5-mm residual leak by perioperative TEE color Doppler 
evaluation), the occurrence of peri-procedural and post-procedural 
complications such as life-threatening hemorrhagic events (ex: re-
quiring surgery or blood transfusion), pericardial effusions, pericar-
ditis, cardiac tamponade, myocardial infarction, stroke, and all-cause 
mortality.
Procedure

The LARIAT™ device and accessories consists of a 15-mm com-
pliant occlusion balloon catheter (EndoCATH™), a 0.025-inch and 
0.035-inch magnet-tipped guidewires (FindrWIRZ™), and a 12-F 
suture delivery device (LARIAT™). The steps and procedures are de-
tailed in previous studies.8, 9 Patients who had evidence of thrombi in 
the LAA, a clinical history of open-heart surgery, severe pericarditis, 
pre-procedure CT angiogram demonstrating the following: LAA 
width > 40mm, superiorly oriented LAA with the LAA apex di-
rected behind the pulmonary vascular trunk, bi-lobed LAA or mul-
ti-lobed LAA in which lobes are oriented in different angles, and a 
posteriorly rotated heart were not considered as a candidate for the 
procedure.10

Table 1: Baseline characteristics

PATIENTS GENDER AGE 
(YEARS)

CHADS2 
SCORE

CHA2DS2-VASC 
SCORE

HAS-BLED 
SCORE

FOLLOW UP 
(MONTHS)

1 M 73 3 4 5 25

2 F 80 3 5 4 24/
Deceased

3 F 84 3 5 5 23

4 M 62 1 2 2 21

5 F 58 2 3 3 12

6 F 72 4 6 4 Lost to follow 
up

7 M 82 2 3 4 12

8 M 57 3 3 1 25

9 M 63 3 5 3 24/
Deceased

10 M 55 2 3 3 14

11 F 68 2 4 2 15

12 F 60 4 5 3 11

13 M 55 2 4 2 5

14 M 85 3 4 3 Unsuccessful 
attempt/
Deceased

15 F 89 2 4 3 26

16 F 87 2 4 3 5

17 F 87 2 5 3 6

18 F 71 3 5 4 21

19 M 80 3 5 4 24

20 F 70 1 3 3 Lost to follow 
up

21 M 81 4 5 5 8

Ave +/- SD _ 73 +/- 
4.7

2.6 +/- 
0.87

4.1 +/- 1.1 3.3 +/- 
1.1

17.2 +/- 7.8
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confers a 6.7% annual bleeding risk. Of note, all patients were on an-
ticoagulation prior to the procedure and the majority of the patients 
(76%) remained off of oral anticoagulation post-procedure. This is 
highly advantageous given a population with a high bleeding risk.

There are limited studies evaluating the long-term stroke outcomes 
in patients who have undergone LAA ligation using the LARIAT™ 
suture device. See table 5 for comparison details. In a small case se-
ries by Massumi et al, they evaluated 21 patients who were similar 
to our patient population in regards to risk for stroke and bleeding 
(average CHADS2 score 3.2 +/- 1.2, mean HAS-BLED score 3.5 
+/- 1.0).13 All patients underwent successful LAA ligation.13 There 
were no strokes observed during an average of 352 +/- 143 days of 
follow-up.13 In another series of 27 high risk patients (CHADS2 
score of 3.5 +/- 1.4 and HAS-BLED score of 4.6 +/- 0.9), Stone et al 
demonstrated successful LAA ligation in 25 patients.14 They observed 
1 stroke after 33 days of follow-up.14 The stroke was contributed to 
atheroma in the aortic arch.14 These results are consistent with our 
observation of 1 stroke over an average of 460 days. However if the 
clinical observation of stroke is adjudicated to a non-embolic event 
then the occurrence of embolic stroke is negligible. Nonetheless, al-
beit small sample size, our findings are consistent with previous case 
series and confirms the longest follow up period up to date. Also, it 
should be noted that there is no current consensus on post procedure 
anticoagulation and/or antiplatelet therapy which may limit efficacy 
of stroke outcome.

The advantages of this procedure include the negligible need to 
deploy a foreign occlusion device to accommodate various appen-
diceal ostium morphologies, and potentially the need for short term 
anticoagulation post device implantation as demonstrated by other 
occlusion devices.15 The disadvantages of this procedure are primarily 
related to the challenges in achieving access to the pericardium and 
LAA anatomy. Minor adverse effects include pericarditis, pericardi-
al effusions, and bleeding; while severe complications include: right 
ventricular perforation, cardiac tamponade, and potential damage to 
the epicardial vessels.12 However with improved imaging modalities 
such as combined 2-D and real time 3-D TEE, better characteri-
zation of the appendage and intraprocedural visualization of wires, 
balloons, and catheters may lead to improved outcomes.16 In our 

pericardial drainage (<48 hours), and cardiac tamponade.  
Three (16%) patients developed clinical pericarditis with pleuritic 

chest pain that was managed with colchicine and NSAIDs. Three 
(16%) patients died during the follow up period from non-procedure 
related conditions: 1 patient died from metastatic small cell carcino-
ma of the lung, 1 patient died from severe coronary artery disease and 
heart failure, and 1 patient who was attempted but did not undergo 
the complete procedure died from multiple co-morbidities, including 
coronary artery disease, congestive heart failure, and dementia.
Discussion

 The cornerstone for the management of chronic non-valvular AF 
is stroke reduction with oral anticoagulation. However, poor compli-
ance and bleeding side effects have severely limited their use which 
creates a therapeutic dilemma. As much as 20% of AF patients are 
not receiving oral anticoagulation due to contraindications and less 
than half of AF patients are on oral anticoagulation due to either 
physician reluctance or patient non-compliance.11, 12 This dilemma is 
the impetus for procedures that can lower stroke risk and bleeding 
without oral anticoagulation.

In our study population, our patients were at a high risk for stroke 
and bleeding. The majority of the patients had a CHADS2 score ≥ 2 
(90%). This confers to an expected annual stroke risk of 5.4% com-
pared to a 5.2% expected stroke risk based on the CHA2DS2-VASc 
score. The rate of stroke per 100 patient-year was 3.6% which is a 
32% reduction in annual stroke risk based on CHADS2 score and 
30% reduction in annual stroke risk based on the CHA2DS2-VASc 
score (Figure 1). Our study population had an appreciable high 
bleeding risk with an average HAS-BLED score of 3.3+/-1.1. This 

Table 2: CHADS2 and CHA2DS2-VASc characteristics

CHADS2 Total (N = 21)

1 2 (9.5%)

≥ 2 19 (90.5%)

Average Score 2.6 +/- 0.87

CHA2DS2-VASc Total (N = 21)

0-1 0

≥ 2 21 (100%)

Average Score 4.1 +/- 1.1

C-Congestive Heart Failure; H-Hypertension; A-Age; D-Diabetes Mellitus; S-Stroke or Transient 
ischemic attack or Systemic embolism; VA-Vascular disease; Sc-Sex Category

Table 3: Indications for left atrial appendage ligation

Indications Total (N = 21)

Bleeding of any type 8 (38%)

Intracranial hemorrhage 3 (14%)

Non-intracranial hemorrhage 6 (29%)

High fall risk 1 (5%)

Intolerance to anticoagulation 4 (19%)

Occurrence of stroke on therapeutic anticoagulation 1 (5%)

Personal preference to stop anticoagulation 8 (38%)

Table 4: Post-procedure anticoagulation/antiplatelet characteristics

Type of anticoagulation/antiplatelet post-procedure Total (N = 19)

None 8 (42%)

Aspirin only 7 (37%)

Dabigatran 2 (11%)

Aspirin and Rivaroxaban 1 (5%)

Warfarin 1 (5%)Figure 1: Annual stroke risk based on the CHA2DS2-VASc score
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Ligation for the Prevention of Embolic Events Arising From the LAA. Initial 
Experience in a Canine Model. Circ Cardiovasc Interv. 2010; 3:224-229.

9. Morelli R, Khodjaev S. Percutaneous Left Atrial Appendage Closure Ligation 
and Exclusion as an Alternative Stroke Prevention in Patients with Nonvalvular 
Atrial Fibrillation. EP Lab Dig 2012; 20-22. 

10. Koneru JN, Badhwar N, Ellenbogen KA, Lee RJ. LAA ligation using the LAR-
IAT suture delivery device: tips and tricks for a successful procedure. Heart 
Rhythm. 2014; 21:S1547-5271.

11. Stafford RS, Singer DE. Recent national patters of warfarin use in atrial fibrilla-
tion. Circulation 1998; 97:1231-1233.

12. Gottlieb LK, Salem-Schatz S. Anticoagulation in atrial fibrillation. Does efficacy 
in clinical trials translate into effectiveness in practice? Arch Intern Med 1004; 
154(17): 1945-1953.

13. Massumi A, Chelu MG, Nazeri A, May SA, Afshar-Kharaghan H, Saeed M, Ra-
zavi M, Rasekh A. Initial Experience With a Novel Percutaneous Left Atrial Ap-
pendage Exclusion Device in Patients With Atrial Fibrillation, Increased Stroke 
Risk, and Contraindications to Anticoagulation. Am J Cardiol 2013; 111:869-
873.

14. Stone D, Byrne T, Pershad A. Early Results With the LARIAT Device for 
Left Atrial Appendage Exclusion in Patients With Atrial Fibrillation at High 
Risk for Stroke and Anticoagulation. Catheter Cardiovasc Interv. 2013 Jun 13. 
Doi:10.10002/ccd.25065. [Epub ahead of print].

15. Holmes DR, Reddy VY, Turi ZG, Doshi SK, Sievert H, Buchbinder M, Mul-
lin CM, Sick P. Percutaneous closure of the left atrial appendage versus warfarin 
therapy for prevention of stroke in patients with atrial fibrillation: a randomized 
non-inferiority trial. Lancet 2009; 374:534-542.

16. Laura DM, Chinitz LA, Aizer A, Holmes DS, Benenstein R, Freedberg RS, Kim 
EE, Saric M. The Role of Multimodality Imaging in Percutaneous Left Atrial 
Appendage Suture Ligation with the LARIAT Device. J Am Soc Echocardiogr 
2014; 27(7): 699-708.

patient population, pericarditis was a common complication (16%) 
that was treated medically with NSAIDs and oral colchicine. No pa-
tients received intra-pericardial steroids or the need for surgery. There 
were no cases of right ventricular perforation, cardiac tamponade, or 
life-threatening bleeding.

There are obvious limitations to our study. The retrospective nature 
of study, small sample size, non-randomization, and no comparison 
group seriously limits an accurate assessment between the procedure 
and its true effect on stroke reduction. Therefore, no conclusions can 
be made about the efficacy of stroke prevention compared to chronic 
oral anticoagulation therapy or other LAA exclusion techniques.
Conclusion:

 With careful patient selection and preoperative evaluation, LAA 
ligation using the LARIAT™ suturing device is clinically feasible. 
The overall challenges of this technique and risk serious complica-
tions can be reduced with increased operator experience.13 Although 
our study is an observational, retrospective, and uncontrolled study 
with similar outcomes compared to other case series, further studies 
are required to determine the efficacy of this technique in regards 
to stroke reduction and long-term clinical outcomes. Moreover, this 
study recapitulates the need for studies that compare this technique 
to other oral anticoagulation therapy.  
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Khodjaev et al. 21/22 Ave 17.2 +/- 7.8 2.6 +/- 0.87 4.4 +/- 1.1 3.3 +/- 1.1 3-7% 5% (1/21) at 7 days follow

*Follow up was converted from days to months
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Abstract
The tip-to-tissue contact force (CF) has been identified as a potential determinant of lesion quality during radiofrequency (RF) ablation. The 

aim of this paper is to report the experience of a single low-volume centre in the atrial fibrillation (AF) ablation procedure with an RF catheter 
capable of measuring this parameter. CF data and their possible implications on patient safety are presented. 

Thirty-nine consecutive patients suffering of paroxysmal or permanent AF received percutaneous ablation with the novel catheter studied. 
Procedural characteristics, CF applied and safety events related to the procedure were reported.

During RF application the mean CF value was 17 ± 3 g, with a maximum mean value of 37 ± 8 g. CF value never exceeded 62 g and in the 
74% of the RF applications ranged between 10 g and 30 g. No complication related to the catheter manipulation or to the energy delivered 
was observed.

This study of a single centre with a low level of experience in AF ablation suggests that the ability to measure CF may provide additional 
useful information to the operator. It ensures uniform ablations, with little variability in the catheter manipulations, and it avoids excessive 
contact forces increasing the patient safety.
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Introduction
Catheter ablation has been proven to effectively cure atrial fibrilla-

tion (AF) and its popularity continues to escalate.1 According to the 
second worldwide multicenter survey (2003-2006), catheter ablation 
of AF shows to be effective in 70% of the patients with an overall 
incidence of major complications of 4.5%.2

The tip-to-tissue contact force (CF) has been identified as a po-
tential determinant of lesion quality during RF ablation.3-6 A radiof-
requency (RF) irrigated catheter with optical fibers to determine CF 
(TactiCath®; Endosense SA, Geneva, Switzerland) has been evaluat-
ed in human in vivo studies demonstrating the feasibility and safety 
of the catheter.7-9 The recent studies TOCCATA and EFFICAS I 
recommend optimal CF and force-to-time integral (FTI) parame-
ters in order to have efficient and safety ablation.7-9 Insufficient CF 
and FTI may result in an ineffective lesion, whereas excessive CF 

may result in complications such as heart wall perforation, steam pop, 
thrombus formation, or esophageal injury.3, 10, 11

In this paper we report the experience of a single and small elec-
trophysiology (EP) laboratory. We performed 39 consecutive AF ab-
lation procedures with this new technology collecting the CF data 
during the interventional procedure and we evaluated its possible 
implication on patient safety. We analysed the CF information for 
two different techniques of ablation: the “dragging” approach and the 
“focal”(point by point) one. Knowledge of the CF and FTI may en-
sure less variability in catheter manipulations and reduce commonly 
related complications, overcoming the lack of important experience 
of the EP lab.
Material And Methods
Patients

From January 2011 to July 2013 39 consecutive patients suffering 
of paroxysmal or permanent AF following ACC/AHA/ESC (Amer-
ican College of Cardiology/American Heart Association/European 
Society of Cardiology) guidelines,12 who signed informed consent 
before the procedure, were enrolled. Patients’ characteristics and car-
diovascular history are given in Table 1. All the patients had more 
than one episode of AF, of which at least one of sustained (>30s) AF 
documented by the 12-lead electrocardiogram or by an implanted de-
vice within 12 months prior to enrolment; 32 patients over 39 (82%) 
were symptomatic to the arrhythmias. Symptom duration mean was 
2.5 years (range 1.0 – 4.3). A mean of 1.5 ± 0.9 antiarrhythmic ther-
apy drugs for patient was used. Two patients were recidivist cases by 
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W for left PV and 25 to 30 W for the right PV. The saline irrigation 
flow was 2 mL/min during catheter manipulation and 30 mL/min 
during RF delivery.

The ablation procedures were performed with two techniques; 
the first 11 patients were treated with dragging lesions (“dragging” 
group), the following with point by point (“focal” group) technique. 
In both cases during the ablation the guide parameters were CF and 
real-time FTI. The target values were 20 g for the CF and a mini-
mum of 450 g*s for the FTI for each new lesion, as recommended by 
the EFFICAS I Study.9 The mean CF and the FTI were measured 
for each RF delivery; in the “focal group” this was focused on a single 
lesion, in the “dragging” group this was the sum of several lesions 
performed moving the catheter after the achievement of the FTI 
target (450 g*s) for each point. RF energy was not delivered if the 
CF was > 60g.

Average first-to-last RF delivery time, total radiofrequency time 
and fluoroscopy time were measured. At the beginning and at the 
end of the procedure cardiac rhythm of the patient was evaluated and 
electrical cardioversion (ECV), when performed, was reported.
Procedure Safety Monitoring

Duration of hospitalization was recorded for each patient. All the 
complications associated with the procedure were monitored. As 
suggested by Doppalapudi et al.15 the complications were classified 
with the following specifications: vascular access, transeptal access, 
trauma from catheter manipulation, energy delivery and procedural 
components.
Statistical Methods

Variables were summarized by calculating the mean and the stand-
ard deviation. The non paired Student t-test was performed to com-
pare the two ablation techniques. The results reached a level of sig-
nificance when p<0.05. All statistical calculations were done using 
Excel 2007.
Results

Patients characteristics are described in Table 1, no statistical dif-
ferences are present between the “dragging” and the “focal” group.
Procedural Characteristics

Procedural characteristics are described in Table 2. The acute pro-
cedural effectiveness was 100%, with PVs successfully isolated. Ad-

standard AF ablation procedure, done without CF information in 
other EP lab.
CF Ablation Catheter System

The Contact Force (CF) information is obtained by the TactiCath 
Set (Endosense SA, Geneva, Switzerland), a system for percutane-
ous catheter RF ablation of atrial cardiac arrhythmias. TactiCath is 
a deflectable 3.5 mm electrode, 6 holes irrigation catheter and it was 
used with approved pump (CoolFlow Irrigation Pump M-5491-00, 
Biosense Webster, Diamond Bar, USA) and RF generator (Stockert 
Remote Control RC-1-1178, Stockert Gmbh, Freiburg, Germany).

The catheter tip has an integrated force sensor that allows, with the 
specific software, real-time visualization of the tip CF. It is calculated 
every 100 ms, displayed continuously on the screen and simultane-
ously recorded on a digital file for later reviews and analysis. To char-
acterize the effect of CF applied over time, the system automatically 
detects the onset and the end of RF current delivery and calculates 
the force-to-time integral (FTI) defined as the total CF integrated 
over the time of RF delivery and expressed in units of gram seconds 
(g*s).6

Ablation Procedure
Patients underwent the AF ablation procedure following stand-

ard clinical practice guidelines. The mapping of the left atrium and 
the ablation procedure was guided anatomically by a 3-dimensional 
mapping system (EnSite, SJM, St. Paul, MN). The objective of each 
procedure was the complete disconnection of all the pulmonary veins 
(PVs). A circumferential diagnostic catheter was used to confirm 
acute PVI by bidirectional block; the integrated approach was used.13 
When the patient was at sinus rhythm (SR) at the beginning of the 
procedure only PVI was performed. If the patient was in AF, PVI was 
performed, but in case of persistence of AF, the complex fractionated 
atrial electrograms (CFAE’s)14 ablation was done. When AF turned 
into atrial left flutter, linear lesions were performed to stop the ar-
rhythmic circuit. When right atrial flutter was documented, a linear 
ablation on cavo-tricuspid isthmus was performed.

The RF power setting followed the standards of the laboratory, 30 

Table 1: Baseline patient characteristics of all patients and in “dragging” 
and “focal” groups

Parameter total
N = 39

dragging
N=11

focal
N=28

p value

  Age (y)

Mean ± SD 59.8 ± 10.2 60.0 ± 9.9 59.7 ± 10.5 ns

Range 43-78 47-72 43-78

  Sex - n (%)

Male 25 (64) 5 (45) 20 (71) ns

Cardiovascular hystory – n (%)

Paroxysmal atrial fibrillation 16 (41) 5 (45) 11 (39) ns

Persistent atrial fibrillation 23 (59) 6 (55) 17 (61) ns

Coronary artery disease 2 (5) 1 (9) 1 (4) ns

Vascular disease 0 (0) 0 (0) 0 (0) ns

Heart Failure 0 (0) 0 (0) 0 (0) ns

Hypertiroidism 6 (15) 2 (18) 4 (14) ns

Obesity 4 (10) 1 (9) 3 (11) ns

  Left atrium diameter (mm)

Mean ± SD 40.4 ± 8.4 39.5 ± 4.9 42.0 ± 6.8 ns

Range 28-55 30-45 28-55

Table 2: Procedural characteristics of AF ablations for all patients and in 
“dragging” and “focal” groups

Parameter total
N = 39

dragging
N=11

focal
N=28

p value

  Number of ablations, n 60 ± 24 31 ± 13 71 ± 16 < 0.001

Time first-to-last ablation (min) 129 ± 47 79 ± 31 149 ± 37 < 0.001

Total radiofrequency time (min) 52 ± 18 35 ± 13 59 ± 15 < 0.001

 Fluoroscopy time (min) 53 ± 20 49 ± 22 55 ± 20 ns

SR at the beginning, n (%) 20 (51) 6 (55) 14 (50) ns

   AF termination during RF, n (%) 8 (21) 3 (27) 5 (18) ns

   ECV in the procedure, n (%) 11 (28) 2 (18) 9 (32) ns

PV isolation, n (%) 39 (100) 11 (100) 28 (100) ns

CFAEs ablation, n (%) 19 (49) 5 (45) 14 (50) ns

Left atrial linear lesions, n (%) 11 (28) 2 (18) 9 (32) ns

Cavo-tricuspid isthmus ablation, 
n (%)

6 (15) 1 (9) 5 (18)

SR = sinus rhythm, AF atrial fibrillation, ECV = electrical cardioversion, CFAE = complex fractionated 
atrial electrogram, NS = statistically non-significant
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lower than the one present in other AF ablation studies.2, 16

The small sample size of this report is a limitation, this is due to the 
low rate of  the procedures of the centre. The patients enrolled are the 
consecutive procedures in the period from January 2011 to July 2013.

Shah et al.6  suggested that it may be prudent to avoid a CF exceed-
ing 100 g during catheter ablation, in our RF application the average 
maximum value of CF was 37 g, with a highest value of 62 g. Sight of 
high values, even of short duration, may help the operator avoiding a 
high risk situation and be more vigilant for possible effusion.

For the long-term success of the ablation both TOCCATA7, 8 and 
EFFICAS I9 showed the need to have CF > 10 g. In our study the 
CF was nearly 20 g for all the procedures, with a slightly higher value 
in the “dragging” group. This underlines how also an operator with-
out a high level of experience is able to keep a stable catheter contact 
thanks to the real time contact information displayed. The majority 
of the ablations performed in our study (74%) have an average CF 
value between 10 g and 30 g. The ones with lower CF are due to the 
ablations where the operator lost contact and stopped it quickly. The 
EFFICAS I9 suggested also to have a minimum FTI > 400 g*s for 
each point, in our study the average FTI with the “point-to-point” 
technique was 732 g*s and it was quite uniform for all the ablations 
(61% of the ablations with FTI between 500 and 1000 g*s). Different 
studies showed a high variability in CF inter-and intra-investigator,7, 

8 even during a careful ablation procedure, the operators do not have 
tight control over CF. This study underlines how thanks to the CF 
information also an operator without a high level of experience can 
modulate the CF and perform a uniform ablation procedure increas-
ing its efficacy and the patient safety. In addition, a point with low 

ditionally 19 (49%) patients underwent CFAEs ablation and in 11 
(28%) linear lesions were performed (7 on the atrial roof, 2 on the 
mitral isthmus and 2 on the inter-atrial septum). 6 patients (15%) 
had also cavo-tricuspid isthmus linear lesion. All the patients were in 
SR at the end of the procedure. The mean number of ablations deliv-
ered for patient was 60 ± 24. The mean duration from the first to the 
last ablation was 129 ± 47 min, with a total mean radiofrequency time 
of 52 ± 18 min and a mean fluoroscopy time of 53 ± 20 min. Twenty 
patients were in SR at the beginning of the procedure, in 8 patients 
sinus rhythm was restored during RF ablation and in 11 with ECV. 
In the “dragging” group a significant lower number of ablations (31 
± 13 Vs 71 ± 16, p<0.001) were performed than the “focal” group, 
shorter first-to-last ablation (79 ± 31 Vs 149 ± 37, p<0.001) and radi-
ofrequency (35 ± 13 Vs 59 ± 15, p<0.001) times were reported.
Contact Force (CF) Analysis

The mean and maximum values of CF and FTI applied during the 
ablation are shown in Table 3. The mean contact was 17 ± 3 g with a 
mean maximum value of 37 ± 8 g. The average FTI per ablation was 
954 ± 551 g*s with a mean maximum value of 2844 ± 2034 g*s. The 
greatest significant between the two groups was noted when com-
paring the FTI parameter, “dragging” group have both mean (1521 
± 790 g*s Vs 732 ± 120 g*s, p<0.001) and maximum (4181 ± 3192 
g*s Vs 2319 ± 1016 g*s, p<0.001) higher values than the “focal” one. 
It had been noted also a higher average CF applied in the “dragging” 
group (20 ± 3 g Vs 16 ± 2 g, p<0.001). In figure 1 the mean and 
maximum CF achieved are reported for each procedure, the first 11 
are performed with “dragging” technique, the following with “focal” 
one. In figure 2 and 3 the relative distributions of the average CF and 
of the average FTI per ablation are shown for both “dragging” and 
“focal” groups.
Safety Monitoring

The average duration of hospitalization was 3.2 ± 2.9 days. 29 
(74.4%) patients had just 2 days of hospital recovery. One compli-
cation (2.6 %) occurred, classified as related to vascular access; the 
patient developed a total femoral pseudoaneurysm, resolved with 
compression and bandage in 8 days of hospitalization. No other com-
plication was observed.
Discussion

The objective of this paper was to report the CF information of the 
AF ablation procedures of a single and small EP lab and to evaluate 
its possible implication on patient safety. 

As in the TOCCATA study7, 8 the safety of the CF catheter was 
confirmed, just one complication with a long hospitalization was 
observed (total femoral pseudoaneurysm), but it was not related to 
the manipulation of the catheter in the heart chamber or to the RF 
energy delivery. No cardiac tamponade was reported. The overall in-
cidence of major complications (2.6 %) was comparable or slightly 

Table 3: Contact force characteristics of AF ablation procedures

Parameter total
N = 39

dragging
N=11

focal
N=28

p value

Mean CF during ablation (g) 17 ± 3 20 ± 3 16 ± 2 < 0.001

Max CF during ablation (g) 37 ± 8 37 ± 11 36 ± 7 ns

Mean FTI during ablation (g*s) 954 ± 551 1521 ± 790 732 ± 120 < 0.001

Max FTI during ablation (g*s) 2844 ± 2034 4181 ± 3192 2319 ± 1016 0.008

Parameters are indicated as average value ± standard deviation
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CF because of difficulty in catheter positioning potentially could be 
compensated for by varying the RF power and/or duration of the 
RF application (FTI index). If the CF is high, the operator could 
decrease the RF power and/or decrease RF duration.

We monitored the data for two different techniques of ablation: 
the “dragging” approach and the “point by point” (focal) one. As ex-
pected, the “dragging” technique has a lower number of ablations, 
lower total time of the procedure and lower total radiofrequency 
time. It brings to a faster procedure with less energy delivered to the 
patient, but significant different in the fluoroscopy time was not be 
found. The movements of the catheter during ablation lead the oper-
ator to a higher use of the x-ray to check the ablator position. With 
the focal approach the operator keeping stable the catheter during 
ablation needs less fluoroscopy checks.

Additionally the “dragging” technique has significant higher values 
of FTI associated with the longer duration of each RF application.

This study reports the CF data, the acute success and the compli-
cations of the ablation procedures of a single centre, future studies 
should evaluated the benefit of this catheter in achieving durable PVI 
and in improving long-term effectiveness.
Conclusion:
This study of a single centre with a low level of experience in AF 
ablation suggests that the ability to measure CF may provide ad-
ditional useful information to the operator during RF application. 
It ensures uniform ablations, with little variability in the catheter 
manipulations, and it avoids excessive contact forces increasing the 
patient safety.
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Summary
A 55-year-old male was referred for a third ablation procedure because of recurrent atrial fibrillation. During re-isolation of the inferior right 

pulmonary vein the patient developed an atypical flutter with an clockwise activation pattern around the mitral annulus. Linear ablation at 
the left mitral isthmus transformed but did not terminate the tachycardia.  The cavotricuspid isthmus proved to be a second critical isthmus 
and linear ablation at this site terminated the tachycardia.
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Introduction
Single-loop reentry tachycardia is the most common form of atrial 

tachycardia. Dual-loop tachycardia has been observed frequently in 
ventricular tachycardia but is rare in atrial reentrant tachycardia. A 
few case reports and a limited number of studies including a few 
patients with dual-loop reentrant tachycardia have been published. 
These patients are most often postoperative and have a dual-loop or 
figure-of-8 reentrant tachycardia within the same atrium.1  We de-
scribe a case report of a patient with a double-loop tachycardia using 
both atria.
Case Report

A 55-year-old male patient with no other medical history was re-
ferred for a third ablation procedure for recurrent atrial fibrillation. 
The patient had two prior pulmonary vein isolation (PVI) proce-
dures, including a roofline in the first procedure and a mitral isthmus 
line during the second procedure involving re-isolation of the right 
pulmonary veins and confirmation of block of the roofline. A few 
months earlier, the patient had been admitted to the referring hos-
pital with a recurrence of atrial fibrillation requiring electrical car-
dioversion (ECV). No electrocardiogram (ECG) of this event was 
available for review. The patient was treated with amiodarone and 
beta-blockers and referred to our centre. Prior to this third procedure 
an echocardiography and CT scan showed a normal left ventricle 
ejection fraction (60%), a dilated left atrium (45 mm) and normal 
anatomy of four pulmonary veins (PVs). The current procedure was 
performed under the guidance of a 3-dimensional mapping system 
(CARTO-3, Biosense-Webster, Inc., Diamond, CA, USA). A deca-
polar circular mapping catheter (Lasso) was used for PV mapping. 
All the PVs except the right inferior vein showed bidirectional con-

duction block, so re-isolation was performed. During the procedure, 
the patient developed an atypical atrial flutter with positive p-waves 
in the inferior leads and in lead V1. Group beating, probably due to 
a Mobitz type 1 second degree atrioventricular block, was observed 
(figure 1). The tachycardia cycle length (TCL) of the flutter was 275 
ms. During activation mapping, a clockwise activation pattern around 
the mitral annulus was seen and entrainment pacing at several points 
around the mitral annulus showed entrainment with concealed fu-
sion and good post-pacing intervals (PPI) within 30 ms. of the TCL 
(figure 2). We performed a linear radiofrequency ablation from the 
left inferior PV to the mitral isthmus including ablation from with-
in the coronary sinus (CS). This failed to terminate the tachycardia, 
although a slight decrease in TCL (260 ms) and discrete change in 
p-wave morphology were observed (figure 3). Entrainment pacing 
once again around the mitral annulus now showed much longer PPI’s 
with differences >30 ms compared to the TCL, so the mitral isthmus 
was no longer a critical part of the tachycardia circuit. No other con-
clusion could be made than that there was a second reentrant circuit 
of the tachycardia. No entrainment pacing anywhere in the left atri-
um could show entrainment with good PPIs, so we changed to the 
right atrium. A duo-decapolar catheter (halo) was positioned in the 
right atrium along the anterior-lateral right atrial wall with the distal 
tip in the proximal coronary sinus. A counterclockwise activation was 
observed, suggesting a typical right atrial flutter (figure 4). Entrain-
ment pacing with the ablation catheter at the cavotricuspid isthmus 
(CTI) showed a post-pacing interval of 285 ms., a difference of 25 
ms. compared to the TCL of 260 ms, confirming that the CTI was a 
critical part of the circuit. Linear ablation at this site terminated the 
tachycardia and bidirectional block was confirmed. Finally, pacing 
maneuvers confirmed complete block of mitral isthmus.

We concluded that this patient had a dual-loop, bi-atrial mac-
ro-reentrant tachycardia with a counterclockwise activation loop at 
the right atrium and a clockwise activation loop around the mitral 
annulus. Two critical isthmuses (mitral - and cavotricuspid isthmus) 
had to be ablated to terminate the tachycardia.
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reentrant circuit located in the right atrial free wall, possibly related 
to scar post-surgery. A second ablation at the right free wall was per-
formed and the tachycardia was noninducible thereafter. Seiler et al.4 

analyzed 40 patients with intra-atrial reentrant tachycardia (IART) 
after open-heart surgery. Eight of these patients had a dual-loop 
IART. All of these were right sided and showed one reentrant loop 
to be CTI-dependent and a second loop related to the incisional scar 
of the right atrial free wall. In three patients the ablation procedure 
was unsuccessful. In five patients successful termination was achieved 
after ablation of at least two critical isthmuses. Transformation of 
the tachycardia without termination after ablation of the first crit-
ical isthmus was considered to be the gold standard in proving the 
presence of a dual-loop tachycardia in all eight cases. In our case we 
provide evidence that the first tachycardia was mitral isthmus-de-
pendent and transformation into another tachycardia was observed 
after linear ablation. After ensuring this tachycardia had a right-sid-
ed, CTI-dependent reentrant circuit, ablation at this site successfully 
terminated the tachycardia. Two possible mechanisms could be re-
sponsible for the changes in TCL and p-wave morphology after ab-
lation at mitral isthmus: the presence of a dual-loop reentrant tachy-
cardia and an incomplete peritricuspid loop that became complete 
after mitral isthmus was blocked. We did not perform entrainment 
pacing of the ¨first¨ tachycardia at the right atrium, because we did 
not suspect an involvement of the right atrium after entrainment 
mapping at the mitral annulus. Thus, an incomplete peritricuspid 
loop that became complete after mitral isthmus was blocked cannot 
be ruled out. Only after having performed the ablation line at the mi-
tral isthmus, transforming the tachycardia without termination, was 
a dual-loop tachycardia suspected. This suspicion, and the presence 
of a second critical isthmus, was confirmed with entrainment pacing 
and successful ablation of the CTI. We did not search for a common 
isthmus, connecting the left sided circuit with the right-sided one, 
because of the initial lack of suspicion of a dual-loop tachycardia. 
However, in light of the cases described in the literature, in which 
all dual-loop tachycardias required ablation of at least two critical 
isthmuses, the approach we used to terminate the tachycardia prob-
ably would not have been different if we had conducted a search for 
a common isthmus.

Interestingly and in contrast to the previously described cases, this 

Discussion
The most common complication following PV ablation is the 

development of regular atrial tachycardias (AT) or flutter. These ar-
rhythmias can occur in 2.6% to 31% of patients and are often in-
cessant and difficult to treat with antiarrhythmic drugs.  Focal atrial 
tachycardia originating from a reconnected PV is frequently seen and 
requires re-isolation of this vein. The next most common AT is mitral 
annulus flutter. The presence of such a flutter can be proven with en-
trainment pacing at different sites at the mitral annulus as well as an 
activation time around the mitral annulus that is similar or equal to 
the TCL.2 Both criteria could be observed in our patient, which was 
enough evidence to perform a mitral isthmus ablation line. When 
this did not terminate, but transformed the tachycardia, the pres-
ence of a dual-loop tachycardia was suspected. Previous reports have 
been published about dual-loop tachycardias.1,3,4 All of these patients 
had single atrial, right-sided dual-loop reentrant tachycardias and 
all had previously undergone cardiac surgery. Shah et al. analyzed 
5 patients with a dual-loop tachycardia after surgical closure of an 
ostium secundum atrial septum defect. All of these patients had a 
reentrant loop around the lateral atriotomy scar and a second loop 
around the tricuspid valve. Radiofrequency ablation of the CTI re-
sulted in a transformation of the tachycardia without terminating it. 
An ablation of a second isthmus (between the lower end of the scar 
and the inferior vena cava) was required in all patients.1 P. Ott3 pre-
sented a case of a patient with a dual-loop tachycardia after coronary 
bypass surgery. After ensuring that the tachycardia was CTI-depen-
dent, ablation was performed at this site but did not terminate the 
tachycardia; rather, it transformed the tachycardia into one with a 

Figure 1: ECG

Figure 2:
Left panel shows entrainment pacing with concealed fusion and a 
good post-pacing interval. Right panel shows a clockwise activation 
pttern of the mitral annulus. Figure 3: ECG



Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation17 Case Report

www.jafib.com Aug-Sep, 2014 | Vol-7 | Issue-2

case presents a dual-loop tachycardia in a non-postoperative patient 
after PV ablation. Moreover, the tachycardia showed a bi-atrial du-
al-loop tachycardia. Only one other case report describes a bi-atrial 
dual-loop tachycardia, which developed during a first procedure of 
PVI and had a reentrant circuit around the inferior vena cava and 
around the mitral annulus. Post-pacing intervals at both the CTI 
and the mitral isthmus were long, which is uncommon for a true 
dual-loop tachycardia. The authors suggested that this was probably 
due to the interference of two relatively independent reentry loops.5
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Figure 4:

Endocardial activation during counterclockwise flutter with surface 
ECG leads V1-V2 and V6. Electrograms are recorded around the 
tricuspid annulus using a 20-pole halo catheter with distal pole (Ld-
2) positioned at the septal isthmus. 
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Abstract
Atrial fibrillation (AF) is one of the most common cardiac arrhythmias. Catheter ablation has proven more effective than antiarrhythmic 

drugs in preventing clinical recurrence of AF, however long-term outcome remains unsatisfactory. Ablation strategies have evolved based on 
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technological advancements in AF treatment, and summarizes their impact on improvement of AF ablation outcome.
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Introduction
Atrial fibrillation (AF) is one of the most common cardiac ar-

rhythmias. The last 15 years witnessed advances in mechanistic un-
derstanding and technology that fueled the rapid development and 
refinement of catheter ablation therapy of refractory AF. Despite its 
status as gold standard and an increasing body of evidence on greater 
effectiveness over antiarrhythmic drug therapy in preventing clinical 
recurrence of AF,1, 2 long-term success rates of catheter ablation re-
main unsatisfactory. This article highlights current mechanistic con-
cepts and technological advances in AF treatment.
Mechanisms of Atrial Fibrillation

AF is a complex arrhythmia with multiple possible mechanisms3 

including, from an electrophysiological perspective, multiple propa-
gating wavelets, focal electrical discharges, and local reentrant activity, 
among others.4, 5 Great progress in mechanistic understanding came 
with demonstration by Haissaguerre and co-workers that pulmonary 
veins (PVs) play a critical role in AF generation in humans and that 
AF could be treated by ablation therapy.6 PVs and surrounding atrial 
tissue consequently became the major focus of AF mechanistic re-
search.

It is well accepted that onset and maintenance of AF require both 
a trigger and a substrate. P, transitional, and Purkinje cells endow 
human PVs7, 8 with potential for ectopic beat initiation while mus-
cular discontinuities and abrupt changes in fiber orientation in PVs 
and the PV-left atrium (LA) junction provide ideal substrates for 
reentry.9

Although ectopic beats also can originate in other anatomical 
structures, including LA posterior wall, superior vena cava, crista ter-
minalis, ligament of Marshall, coronary sinus ostium, and interatrial 
septum,10 the PV-LA junction has the highest density of autonomic 
innervation,9, 11 and autonomic nerve stimulation which is thought to 
play an important role in AF initiation12, 13 can initiate PV firing.14, 

15 Clinically, abolition of vagal reflexes around PVs during circum-
ferential pulmonary vein isolation (CPVI) benefits AF ablation out-
come;16 this has been further supported by studies directly targeting 
ganglionated plexi (GP).17-19

Self-perpetuation through induction of atrial structural and elec-
trical remodeling also is an important mechanism for AF.20-22 This 
mechanism undermines outcomes of ablation therapy for AF, as par-
ticularly reflected in higher recurrence rate after targeting PV and/or 
non-PV triggers alone in patients with persistent and long-standing 
persistent AF.23, 24

Ablation Strategies and  Their Bottleneck
Based on progress in mechanistic understanding, ablation strate-

gies have evolved from early attempts at replicating the surgical Maze 
procedure to modification of the trigger(s) and/or substrate for AF.25

Ablation Strategy Targeting PV
The crucial role of PVs in AF initiation has rendered ablation 

targeting PVs and/or PV surrounding atrial tissue as cornerstone 
procedure in AF treatment.26 Because of infrequent AF inducibility, 
difficulty in mapping original triggers, and risk of PV stenosis, the 
ablation site however has shifted from the PV itself to the atrial tis-
sue located in the antrum.27 Of the two PV ablation strategies initial-
ly proposed, namely segmental and circumferential, the latter is more 
widely accepted and associated with higher success rate as shown 
in a randomized study.28 The larger circumferential area of isolation 
around PVs not only eliminates PV foci but also contains more of the 
atrial myocardium surrounding the PVs, i.e., the area with autonomic 
innervation and substrates for reentry.

The recommended PV ablation endpoint of electrical isolation in 
PVs is achieved in most cases. However, there is high incidence of 
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studies have focused on ablation of GP identified by high-frequency 
electrical stimulation causing marked slowing of ventricular response 
during AF39 or by an anatomic approach.17 Clinical results are incon-
sistent among studies using GP ablation alone,17, 40 while its addition 
to PVI increases AF-free survival in patients with paroxysmal AF,19, 

41, 42 and it is superior to PVI plus linear ablation in patients with 
persistent or long-standing persistent AF.43 However, 14.7%41 and 
26%19 of patients with paroxysmal AF experienced AF recurrence 
in the PVI plus GP ablation group at 12 and 24 months follow-up, 
respectively, while 66% of patients with persistent AF experienced 
AF recurrence at 3 years follow-up.43

Concerns about GP ablation include knowing which substrate is 
destroyed when ablation is performed endocardially; potential au-
tonomic tone imbalance; autonomic reinnervation; and safety of 
high-power used.
Rotors

Using a recently developed physiologically-guided computational 
approach, Narayan et al. revealed sustained electrical rotors and re-
petitive focal beats during human AF; focal impulse and rotor mod-
ulation (FIRM)-guided ablation at patient-specific sources acutely 
terminated or slowed AF, and improved long-term outcome.44,45 

Their findings provide novel mechanistic insight into AF.
Technological Advances
Advances in RF (Radiofrequency) Ablation Systems

Radiofrequency is the most-commonly used energy for AF ab-
lation.26 As compared to ablation of atrioventricular reentry and 
non-reentry tachycardia, AF ablation requires multiple, larger and 
transmural lesions. To this end and relative to conventional 4mm tip 
ablation catheters, irrigated-tip catheters are more efficient by main-
taining a low electrode-tissue interface temperature and impedance 
during RF application at high power;46 and patients undergoing AF 
ablation with irrigated-tip catheters are less likely to experience AF 
recurrence.47

Most centers currently use irrigated-tip catheters in AF ablation 
procedures. Several electrode architectures have been developed with 
different tip dimensions, temperature sensor location and design of 
irrigation ports on the tip surface; however, only slight differences 
have been found in lesion size or safety profile among catheters test-
ed in vitro.48

There is no definitive clinical evidence on which technology is as-
sociated with better outcomes or less complications, and all tradi-
tional irrigated catheters have been unsatisfactory in achieving long-
term success in AF ablation. Besides mechanistic complexity of AF 
in humans, effect of RF ablation is influenced by transmurality and 
continuity of lesions created, and most AF recurrence is thought to 
be related with PV-LA reconnection after initially successful PVI.49,50

One of the most anticipated features of new-generation irrigat-
ed catheters has been contact-force sensing, which helps optimize 
electrode-tissue contact and provides the operator more quantifiable 
energy delivery.51-53 In clinical trials, contact force information guid-
ance reduced AF recurrence by 20 to 25 percent,54, 55 and similarly 
important, yields more favorable procedural parameters, in particular 
procedural and fluoroscopy times, without increasing complications 
(Figure 1).54-56

Because outcome of ablation also is dependent on LA architecture 
and catheter stability, an auxiliary system for RF ablation mainly in-
cluding a nonfluoroscopic three-dimensional mapping system and 

PV reconnection in patients with clinical recurrence, which is impli-
cated as its predominant mechanism.29, 30 Achievement of durable PV 
isolation, likely requiring continuous and transmural lesion forma-
tion, therefore is considered an important goal of AF ablation.
Ablation Strategies Not Targeting PVs
Non-PV Triggers

Non-PV triggers, including LA posterior wall, superior vena 
cava, crista terminalis, and ligament of Marshall among others, can 
be identified in some patients during the ablation procedure.10 Al-
though it is recommended to eliminate them,26 as is the case for PV 
foci they are infrequently induced and difficult to localize with posi-
tioned catheters during routine AF ablation procedures.
Ablation Of Complex Fractionated Atrial Electrograms (CFAEs)

CFAEs, initially reported by Nademanee et al, are defined as elec-
trograms with highly fractionated potentials or with a very short cycle 
length (<120ms).31 Areas with CFAEs are considered substrate for 
AF maintenance, and their ablation in addition to PVI or as a part of 
stepwise approach appears beneficial in treatment of non-paroxysmal 
but not of paroxysmal AF.32, 33 However, definitions of CFAEs and 
endpoints of ablation are inconsistent among trials, extensive areas 
might be targeted and become arrhythmogenic, and CFAEs mecha-
nism is not totally understood.32-34

Linear Ablation
The most common lines in AF ablation are the mitral isthmus 

(sometimes replaced by anterior line between roof line and mitral 
annulus), LA roof and cavotricuspid isthmus lines. Linear ablation, 
although not recommended for paroxysmal AF because of possible 
increased atrial tachycardia,35 benefits outcome when added to PVI 
in patients with persistent AF.36, 37 The key for linear ablation is line 
completeness with bi-directional block, which is sometimes chal-
lenging.
GP (ganglionated plexi) Ablation

Based on evidence from animal and clinical studies,16, 38 recent 

Figure 1:
Circumferential PV isolation performed by contact-force sensing 
catheter. Contact force during mapping and ablation, and ablation 
time are shown in the 3D model of left atrium.
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loon-based ultrasound ablation,75 RF hot balloon catheter,76 laser 
based ablation,77 and visually guided RF ablation78 have been devel-
oped, however, both efficacy and safety need to be evaluated in more 
clinical trials.
Advances In Imaging And Mapping Technologies

Conventional fluoroscopy-guided catheter mapping had been un-
satisfactory in mapping complex arrhythmias such as AF and VTs, 
which require accurate navigation and combined anatomic and elec-
trical information. Two electroanatomic mapping systems including 
CARTO mapping system and NavX mapping system are widely 
used in clinical practice as described above. The anatomic accuracy 
of the map could be improved by integration of 3D images by CT, 
MRI or ultrasound in both systems. 3D rotational angiography has 
been introduced recently, and proven to significantly reduce radiation 
exposure while used as a single tool or in combination with CARTO 
or NavX systems.79-81 Besides providing anatomic guidance, atrial 
myocardial fibrosis can be visualized by technology with late gado-
linium enhancement MRI,82 and the real-time MRI-guided system 
has demonstrated advantage in atrial tissue lesion visualization dur-
ing RF delivery.83

Several mapping catheters have been developed for AF ablation. 
Multipolar catheters, such as Double-loop catheter (Inquiry AFocus 
II™, St. Jude Medical, Minneapolis, MN, USA), and Pentaray cath-
eter (PentaRay, Biosense-Webster, Diamond Bar, CA, USA), can im-
prove electroanatomic information collection, which is beneficial for 
cardiac chamber building, activation analyzing, and voltage/substrate 
mapping. Another multipolar basket catheter (Constellation, Boston 
Scientific, MA, USA) has been recently used for FIRM mapping of 
AF, and along with a novel system (RhythmView, Topera Medical, 
Lexington, Massachusetts) found to improve long-term outcome of 
AF ablation.44, 45

Conclusion:
The mechanism of AF is still not totally understood. Under the 

present mechanistic understanding, ablation therapy has been doc-
umented as an effective treatment, although its long-term outcome 
especially after the initial procedure remains unsatisfactory. Multiple 
procedures with current strategies appear to yield more acceptable 
outcome,49, 84 and technological advances appear to offer greater im-
petus to AF ablation outcome improvement than deeper mecha-
nistic understanding. Although indeed we do not fully understand 
the mechanism of AF, we aim to develop tools to personalize AF 
treatment (when and what additional ablation is needed), improve 
outcomes and reduce complications. Technology has helped and will 
hopefully path the way to that direction.
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Abstract
Over the past decade, catheter ablation has emerged as an important therapeutic option and reserved for drug refractory symptomatic 

paroxysmal and persistent atrial fibrillation (AF). Although elderly population constitutes the significant amount of AF patients, literature 
data is inadequate regarding the use of catheter ablation for elderly AF patients. Since there has been significant improvement in efficacy 
and safety of the AF ablation in last decade, it has become widespread accross the whole world. As the life expectancy continues to grow 
in population and outcomes of catheter ablation for AF further improve, higher number of elderly patients are likely to undergo catheter 
ablation for AF. Therefore, in this paper we reviewed the published literature to date regarding the clinical efficacy and safety of catheter 
ablation for AF in elderly patients.
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Introduction
Atrial fibrillation (AF) is known as the most common arrhythmia 

in clinical practice and also the most common cause of hospital ad-
missions due to arrhythmia worldwide.1,2 Beginning at age 50, the 
prevelance AF almost doubles with each decade of life; increasing 
from 0.5% at age 50-59 years to 5-7% or greater in those aged 70-
79 years.3 The median age of patients with AF is approximately 75 
years.1,4 As life expectancy continues to improve and the average age 
of the population increases, there will be an estimated 8-10 million 
patients with AF in the USA by 2020, half of whom will be over the 
age of 80 years.5-7

Elderly patients are more likely to have comorbid illnesses such 
as congestive heart failure, coronary artery disease, hypertension 
and left ventricular hypertrophy which increase their risk to develop 
AF.8,9 In the elderly, more atrial fibrosis, decreased cellular connec-
tivity and loss of atrial muscle mass have been demonstrated to cause 
an increase in the dispersion of atrial effective refractory periods and 
prolong intraatrial conduction times.10 Electrical atrial remodeling 
may be associated with shortening of the atrial action potential du-
ration and with the induction of myocardial apoptosis. Aging can 
also increase pulmonary vein arrhythmogenesis via abnormal calcium 
ion regulation mediated by ryanodine receptor dysfunction.11 These 

factors may greatly increase the dispersion of refractory periods and 
further reduce conduction velocities in the atria and contribute to 
the perpetuation of AF, resulting in the increased propensity to AF 
with aging.10

Although AF itself is not a life threatening arrhytmia, it is associ-
ated with an increased long term risk of stroke, heart failure and all 
cause mortality.12 Because of the considerable morbidity, mortality 
and economic burden associated with AF, all of them will increase 
with the expanding elderly population. There are also some challang-
es about pharmacological treatment of AF in these population. El-
derly patients are more sensitive to standard drug dosages and also 
side effects of the medications can easily be seen. They may also have 
preexisting sinus node dysfunction and conduction system disease 
that limit drug tolerability. Altered pharmacokinetics and associat-
ed comorbidities, such as structural heart disease, renal insufficiency, 
sick sinus syndrome and senile changes in the atrioventricular (AV) 
conduction system, may lead to detrimental consequences, including 
proarrhythmia.13-17 AF ablation may, therefore, be an option for el-
derly patients, as it reduces AF occurrences and symptoms without 
the need for ongoing medical therapy. We will discuss the existing 
data and the risks and benefits of catheter ablation in elderly patients 
with AF.
Catheter Ablation Of AF In The Elderly

The first question that should be answered by the clinician before 
starting treatment of AF is whether to pursue a rhythm control or 
rate control strategy. The AFFIRM trial18 was the only study that 
was sufficiently powered to evaluate mortality and demonstrated 
equivalent survival in patients randomly assigned to rate control 
and rhythm control strategies. On treatment analysis of AFFIRM 
demonstrated that sinus rhythm was an independent predictor of 
improved survival, however the benefits of sinus rhythm might have 
been counterbalanced by the adverse effects of the antiarrhythmic 
drugs in the elderly population.
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compared among 15 consecutive patients older than 70 years and 
45 randomly selected younger patients.22 There was a trend toward 
a decrease in probability of maintaining sinus rhythm in the elderly 
(60 vs 80%; p = 0.17). The complication rates were similar. Antiar-
rhythmic therapy was used more frequent in the elderly (33 vs 8%; 
p < 0.005).

On point of interest that emerged from review of the literature 
to date is the trend toward more elderly patients remaining on an-
tiarrhythmic drugs after ablation, even in the absence of recurrence. 
A potential explanation for his finding is that one of the goals of 
AF ablation in a younger population is to negate the need for long 
term drug therapy. But in the elderly symptom relief with the control 
of AF is the major end point of treatment. Aging is also associated 
with electrical and structural atrial remodeling including changes in 
action potential shape and duration, enhanced dispersion of repolar-
ization and increased atrial fibrosis.23 Pulmonary vein isolation may 
not sufficiently eliminate the triggers for AF in an elderly compared 
to a younger population, so it may be an explanation of use of antiar-
rhythmic drugs in the elderly after ablation.
Complications And Thromboembolic Risk

The reported prevelance of complications related to catheter ab-
lation of AF has been variable in trials and may include vascular 
access complications such as hematoma, retroperitoneal bleeding, 
pseudoaneurysm, arteriovenous fistula; myocardial perforation and 
pericardial tamponade; pulmonary vein stenosis; phrenic nerve pal-
sy; thromboembolic events including transient ischaemic attacks and 
stroke; arterioesophageal fistula and death. A recent analysis reported 
a major complication rate of 0.8% in 500 consecutive AF ablation 
patients.24 In another study Santangeli et al.25 reported only three 
episodes of minor bleeding, one pericardial effusion and no major 
complications such as thromboembolism in 103 patients older than 
80 years. This was not significantly different than the younger cohort 
of 2651 patients.

AF is an independent risk factor for stroke and significantly in-
creases all-cause mortality in most age groups. In the Framingham 
study, the annual risk of stroke attributable to AF increased from 
1.5% in patients in the age group of 50-59 years to 23.5% in patients 
in the age range of 80-89 years.26 Therefore, one of the main thera-
peutic objectives in treating AF is to minimize the risk of thrombo-
embolic events, mainly stroke, even in asymptomatic patients.

Two studies reported the possibility of discontinuation of antico-

Recently, several studies have reported the efficacy and safety of 
catheter ablation of AF in the elderly population (Table 1). Although 
there has been some some inconsistency in the definitions, in most 
studies an age of 70 years or more was defined as elderly. Hsieh et 
al19 compared the outcomes after catheter ablation of AF or AV node 
ablation in 71 patients >65 years old during a 4-9 year follow up. Pa-
tients who had ablation of AF were more likely to have symptomatic 
AF (19% vs 0%), less persistent AF (8% vs 69%), better New York 
Heart Association functional class and less heart failure than the pa-
tients who underwent AV node ablation. However, the prevelance 
of stroke, mortality and other complications were similar between 
the two groups. Although there were several limitations, it was the 
first study to raise the question of whether an initial attempt at AF 
ablation would be reasonable for selected elderly patients with AF.

In another retrospective analysis, 1165 patients with AF who 
underwent 1506 ablation procedures were grouped based on age.20 

There were 32 patients ≥75 years of age, 185 patients aged ≥65 and 
<75 years, and 948 patients aged <65 years. The proportion of pa-
tients with paroxysmal and persistent AF was similar among the 
three groups. Baseline left atrial size and ejection fraction were sim-
ilar among the three groups. The periprocedural complication rate 
was low with no difference between the groups. Follow up patient 
monitoring consisted of both routine office follow up and surveil-
lance transtelephonic monitoring, as well as the ability to transmit 
symptomatic episodes. Among the 781 patients who completed the 
minimum 1 year of follow up, there was no difference between the 
groups for ablation success. AF control rates were 89%, 84% and 
87%, among those aged <65, 65-74, and ≥75, respectively. The elderly 
patients were less likely to undergo repeat ablation and more likely to 
remain on antiarrhythmic drugs (37 vs 29 vs 20%, p = 0.02).

In a more recent study, 1548 patients who underwent AF ablation 
were stratified according to age <45, 45-54, 55-64 and ≥65 years.21 

Outcomes, defined as rare or no AF with or without antiarrhythmic 
drugs, were similar in all groups with an 82-88% success rate (p = 
0.06). The older patients (aged ≥65 years) did require more antiar-
rhtyhmic therapy (47%) than the younger patients aged <45 years 
(24%). The authors conclude that the efficacy is lower and risk of 
complications is higher among patients older than 45 years. How-
ever, the risk of complications was similar among the three oldest 
groups.

In another study, the outcomes of catheter ablation for AF were 

Table 1: Clinical efficacy and complication rates of AF ablation. 

Author Patients(Age range in years) AF type (Paroxysmal, persistent, chronic) Mean follow-up (Months) Clinical efficacy of ablation Major complication Ref.

Hsieh et al. 37 (72 ± 4) Paroxysmal 52 ± 6 81% 0% 19

Corrado et al. 174 ( 77 ± 6) Paroxysmal 55 %
Persistent 45%

20 ±  14 73 – 80% 1% 27

Zado et al. 948 (<65)
185 (65-75)
32 (≥75)

Paroxysmal 65%
Paroxysmal 62%
Paroxysmal 53%

27 ± 13 89%
84%
86%

1.6%
1.7%
2.9%

20

Leong-Sit et al. 232 (<45)
438 (45-54)
570 (55-64)
308 (≥65)

Paroxysmal 71%
Paroxysmal 62%
Paroxysmal 66%
Paroxysmal 63%

32 ± 20
31 ± 19
28 ± 17
28 ± 17

87%
88%
88%
82%

0
1.7%
1.4%
2.6%

21

Traub et al. 45 (<70)
15 (≥70)

Paroxysmal 19
23

80%
60%

4.4%
6.7%

22

Bunch et al. 717 (<80)
35 (≥80)

Paroxysmal 46%
Paroxysmal 54%

12 75%
78%

0.7%
0

30

Santangeli et al. 2651 (<80)
103 (≥80)

Paroxysmal 18±6 71%
69%

0 25
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agulation if sinus rhytm is maintained at 3-6 months after succesful 
AF ablation.27,28 However, in both studies, warfarin was not discon-
tinued in the higher risk patients. In another study, the prevelance of 
thromboembolic events after AF ablation was examined in patients 
who were <65 years old and those ≥65 years old with or without 
AF.29 All patients were treated with therapeutic anticoagulation for 
3 months after the procedure. There was no significant difference in 
cerebrovascular events during 1 month after the procedure. Among 
the patients ≥65 years old who remained in sinus rhythm after the 
procedure, warfarin was discontinued in 60 and 56% of the patients 
with a CHADS2 score of 0 and ≥1 respectively. During a mean follow 
up of 3 ± 2 years, a late cerebrovascular events occurred significantly 
higher in elderly group (3 vs 1%, p = 0.03). Among patients ≥65 years 
old, age was the only independent predictor of late cerebrovascular 
events regardless of the rhythm and anticoagulation status, or the 
CHADS2 score. Thus, AF ablation is not a procedure indicated for 
freedom from anticoagulation and anti-coagulation post “successful 
AF ablation” should still be determined by CHA2DS2-VASc score.
Conclusion:

Although ablation of AF has been widely adopted with a favorable 
efficacy and safety profile, there are limited data on catheter ablation 
of AF in the elderly. However, it appears that AF ablation can be 
performed safely with acceptable risks and good results in the elderly.  
In order to extend the indications for AF ablation we need to further 
studies which have the design of multicenter, randomized and pro-
spective with a long term follow up in the elderly population.
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Abstract
Since Haissaguerre et al first described the pathogenic role of pulmonary vein firing as a crucial mechanism triggering atrial fibrillation, 

catheter ablation has been recommended as a curative treatment. Several trials have demonstrated that ablation is an effective treatment 
in most patients with paroxysmal atrial fibrillation and low-grade remodelled atria. In patients with persistent AF, there is substantially less 
evidence, mostly based on non-randomized studies, supporting this recommendation. The available scientific evidence as well as the current 
approaches to treating persistent AF patients are discussed in this article. Further, we describe the main findings of the SARA trial and put 
them into perspective.

treating persistent AF patients are discussed in this article. Further, 
we describe the main findings of the Study of Ablation Versus 
antiaRrhythmic Drugs in Persistent Atrial Fibrillation (SARA) trial 
and put them into perspective.
Current Apporaches To Treat Persistent AF

Among patients who undergo CA, outcomes are better in 
paroxysmal AF; this has led to extensive research to identify new 
ablation targets and improve success in persistent AF. Most 
randomized trials in paroxysmal AF are consistent in terms of 
population homogeneity, ablation target, and ablation endpoints, 
which make them comparable and provide a strong level of evidence. 
However, there are 3 important limitations to take into account 
when interpreting the results of the studies in persistent AF: (1) most 
compare two different ablation strategies (A vs. B) and do not assess 
the benefit of CA over ADT; (2) studies that compare strategies 
have recruited heterogeneous population (long-standing persistent, 
persistent + long-standing persistent, etc.) and applied different 
definitions of chronic or persistent AF; (3) the ablation target and 
the electrophysiological endpoint of the ablation strategies differ 
substantially, precluding consistent comparisons between studies. 
Pulmonary  Vein Isolation: Is It Enough In Persistent AF?

Wide antral circumferential ablation with the endpoint of electrical 
PV isolation is currently the cornerstone of AF ablation. Although 
this has been shown to be sufficient in paroxysmal AF, it seems to 
be less effective in persistent AF. Therefore, the role of PVs in the 
perpetuation of AF in patients with persistent AF remains unclear. 

A recent study by Seitz et al5 suggests that the role of PV activity 
as a driver of AF decreases with time in AF and with left atrial 
dilatation. Those patients with “passive activation” of all PVs had 
greater time in AF (19.1 vs. 4.9 months, respectively; p<0.001) and 
greater LA diameter (42.4 vs. 47.6 mm, respectively; p<0.001) than 
those with ≥1 “active PV” (defined as PV CL > LAA CL). Compared 
to patients with PxAF, those with Pr and LS-Pr AF had a lower 

Disclosures:
None.

Corresponding Author:
Felipe Bisbal, MD
Arrhythmia Section, 
Cardiology Department
Thorax Institute, Hospital Clinic, 
Universitat de Barcelona.
C/ Villarroel, 170. 08036 Barcelona, 
Catalonia – Spain.

Introduction
Since Haissaguerre et al1 first described the pathogenic role of 

pulmonary vein (PV) firing as a crucial mechanism triggering atrial 
fibrillation (AF), catheter ablation (CA) has been recommended 
as treatment. However, current evidence tells us that this option 
is not curative in all patients.2,3 The role of PV in developing AF 
differs between patients; it becomes less relevant with more time 
in AF and more advanced atrial remodelling (AF begets AF), 
making PV ablation less effective. Several trials have demonstrated 
that PV isolation is an effective treatment in most patients with 
paroxysmal AF and low-grade remodelled atria. When ablation is 
applied to less selected populations such as patients with persistent 
or long-standing persistent AF, presence of very dilated atrium, or 
structural cardiomyopathy– the effectiveness drops substantially. 
Thus, under current guidelines ablation is a class I (level of evidence 
A) recommendation in patients with paroxysmal AF and resistance 
to at least one antiarrhythmic drug.4 In patients with persistent AF, 
there is substantially less evidence supporting this recommendation, 
and it is mostly based on non-randomized studies. Importantly, 
most of these studies include a wide range of AF patients, included 
under the generic term “non-paroxysmal”. Recently, we published 
the first randomized trial comparing CA vs. antiarrhythmic drug 
therapy(ADT) in the specific population fitting the current definition 
of persistent AF (>7 days or <7 days requiring cardioversion). The 
available scientific evidence as well as the current approaches to 
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proportion of “active PVs” (100%, 60%, 24% and 0%, respectively; 
p<0.001). The authors tested the hypothesis that substrate-only 
ablation is sufficient to treat patients without “active PVs”, and 
compared it to substrate+PVI in patients with ≥1 “active PV”. 
They found that the recurrence rate did not differ between groups, 
suggesting that the assessment of PV activity might help to decide 
the best ablation strategy.

On the other hand, the RASTA study6 failed to demonstrate a clear 
benefit of substrate modification beyond PVI alone in patients with 
PrAF. In the study by Bertaglia et al7, the demonstration of electrical 
isolation of PVs was the only factor independently associated with 
arrhythmia recurrence in patients with PrAF. Also, the SARA trial8 

showed good mid-term outcome of a PVI-only strategy in patients 
with persistent AF, highlighting the crucial role of PVs in the 
perpetuation of persistent forms of AF.
Linear Ablation

 Based on the concept of surgical compartmentalization of the 
atrium established by Cox,9 electrophysiologists have tried to emulate 
this technique by creating endocardial lines of block. Additionally, 
the creation of these lines eliminates atrial substrate. The most 
commonly performed ablation lines are located at the left atrial roof 
and mitral isthmus. Other less frequent lesion sets comprise posterior 
wall isolation, anterior lines, and septal lines.

Initial data showed a significant increase of recurrences of left 
atrial tachycardias, mostly macroreentrant, related to the anatomical 
approach and lack of confirmation of block. The inclusion of 
bidirectional block across the line as the endpoint of ablation has 
decreased the occurrence of post-AF ablation macroreentries. 
However, the additional benefit of adding ablation lines beyond 
PVI is still unclear.10 On top of the questionable benefit of linear 
lesions, this approach might be proarrhythmogenic. It is sometimes 
impossible to achieve complete bidirectional block, mostly at the 
mitral isthmus line,11 which can lead to macroreentrant tachycardias; 
these are usually symptomatic, persistent, and refractory to 
antiarrhythmic drugs. In addition, a more extensive ablation of the 
left atrium increases the risk of damaging contiguous extracardiac 
structures (phrenic nerve, esophagus, circumflex artery, etc.).
Electrogram-based ablation

The first proof of the benefit of targeting complex fractionated 
atrial electrograms (CFAEs) was reported by Nademanee et al.12 
The authors defined CFAEs as fractionated electrograms with ≥2 
deflections, continuous activity, or mean cycle length <120ms over a 
period of 10 seconds and reported a high single-procedure success of 
CFAE ablation alone (92% freedom of AF at 1-year follow-up). This 
success rate has never been reproduced by other authors.

CFAE ablation has been proposed as an adjuvant strategy after 
PVI. Although some studies have demonstrated additional benefit 
over PVI alone13, other authors have reported no additive benefit.14

The role of fractionation during AF has been questioned. 
Recent studies have suggested that CFAEs represent a collision of 
wavefronts during AF; sites with fractionated electrograms during 
AF correspond in most cases to normal electrograms during sinus 
rhythm.15 This finding suggests the functional and passive nature of 
CFAEs. Fractionated electrograms during sinus rhythm also have 
been proposed as an ablation target. Nonetheless, limited data are 
currently available and further research is needed to elucidate the 
benefit of this strategy.16

The main limitations of electrogram-based ablation that preclude 
its generalization are the heterogeneity in the definition of a complex 
fractionated electrogram, the subjectivity in its interpretation, and 
the unknown pathophysiology and controversial role in AF. Some 
questions remain to be answered: what substrate are we targeting 
when ablating CFAEs? Is it an actual key substrate needed for 
perpetuation of AF? Is the additional benefit due to CFAE abolition 
or is it just the effect of debulking?
Evidence From Randomized Trials Involving Patients With 
Persistent AF

Robust evidence has been published in the literature supporting 
the superiority of ablation over AAD in patients with paroxysmal AF. 
In the body of evidence from the persistent AF population, one finds 
a great number of randomized studies comparing different ablation 
techniques. However, it is striking that investigators designed studies 
comparing ablation strategy A vs. strategy B before the key question 
has been answered: is ablation more effective than medical therapy 
in patients with persistent AF? Data providing some evidence in this 
regard are scarce; only a few randomized studies in patients with 
non-paroxysmal AF have been performed to date.

The first study, by Oral et al,14 comparing both strategies in the 
specific population of non-paroxysmal AF reported a superiority of 
CA over ADT. The study included patients with chronic AF, defined 
as continuous AF during at least 6 months. The mean AF duration 
before randomization was around 4 years, and the primary endpoint 
was defined as episodes of AF lasting more than 30 seconds. At 
the end of follow-up (1 year) the endpoint was achieved in 26% 
and 42% of patients in the CA and ADT arms, respectively. It is 
important to underline that most of the patients included in this trial 
met the current criteria for long-standing persistent AF, according 
to the guidelines17 and hence, the results may not be applicable to 
patients with persistent AF.  Another randomized study including 
patients with non-paroxysmal AF, conducted by Stabile et al,7 

compared the effectiveness of an ADT strategy vs. a combined 
strategy of ADT plus catheter ablation. In this series, patients with 
paroxysmal and persistent AF were included. The authors concluded 
that the combined strategy (AAD+CA) was superior to AAD alone 
in maintaining sinus rhythm. Of note, the study was not designed 

Figure 1:
Survival curves for the primary endpoint (sustained episodes of AF 
lasting >24 hours).  Reproduced with permission of Oxford Journals 
from Mont L et al. Eur Heart J 2014;35:501-507.
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to evaluate the effectiveness of CA alone. Additionally, data on the 
effect of both strategies in the subgroup of patients with persistent 
AF is not provided in the paper, precluding any conclusion in this 
specific population.
The SARA Study: What’s New?

The SARA study is the first randomized trial comparing the safety 
and effectiveness of catheter ablation vs. antiarrhythmic drugs for the 
treatment of patients meeting the current definition of persistent AF. 
A total of 146 consecutive patients with persistent drug-refractory 
AF were included and randomized to CA or AAD (2:1 allocation). 
The most relevant exclusion criteria were presence of severe structural 
heart disease, significant atrial enlargement (diameter >50mm), and 
long-standing persistent AF (>1 year in AF). The primary endpoint 
was defined as sustained episodes of AF (>24 hours) occurring after a 
3-month blanking period. Important secondary endpoints included 
any episode of AF >30 seconds, need of electrical cardioversion, and 
quality of life. Most patients randomized to CA received wide antral 
circumferential ablation, with PV isolation as procedural endpoint. 
Few patients received additional roof line (23%) or ablation of 
complex fractionated electrograms (8%). Patients allocated in the 
AAD arm received class Ic (44%) or class III (56%) drugs.

Outcome data was analyzed as intention-to-treat. The proportion 
of patients free of sustained episodes of AF at 12 months (primary 
endpoint) was higher in the CA group compared to ADT group 
(70.4% vs. 43.7%, respectively; P=0.002), an absolute risk reduction 
of 26.6% (figure 1). Also, patients in the CA group had higher 
probability of remaining free of any recurrence of AF or flutter (lasting 
>30 s) than those in the ADT group (60.2 vs. 29.2% respectively; 
P<0.001) and less need of electrical cardioversion (34.7% vs. 50%, 
p=0.018). In line with prior studies, patients with early recurrences 
were at higher risk of achieving the primary endpoint (OR 5.3). No 
significant differences in QoL scores were found between groups, 
using the ANCOVA analysis. The rate of complications in both 
groups was low (6.1% in the CA group and 4.7% in the ADT group, 
p=ns). In conclusion, CA is superior to ADT for rhythm control in 
patients with persistent AF.

The major criticism refers to the monitoring strategy and the 
use of a novel endpoint (sustained AF episodes) that had not been 
previously reported.18 The consensus document for the management 
of AF4 recommends a more prolonged monitoring, mainly when 
assessing short episodes of AF >30 secs (secondary end-point). The 
SARA trial aimed to be pragmatic; therefore, the “standard of care” 
of our environment was chosen as the most appropriate strategy 
for follow-up. Nonethless, we do not believe that more extended 
monitoring would have had a major impact on the primary end-
point. Patients were instructed to ask for emergent ECG in case 
of palpitations or symptoms; therefore, most prolonged episodes 
(i.e., lasting > 24 hours) should have been detected. Furthermore, 
any impact would have affected the outcome of both groups and 
therefore would not substantially affect any differences between them. 
Regarding the selection of the primary endpoint, we considered that 
using a very stringent endpoint (>30 sec of documented AF) could 
be less clinically relevant in the context of persistent AF, particularly 
without using implantable monitoring systems. Therefore, a more 
robust endpoint was judged to be more appropriate, even if it could 
lead to an overestimation of the positive results. However, significant 
differences were also found between treatments in the secondary 

endpoint (>30 seconds of AF), validating to some extent the decision 
to choose this endpoint.

Another important point of the study is the benefit in QoL, 
which was not evident in the initial publication using the ANCOVA 
analysis. The lack of benefit in the initial report has raised some 
concern.18 Recently, Wynn et al published a reanalysis of the QoL 
data, demonstrating a significant QoL improvement in the CA 
group, but not in the ADT group.19 The authors applied paired 
sample t-tests, which is the standard method used in most of the 
trials.20,21 This finding adds new evidence of the clinical benefit of 
CA.20,21

Despite its limitations, this trial adds important information 
to the current knowledge about the role of CA in the treatment 
of persistent AF. It represents the first prospective, multicentre, 
randomized trial addressing this specific topic. In our view, one of the 
important observations reported in the paper is that a limited ablation 
procedure can obtain good results in selected patients with persistent 
AF (excluding patients with long-standing persistent AF or with 
advanced atrial remodelling). Additionally, newer data demonstrated 
that CA significantly improved QoL scores in the SARA trial 
population, while ADT did not affect the scores. Nevertheless, the 
results cannot be extrapolated to patients with more advanced atrial 
disease (severe atrial enlargement), long-standing persistent AF, or 
significant structural heart disease.
Clinical Perspective

Catheter ablation of paroxysmal AF is currently the standard of 
care in symptomatic patients after failure of medical treatment (Class 
I, Level of evidence A). Although several studies have demonstrated 
superiority of CA over ADT in patients with paroxysmal AF, the 
SARA study is the first multicenter, randomized controlled trial 
conceived to specifically evaluate patients with persistent AF. In 
this study, CA was demonstrated to be superior to ADT for rhythm 
control at mid-term follow-up, with a significant QoL improvement. 
Of note, the ablation approach was PVI-only in most cases, with a 
very low proportion of additional substrate modification. This adds 
evidence to the hypothesis that limited ablation may be effective in a 
well-selected population with persistent AF. Under the current ESC/
EHRA guidelines22, the current indication for ablation of this patient 
population is IIa (Level of evidence B), based on the results of non-
randomized trials and post-hoc analysis of randomized studies. The 
very recent 2014 AHA/ACC/HRS guidelines for the management of 
patients with atrial fibrillation23 have incorporated the data provided 
by the SARA trial, increasing the level of evidence for the indication 
of ablation of persistent AF (level of evidence A).
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Abstract
Atrial fibrillation ablation has evolved considerably over the last few years. In this article we review current and past catheter ablation 

techniques, with a special focus on new simplified systems that allow a faster and simpler procedure, so called “one-shot” atrial fibrillation 
ablation.
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Introduction
Atrial fibrillation (AF) is the most important tachyarrhytmia in 

the developed world, due to its high prevalence, incidence and impact 
on morbidity and mortality.1–3 Ablation is the only potentially cura-
tive therapy for this disease.
AF Ablation: The First Steps

AF ablation originally developed as a surgical procedure consist-
ing of a series of trans-mural incisions on the left atrium (LA), first 
performed by James Cox in 1987, creating an atrial “maze”, and thus 
named the Cox-Maze procedure. The procedure evolved until what is 
known today as the Cox-Maze III.4 Due to its reported high rate of 
efficacy, with freedom from AF at 12 months > 90%,5 this procedure 
has been advocated by many as the gold-standard in AF ablation.5–7 

However, despite the fact that a less aggressive modification of this 
procedure, using other techniques such as radiofrequency (RF) and 
cryoablation was developed - the Cox-Maze IV procedure8 - pub-
lished experience is limited, and the procedure still heralds an inva-
sive surgical approach.
Pulmonary Veins As Triggers For AF: The Cornerstone Of 
Ablation

Despite the fact that the Cox-Maze procedure used incisions 
around the pulmonary veins (PV), it wasn’t until the 1990’s, with the 
pivotal work by Haïssaguerre et al,9 that its major role in the initi-
ation of AF was clearly recognized. His team established that focal 
ectopic beats originating in the PV could trigger AF (representing 
94% of atrial ectopic beats foci), and that catheter focal ablation of 
the pulmonary veins could halt its initiation. This discovery spawned 
the beginning of the catheter-based procedure for the ablation of AF.

One initial strategy consisted of pulmonary vein disconnection by 
isolation of the pulmonary vein ostium using a guiding loop shaped 

multipolar catheter (Lasso, Biosense-Webster). Using this strategy, 
Haisaguerre et al yielded a 71% freedom from AF and AAD at 8 
± 5 months post-procedure.10 A similar technique, using intra-car-
diac echocardiography, to precisely determine the PV antrum, was 
also developed by Natale et al.11 Kuck et al also developed a strate-
gy consisting of circumferential PV isolation, yet isolating not each 
PV individually, but rather the LA around the PVs, i.e. the PVs an-
trum. This technique (known as the Double Lasso) used the catheter 
around each pair of ipsi-lateral PVs. Using this method, 31 (75.6%) 
of 41 patients were free of AF and AAD 4 weeks after the procedure. 
Repeat procedure was performed later in an additional 8 patients, 
resulting in a total of 95.1% of patients free of PAF after ablation 
(mean 131±12 days of follow-up).12

Pappone et al13 used a new ablative technique by creating circum-
ferential lesions around the PV ostia, based on an LA anatomic map 
created by a 3D non-fluoroscopic mapping system (CARTO; Bi-
osense Webster). In a large series of 251 consecutive patients with 
paroxysmal (n=179) or persistent (n=72) AF, the procedure had an 
AF freedom (mean follow-up 10.4±4.5 months) of 85% in patients 
with paroxysmal AF and 69% in patients with persistent AF.14

A different approach, also using a single trans-septal puncture, has 
been described, the so called pace and ablate technique. Using this 
strategy, PV isolation is carried out by simultaneous pacing and ab-
lation allowing the confirmation of PV bidirectional block using a 
single tip catheter.15

Therefore, in spite of these different ablation techniques, the com-
mon goal in paroxysmal atrial fibrillation ablation is the complete 
isolation of the PVs.

The AF Ablation Registry undertaken in 2009 provided very im-
portant data on the usefulness and safety of these procedures. Over-
all, a total of 85 centers, comprising 20.825 ablations and around 
16.309 patients, were included. Freedom from AF and AAD was 
observed in 70% of patients and another 10% were free from AF us-
ing previously ineffective AAD, over a mean 18 months of follow-up. 
Major complications occurred in 4.5% of patients. The most common 
procedures were PVs isolation, be it circumferential ablation (48.2%) 
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perature in each electrode pair with the capacity to shut off in case 
of suboptimal application. The application of energy can shift from 
unipolar (deeper lesion) to bipolar (more contiguous lesion). Figure 
2 depicts intra-procedural electrograms before, during and after PV 
isolation.

Initial results were from a single center trial that used this catheter 
in a population of 98 patients with paroxysmal AF. Freedom from 
AF was 83% at 6 months. Mean procedure time was 84 ± 29 minutes, 
and fluoroscopy time 18 ± 8 minutes.18

Another trial included 102 consecutive patients with either parox-
ysmal or persistent drug refractory AF. Freedom from AF and AAD 
at a mean follow-up of 12.2 +/- 3.9 months was 60.8%. Total mean 
procedure time was 139 ± 38 minutes and mean fluoroscopy time 17 
± 12 min.19 Other similar trial showed identical results.20

A multicenter trial in 5 European centers comprising 50 patients 
with persistent atrial fibrillation assessed the efficacy and safety of 
this procedure. Success rates at 6 months showed freedom from AF 
with AAD of 80% and freedom from AF alone in 64%. At 20 ± 4 
months after the last procedure, 66% of patients had a >80% reduc-
tion in AF burden, with 45% free of AF and with AAD. Repeat pro-
cedure was required in 50% of cases. Procedure time and fluoroscopy 
durations were 155 ± 40 min and 55 ± 35 minutes, respectively. No 
adverse events were noted.21

A recent systematic review and meta-analysis of this type of proce-
dures, which included patients with paroxysmal AF or short-lasting 
persistent AF, reported a 98.9% acute procedural success, a 6-month 
81,4% success and a 12 month 59.6% success.22

Finally, a randomized trial compared the clinical outcome of pul-
monary vein (PV) isolation using a multipolar circular ablation cath-
eter (PVAC group), with conventional PV isolation using an irrigat-
ed-tip ablation catheter and the CARTO mapping system. This trial 
included 102 patients with paroxysmal atrial fibrillation. The efficacy 
regarding AF ablation was similar in both groups, yet the total proce-
dural and fluoroscopy times were close to half in the PVAC group.23

Despite these favorable results, the PVAC catheter ablation tech-
nique is not free of problems. Due to its non-irrigated technology, 
this catheter may be more prone to clot formation during ablation 
as showed by Gaita et al.24 A comparative study reported a higher 
incidence of subclinical cardioembolic cerebrocascular events detect-
ed by MRI. Specifically, 4.3% of the irrigated RF group of patients 
developed this complication, while 37.5% of the PVAC group devel-
oped such an event. Clinical neurological examination, however, was 
normal in both groups.25 Although the actual clinical significance 
of these events remains to be defined, the results certainly warrant 
caution.

In order to overcome this limitation, a trial with specific procedural 
changes was carried out. The procedure was undertaken under ther-
apeutic vitamin K antagonist and heparin for an activated clotting 
time > 350 s, the catheter was loaded into the introducer while sub-
merged to prevent air entrance, and the distal or proximal electrode 
of the circular catheter was shut off to prevent bipolar RF interaction. 
Using this strategy, the rate of subclinical cerebral embolism was re-
duced to a much lower 1.7%.26

Thus, the PVAC procedure offers the advantage of similar efficacy, 
with simpler, cheaper and faster procedures. It is, however, limited by 
anatomical variations such as the presence of accessory pulmonary 
veins or common pulmonary ostium, and possibly a higher rate of 
cerebrovascular embolic events.

or Lasso-guided ostial electric disconnection (27.4%). The net clini-
cal benefit was 80%.16

The publication of this registry and of several randomized trials 
favorably comparing catheter ablation with anti-arrhythmic drug 
treatment lead the acceptance of pulmonary vein isolation (PVI) as 
a first line PAF treatment, with a Class I, level A indication in the 
HRS/EHRA/ECAS consensus for “PAF refractory or intolerant to 
at least one Class 1 or 3 anti-arrhythmic medication”.17

A Simplified Approach To Pulmonary Vein Isolation: One-
Shot AF Ablation?

AF ablation conventional techniques using RF irrigated catheters 
and point-by-point ablation are complex, lengthy procedures which 
require extensive LA mapping and the use of multiple catheters. Also, 
gaps in the ablation lines can occur. The potential complications of 
collateral esophageal damage and pulmonary vein ostial stenosis are 
noteworthy as well. All of these result in a slow learning curve, with 
success and safety quite dependent on operator experience. Therefore, 
the use of a simpler, faster and less expensive technique for PV iso-
lation is desirable.

In the last few years, efforts have focused on developing ablation 
techniques which overcome these limitations, namely the so-called 
single-shot ablation with the possibility of a single trans-septal punc-
ture and the simultaneous application of energy in order to perform 
easier, faster and safer procedures with less complications and in-
creased success. The types of energy studied for this purpose were 
radiofrequency (initially with the PVAC system and more recently 
the nMarq system), cryo-energy, laser and ultrasound.
The PVAC System?

One of the new catheters is the pulmonary vein ablation catheter 
(PVAC, Medtronic), a decapolar, circular, over the wire mapping and 
ablation catheter designed for pulmonary vein (PV) isolation (figure 
1). It is a non-irrigated catheter, with duty cycling to facilitate cool-
ing. It has a lower input power (10 W), temperature sensor in each 
electrode, and also an automatic power adjustment to control tem-

Figure 1: Fluroscopy imaging of the PVAC catheter in the left inferior 
pulmonary vein (arrow).
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effects, PV stenosis occurred in 3.1% of patients, phrenic nerve palsy 
in 12.3% (with the majority resolving within 1 year, resulting in a 
1.8% persistent palsy), and procedure related stroke in 0.4% of pa-
tients.30

Thus, the cryoablation technique appears to be another promising 
one-shot ablation technique, with similar advantages to the PVAC 
catheter, albeit with a greater risk of phrenic nerve palsy, yet an ap-
parently reduced risk of stroke.
Ballon-Based Laser

This technique uses a laser balloon aproach (HeartLight®, Car-
dioFocus). The clinical trial Pivotal Clinical Study of the Cardio-
Focus Endoscopic Ablation System - Adaptive Contact (EAS-AC) 
(HeartLight) in Patients With Paroxysmal Atrial Fibrillation (PAF) 
is currently underway.31 Trial results are expected at the end of 2014. 
This technique is therefore still considered as a research procedure, 
not yet ready for widespread clinical use.
Ballon-Based High-Intensity Ultrasound

This is a balloon-based ablation technique which, despite similar 
success rates to traditional RF ablation, was abandoned because of 
a high rate of esophageal colateral damage, with documentation of 
atrio-esophageal fistulae.32

The PVAC Experience: Data From Hospital De Santa Maria
Our initial experience with the PVAC system included 30 patients 

with paroxysmal or persistent AF, submitted to PV isolation from 
March 2009 to October 2010. The acute success for PVI was 94.7%, 
(108 of 114 ablated pulmonary veins, after 41 ± 17 RF applications) 
with procedure and fluoroscopy duration of 170 ± 73 min and 35 ± 
17 min respectively. There were no acute clinical complications. After 
a follow-up of 13 ± 5 months, 69% of our patients were free from AF.

These encouraging results prompted the initiation of a comparative 
randomized trial between the PVAC system and the classical point-
by-point 4 mm-tip irrigated-catheter ablation with electro-anatomic 
mapping, currently underway in our institution. The study population 
includes patients with paroxysmal or short-lasting (less than 1 year) 
persistent atrial fibrillation. All patients are submitted to cardiac 
MRI to evaluate left atrium and pulmonary vein anatomy and extent 
of atrium fibrosis. AF ablation success is evaluated with clinical and 
7 day event recorder at 3, 6 and 12 months. Thus far we enrolled 102 
patients (50 in the PVAC group and 52 in the conventional group), 
and the survival curves free of AF between the two techniques are 
similar between 70-80% at 1 year (Fig 3). Among PVAC group, there 
was no difference in the ablation result between patients with per-
sistent or paroxysmal AF (Fig. 4).

The nMARQ: All In One?
The nMARQ® (Biosense Webster) is a RF irrigated circular multi-

polar catheter which allows for simultaneous irrigation, mapping and 
ablation. The catheter is integrated into the CARTO electro-ana-
tomic mapping system. It is currently under research in a randomized 
trial since March 2013. Primary completion date is estimated in Sep-
tember 2015 while study completion is expected by September 2018 
(“nMARQTM Pulmonary Vein Isolation System for the Treatment 
of Paroxysmal Atrial Fibrillation”). Preliminary results of this mul-
ticenter Revolution Study have been presented in 160 AF patients 
with an acute success of 98.7%. The mean procedure time was 172 ± 
58 min, the fluoroscopy time 26 ± 13 min and the ablation time 91 
± 46 min. After a mean follow up of 8 months the success rate was 
70.8%. Similar results were reported in a single center experience28  in 
43 patients with 98% of acute success with a procedure duration of 
133 minutes, without any clinical complication. A mean of 4.8 RF 
applications per vein was needed for effective PVI. Cerebral MRI 
and esophagus endoscopy were performed in all patients to identify 
potential collateral damage. Endoscopy identified sub-clinical ther-
mal esophageal lesions in 14 patients. A total of 26 silent cerebral 
lesions occurred in 14 patients (mean diameter of 2.3 mm). Deneke 
et al also reported one fatal case of esophago-pericardial fistula using 
this technique.29

In conclusion, although nMarq technology efficacy seems very 
promising, long-term results are still lacking and its safety profile 
needs further investigation.
Cryoballoon Ablation

Another single-delivery approach to PVI is the cryoballoon (Artic 
Front®, Medtronic) ablation. This technique relies on a nitrogen bal-
loon capable of reaching temperatures of -50ºC. The ballon is insert-
ed into the ostium of the PV allowing a one-shot delivery. A more 
recent development includes a multipolar wire distal to the balloon 
to allow electrogram recording and evaluation of PV isolation during 
the energy application.

A recently published randomized controlled trial (STOP-AF) 
evaluated this technique in a population of 245 patients with parox-
ysmal symptomatic AF refractory to at least one AAD. Patients were 
randomized in a 2:1 fashion to cryoballoon ablation or drug therapy, 
but an additional 65 patients crossed over, resulting in a total 228 pa-
tients in the cryoablation group. Freedom from AF at 12 months was 
achieved in 63.4 ± 4.1 % (in intention to treat) patients and 61.6 ± 
7.3% of crossover patients. Mean procedure duration time, including 
31 repeat procedures, was 371 minutes, total cryoablation time was 
66 minutes and fluoroscopy time was 63 minutes. Regarding adverse 

            

     A           B             C
Figure 2: Intra-procedural electrograms before (A), during (B) and after (C) ablation (the latter also depicting PV pacing after obtaining sinus rhythm 

with no atrial capture, therefore confirming PV isolation). 
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One-Shot Ablation For PVI: Conclusion
PV isolation is the cornerstone of paroxysmal or short-lasting per-

sistent atrial fibrillation ablation. Single-shot devices have several 
theoretical advantages over conventional ablation. Their use is sim-
pler, procedures can be faster and the learning curve is steeper, mak-
ing operator experience dependency less of an issue. Several devices 
with different forms of energy are available in the market but some 
are still undergoing research studies (for example the laser-based bal-
loon technology). Studies have showed that single-shot devices have 
equal success compared t o the conventional ablation and can be eas-
ier and faster in achieving PVI.

However, the presence of complications, mainly collateral damaged 
is noteworthy and may somehow be related to the energy source: 
esophageal damage with high-focus US, phrenic-nerve palsy with 
cryoenergy-balloon and cerebral ischemic lesions with non-irrigated 
RF energy. And despite its theoretically superior safety profile, both 
cerebral embolization and esophageal lesions can also occur with ir-
rigated RF energy.

This type of devices can also face difficulties with left atrium an-
atomic variations (for example common pulmonary vein ostium or 
the presence of accessory pulmonary veins) or if there is a need for 
additional linear or focal lesions to complete AF ablation, after PV 
isolation. For example, if rotor, complex fractionated atrial electro-
grams, ganglionated plexus or right isthmus ablation are required 
during the procedure, tip catheters must still be used. Finally, other 
atrial arrhytmias may occur following AF ablation, such as left atri-
um macro-reentrant tachycardia, that also require the use of conven-
tional tip catheters.

In spite of these limitations, the advantages of single-shot devices 
are very significant, and we believe they will be the dominant tech-
nology for PV isolation in the near future.
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Management Of Atrial Fibrillation In Patients With Heart Failure
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Abstract
Atrial fibrillation (AF) and heart failure (HF) are common conditions that frequently coexist.  Both conditions share risk factors, are 

associated with increased morbidity and mortality, and may worsen the other.  The presence of heart failure and symptoms associated with 
it may influence both the approach to management (i.e., rate versus rhythm control) and the treatment options available for AF patients.  
The presence of HF increases the stroke risk with atrial fibrillation, and thromboembolic risk reduction is paramount.  Some patients with HF  
tolerate AF poorly and therefore , a rhythm control strategy may be preferred.  More insight into the success rates with catheter ablation in 
heart failure has been gleaned from recent studies.
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Introduction
Atrial fibrillation and heart failure have been recognized as the 2 

epidemics of modern cardiovascular medicine.1 In an analysis of the 
Framingham Heart Study, atrial fibrillation (AF) and heart failure 
(HF) have been associated with each other, as the presence of either 
one increases the risk of developing the other and also increases the 
mortality risk associated with the other.2 The incidence and prev-
alence of AF are increasing, even after adjustment for aging of the 
population, and the prevalence of HF is increasing as improved ther-
apies are prolonging survival.1,3-4 The risk of AF increases 4.5- to 5.9-
fold in the presence of HF, and HF is a more powerful risk factor for 
AF than advanced age, valvular heart disease, hypertension, diabetes 
mellitus, or prior myocardial infarction.5,6 AF prevalence increases as 
HF severity worsens.  AF has been estimated to occur in 5 to 10% of 
patients with mild HF, 10 to 26% with moderate disease, and up to 
50% with advanced HF.7-12 Overall, patients with HF develop AF at 
a rate of 6 to 8% per year, and AF is present in > 15% of HF patients.

Controversy exists as to the prognostic significance of AF in heart 
failure, although a negative impact is presumed. AF may negative-
ly affect outcomes in HF through adverse hemodynamic changes, 
heightened thromboembolic risk, and exposure of patients to the 
harmful effects of AF therapies (e.g., antiarrhythmic drugs and anti-
coagulants).7-9 Heart failure also facilitates atrial remodeling, which 
promotes the development and maintenance of AF (figure 1).  Studies 
of HF patients with and without systolic dysfunction have suggested 
an association between baseline AF and greater long-term morbidity, 
mortality, and/or hospitalization for HF.13-16 A retrospective analy-

sis of SOLVD, for instance, which enrolled 6500 patients with left 
ventricular ejection fraction < 35%, found baseline AF to be an in-
dependent predictor for all-cause mortality, progressive pump failure, 
and the combined end point of death or hospitalization for heart 
failure.13 A more recent analysis of a multicenter cohort of adults 
with HF found preexisting and incident AF were associated with 
higher rates of ischemic stroke, hospitalization for HF, and death.17  
The associations of AF with these adverse outcomes occurred simi-
larly for patients with reduced as well as preserved systolic function.  
Despite data from retrospective and observational studies suggesting 
AF worsens HF prognosis, the complexities of both conditions make 
it difficult to determine whether AF is an independent risk factor for 
mortality or rather is indicative of disease severity.

Among patients with AF and HF, the timing of the development 
of these conditions may have prognostic implications.  A recent study 
assessed the incidence of subsequent hospitalization or all-cause 
mortality among 182 consecutive patients hospitalized with AF and 
HF.18 Outcomes were analyzed based upon whether patients devel-
oped AF before or concurrent with HF as opposed to those who 
had HF prior to onset of AF. Over an approximate 16-month fol-
low-up period, patients who had HF prior to the development of AF 
had worse outcomes with more repeat hospitalizations and increased 
mortality.  The results suggest that HF patients who develop AF may 
have more severe underlying cardiac structural abnormalities and 
worse prognosis compared with AF patients who later develop HF.  
In addition, the development of AF in a HF patient may be a marker 
of disease progression.
Clinical Management Of Atrial Fibrillation In Heart Failure 
Patients

The American College of Cardiology/American Heart Associa-
tion/Heart Rhythm Society (ACC/AHA/HRS) updated guidelines 
on the management of AF have recently been published and pro-
vide an extensive referenced document on the evaluation and treat-
ment of AF.19 Similar to patients without HF, the primary tenets of 
AF management in HF patients should include: 1) thromboembolic 
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systolic dysfunction was present in 3207 patients, and 2736 had left 
ventricular systolic dysfunction with or without symptoms of heart 
failure.27 Retrospective analysis of these subgroups demonstrated 
patients with LV dysfunction (with or without HF) had a higher 
thromboembolic risk compared with those who had heart failure 
with preserved LV function and patients without either HF or LV 
dysfunction. Importantly, apixaban reduced the risk of stroke and 
thromboembolic events more than warfarin in all 3 patient groups.  
From the available data, it appears that the novel anticoagulants are 
at least as effective as, if not superior to, warfarin for prevention of 
stroke and embolic events in patients with heart failure.  An im-
portant caveat, however, is the NOAC studies were underpowered to 
detect statistically significant differences among subgroups.

A number of left atrial appendage closure procedures are being 
developed as alternatives to warfarin for patients who cannot receive 
systemic anticoagulation. Options for left atrial appendage occlusion 
include percutaneous procedures such as WATCHMAN (Boston 
Scientific, Natick, MA) and LARIAT (SentreHEART, Inc., Red-
wood City, CA) as well as surgical removal or occlusion such as with 
the thoracoscopic AtriClip device(AtriCure, West Chester, OH). 
The PROTECT AF Trial randomized approximately 700 patients 
to left atrial appendage occlusion with the WATCHMAN device 
versus warfarin, and the Continued Access Protocol (CAP) regis-
try was a subsequent nonrandomized registry including 460 patients 
undergoing Watchman implantation.28 Exclusion criteria for PRO-
TECT AF included NYHA Class IV heart failure and LVEF < 
30%.  Among the patients randomized in PROTECT AF and CAP, 
approximately 27% and 19% had symptomatic heart failure, respec-
tively.  We do not have data at the present time regarding outcomes 
in HF patients.  Consequently, we cannot judge the effectiveness of 
the WATCHMAN device for stroke prevention in AF patients with 
heart failure. Similarly, we have no data on the LARIAT, AtriClip, 
or other left atrial appendage occlusion procedures for stroke preven-
tion in HF patients with AF.
Ventricular Rate Control

Adequate control of the ventricular response to AF improves 
symptoms by alleviating the negative hemodynamic effects of rapid 
rates.  Left ventricular function may improve with adequate rate con-
trol if the LV dysfunction is due to persistent tachycardia.29 Recent 
guidelines suggest a lenient rate-control strategy (resting HR < 110 
bpm) is reasonable as long as patients remain asymptomatic and LV 
systolic function is preserved with no mention of appropriate rate 
control criteria for patients with heart failure.19 Guidelines advocate 
more stringent rate control for symptomatic patients (HR < 80 bpm 
at rest, < 110 bpm with moderate exertion).  RACE II (Rate Control 
Efficacy in Permanent Atrial Fibrillation: A Comparison Between 
Lenient Versus Strict Rate Control II) found no significant differ-
ence in HF events between patients randomized to strict (resting HR 
< 80 bpm; < 110 bpm with moderate exercise) or lenient (resting HR 
< 110 bpm) rate control.30 Further evidence is required to define the 
appropriate heart rate goal for ambulatory patients with HF and AF.  
In the absence of additional data, we believe a lenient approach is a 
reasonable starting point for most patients.  Patients with refracto-
ry symptoms or LV dysfunction believed due to elevated heart rates 
would then be candidates for a trial of strict rate control.

Pharmacologic options for controlling the ventricular response to 
AF include β-blockers, nondihydropyridine calcium channel block-

risk assessment and anticoagulation as appropriate; 2) ventricular 
rate control; and 3) assessment of the need for cardioversion to and 
maintenance of sinus rhythm.  However, several unique issues must 
be considered when treating HF patients with AF.  Some HF patients 
have implantable cardioverter-defibrillators in place that should be 
programmed to minimize the risk of inappropriate therapies.  Be-
cause most patients with structural heart disease are on multiple 
medications, a careful review of the medication history is important 
to prevent overdosage and adverse drug interactions. In addition, HF 
treatments should be optimized for AF therapies to be most effective 
(figure 2).  This should include guideline-directed medical therapy 
(e.g., angiotensin-converting enzyme inhibitors or angiotensin re-
ceptor blockers; beta-blockers with proven efficacy in heart failure; 
and aldosterone antagonsists/diuretics when appropriate) as well as 
device-based therapy (e.g., cardiac resynchronization).
Stroke Prevention

As outlined in the CHADS2 index, HF and/or LVEF < 35% is a 
risk factor for stroke in AF.19 The CHA2DS2-VASc scoring system 
has been developed as an alternative scoring system for stroke risk 
stratification. It continues to include HF as a stroke risk factor but 
also incorporates additional stroke risk factors not included in the 
traditional CHADS score (e.g., vascular disease; age 65 – 75 years; 
female gender).  The CHA2DS2-VASc score has been found superior 
to the CHADS2 score in predicting stroke risk in AF and is partic-
ularly helpful in determining which patients are truly “low” risk and 
in whom anticoagulation may be withheld.20-22 Recent AF guide-
lines recommend the CHA2DS2-VASc scoring system for stroke risk 
stratification and advocate systemic anticoagulation in patients with 
a score ≥ 1.19,23 Because heart failure patients often have additional 
stroke risk factors, our practice is to routinely recommend systemic 
anticoagulation for patients with HF in the absence of contraindi-
cations. 

Options for systemic anticoagulation include warfarin and the 
novel oral anticoagulants (NOACs) dabigatran, rivaroxaban, and 
apixaban.  A substudy of RE-LY found the overall benefits for stroke 
prevention, as well as risks of major and intracranial bleeding, were 
similar with dabigatran and warfarin in 4904 patients with HF com-
pared to those without HF.24 Among the 14264 patients randomized 
to rivaroxaban versus warfarin in ROCKET-AF, 9033 had heart fail-
ure or reduced ejection fraction.25 There were no statistically signifi-
cant differences between treatments in patients with or without HF.  
ARISTOTLE randomized 18201 patients with atrial fibrillation 
and at least 1 additional stroke risk factor to apixaban versus dose-ad-
justed warfarin.26 Symptomatic heart failure without left ventricular 

Atrial Fibrillation

Heart Failure

Rapid Ventricular Rates

Irregular Rhythm

Loss of Coordinated 
Atrial Contraction

Mitral and Tricuspid 
Regurgitation

Left Atrial Pressure 
and Volume Overload

Atrial Dilatation

Atrial Fibrosis

Heterogenous
Conduction

Triggered Activity

Figure 1.  Mechanisms underlying the complex interplay between atrial 
fibrillation and heart failure.
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comitant AF and HF and may therefore be the preferred β-blocker 
for patients with both conditions.38 In addition, guidelines for heart 
failure management recommend against the use of calcium chan-
nel antagonists in patients with AF and systolic dysfunction.39 The 
combination of a β-blocker and digoxin may be more effective than 
a single agent and should be considered if β-blockade alone does not 
control the ventricular rate.40  It is prudent not to initiate β-blockers 
in the acute decompensated state and rather start therapy once the 
volume status is optimized unless the heart failure exacerbation is 
presumably due to an uncontrolled ventricular response to AF. 

A nonpharmacologic method to achieve long-term rate control is 
catheter ablation of the atrioventricular node and implantation of 
a permanent pacemaker. This strategy has been shown to improve 
LV function, exercise capacity, and quality of life in patients with 
medically-refractory AF.41 Chronic right ventricular pacing, however, 
creates a dyssynchronous pattern of ventricular activation that may 
worsen HF. Thus, for patients with baseline LV function ≤ 45% or 
mild to moderate heart failure symptoms at baseline, it is prefera-
ble to implant a biventricular pacing system at the time of atrioven-
tricular junction ablation to avoid chronic right ventricular pacing 
alone.42,43 Catheter ablation of AF (pulmonary vein isolation) has 
been compared against AVN ablation with biventricular pacing in 
patients with drug-refractory AF.44 In this study, greater improve-
ments in LV function, exercise tolerance, and quality of life were 
more often observed among 41 patients who underwent catheter ab-
lation compared with 40 patients who underwent AVN ablation with 
biventricular pacing over 6 months’ follow-up.  Additional evidence 
in support of catheter ablation was provided by an observational 
nested case-control study in which improved survival was associat-
ed with pulmonary vein isolation (146 patients) compared with AV 
junction ablation (101 patients) or anti-arrhythmic therapy/cardio-
version (205 patients) over a 7-year follow-up period.45 The study re-
sults are confounded by the non-randomized selection of therapy.  In 
our practice, we generally reserve AV junction ablation with pacing 
for patients who have failed or not tolerated antiarrhythmic therapy 
and, typically, at least one attempt at PVI.  If catheter ablation of the 
AV junction is considered for a patient with heart failure, a resyn-
chronization device should be strongly considered.
Rhythm Control

Data from prospective, randomized -controlled trials demonstrat-
ing a survival advantage with maintenance of sinus rhythm in HF 
are lacking. The AFFIRM and RACE trials found maintenance of 
sinus rhythm in mixed AF populations provided no benefit with a 
trend toward harm.46,47 Extrapolation of these results to patients with 
HF must be done with caution because only a small percentage of 
patients in both trials had reduced LV function or HF symptoms at 
baseline. For instance, a subset analysis of AFFIRM found no sig-
nificant improvement in mortality, hospitalization, and New York 
Heart Association class with rhythm control among patients with LV 
dysfunction, although only 339 patients had symptoms ≥ New York 
Heart Association class II.48 Other reports, however, have suggested 
an association between sinus rhythm and improved survival in HF 
patients. An analysis of the Congestive Heart Failure Survival Trial 
of Antiarrhythmic Therapy (CHF-STAT) found improved survival 
among 51 patients treated with amiodarone who converted to, and 
maintained, sinus rhythm compared with 52 patients in the placebo 
arm.49 Maintenance of sinus rhythm in patients with LV function < 

ers, and digoxin. Digoxin primarily slows the ventricular rate by in-
creasing parasympathetic tone on the atrioventricular node.  Con-
ditions associated with high sympathetic tone, such as heart failure, 
may easily overcome this effect, rendering digoxin frequently ineffec-
tive as monotherapy.  Thus, additional medications are often required 
for adequate rate control in patients with heart failure. Controversy 
exists regarding the impact of digoxin on mortality in AF patients 
with and without heart failure.  A post hoc analysis of the Digitalis 
Investigation Group (DIG) trial found an increased risk of death 
among women, but not men, treated with digoxin.31 Another review 
of the DIG trial data assessed outcomes based upon serum digoxin 
concentration independent of gender.32 Among 5548 patients fol-
lowed over an average of 40 months, patients with a serum digoxin 
concentration 0.5 – 0.9 ng/ml had reduced mortality and hospitaliza-
tions. Higher digoxin concentrations were associated with reduced 
HF hospitalization with no effect on mortality.  Post hoc analyses of 
AFFIRM also provide conflicting data with regard to the effect of 
digoxin on mortality among patients with AF.  One post hoc analysis 
of AFFIRM found digoxin was associated with a significant increase 
in all-cause mortality in patients with AF, regardless of gender or the 
presence or absence of HF.33 Another post hoc study of AFFIRM 
data used propensity scoring to assess the effect of digoxin on mor-
tality and found no evidence of increased mortality or hospitalization 
among patients taking digoxin as baseline initial therapy.34  We rarely 
use digoxin as monotherapy to control the ventricular response to AF 
but occasionally add it to beta-blocker therapy if additional slowing 
of the ventricular rate is needed.  If digoxin is used, the serum con-
centration should be monitored due to the drug’s narrow therapeutic 
window. 

In patients who have heart failure with preserved LV systolic func-
tion, calcium channel antagonists or β-blockers may be used as first 
line therapy.  In multiple studies of HF patients with reduced systolic 
function, long-term use of β-blockers has been shown to lessen the 
symptoms of HF and reduce the risk of death or hospitalization.35-37 
We therefore prefer β-blockers for long-term rate control in patients 
with both HF and AF. Carvedilol improves LVEF with a trend to-
ward fewer deaths and HF hospitalizations in patients with con-

Management of Atrial Fibrillation in Heart Failure

Optimize Heart Failure Management:
• Pharmacologic therapy:  ACEI/ARB; beta-blocker; 
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Figure 2.  Overview of management considerations for patients with atrial fibrillation and heart failure.
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Overview of management considerations for patients with atrial 
fibrillation and heart failure. (ACEI/ARB, angiotensin-converting 
enzyme inhibitor/angiotensin receptor blocker; CRT, cardiac 
resynchronization therapy; NOAC, novel oral anticoagulant)
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function and rapid ventricular rates may lead to hemodynamic insta-
bility and advanced symptoms); valvular heart disease, particularly 
mitral stenosis; and perhaps certain obstructive congenital heart le-
sions. For any HF patient with AF who has at least mild symptoms, 
our preference is to try and maintain sinus rhythm with the thought 
that maintaining AV synchrony will help alleviate symptoms.
Antiarrhythmic Therapy

Rhythm control in HF patients with AF is challenging with fewer 
available antiarrhythmic options due to the potential for proarrhyth-
mia in patients with structural heart disease. In addition, patients 
with HF are often on additional medical therapies placing them at 
risk for drug interactions and greater risk of side effects. Renal in-
sufficiency is also common in HF patients which may result in de-
layed clearance of antiarrhythmic drugs thereby increasing the risk 
for proarrhythmia and toxicity.  The primary pharmacological agents 
for rhythm control in patients with AF and HF are the class III anti-
arrhythmic drugs.  Amiodarone has the greatest efficacy with regard 
to maintenance of sinus rhythm, although the noncardiac toxicities 
of the drug limit its widespread use.19,23,53 Amiodarone may cause 
bradycardia and prolongation of the QT interval but rarely causes 
ventricular proarrhythmia.  It is worth noting, however, that patients 
with NYHA Class III symptoms randomized to amiodarone in the 
SCD-HeFT trial had increased mortality relative to placebo.54 The 
reasons for this finding are unclear, and it has not been our practice 
to withhold amiodarone from such patients.

The DIAMOND congestive heart failure trial found dofetilide rea-
sonably safe and effective in HF patients.55 Dofetilide was more ef-
fective than placebo in maintaining sinus rhythm with no adverse 
effect on all-cause mortality but resulted in a lower combined end 
point of mortality and HF hospitalization. Dronedarone is another 
potential agent for rhythm control in AF.  It is modestly effective in 
maintaining sinus rhythm and, when AF does occur, has ventricular 
rate-slowing properties. In ATHENA, which included a mixed pop-
ulation with paroxysmal and persistent AF, dronedarone reduced the 
primary end point (composite of hospitalization due to cardiovascu-
lar events and death) as well as deaths from cardiovascular causes, 
primarily as a result of a reduction in arrhythmic death.50-56 The study 
enrolled 21% with a history of NYHA class II or III symptoms, and 
12% had LV ejection fraction < 45%. Patients with HF who received 
dronedarone had a benefit similar to that of the entire group.  The 
drug should not be used, however, in patients with clinically signif-
icant NYHA class III or IV heart failure or those with a recent hos-
pitalization for heart failure in the preceding 4 weeks, nor should it 
be used for rate control in patients with permanent atrial fibrillation 
because of increased mortality and adverse events.19,57,58 SWORD 
(Survival with Oral d-Sotalol), a trial of d-sotalol in patients with LV 
ejection fraction ≤ 40% post myocardial infarction demonstrated in-
creased mortality with d-sotalol compared with placebo.59 SWORD 
was not a study looking specifically at AF patients and maintenance 
of sinus rhythm, but it does raise concern about the use of sotalol in 
patients with HF post-myocardial infarction. Class Ia and Ic agents 
have negative inotropic effects and the potential for proarrhythmia in 
patients with HF and should thus be avoided.19

Catheter Ablation
With limited antiarrhythmic options in HF patients and data from 

multiple studies demonstrating superiority of catheter ablation over 
antiarrhythmic therapy in mixed populations, catheter ablation is an 

35% was also associated with a significant reduction in mortality in 
the Danish Investigations of Arrhythmia and Mortality on Dofetilide 
(DIAMOND) trials.44-50 Among the 3028 patients enrolled in the 2 
DIAMOND studies, 506 had AF or atrial flutter at baseline. Cardio-
version occurred in 148 dofetilide- and 86 placebo-treated patients.  
The mortality benefit associated with maintenance of sinus rhythm 
was present in both the dofetilide and placebo groups.

The Atrial Fibrillation and Congestive Heart Failure (AF-CHF) 
trial was the first prospective randomized trial comparing rate and 
rhythm control in HF patients.51 The study randomized 1376 patients 
with LV ejection fraction < 35%, HF symptoms, and paroxysmal or 
persistent AF to either rhythm control (primarily amiodarone) or rate 
control (mostly β-blockers).  At a mean follow-up of 37 months, there 
was no significant difference in the primary outcome of death from 
cardiovascular causes between the rhythm and rate control groups 
(27 and 25%, respectively) by intention-to-treat analysis.  There was 
also no advantage with regard to stroke prevention or HF hospitali-
zation in the rhythm control group. The AF-CHF trial therefore ap-
pears to extend the general findings of AFFIRM to patients with HF. 

An additional study (CAFÉ-II) randomly assigned 61 patients with 
chronic heart failure and persistent AF to either a rate or rhythm 
control strategy.52 Patients in the rhythm control arm were treated 
with amiodarone for 3 months followed by cardioversion after which 
amiodarone was continued to maintain sinus rhythm. Both groups 
were treated with goal heart rate < 80 bpm at rest and < 110 bpm 
with exertion when in AF. At 1 year follow-up, 66% of patients in 
the rhythm control arm were in sinus rhythm.  There were no signif-
icant differences in NYHA class and exercise capacity between the 
2 groups, but patients assigned to rhythm control had improved LV 
function and quality of life compared to patients assigned to rate con-
trol.

In the absence of randomized trial data demonstrating a survival 
advantage with maintaining sinus rhythm in HF patients, the deci-
sion to adopt a rhythm control approach is driven largely by symp-
toms.  Some patients, particularly those with structural heart disease 
and/or heart failure, tolerate AF poorly (i.e., develop hemodynamic 
instability or pulmonary edema or experience rapid heart rates that 
are difficult to control , and a rhythm control strategy may be pre-
ferred. Specific situations in which this may be the case include AF 
complicating hypertrophic cardiomyopathy (loss of atrial transport 
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Figure 3.  Published success rates of AF ablation in patients with heart failure (with and without concomitant antiarrhythmic therapy).
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had greater improvements in all of the aforementioned indices.  In-
terestingly, improvements in ejection fraction were seen even in pa-
tients with adequate rate control prior to the procedure. After a mean 
follow-up of 12 months, 69 and 71% of the HF and non-HF patients, 
respectively, were in sinus rhythm without concomitant antiarrhyth-
mic therapy.  With the addition of previously ineffective AADs, the 
success rates improved to 78 and 84 %, respectively.

Another large cohort study compared outcomes in 94 patients 
with reduced ejection fraction undergoing catheter ablation for AF 
with a “control” group of 283 patients with preserved EF.64 The mean 
ejection fraction in the reduced EF group was 36%, and the primary 
ablation procedure was PVI with elimination of all PV potentials as 
detected by a circular mapping catheter placed in each pulmonary 
vein (linear ablation was rarely done).  Success rates were 73 and 87% 
in the reduced and normal EF groups, respectively.  There was no 

option to achieve long-term rhythm control.60-62 Data from multiple 
studies suggest AF ablation is as effective in those with HF as without, 
and catheter ablation with maintenance of sinus rhythm has been 
shown to result in improvements in left ventricular ejection fraction, 
NYHA class, and quality of life.63-75 
Data From Nonrandomized Studies

Much of the early data on AF ablation in HF patients come from 
nonrandomized prospective or observational studies (table 1).  One 
of the first reports of AF ablation in HF patients was a case control tri-
al that examined AF ablation in 58 patients with EF <45% and NYHA 
class II or greater compared with 58 matched patients with normal 
EF.63 The ablation procedure primarily consisted of pulmonary vein 
isolation as well as additional linear ablation in most, and endpoints 
included maintenance of sinus rhythm, ejection fraction, ventricular 
dimensions, exercise capacity, and quality of life.  Patients with HF 

Table 1: Clinical characteristics and outcome of catheter ablation in patients with reduced systolic function.

Hsu et al. 
(2004)

Chen 
et al. 
(2004)

Tondo, et al. 
(2006)

Gentlesk 
et al. 
(2007)

Lutomsky et 
al. (2008)

Nademanee, 
et al. (2008)

Khan et al. 
(2008)

De 
Potter et 
al.(2010)

MacDonald 
et al. (2011)

Cha et al. 
(2011)

Jones et 
al. (2013)

Nedios et 
al. (2014)

Hunter et 
al. (2014)

Location France USA Italy USA Germany USA Multi-center Spain UK               
(2 centers)

USA UK Germany, 
Greece

UK

Study 
design

Consec 
case 
control

Retro 
case 
series

Case control Retro 
observ

Prospective, 
nonrandom

Observ RCT: RFA 
vs AV nodal 
abl + CRT 
(PABA-CHF)

Case-
control

RCT (Abl vs 
rate control)

Prosp, cohort RCT (Abl 
vs rate 
control)

Retro, 
case-
control

RCT (Abl vs 
rate control)

No. Ablated 58 94 40 67 18 674 41 36 22 111 26 69 26

Pt profile

- Age

- LVEF

- NYHA 
Class

-Etiology

- AF 
duration

- PAF, %

56

35%

2.3 
(mean)

CHD 21%

80 mos

9

57

36%

3 (68%)

CHD 
86%

72 mos

43

57

33%

2.8

CHD 25%

36 mos

25

54

42%

CHD 
18%

72 mos

47

56

41%

NR

CHD 17%

NR

100

45

NR

NR

CHD 21%

40 mos

0

60

27%

2 or 3

CHD 73%

48 mos

49

51

41%

NR

CHD 9%

78 mos

42

62.3

36%

3 (91%)

CHD 50%

44 mos

0

55

35%

NR

CHD 13%

65 mos

31

64

22%

2.4

CHD 38%

51 mos

0

60

31%

2.4

CHD 38%

NR

33

55

32%

2.6

CHD 23%

24 mos 
continuous
0

Abl strategy PVI + roof 
+ mitral 
isthmus

PVI PVI, mitral 
isthmus 
(85%) + CTI 
(98%)

PVI PVI CFAE PVI + (lines, 
CFAEs)

PVI + box 
isolation 
of post 
wall + 
mitral 
isthmus

PVI + roof + 
CFAE + CS 
± CTI

PVI (WACA); 
roof line 
(59%); mitral 
isthmus 
line (68%); 
Non-PV foci 
(25%)

PVI + roof 
and mitral 
lines; 
CFAE; CTI 
line

PVI (roof, 
mitral 
and “box” 
isolation 
of post 
wall in 
64%)

PVI (WACA); 
CFAE (RA 
+ LA); roof 
and mitral 
lines; CTI 
line

Repeat Abl 50% 22% 13% 31% NR 48% 20% 30% 30% 20% 27% 28% 54%

Adverse 
events

4% 4% 13% NR NR 4.7% 12% 2.7% 14.8% 3.6% 7.7% 1.4% 4.7%

Follow-up 12 mos 14 mos 14 mos 20 mos 6 mos 28 mos 6 mos 14 mos 6 mos 12 mos 12 mos 28 mos 12 mos

Abl success
(≥ 1 Abl ± 
AAD)

69%
(78%)

73% 
(96%)

50%
(87%)

63%
(86%)

50% (81%) 71%
(88%)

53% 
(69%)

40%
(50%)

62%
(76%)

69%
(88%)

44%
(65%)

38%
(73%)

EF 
improved

+ 21% + 5% 
(NS)

+ 14% + 14% +10% NR + 8% + 8% + 8% + 21% + 11% + 15%† + 8%

6 minute 
walk

Better 
with Abl

NR NR NR NR NR Better with 
Abl

NR Not 
improved 
with Abl

NR Better 
with Abl 
(NS)

NR NR

QOL* Better 
with Abl

Better 
with Abl

Better with 
Abl

NR NR NR Better with 
Abl

NR Not 
improved 
with Abl

Better with 
Abl

Better 
with Abl

NR Better with 
Abl

AAD = antiarrhythmic drug; Abl = ablation; AF = atrial fibrillation; CFAEs = complex fractionated atrial electrograms; CHD = coronary heart disease; Consec = consecutive; mos = months; CS = coronary 
sinus; CTI = cavotricuspid isthmus; EF = ejection fraction; LA = left atrium; NR = not reported; LVEF = left ventricular ejection fraction; No. = number; NS = not significant; NYHA = New York Heart 
Association; Observ = observational; PAF = paroxysmal atrial fibrillation; Post = posterior; Prosp = prospective; Pt = patient; PVI = pulmonary vein isolation; QOL = quality of life; RA = right atrium; RCT = 
randomized controlled trial; Retro = retrospective; WACA = wide area circumferential ablation; † = EF improved among patients with sustained sinus rhythm; * = quality of life among catheter ablation 
patients compared with control; 
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proved quality of life and functional capacity although the recurrence 
rate was higher (1.7-fold) compared with patients with normal LV 
function.  An improvement in diastolic dysfunction grade as assessed 
by echocardiography was observed in 30% post-ablation.

An additional cohort study assessed outcomes of catheter ablation 
for AF in 74 patients with HFPEF.76 Over 34-month follow-up, 
AF-free rates were 27% after a single procedure, 45% after multiple 
procedures, and 73% after multiple procedures with the assistance of 
antiarrhythmic therapy.  Shorter duration of AF and absence of hy-
pertension were associated with better ablation outcomes.  A higher 
recurrence rate post-ablation was also found in a smaller cohort study 
comparing ablation outcomes among 29 patients with HFPEF and 
51 patients without heart failure.77

Importantly, worsening of left ventricular diastolic dysfunction has 
been reported after catheter ablation for atrial fibrillation.78 A report 
of 70 consecutive patients undergoing pulmonary vein isolation for 
AF, 27 of whom had HFPEF at baseline, identified worse diastolic 
dysfunction post-ablation in 27%. Worsening of diastolic dysfunc-
tion directly correlated with increased ablation time.
Conclusion:

Atrial fibrillation occurs commonly among heart failure patients 
including those with reduced and preserved systolic function. The 
primary tenets of management include control of the ventricular rate, 
systemic anticoagulation as guided by the CHADS-VASc score, and 
determination of the need for restoration and maintenance of sinus 
rhythm. There is a general lack of evidence from randomized, con-
trolled trials demonstrating a survival advantage with maintenance 
of sinus rhythm in HF patients.  Consequently, the decision to adopt 
a rhythm control approach is driven largely by symptoms.  Patients 
who tolerate AF poorly or have persistent symptoms despite ade-
quate rate control should be considered for rhythm control strategies. 

Options for rhythm control in HF patients are limited due to 
the potential pro-arrhythmia associated with certain antiarrhyth-
mic drugs. Outcomes of catheter ablation for AF in HF patients are 
mixed, although several common themes may be derived from the 
data. First, there have been very few randomized, controlled trials 
evaluating catheter ablation of AF in heart failure patients. The num-
ber of patients enrolled is small which limits the conclusions that can 
be drawn.  Among randomized and nonrandomized trials of AF ab-
lation in heart failure, most patients had persistent AF with AF dura-
tions of 24 to 48 months prior to ablation. Catheter ablation consisted 
of pulmonary vein isolation alone in some studies whereas additional 
ablation (e.g., CFAE, linear ablation) was performed in others.  From 
the available data, additional ablation beyond PVI does not appear 
to affect recurrence or long-term success rates (table 1). Earlier stud-
ies reported success rates similar to patients without structural heart 
disease, but recent studies report lower success rates and more re-
peat ablation procedures (13 – 54%) in heart failure patients with 
and without LV systolic dysfunction.  Among patients who maintain 
sinus rhythm long-term after ablation, there appears to be general 
improvement in quality of life, exercise capacity, and left ventricular 
function compared with patients treated medically or with AV-node 
ablation and biventricular pacing.

Unresolved questions regarding catheter ablation of AF in heart 
failure patients include:  Which patients with HF and AF are the best 
candidates for catheter ablation?  Presumably patients with AF who 
subsequently develop HF, particularly those with a tachycardia-re-

statistically significant improvement in EF, but there was an improve-
ment in quality of life scores among HF patients who maintained si-
nus rhythm. 

Additional case-control and observational studies have evaluated 
outcomes of AF ablation in patients with heart failure.65-68,72,74 Most 
are small studies that included patients with non-paroxysmal AF 
with mean AF durations ranging from 40 – 80 months.  The studies 
are quite heterogeneous with regard to ablation method (PVI vs PVI 
with linear lesions vs CFAE); duration of post-ablation follow-up (6 
to 28 months); methods for detecting AF recurrences; and primary 
endpoints. However, there are several common themes among the 
studies comparing outcomes among patients with and without LV 
systolic dysfunction. The two groups have similar outcomes with re-
gard to maintenance of sinus rhythm post-ablation, although patients 
with systolic dysfunction tend to require more procedures to achieve 
this endpoint. The studies have also generally reported improvements 
in ejection fraction, quality of life, and exercise capacity in patients 
who undergo catheter ablation for AF and maintain sinus rhythm.
Data From Randomized Studies

There is limited data from randomized, controlled trials regarding 
the role of catheter ablation for maintenance of sinus rhythm in pa-
tients with HF.  Only 115 total patients have been randomly assigned 
to catheter ablation in 4 recent studies comparing catheter ablation 
to either AV-node ablation with biventricular pacing (1 study) or rate 
control (3 studies).44,71,73,75  PABA-CHF randomly assigned 41 patients 
with drug-refractory AF and heart failure to pulmonary vein isola-
tion and 40 to AV-node ablation with biventricular pacing.44 Over a 
6-month follow-up period, 71% of patients who underwent catheter 
ablation were free of AF without antiarrhythmic drugs and 88% were 
AF-free with a combination of catheter ablation and antiarrhythmic 
therapy. Patients assigned to catheter ablation had improvements in 
quality of life, exercise capacity, and ejection fraction (35 vs 28%, p 
< 0.001).  The study suggests catheter ablation is superior to a strat-
egy of AV-node ablation with biventricular pacing in patients with 
drug-refractory AF and HF.

Several randomized trials have compared catheter ablation versus 
rate-control in patients with HF and drug-refractory AF. 71,73,75 Opti-
mal rate control has been defined as a HR < 80 bpm at rest and < 110 
bpm with exertion.  Two of the studies demonstrated improvements 
in ejection fraction, functional capacity, and heart failure symptoms 
in patients treated with catheter ablation.  A study by MacDonald et 
al. randomly comparing catheter ablation (22 patients) to rate-con-
trol (19 patients) failed to demonstrate improvements in the same 
endpoints among patients assigned to catheter ablation. 
Catheter Ablation In Patients With Heart Failure With Pre-
served Ejection Function (HFPEF)

There are limited data regarding the efficacy and outcome of cath-
eter ablation of AF in patients with heart failure with preserved ejec-
tion fraction (i.e., diastolic dysfunction).  There are no published data 
from randomized trials in this patient population.  The largest study 
of catheter ablation in patients with HFPEF was a prospective co-
hort study comparing outcomes among 157 patients with HFPEF, 
111 patients with systolic dysfunction, and 100 patients with nor-
mal LV function.72 Among patients with HFPEF, 76% maintained 
sinus rhythm 1 year post-ablation with or without antiarrhythmic 
therapy (62% maintained sinus rhythm post-ablation without an an-
tiarrhythmic drug).  Patients who maintained sinus rhythm had im-



Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation43 Featured Review

www.jafib.com Aug-Sep, 2014 | Vol-7 | Issue-2  

Group.  Impact of congestive heart failure and left ventricular systolic function on 
the prognostic significance of atrial fibrillation and atrial flutter following myocar-
dial infarction.  Int J Cardiol. 2005; 100:  65 – 71.

16. Olsson LG, Swedberg K, Ducharme A, Granger CB, Michelson EL, McMurray 
JJV, Puu M, Yusuf S, Pfeffer MA.  Atrial fibrillation and risk of clinical events in 
chronic heart failure with and without left ventricular systolic dysfunction.  J Am 
Coll Cardiol. 2006; 47: 1997 – 2004.

17. McManus DD, Hsu G, Sung SH, Saczynski JS, Smith DH, Magid DJ, Gurwitz, 
JH, Goldberg RJ, Go AS.  Atrial fibrillation and outcomes in heart failure with 
preserved versus reduced left ventricular ejection fraction.  J Am Heart Assoc.  
2013;2: e005694.

18. Smit MD, Moes ML, Maass AH, Achekar ID, Van Geel PP, Hillege HL, van 
Veldhuisen DJ, Van Gelder IC.  The importance of whether atrial fibrillation of 
heart failure develops first.  European Journal of Heart Failure 2012; 14: 1030 – 
1040.

19. January CT, Wann SL, Alpert JS, Calkins H, Cleveland JC, Cigarroa JE, Conti JB, 
Ellinor PT, Ezekowitz MD, Field ME, Murray KT, Sacco RL, Stevenson WG, 
Tchou PJ, Tracy CM, Yancy CW.  2014 AHA/ACC/HRS guidelines for the man-
agement of patients with atrial fibrillation: executive summary. J Am Col Cardiol 
(2014), doi: 10.1016/j.jacc.2014.03.021.

20. Olesen JB, Torp-Pedersen C, Hansen ML, Lip GYH.  The value of the 
CHA2DS2-VASc score for refining stroke risk stratification in patients with atri-
al fibrillation with a CHADS2 score of 0-1: a nationwide cohort study.  Thromb 
Haemost 2012; 107: 172 – 1179.

21. Mason PK, Lake DE, DiMarco JP, Ferguson JD, Mangrum JM, Bilchick K, 
Moorman LP, Moorman JR.  Impact of the CHA2DS2-VASc score on anticoag-
ulation recommendations for atrial fibrillation. Am J Med 2012; 125: 603 – 606.

22. Lane DA, Lip GY.  Use of the CHA(2)D(2)-VASc and HAS-BLEDE scores 
to aid decision making for thromboprophylaxis in novalvular atrial fibrillation.  
Circulation 2012; 126: 860 – 865.

23. Camm AJ, Lip GYH, De Caterina R, Savelieva I, Atar D, Hohnloser SH, Hin-
dricks G, Kirchof P.  2012 focused update of the ESC Guidelines for the manage-
ment of atrial fibrillation.  Euro Heart J 2012; 33: 2719 – 2747.

24. Ferreira J, Ezekowitz MD, Connollyy SJ, Brueckmann M, Fraessdorf M, Reilly 
PA, Yusuf S, Wallentin L; the RE-LY Investigators.  Dabigatran compared with 
warfarin in patients with atrial fibrillation and symptomatic heart failure: a sub-
group analysis of the RE-LY trial.  Eur J Heart Fail 2013; 15 (9): 1053 – 1061.

25. Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, Breithardt G, 
Halperin JL, Hankey GJ, Piccini JP, Becker RC, Nessel CC, Paolini JF, Berkowitz 
SD, Fox KAA, Califf RM.  Rivaroxaban versus warfarin in nonvalvular atrial fi-
brillation.  N Engl J Med 2011; 365: 883 – 891.

26. Granger CB, Alexander JH, McMurray JJV, Lopes RD, Hylek EM, Hanna 
M, Al-Khalidi HR, Ansell J, Atar D, Avezum A, Bahit C, Diaz R, Easton JD, 
Ezekowitz JA, Flaker G, Garcia D, Geraldes M, Gersh BJ, Golitsyn S, Goto 
S, Hermosillo AG, Hohnloser SH, Horowitz J, Mohan P, Jansky P, Lewis BS, 
Lopez-Sendon JL, Pais, P, Parkhomenko A, Verheugt FWA, Zhu J, Wallentin 
L.  Apixaban versus warfarin in patients with atrial fibrillation.  New Engl J Med 
2011; 365: 981 – 992.

27. McMurray JJ, Ezekowitz, JA, Lewis BS, Gersh BJ, van Diepen S, Amerena J, Bar-
tunek J, Commerford P, Oh BH, Harjola VP, Al-Khatib SM, Hanna M, Alex-
ander JH, Lopes RD, Wojdyla DM, Wallentin L, Granger CB.  Left ventricular 
systolic dysfunction, heart failure, and the risk of stroke and systemic embolism in 
patients with atrial fibrillation: insights from the ARISTOTLE trial.  Circ Heart 
Fail 2013; 6 (3): 451 – 460.

28. Reddy VY, Holmes D, Doshi SK, Neuzil P, Kar S. Safety of percutaneous left atri-
al appendage closure: results from the Watchman Left Atrial Appendage System 
for Embolic Protection in Patients with AF (PROTECT AF) clinical trial and 
the Continued Access Registry.  Circulation 2011; 123 (4): 417 – 424.  

lated myopathy, would have favorable outcomes post-ablation with 
maintenance of sinus rhythm.  Would catheter ablation earlier in the 
course of disease improve long-term outcomes?  How much ablation 
should be performed (i.e., PVI alone PVI plus non-pulmonary vein 
triggers PVI + linear ablation + CFAE)?  In an era of increasing ac-
countability for expenditures, is catheter ablation the most cost ef-
fective approach, particularly if more than one procedure may be 
necessary?  Several prospective randomized trials have been initiated 
which will hopefully address some of these questions (CASTLE-AF, 
AMICA, and RAFT-AF).79 When catheter ablation is performed, 
careful consideration should be given to the extent of ablation due 
to the potential for worsening of LV diastolic function and LA trans-
port function  which can have potentially serious complications in 
patients with baseline heart failure. 78,80
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Abstract
Current approaches for the ablation of atrial fibrillation are often effective, but only partially rooted in mechanistic understanding.  

Accordingly, they are unable to predict whether a given patient will or will not do well, or which lesions sets should or should not be 
performed – in any given patient.  This goal would require clearer mechanistic definition of what sustains AF after it has been triggered 
(i.e. electrophysiological substrates).  There are two schools of thought.  The first proposes disorganized activity that self-sustains with no 
‘driver’, and the second describes drivers that then cause disorganization. Interestingly, these mechanisms can be separated in human 
studies by mapping approach – proponents of the disorganized hypothesis studying small atrial areas at high resolution, and proponents of 
the driver model studying wide fields-of-view at varying resolutions.  Focal impulse and rotor modulation (FIRM) mapping combines a wide 
field of view with physiologically based signal filtering and phase analysis, and has revealed that human AF is often sustained by rotors.  In 
the CONFIRM Trial, targeting stable AF rotors/sources for ablation improved the single-procedure efficacy for paroxysmal and persistent AF 
over conventional ablation alone, as now confirmed by independent laboratories. FIRM mapping gives a mechanistic foundation to predict 
whether any selected lesions should intersect AF sources in any given patient and which mechanisms may cause recurrence. Rotors of 
varying characteristics have now been shown by many groups. These insights have reinvigorated interest in AF mapping, and rationalizing 
these findings will likely translate into improved therapy for our patients.
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Introduction
Atrial fibrillation (AF) is ‘the most common sustained arrhythmia’ 

with an increasing impact on global health.1  Whatever the precip-
itant – and there is increasing opinion to refute ‘lone’ AF2 –  the 
consequences are severe, with thromboembolic disease in the form of 
strokes and death being the most devastating.

Catheter ablation promises durable elimination of AF, yet there is 
considerable room for improvement as single procedure success rates 
for paroxysmal AF are only 50-60% in recent multicenter trials and 
lower for persistent AF.3  Recent evidence suggests that this reflects 
incomplete understanding of ablation targets as well as ineffective 
delivery of ablation lesions or disease progression.  In this review we 
shall outline mechanistic insights into AF guided by focal impulse 
and rotor modulation (FIRM), to address the question of whether 
this physiologically-tailored approach offers real progress over exist-
ing mapping approaches in the field.

Current Concepts in AF 
The mechanisms underpinning AF have been the subject of specu-

lation and intense research for well over a century.  Classical teaching 
requires a trigger to encounter a substrate that sustains an arrhyth-
mia, and this applies equally to AF.  There are three main mechanistic 
theories for AF substrates (figure 1), discussed in chronological order:
Re-entry

The requirement of re-entry, or circus movement of an impulse 
to maintain AF was first suggested by Sir Thomas Lewis as early as 
1920.  Re-entry has certain pre-requisites, all of which are present in 
AF.  Re-entry is affected by the nature of the obstacle circumscribed 
by the wavefront (anatomical or functional) and by the shape of the 
wavefront itself. Re-entry around an anatomical obstacle, such as in 
atrial flutter, is rarely if ever demonstrated in AF, and so it is unclear 
if ‘macro-reentrant’ circuits described in early human AF mapping 
are indeed anatomical.4  Functional reentry by the leading circle hy-
pothesis5 suggests that a wavefront encircles a region of tissue that 
remains refractory because constant input from reentry keeps it con-
tinuously depolarized.

A rotor is a specific form of functional reentry, first shown in iso-
lated fibrillating ventricular muscle using optical mapping,6 that piv-
ots around a “core” with extreme conduction slowing.  Jalife subse-
quently showed that AF in a sheep model can be caused by spiral 
wave re-entry around a central rotor that spins rapidly to produce 
complex fibrillatory patterns.7  Of note, rotors may superficially re-
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mapping plaques,5, 14–16 albeit of small atrial areas and without prov-
ing that this disorganization drives AF. Recent attempts to recreate 
Moe’s original work have questioned his original interpretation, sug-
gesting instead that focal drivers may cause vagally induced AF in the 
canine heart.17  These possibly model-dependent results may explain 
the dichotomy of opinion that exists today for human AF.
The Applicability of Existing Cardiac Mapping to AF

Traditional mapping approaches have been applied to AF, but with 
often contradictory and often unsatisfying clinical results.
Activation Mapping

This approach maps activation across the heart, identified when 
voltage or another parameter (e.g. its first derivative) crosses a thresh-
old.  The speed and direction of wavefront propagation can be inferred 
from these maps, but only when wavefronts are spatially coherent.  
Notably, varying activation of any given electrode by multiple, pos-
sibly colliding and varying wavefronts, as in AF, limits the insights 
available from activation mapping.  Activation mapping from clinical 
electrograms is also problematic, whether the electrogram is complex 
or not, because it is sensitive to errors in assigning ‘local activation 
time’ in AF from far field activity or missed local activity.18  Accord-
ingly, maps based upon action potentials often show considerable or-
ganization,19 while maps based upon unipolar or bipolar electrograms 
often show highly complex patterns that have been used as evidence 
in support of multiple wavelet re-entry.20

Entrainment Mapping
Entrainment mapping is specifically designed to reveal and pen-

semble macro-reentry – but are quite different.  In macro-reentry, 
a stable circuit revolves around an inert obstacle.  In AF, the rotor 
core (‘singularity’) is the primary mechanism, and emanating spiral 
waves rotate in variable fashion and break down into disorganized 
AF (‘fibrillatory conduction’).  In addition, the rotor core precesses 
(‘wobbles’), as described by Davidenko and Jalife in animals in 19926 

and recently in humans.8

Focal Discharges
Focal discharges were produced experimentally by Scherf by the 

application of aconitine9 and implicated in atrial arrhythmogenesis, 
with the caveat that such discharges would have to sustain for years 
to drive persistent AF. The importance of focal beats to AF under-
went a revolution in 1998 with the demonstration that pulmonary 
veins may harbor rapidly firing sources in patients with repetitive 
frequent paroxysms of AF,10 contradicting the concept of multiple 
wavelets with no driver (see next section), in whom focal ablation 
could eliminate AF.11  This work led to current approaches for pul-
monary vein isolation for AF.12

Multiple Wavelets
In the late 1950s Gordon Moe used computational and canine 

models of AF to show that multiple small wavelets meandering 
through the atrium could sustain AF13 given a minimum mass of tis-
sue to propagate.  He initially suggested the need for 20-30 wavelets, 
with trajectories based on regional refractory periods.  Allessie sub-
sequently reported multiple meandering wavelets in elegant animal 
and human studies, using high-density epicardial and endocardial 

Figure 1: Proposed mechanisms in AF.  A) spiral wave re-entry with peripheral fibrillatory conduction.  B) focal discharges from the pulmonary veins.  
C) multiple wavelets. Adapted from.12, 52

Figure 2:
Phase mapping from an isolated sheep heart.  A) Optical action potentials recorded using voltage sensitive dyes. B) Phase plots of F(t-2) 
vs. F(t), where time, t, is the frame number and 2 is the number of lagging frames. The colorbar represents the variation in phase. Two-
dimensional phase map of a clockwise rotor during AF.  From.53
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represent the entire atrial surfaces (areas of 110-138 cm231). Rather 
than use non-contact systems32 we selected contact recordings.  Bas-
ket catheters map the majority of each atrium, at 4-10 mm resolution 
that is theoretically capable33 of mapping the smallest human reen-
trant circuits of 4-5 cm perimeter.34, 35  Clinically, ablation lesions of 
≈7 mm diameter also provide a relevant ‘resolution’ requirement.

Second, in developing FIRM we used monophasic action poten-
tials (MAP),36 since AF signals are poorly represented by bipolar 
signals18 due to potential AF signal cancellation or artifact between 
non-coherent waves on each pole of a bipole or between a unipolar 
recording and its indifferent pole. MAPs represent local activation 
and recovery more accurately than clinical alternatives.37  Third, we 
developed signal processing methods to filter AF signals based on 
the dynamics of repolarization and conduction in human atria.26, 37–39

Practical Approach
A commercially available basket catheter (FIRMap, Topera, Palo 

Alto, CA; Constellation, Boston Scientific, MA) is used to map 
AF.  Ideally, the basket covers >80-90% of the atria, and typically 
the basket catheter is sized to cover the left atrium. Suboptimal bas-
ket deployment (electrode non-contact) may cause AF sources to 
be missed.  Mapping is performed first in right atrium, followed by 
FIRM-guided elimination of rotors/focal sources.  This process is 
then repeated in the left atrium.

FIRM mapping produces movies of AF propagation that are the 
primary tool during a case.  Snapshots (isochrones) shown in man-
uscripts are for illustration, and are not used to target ablation since 
they do not depict rotor precession during and between cycles nor 
the complexity of the fibrillatory milieu.  In FIRM maps, the LA is 
opened at its “equator” through the mitral valve, and the RA opened 
along a central meridian through the tricuspid valve (figure 3). 

Clinically, AF rotors or focal drivers observed in FIRM maps are 
diagnosed as sources and targeted for ablation only if they remain in 
reproducible locations (i.e. spatial stability) for minutes (i.e. temporal 
stability). This definition excludes transient activity that we consid-
ered would be difficult to ablate. This observation also increases our 
confidence in FIRM maps, as it corroborates data showing spatially 
stable gradients and propagation patterns in several studies of human 
AF.

The total FIRM-guided ablation time for the typical 2-3 sources in 
any given patient is 15-20 minutes. Ablation is performed over each 
source precession area of ≈2-3 cm2 on phase mapping, requiring an 
average of 5-10 ablation lesions.40  The endpoint of FIRM-guided 
ablation is source elimination on repeat FIRM-maps.  Once all right 
atrial rotors or focal sources are eliminated, this process is repeated 
in left atrium.
Clinical Outcomes of FIRM Guided Ablation
Confirm

The scientific proof of any mechanism requires intervention to 
eliminate said mechanism.  The CONFIRM trial (CONventional 
ablation with or without Focal Impulse and Rotor Modulation)41  en-
rolled 92 subjects undergoing 107 consecutive ablation procedures 
for drug-refractory AF under an IRB-approved protocol. Cases were 
prospectively enrolled in a two-arm design: FIRM-guided patients 
underwent ablation at sources followed by conventional ablation 
(n=36), whereas FIRM-blinded patients underwent conventional 
ablation only (n=71) with FIRM mapping performed off-line and 
not used to guide ablation.  This was a tertiary care AF population, 

etrate an excitable gap in stable re-entrant tachyarrhythmias, as in 
ventricular tachycardia21 and atrial flutter.22 This approach is of lim-
ited value in AF, since functional reentry or rotors have no excitable 
gap per se.
Frequency Mapping

As opposed to time domain analyses  (voltage and activation map-
ping), frequency domain analysis uses approaches such as the Fast 
Fourier Transform to reveal the frequency content of signals a sur-
rogate of rate.  This approach can deal with complex electrograms, 
and has been used to construct dominant frequency (DF) maps in 
AF that often reveal stable gradients that track the natural histo-
ry of disease.23 Notably, animal models of AF exhibit stable drivers 
with a high DF,24 and similar spatial gradients have been observed 
in human AF that may be successful ablation targets.25  Again, DF 
analysis may be less affected by noise and artifact if applied to action 
potentials rather than clinical bipolar signals,26, 27 and thus may be 
combined with other methods to probe the AF substrate.
Phase Mapping

Phase mapping is a specific mathematical approach that identifies 
regions of tissue based on their spatial and temporal periodicity, and 
can identify periodic rotations (i.e. rotors) even in a complex non-co-
herent milieu. Seminal work by Gray, Jalife et al.28 used this approach 
to greatly enhance the detection of rotors from optically mapped 
atrial fibrillation in the sheep.  Whilst rotors were first demonstrated 
in AF using this approach in animal models (figure 2), the toxicity of 
potentiometric dyes and mechano-electric uncouplers – both prereq-
uisites for optical mapping – currently preclude their use in humans.  
However, FIRM mapping was based upon the insights derived from 
optical mapping applied to human AF.
FIRM – A New Approach to Map Human AF
Development of FIRM

FIRM mapping provides panoramic mapping of the atria, to avoid 
missing localized regions of interest, with sufficient spatial resolution 
to identify AF rotors or focal sources, enhanced by physiological-
ly-based noise filtering.  First, we mapped human AF globally, in 
contrast to prior mapping of 1-10 cm2 areas29, 30 that were assumed to 

Figure 3:

Stages in FIRM mapping.  Right atrium basket is opened vertically 
on tricuspid valve and left atrium is opened horizontally along 
mitral valve.  A) Rotor in left atrium visualized with isochrones. B) 
Clockwise rotation and precession of rotor over a small locus. C) 
Phase plot of same rotor showing convergence of phase at rotor 
core.  D) Snapshot from FIRM movie depicting phase and direction 
of rotor in red.  From.36
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roof regions. RA sources included the inferolateral, posterior, and 
septal regions typically away from the superior vena cava.

By intention-to-treat analysis, freedom from AF after a single 
procedure was higher for FIRM-guided than conventional ablation 
(82.4% vs. 44.9%; p= 0.001) after a median of 273 days follow-up 
censored at first recurrence (IQR: 132-681 days). Freedom after a 
single procedure from any atrial tachyarrhythmia was also high-
er in FIRM-guided than FIRM-blinded cases.  These results were 
achieved despite more rigorous follow-up in FIRM-guided than 
FIRM-blinded patients (figure 5).

Very long-term analysis of all patients in CONFIRM recently 
showed that the benefits of FIRM plus PVI are maintained at 3 years 
(median follow up 873 days) compared to the expected attrition in 
success with PVI alone (figure 6).42

On-Treatment Analysis of CONFIRM
The mapping of rotors and focal sources in all patients in CON-

FIRM enabled an on-treatment analysis of AF source ablation, i.e. 
to determine outcome when sources were ablated by any means (di-
rectly by FIRM or coincidentally by anatomical lesions) or not.  In 
this on-treatment analysis, freedom from AF was highest when all 
sources were eliminated, intermediate when some were eliminated, 
and lowest when all sources were missed.43 This study suggests that 
rotor elimination was the key to successful AF ablation.  This mech-
anistic concept was tested prospectively in early data from the PRE-
CISE trial (Precise Rotor Elimination without Concomitant pul-
monary vein Isolation for the Successful Elimination of Paroxysmal 
AF), a multicenter single-arm trial of FIRM ablation at sources only 
(without PVI).  Preliminary results from PRECISE showed that 
FIRM-only ablation provided >80% elimination of paroxysmal AF.44  
These results support FIRM-mapped AF rotors and focal sources as 
a primary mechanism for AF.
Multicenter FIRM Registry

Independent centers have now confirmed acute45 and long-term 
outcomes from FIRM-guided ablation. In a recent prospective eval-
uation, Miller et al.40 examined the first n=78 consecutive patients 
undergoing FIRM guided ablation for AF with >1 year follow-up at 
10 centers, excluding the original San Diego center.  The population 
had age 61±10 years, n=23 had paroxysmal AF, n=48 had persistent 
AF and n=7 had longstanding persistent AF.  All patients exhibited 
AF sources, for an average of 2.3±0.9 concurrent AF rotors or focal 
sources per patient.  Patients were treated by ablation of all sourc-
es, requiring a total of 16.6±11.7 minutes, followed by conventional 
ablation. On >1 Year follow up with a 3 month blanking period and 
no repeat procedures (median time to 1st recurrence: 245 days, IQR 
145-354), single-procedure freedom from AF was 80.5%, similar for 
persistent and paroxysmal AF (p=0.89).  The authors concluded that 
FIRM-guided ablation has a short learning time, and that elimina-
tion of AF rotors and focal sources produced freedom-from-AF of 
≈80% at 1 year at centers new to FIRM.  No safety issues were iden-
tified, with no reported cases of thromboembolism or perforation 
related to basket catheters.
Limitations of FIRM Mapping

FIRM mapping requires a learning curve to interpret the visual 
propagation videos which are the primary guide to ablation targets, 
although in a multicenter study centers were early in their experi-
ence.45 Whilst the basket catheter is typically stable within the atria, 
registration errors if the basket moves between mapping and ablation 

with persistent AF present in 81% of the FIRM-guided group, and 
in 66% of the FIRM-blinded group.  The primary long-term end-
point was defined as freedom from AF for up to two years after a 
single procedure, defined as <1% burden using continuous implanted 
ECG monitors (monitoring 100% of 1 year), or AF <30 seconds on 
quarterly event monitors (monitoring 7.8% of 1 year).  

AF sources were documented in 97% of cases (98 of 101) with 
sustained AF, each subject demonstrating 2.1±1.0 sources (median 
2, interquartile range [IQR] 1-3). The number of simultaneous AF 
sources was higher in persistent than paroxysmal AF (2.2±1.0 vs. 
1.7±0.9; median 2.0 vs. 1.0; p=0.03).  Notably, stable AF sources lay 
at diverse patient-specific locations (figure 4) in the LA (76%) and 
RA (24%).  Left atrial sources were found at widespread locations, 
including sites outside the PVs, as well as the posterior, inferior, and 

Figure 4: Location of focal sources and rotors in patients enrolled in the 
CONFIRM trial in A) paroxysmal and B) persistent AF. From.41
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analyses of contact mapping including traditional activation map-
ping – despite its caveats in AF.  It is not surprising that these diver-
gent approaches different characteristics of rotation, including case 
reports of rotors48 which repeatedly return to spatially circumscribed 
areas in the atria.  Other groups have detected only focal sources.47 
As with FIRM, validation of each new tool will require mapping be-
fore/after each localized ablation set to confirm that the feature was 
abolished.  This introduces an unanticipated limitation of the use of 
AF termination during non map-guided ablation.  Without defining 
a mechanistic target or mapping it pre/post ablation, it is unclear 
if AF termination after potentially widespread and lengthy ablation 
(>40-50 minutes) reflects just the last lesion(s) or some cumulative 
aspects of prior atrial modification.  Such termination is thus diffi-
cult to compare to results from driver-focused localized intervention.  
Studies comparing these strategies – by continuous mapping – are 
needed. Such studies are ongoing.50

Integrating FIRM with existing concepts of AF
The identification of stable rotors in human AF by FIRM mapping 

reconciles diverse clinical observations. How do these ideas fit with 
existing models?  What role is there for other substrate and trigger 
based methods of AF ablation?  If rotors are a prevalent mechanism 
for AF maintenance, then there should be a more robust electrogram 
surrogate for these initiating processes than currently proven. In par-
ticular, this may be based on stereotypic changes in conduction and 
wavefront propagation that appear to precede AF rotor formation.  
However, in CONFIRM there was no relationship between rotor 
sites and electrogram fractionation (figure 7), and so novel electro-
gram indices of AF driver sites are needed.

There are numerous other putative stabilizing mechanisms in 
human AF,2  which likely have relevance in relation to the driver/
disorganization debate – autonomic innervation, fibrosis, connex-
in distribution and cellular calcium handling are a few examples of 
mechanisms that are currently being related to regions of relative or-
ganization (possible AF drivers) or disorganization in various stud-
ies.  It is likely that many of these concepts will converge in the near 
future – for instance, the locations of autonomic ganglia coincide 
with some areas ablated during PVI and WACA, and their resultant 
shortening of action potential duration locally but also widely within 
the atria may stabilize localized reentry.51 Clearly, further studies are 
needed to better link these mechanistic schools of thought.

can affect results and so steps must be taken to track position (e.g. 
biplane cineangiography or electroanatomic mapping).

Contact of the basket with the atrial wall is a major concern, and 
must be optimized prior to FIRM mapping that may require basket 
repositioning or even resizing. Many authors46, 47 recognize that atria 
>55-60 mm diameter currently pose a problem (this is the current 
size of the Constellation basket).  New basket designs may reduce 
this limitation.  We use fluoroscopy, intracardiac echo (if already used) 
and electrogram quality to determine contact. Basket coverage may 
under-represent certain areas, notably inter-atrial septum, appendage 
and vena cava, due to splaying of the splines and unequal electrode 
spacing, that can also be accommodated by repositioning the basket.
Future Directions
Comparison With Non-FIRM Methods ToDetect Rotational Cir-
cuits In AF

Since CONFIRM was reported, several groups have shown ro-
tational activity and rotors in human AF.30, 48, 49 These reports used 
various mapping techniques, some using non-contact body surface 
electrodes to create virtual electrograms48 and others using various 

Figure 5: Cumulative freedom in CONFIRM from atrial fibrillation, in all cases and in those at first ablation for (A) the entire population and (B) the 
population off anti-arrhythmic medications. From.43

Figure 6: Very long term results from CONFIRM trial.  From.42
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Summary of Conventional vs. FIRM Mapping
Table 1. FIRM – Real progress over conventional techniques.

Conclusion:
Focal Impulse and Rotor Modulation (FIRM) mapping provides 

a mechanistic approach to map and ablate AF. Demonstration of 
rotors and focal sources in AF by FIRM builds upon decades of 
bench-to-bedside studies, and explains divergent clinical results that 
are difficult to explain by other hypotheses.  The preliminary results 
of FIRM-only ablation in the PRECISE trial confirm that stable 
AF rotors are important mechanisms for human AF, and provide a 
framework to predict which lesion sets may or may not be effective 
in each individual.  The results of the CONFIRM trial and multi-
center registry show that adding AF source elimination to trigger 
ablation provides high single-procedure efficacy on term follow-up. 
Future studies should explain why FIRM-guided ablation is not al-
ways effective, and whether this reflects undetected sources, subopti-
mal source elimination or other mechanisms.  Ongoing randomized 
clinical trials will define the efficacy of FIRM-guided ablation versus 
conventional ablation.  We are hopeful that renewed focus on the 
mechanisms of human AF will accelerate progress in our under-
standing and rapidly translate into better therapies for our patients.
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Control Of Hypertension Improves The Outcome Of Therapies For 
Paroxysmal And Persistent Atrial Fibrillation

Abstract
Hypertension is known to increase the risk of atrial fibrillation. It has a role to play in atrial fibrosis and remodeling which tends to propagate 

further atrial fibrillation.  Current anti arrhythmic therapy is unsatisfactory due to its toxicity. Management of hypertension offers an attractive 
target for improving therapy of atrial fibrillation. We examine the current evidence for anti hypertensive therapy in atrial fibrillation.
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Background
Atrial fibrillation is the most common arrhythmia. Its prevalence 

in the population is around 1% but may be up to 9% in octogenari-
ans.1 The prevalence is increasing with the aging of the population. 
Left atrial size, coronary disease, valvular heart disease, congestive 
heart failure, height, BMI, age and systolic hypertension2,3 have all 
been associated with an increased risk of developing atrial fibrillation. 

Hypertension has been implicated in increases in left ventricular 
stiffness and hypertrophy which can lead to reduced coronary flow 
reserve, congestive heart failure, sympathetic activation and activa-
tion of the rennin angiotensin alderosterone system (RAAS) and in-
creasing left atrial size.4 It also has a role to play in left atrial fibrosis, 
increasing left atrial size.5 and heterogeneity of left atrial conduction. 
All of these may lead to increasing incidence of atrial fibrillation.4

In an ovine model induced hypertension has been shown to in-
crease left atrial pressure, atrial hypertrophy and left atrial dysfunc-
tion. Increased mean atrial refractory periods and inflammation were 
seen and AF inducibility was increased by 5 weeks. After 10 weeks 
of induced hypertension increased fibrosis and longer AF episodes 
were seen.6

Hypertension on its own increases the prevalence of atrial fibril-
lation approximately two fold.4 It commonly co-exists with other 
conditions associated with atrial fibrillation. Due to the frequency 
of hypertension in the population, despite its modest increase in the 
risk of atrial fibrillation it contributes more to the incidence of atrial 
fibrillation than any other risk factor.4

Upstream management of hypertension can prevent much of the 
remodeling attributable to hypertension and hence should prove a 
suitable potential target for reducing new onset atrial fibrillation. 

Indeed post hoc analysis and case control studies have suggested a 
beneficial effect from upstream hypertension management.7

Once atrial fibrillation has developed a certain amount of atrial 
fibrosis and remodeling can be assumed to have already occurred 
bringing into question the value of antihypertensive therapies de-
signed to prevent it.

The picture is further confused because when examining the effect 
of specific antihypertensive therapies it is difficult to discern the effect 
of the blood pressure reduction from intrinsic effects of the therapies 
themselves. This is especially true with regard to the antiadrenergic 
effects of beta-blockers and the effects of RAAS inhibition.

Atrial fibrillation is not a benign condition and although large 
studies have shown no mortality difference between rate and rhythm 
control, this is largely a commentary on the insufficiency of current 
rhythm control therapies rather than on the benign nature of atrial 
fibrillation itself. Indeed post hoc analysis of the AFFIRM study has 
shown that maintenance of sinus rhythm conferred a 47% mortal-
ity benefit over ongoing persistent atrial fibrillation.8 Hence there 
is need for more benign therapies that contribute to maintenance 
of sinus rhythm. Hypertension management has the potential to fill 
part of the gap.
RAAS Inhibitors

The RAAS system provides an attractive target for the prevention 
of atrial fibrillation recurrences. Along side its role in generating hy-
pertension and left ventricular hypertrophy. Angiotensin, production 
of which is promoted by atrial stretch has been implicated  in prolif-
eration of fibroblasts, induction of atrial fibrosis, stretch and remod-
eling precipitated by mitogen-activated protein kinase (MAPK) ex-
pression and reduction of collagenase activity.9 This leads to increased 
conduction heterogeneity and may increase atrial ectopic activity10 

and propagation of atrial fibrillation.11

This effect has been shown to be reduced by co administration of 
captopril and candesartan and also by pretreatment with enalapril in 
experimental animals.11

Atrial fibrillation induced atrial stretch In 2009 Schneider et al 
conducted a meta analysis of 23 studies of renin angiotensin inhi-
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version found that at one month, only in the hypertensive (defined 
as >160/95) cohort had the beta-blockers increased the maintenance 
of sinus rhythm from 28% to 65%. Although in the non-hyperten-
sive cohort beta blockade did reduce the number of relapses within 
3 days. Small numbers and a non-randomized recruitment design 
limited this study.

A further study by Kuhlkamp et al21 randomized 394 post cardio-
version patients to either metoprolol or placebo. Metoprolol signif-
icantly decreased the rate of relapse into atrial fibrillation from 60% 
to 48% (p0.005). 47% of the patients were noted to be hypertensive 
although this was not further defined and the mean blood pressure 
overall was only 132/81. Unfortunately the authors did not break 
down the results based on the presence or absence of hypertension 
at baseline. Beta blockade has been shown equivalent to sotalol (al-
though the sotolol dose used of only160mg /day has almost exclu-
sively beta blocker activity) but less successful than amiodarone at 
maintaining sinus rhythm post cardioversion.22,23

Calcium Channel Blockers
Calcium channel blockers of the phenylalkylamine variety and to 

a lesser extent of the, benzothiapine variety reduce calcium influx 
within the heart which may be responsible for some of the atrial 
remodeling that perpetuates atrial fibrillation,24 thus they may have 
an anti arrhythmic effect beyond the anti hypertensive effect. These 
agents are commonly used in atrial fibrillation to regulate the heart 
rate. Verapamil has been studied post cardioversion. In the verapamil 
plus other antiarrhythmics study (VEPARAF)25 363 patients post 
cardioversion were randomized to either amiodarone or flecainide 
plus or minus verapamil. Verapamil reduced recurrences in both 
groups significantly. Similar effects were seen in the PAFAC trial26 

of 848 patients post cardioversion treated with sotalol, quinidine ve-
rapamil or placebo. The three drugs had similar effects and all were 
superior to placebo. Dihydropyridine calcium channel blockers are 
more frequently used for hypertension management alone. Studies 
for this group of drugs compared with placebo are lacking. However 
in the J rhythm II study15 patients treated with amlodipine had sim-
ilar rates of atrial fibrillation recurrence to those treated with can-
desartan, although amlodipine had a larger effect on blood pressure. 
In 2002 Fogorri et al reported on a study of 391 hypertensive pa-
tients with paroxysmal atrial fibrillation randomized to amlodipine, 
ramipril or telmisartan. There were similar blood pressure reductions 
between the groups. However there were significant differences in re-
currences of atrial fibrillation, 49% in the amlodipine group, 25.5% in 
the ramipril group and 12.9% in the telmisartan group. The authors 
suggested that the differences may be explained partly by RAS inhi-
bition, partly by ARB blockade of Ang II activity produced by left 
atrial chimase and partly by telmisartan specific HKv 1.5 potassium 
channel. Channels highly expressed in the atria.27

Other Anti Hypertensive Drugs
The effect of other anti hypertensives on secondary prevention of 

atrial fibrillation has not to my knowledge been investigated. There 
are suggestions of possible benefit in that in the management of hy-
pertension hydrochlorothiazide reduced left atrial size more than 
captopril, atenolol or diltiazem.28

Renal Ablation Therapy
Ablation of the sympathetic plexus adjacent to the renal arteries 

has been shown to have significant effects on resistant hypertension. 
On average reducing office blood pressure by around 30mmhg and 

bition in atrial fibrillation.12 This covered 87048 patients across a 
spectrum of primary and secondary prevention, hypertension, left 
ventricular hypertrophy, left ventricular failure and post MI. In sec-
ondary prevention it covered both those cardioverted  and managed 
medically principally with amiodarone. Atrial fibrillation was signif-
icantly reduced across the secondary prevention spectrum by 45% 
in the cardioversion studies and 68% in the medical trials.  In the 
ablation era there are 2 studies looking at RAS inhibition post ab-
lation. In 2010 Tayebjee et al performed a retrospective analysis of 
419 patients who had undergone ablation 222 for paroxysmal and 
197 for persistent AF.  The patients taking RAS blockade were older, 
more likely to suffer from hypertension, diabetes, coronary disease, or 
left ventricular impairment but even with propensity analysis there 
was no significant difference between the groups.13 However in 2012 
Takigawa et al conducted a retrospective analysis of 292 ablation pa-
tients. RAS inhibition was associated with a reduction of atrial fibril-
lation recurrences in those without a dilated left atrium (< 0.4cm) 
HR 0.3 P 0.003 but not in those with a dilated left atrium14 implying 
that there is greater benefit to be gained by RAS inhibition and hy-
pertension management earlier in the course of the disease. 

In the J Rhythm II study15 comparing candesartan vs. amlodipine 
in 318 patients with atrial fibrillation associated with hypertension 
there were similar events in the 2 groups despite a larger blood pres-
sure reduction with amlodipine, suggesting that ace RAS inhibition 
may have an extra effect beyond blood pressure reduction.

Alderesterone antagonists have not been studied in this context in 
man. However pre treatment with spironolactone in a dog atrial fi-
brillation model reduced the amount of atrial fibrosis and inducibility 
of atrial fibrillation.4

Beta-blockers
Beta-blockers are in common use in persistent atrial fibrillation 

for control of heart rate and this can confuse the picture to an extent.
They reduce adrenergic surges and hence reduce episodes of adr-

energic driven shortening of the atrial action potential which could 
precipitate atrial fibrillation,16 they may also reduce the activity of 
pulmonary vein triggers.17 Both of these could lead to action over and 
above their effect on blood pressure. Indeed in groups where the adr-
energic surges are likely to be of most importance, heart failure and 
post bypass surgery, they have been shown to reduce atrial fibrillation 
episodes. In heart failure a large meta analysis has shown benefit18 

while post CABG beta-blockers have been shown to be equivalent 
(with a trend towards superiority) to amiodarone.19

However a study by Van Nord et al20 of 162 patients post cardio-

Mechanisms by which hypertension can increase atrial fibrillation

Increased LA size

Increased LA Stiffness

LA stretch

RAS overactivity related to LA stretch

Fibrosis and increased conduction heterogeneity

MAPK overactivity (and increased conduction hetrogeniety)

Vagally induced increased refractory period

Sympathetic surges

Increased activity of LA(especially pulmonary vein) triggers

Increased LA chimase activity

Increased intra cellular calcium

Reduction of collagenase activity



Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation57 Featured Review

www.jafib.com Aug-Sep, 2014 | Vol-7 | Issue-2  

useppe Mancia  Hypertension and atrial fibrillation: diagnostic approach, preven-
tion and treatment. Position paper of theWorking Group‘Hypertension Arrhyth-
mias and Thrombosis’of the European Society of Hypertension  Jhypertension 
Volume 30  Number 2  February 2012

5. Sonya M. Vaziri, Martin G. Larson, Michael S. Lauer, Emelia J. Benjamin, Daniel 
Levy Influence of Blood Pressure on Left Atrial Size The Framingham Heart 
Study Hypertension.1995; 25: 1155-1160

6. Lau D, Mackenzie L, Kelly D, Psaltis P, Brookes A, Worthington M, Rajendruam 
A, Kelly D, Zhang Y, Kuklik P, Nelson A, Wong C, Worthley C, Rao M, Faull R, 
Edwards J, Saint D, Sanders P. Hypertension and atrial fibrillation: Evidence of 
progressive atrial remodeling with electrostructural correlate in a conscious chron-
ically instrumented ovine model. Heart Rhythm 7: 2010. 1282-1290

7 Arthur R. Menezes; Carl J. Lavie; James J. DiNicolantonio; James O’Keefe; Daniel 
P. Morin, MD, MPH; Sammy Khatib; and Richard V. Milani  Atrial Fibrillation 
in the 21st Century: A Current Understanding of Risk Factors and Primary Pre-
vention Strategies  Mayo Clin Proc. n April 2013;88(4):394-409 

8: Epstein AE, Corley SD, Dimarco JP et al: NHBL AFFIRM Investigators:  Rela-
tionship between sinus rhythm, treatment and survival in the Atrial Fibrillation 
Follow-Up Investigation of Rhythm Management (AFFIRM) study. Circulation 
(2003) 108:IV-472

9 Novo. G, Guttilla. D, Fazio. G, Cooper. D, Novo. S The role of the rennin angioten-
sin system in atrial fibrillation and  the theraputic effects of ace 1s and arbs  Br J 
Clin Pharmacol / 66:3 / 345–351 / 345

10. Li D et al. (1999) Promotion of atrial fibrillation by heart failure in dogs: atrial 
remodelling of a different sort. Circulation 100: 87–95

11. Levy. S. Drug Insight: angiotensin-converting-enzyme inhibitors and atrial fibril-
lation—indications and contraindications Nature Clinical Practice Cardiovascular 
Medicine April 2006 vol 3 no 4 220-225

12. Markus P. Schneider, Tsushung A. Hua, Michael Böhm,  Kristian Wachtell, Sverre 
E. Kjeldsen,_ Roland E. Schmieder.  Prevention of Atrial Fibrillation by Re-
nin-Angiotensin System Inhibition A Meta-Analysis JACC vol 55 no21 May 
25, 2010:2299–307

13. Muzahir H. Tayebjee, Antonio Creta, Stefan Moder, Ross J. Hunter, Mark J. Ear-
ley, Mehul B. Dhinoja, and Richard J. Schilling.  Impact of angiotensin-converting 
enzyme inhibitors and angiotensin receptor blockers on long-term outcome of 
catheter ablation for atrial fibrillation Europace (2010) 12, 1537–1542

14. Masateru Takigawa, Takumi Yamada, Yukihiko Yoshida, Monami Ando, Kiyotake 
Ishikawa, Yutaka Aoyama, Takashi Yamamoto, Natsuo Inoue, Yasushi Tatematsu, 
Mamoru Nanasato, Kazuo Kato, Naoya Tsuboi and Haruo Hirayama: Renin–an-
giotensin system inhibitors can suppress atrial fibrillation recurrence after encir-
cling ipsilateral pulmonary vein isolation in patients with a non-dilated left atrium  
Journal of the Renin-Angiotensin- Aldosterone System 13(4) 487–495

15. Takeshi Yamashita, Hiroshi Inoue, Ken Okumura, Itsuo Kodama, Yoshifusa Aiza-
wa, Hirotsugu Atarashi, Tohru Ohe, Hiroshi Ohtsu, Takao Kato, Shiro Kamaku-
ra, Koichiro Kumagai, Yoshihisa Kurachi, Yukihiro Koretsune, Tetsunori Saikawa, 
Masayuki Sakurai, Toshiaki Sato, Kaoru Sugi, Haruaki Nakaya, Makoto Hirai, 
Atsushi Hirayama, Masahiko Fukatani, Hideo Mitamura, Tsutomu Yamazaki, 
EiichiWatanabe, and Satoshi Ogawa on behalf of the J-RHYTHM II Investi-
gators Randomized trial of angiotensin II-receptor blocker vs. dihydropiridine 
calcium channel blocker in the treatment of paroxysmal atrial fibrillation with 
hypertension ( J-RHYTHM II Study)  Europace (2011) 13, 473–479

16. Kühlkamp V, Schirdewan A, Stangl K, Homberg M, Matthias P, Beck OA.  Use 
of metoprolol CR/XL to maintain sinus rhythm after conversion from persistent 
atrial fibrillation: a randomized double blind placebo controlled study.  J Am Coll 
Cardiol 2000;36:139–46.

17. Chen  S.-A., Hsieh  M.-H., Tai  C.-T.;  Initiation of atrial fibrillation by ectopic 
beats originating from the pulmonary veins. electrophysiological characteristics, 
pharmacological responses, and effects of radiofrequency ablation.  Circulation. 

ambulatory blood pressure by 10mmhg.29 Renal sympathetic stim-
ulation induces both renin and noradrenaline release and increases 
circulating levels of Ang II,30 which increases atrial intracellular cal-
cium concentration. Thus renal artery denervation could potentially 
reduce atrial fibrillation burden both by effects on blood pressure and 
on the RAAS system.

Atrial fibrillation may be triggered by autonomic dysbalance and 
renal denervation partially negates this.  In a porcine model of ob-
structive sleep apnoea, simulated by tracheal occlusion, it has been 
shown that renal denervation reduced the vagally mediated atrial 
refractory period shortening induced by tracheal occlusion more suc-
cessfully than atenolol,31 thus confirming that autonomic dysbalance 
must play a role. Renal denervation also mitigated post apnoic blood 
pressure rise whereas Atenolol did not.31

A recent small study of 27 patients with refractory symptomatic 
atrial fibrillation and resistant hypertension randomized them to ei-
ther  PVI only or PVI + renal artery denervation. In the renal dener-
vation group there was a mean reduction of arterial blood pressure 
of 25/10 and a significant (p=0.033) reduction in atrial fibrillation 
recurrences at 12 months from 69% to 29%.32  However the poor re-
sults on blood pressure control from the recent blinded SYMPLICI-
TY HTN3 trial33  make success with this technique less likely.
Conclusion:

Conclusions regarding the reduction of atrial fibrillation by man-
aging hypertension are limited for a number of reasons. The first is 
that most of the agents used for hypertension management have 
modes of action that in themselves have plausible reasons for reduc-
ing atrial fibrillation outside of their effect on hypertension. Often 
patients with atrial fibrillation have other indications for some of 
these therapies such as ventricular failure, coronary heart disease, or 
rate control. Trials performed are mostly trials of a particular agent, 
which has antihypertensive properties, and in some the authors have 
not characterized their results based on the initial presence or ab-
sence of hypertension. The second is that hypertension management, 
with most current agents, has such clear benefits outside of atrial 
fibrillation management, that a placebo-controlled trial can only be 
contemplated in those without hypertension. Comparisons based on 
success of antihypertensive therapy have too many confounders.

Despite all the above there does appear to be some reduction in 
atrial fibrillation episodes in both paroxysmal atrial fibrillation and 
persistent atrial fibrillation post cardioversion. It would also appear 
that targeting the RAAS system either pharmacologically or me-
chanically offers the most rewards.
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Abstract
Implantable cardioverter-defibrillators (ICDs) improve the survival of patients with ischemic or non-ischemic cardiomyopathy and a reduced 

ejection fraction. However, the efficacy of ICD therapy in patients with right ventricular outflow tract ventricular tachycardia (RVOT-VT) and 
early stage arrhythmogenic right ventricular dysplasia / cardiomyopathy (ARVD/C) has not been well clarified. Although the prognosis of RVOT-
VT is generally good, malignant forms of RVOT-VT resulting in polymorphic VT have been reported by several investigators. Radiofrequency 
catheter ablation is still effective in such patients, and thus an ICD implantation is usually not required. On the other hand, according to 
the current guidelines in patients with ARVD/C, an ICD implantation is recommended for secondary prevention when the patients develop 
sustained VT or VF. An ICD implantation may also be considered for primary prevention in high-risk patients: extensive disease, family history 
of sudden cardiac death, or undiagnosed syncope. Since an ICD implantation in the early stage of ARVD/C is controversial, physicians 
should well consider its risks and benefits. Early intervention with ICD therapy in ARVD/C patients may reduce the arrhythmic death rate but 
increases the device related complications especially in younger patients. 
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Introduction
Implantable cardioverter-defibrillators (ICDs) have been prov-

en to improve the survival of patients with a primary or secondary 
risk of sudden cardiac death.1,2 However, the large clinical trials were 
mainly conducted in patients with ischemic or non-ischemic cardio-
myopathy and a reduced cardiac function.2,3

In contrast, ventricular tachycardia (VT) originating from the right 
ventricular outflow tract (RVOT-VT) may occur in patients without 
any demonstrable structural heart disease or in patients with early 
stage arrhythmogenic right ventricular cardiomyopathy (ARVD/C). 
Since the patients demonstrate a normal cardiac function in the two 
situations, the indication for ICD therapy may be controversial. In 
this report, we reviewed the current perspectives on ICD therapy in 
those situations.
Right Ventricular Outflow Tract Ventricular Tachycardia 
(RVOT-VT)

VT occurring in the absence of structural heart disease is called 
idiopathic VT, and occupies approximately 10% of all VTs.4 The most 
common idiopathic VT originates from the right ventricular outflow 

tract. RVOT-VT is diagnosed by its VT morphology; left bundle 
branch block and inferior axis occurring in the heart without any 
demonstrable disease. This VT rarely may be induced by rapid pac-
ing during an electrophysiological study (EPS), but may easily be 
induced by exercise or may develop after the administration of cate-
cholamines, usually by an infusion of isoproterenol. RVOT-VT can 
be well suppressed by adenosine or beta-blockers. The mechanism is 
considered to be related to cAMP mediated delayed after-depolar-
izations (DADs). It is important to exclude the existence of an early 
stage of ARCD/C or to diagnose its combination.
Manifestation Of RVOT-VT

Most RVOT-VT occurs as a repetitive non-sustained VT with a 
monomorphic morphology during exercise or emotional stress. Only 
rarely, RVOT-VT may sustain and result in hemodynamic deteriora-
tion. In addition, a malignant form of RVOT-VT has recently been 
reported by investigators. Viskin et al. reported three cases who orig-
inally presented with typical PVCs or VT of an RVOT origin, but 
developed polymorphic VT during the follow-up.5 The short coupled 
PVCs trigger polymorphic VT, which degenerates into ventricular 
fibrillation (VF). Noda et al. also reported 16 cases of patients with 
polymorphic VT triggered by RVOT-PVCs from Japan.6 In their 
cases, the coupling intervals of the polymorphic VT-triggering PVCs 
were not short. From the ECG findings, Kurosaki et al. reported that 
a positive QRS complex in lead I was reported to be a marker of 
malignant arrhythmias from the RVOT.7

Therefore, there may exist some cases with a malignant form of 
RVOT-VT. Their characteristics include a history of syncope, fast 
or polymorphic VT, and short-coupled PVCs with and without 
documented VF. An aggressive therapy would certainly be indicat-
ed in them. Of note, some patients develop ARVD/C during the 
follow-up.8
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incidence of frequent ICD shocks due to recurrent VT.
An ICD implantation may be considered for primary prevention 

if patients have any risk of SCD: a history of unexplained syncope, 
induction of VT during the EPS, non-sustained VT, male gender, 
extensive disease (severe dilation or extensive involvement of the RV 
and LV involvement), family history of SCD, and positive gene mu-
tation related to ARVD/C. In asymptomatic family members, a less 
extensive RV lesion, or non-sustained VT, appears to constitute a low 
risk. The predictive value of the induction of VT during the EPS may 
be useful in predicting a future VT occurrence, and may be used in 
identifying patients at high risk for an overall cardiac mortality. The 
efficacy of ICDs for primary prevention has not established in the 
present guidelines.
Conclusion:

In conclusion, the ventricular tachyarrhythmias of RVOT-VT and 
ARVD/C look similar, and clinicians should be reminded of the need 
for a differential diagnosis between them. The risk for SCD in pa-
tients with RVOT-VT is generally low and RFCA is effective. Only 
a limited number of patients with aborted SCD would be indicated 
for an ICD. An ICD may prevent patients against SCD, but there are 
device-related complications such as infections, and inappropriate 
shocks especially in younger patients. There is no doubt that an ICD 
implantation is appropriate in patients with ARVD/C for secondary 
prevention, but the indications for primary prevention especially in 
patients during the early stage of ARVD/C may not be supported by 
the present guidelines.
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Therapeutic Strategy In Patients With RVOT-VT
Initiation Of Treatment

Treatment is initiated depending on the symptoms, heart rate and 
frequency of the VT episodes. Avoiding exercise or the administra-
tion of beta-blockers might be effective in most cases of RVOT-VT.
Elimination Of  The PVCs

To cure RVOT-VT, radiofrequency catheter ablation (RFCA) 
is usually indicated since it is more effective (an approximate 90% 
success rate) than medical therapy. Malignant RVOT-VT may 
be suppressed by the elimination of the VF-triggering PVCs by 
RFCA.9,10,11,12 In general, catheter ablation is recommended in pa-
tients with idiopathic VT who have multiple symptomatic VT epi-
sodes or very fast VT.
ICD Implantation For Preventing Sudden Cardiac Death

An ICD implantation may be indicated in patients who have a 
history of an aborted sudden cardiac death (SCD) or when RFCA 
fails or is contraindicated.
Arrhythmogenic Right Ventricular Dysplasia / Cardiomyop-
athy (ARVD/C)

ARVD/C is an inherited cardiomyopathy characterized by fi-
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(RV).13 A wall motion abnormality or dilatation of the right ventri-
cle is diagnostic. However, structural changes may be absent in the 
early stage of the disease. Progression of the disease involves not only 
the RV, but also the left ventricle (LV). Desmosomal gene mutations 
have been linked to ARVD/C and are inherited with an autosomal 
dominant pattern.14 Recessive forms of ARVD/C, such as Naxos dis-
ease or Carvajal syndrome, have also been reported.
Clinical Manifestation Of ARVD/C
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Antiarrhythmic drugs may decrease the incidence of VT or VF in 
ARVD/C patients, but they have not yet been shown to reduce the 
SCD in ARVD/C patients. Amiodarone or sotalol may be a drug 
of choice only when the patients are at risk for SCD but an ICD 
implantation is not feasible.16 RFCA is challenging in patients with 
ARVD/C. It can be effective in eliminating or reducing the recur-
rence of monomorphic VT, but because of the progressive nature of 
this disease, the long-term efficacy of RFCA is limited and is con-
sidered as an adjunctive therapy in ARVD/C patients with recurrent 
VT.
Indications For An ICD In ARVD/C Patients

So far, there have been no prospective randomized trials on ICD 
therapy in patients with ARVD/C for primary and secondary pre-
vention of sudden death. However, patients with ARVD/C that un-
derwent ICD implantations were shown to have a high incidence of 
an appropriate ICD therapy and a low rate of arrhythmic death.17

The current guidelines recommend an ICD implantation for sec-
ondary prevention of SCD in patients with documented sustained 
VT or VF who are receiving optimal medical therapy.16,18 RFCA is 
sometimes performed in patients with an ICD in order to reduce the 
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Abstract
Cardiac Resynchronization Therapy (CRT) is known as a highly effective therapy in advanced heart failure patients with cardiac 

dyssynchrony. However, still one third of patients do not respond (or sub-optimally respond) to CRT. Among the many contributors for the high 
rate of non-responders, the lack of procedures dedicated to CRT device settings optimization (parameters to regulate AV synchrony and VV 
synchrony) is known as one of the most frequent. 

The most recent HF/CRT Guidelines do not recommend to carry-out optimization procedures in every CRT patient; they simply state those 
procedures “could be useful in selected patients”, even though their role in improving response has not been proven.

Echocardiography techniques still remain the gold-standard reference method to the purpose of CRT settings optimization. However, due 
to its severe limitations in the routine of CRT patients management (time and resource consuming, scarce reproducibility, inter and intra-
operator dependency), echocardiography optimization is widely under-utilized in the real-world of CRT follow-up visits. As a consequence, 
device-based techniques have been developed to by-pass the need for repeated echo examinations to optimize CRT settings.

In this report the available device-based optimization techniques onboard on CRT devices are shortly reviewed, with a specific focus 
on clinical outcomes observed in trials comparing these methods vs. clinical practice or echo-guided optimization methods. Particular 
emphasis is dedicated to hemodynamic methods and automaticity of optimization algorithms (making real the concept of “ambulatory 
CRT optimization”). In fact a hemodynamic-based approach combined with a concept of frequent re-optimization has been associated - 
although retrospectively - with a better clinical outcome on the long-term follow-up of CRT patients. Large randomized trials are ongoing to 
prospectively clarify the impact of automatic optimization procedures.
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Twenty Years Of CRT: A Story Of Success 
The concept of Cardiac Resynchronization Therapy (CRT) was 

first introduced twenty years ago, by proposing the implantation of a 
4-chamber pacing system1 in a patient with permanent pacing indica-
tions affected by severe dilated cardiomyopathy, in an attempt to im-
prove cardiac output by constantly pacing the ventricles. Beside opti-
mal medical treatment, the modern concept of CRT (bi-ventricular 
pacing delivered by using various techniques) is widely recognized 
and adopted as a first-line therapy in patients with moderate-to-se-
vere heart failure (HF) and evidence of cardiac dyssynchrony.2,3 In 
selected group of HF patients, today well-identifiable by simply ap-
plying Guidelines directives, CRT has been shown highly beneficial 
in improving prognosis (death and HF hospitalizations), quality of 
life (QoL), NYHA functional class and exercise capacity (walk test 
and cardiopulmonary performance). Significant results have been 
also obtained in specific subgroups of HF patients, where CRT indi-
cations are less clearly established2 (low level of evidence), due to lack 
of concordant data, small populations and/or few exploring trials.

The Grey Areas In CRT
Although recent Guidelines and Consensus Documents2,3 further 

refined selection and management criteria for patients treated with 
CRT, a remarkable rate of “non-responders” (NR) is still generally 
observed in clinical reports. The reported rate of NR ranges between 
20% and 45% according to different criteria (clinical, hemodynamic, 
neuro-humoral, combined) and timelines considered to define “CRT 
response”.3 It is usually “common sense” that approximately a third 
of patients treated with CRT do not respond (or do sub-optimally 
respond) to CRT.4

Meta-analyzing data from most recent clinical reports, major de-
terminants for improving CRT response could be identified:4 pa-
tient selection (how to predict CRT response basing upon clinical/
hemodynamic variables), implantation techniques (how to custom-
ize leads implantation/positioning to enhance CRT effects), patient 
management during follow-up (how to optimally manage patients 
once implanted).

This report will focus on a critical review of patient-management 
strategies during follow-up (FU), paying special attention to CRT 
device settings, as it is acknowledged5 that one of the most important 
contributing factor affecting the rate of NR in clinical practice is the 
lack of periodic procedures to optimize systolic and diastolic per-
formances by fine-tuning the atrioventricular delay (AVD) and the 
right-vs.-left ventricular delay (VVD).

The final goal would be to rigorously define protocols and methods 
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atrial sensed or paced conditions.
Several studies, although small, consistently show concordant 

data about the fact that echocardiography methods lead to acute (or 
short-term FU) hemodynamic benefits. However, there is no con-
vincing prospective evidence about the long-term effects (neither 
clinical, nor hemodynamic) associated with repeated optimization 
procedures over-time. It is not clear whether frequently optimizing 
CRT settings could translate evident acute/short-term hemodynam-
ic benefits into persistent clinical benefit.6

for CRT settings optimization able to provide clinicians with an ac-
ceptable degree of clinical efficacy during FU.
How To Optimize CRT Device Settings
Echocardiographic Methods

The universally acknowledged gold-standard technique to optimize 
CRT settings is an hemodynamic method, namely the trans-thorac-
ic echocardiography. By direct visualization of blood flows, it allows 
to optimize filling (trans-mitral) and ejection (trans-aortic) patterns 
among many potential combinations of AVD and VVD values, in 

Figure 1: Top panel: QuickOpt IEGM method to determine the optimal sensed AVD value
Bottom panel: SmartDelay IEGM method to determine the optimal paced and sensed AVD values; LRL = Lower Rate Limit (basic pacing rate)



Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation64 Featured Review

www.jafib.com Aug-Sep, 2014 | Vol-7 | Issue-2  

by using the QuickOpt and the SmartDelay algorithms have been 
reported (see Figure 1).
Clinical Impact Of IEGM Optimization Methods In-Clinic Optimiza-
tion

Two big trials investigated the impact of using in-clinic IEGM-
based methods. The two trials considered the hemodynamic9 

(SMART-AV; left ventricular end systolic volume, LVESV, at 
6-month FU) and clinical10,11 (FREEDOM, Packer’s combined end-
point12 at 12-month FU) effects of one - or more - optimization pro-
cedures when carried-out during FU visits (any automatic periodic 
optimization procedures was available in those devices).

More specifically, the SMART-AV study compared the use of 
the SmartDelay AV-optimization algorithm vs. echo-optimized AV 
delay vs. nominal settings (randomized 1:1:1 design), whereas the 
FREEDOM trial compared the use of the QuickOpt algorithm vs. 
empiric or echo-optimized settings (randomized 1:1 design).

Both trials did show a very satisfactory usability and safety profiles 
(both algorithms were shown to be safe and easy-to-use), but effica-
cy performances at 6- or 12-month FU9,10 did overlap (concept of 
NON-Inferiority) with those observed in the routine clinical prac-
tice (echo-guided optimization or empirical settings).

Among the main limitations of those big trials, it is helpful - to 
the purpose of this discussion - to mention: FREEDOM study: a) 
non-uniform treatment in the control arm (investigators could op-
timize empirically or by using traditional tools, mainly echo); b) no 
crosscheck between clinical outcome and cardiac remodeling (no 
echo long-term data), which could be of help in supporting or re-
inforcing the interpretation of results; c) no clear indications of the 
contribution from the single components of the combined endpoint, 
so that it is impossible to evaluate whether there is a trend in terms of 
isolated hard endpoints (defined as secondary endpoints).

SMART-AV study: a) short term follow-up data only (6 months) 
were available, and no crosscheck with convincing clinical outcomes 
(soft clinical endpoints only available); b) a trend in favor of AV opti-
mization through SmartDelay device algorithm (vs. echo-optimiza-
tion or nominal settings) was clearly identified, leading the authors to 
suspect the study was underpowered to show a significant difference 
in the primary endpoint.

In both trials the authors conclude, basing upon non-inferiori-
ty, that systematic CRT optimization is not an issue: “standard” or 
“pre-defined/out-of-the-box” settings are generally satisfactory to get 
an acceptable rate of response over-time. These conclusions can be 
acceptable only if 1-year after CRT implant we are satisfied with a 
rate of clinical response around 65-70%, meaning that the use of spe-
cific optimization functions during FU visits does not significantly 
impact on hemodynamic and clinical outcomes of patients treated 
with CRT (vs. a routine clinical management).
Ambulatory Optimization

In the ADAPTIV-CRT trial the authors evaluated the clinical ef-
fects of a novel IEGM-based algorithm13 (Adaptive-CRT, Medtron-
ic) to continuously adapt CRT delivery mode (LV-only pacing or 
BiV pacing) and timing settings (AVD, VVD) over time, according 
to the evolution of rhythm characteristics (heart rate, PR interval, AV 
block, …) and resulting IEGM recordings.

This trial14 essentially showed - with a prospective randomized de-
sign - that the device-based algorithm is non-inferior in outcome 
measures (at 6-month FU) to echocardiography optimization meth-
ods. 

Several echocardiography optimization protocols have been pro-
posed to optimize CRT settings (formulas and iterative methods), 
often leading to unsatisfactory performances - sometimes even to 
discordant results - invariably showing remarkable limitations: time- 
and resource-consuming (manpower/equipments), non-reproducible 
outcomes (inter- and intra-operator dependency), optimization only 
with resting patients, need to be frequently repeated.7

The well-known limitations of echocardiography optimization 
methods8 boosted the need to develop alternative methods, able to 
simultaneously overcome those limitations and simplify the clinical 
practice of CRT patients management. The simplest approach to this 
problem is to get rid of the echocardiographer’s collaboration, and to 
take direct advantage of the CRT device itself to easily repeat set-
tings optimization procedures basing upon endocardial electrograms 
or hemodynamic signals directly processed by the device.
“Device-Based” Methods
Algorithms Based On Intracardiac Electrograms (IEGM)

Three IEGM-based algorithms for CRT optimization are today 
available: QuickOpt (St. Jude Medical), SmartDelay (Boston Sci-
entific), Adaptive-CRT (Medtronic). Through direct measures on 
atrial, right- and left-ventricular EGMs, these algorithms use pre-
defined formulas to process “electrical activation delays” between 
cardiac chambers (upon spontaneous or paced rhythm) in order to 
identify (and program) the best combination of AV and VV timings 
to fix conduction defects (in other words they work on the basis of a 
predefined electromechanical model of the cardiac cycle).

In-depth technical description of the IEGM-based methods, and 
the severe limitations in interpreting the related outcomes from stud-
ies have been carefully elsewhere reported.8

As an example, the methods to calculate the optimal AVD values 

Figure 2:

Response Rate at 6-month follow-up (Packer’s clinical combined 
endpoint) observed in the Adaptive-CRT trial. Dark-grey hystograms: 
prospective randomized comparison (non-inferiority). Light-grey 
hystogram: average response rate from historical CRT cohorts.
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ment group, limited data about safety), the authors acknowledge that 
“this hypothesis needs to be proven in prospective randomized trials”.
Hemodynamic Optimization (SONR Endocardial Acceleration 
Sensor)

The endocardial acceleration technology and the meaning of the 
SonR signal have been widely described elsewhere.16 This technology 
was preliminarly tested onboard on dual-chamber pacemakers, with 
a dedicated lead (equipped with the sensor in the tip) implanted in 
the right ventricle.

Essentially, an endocardial acceleration sensor picks-up myocardial 
vibrations mostly corresponding to the isovolumic contraction and 
relaxation phases. The SonR signal mirrors the amplitude of those 
vibrations, mimicking the content of a heart sounds recording (pho-
nocardiogram); the amplitude of the SonR signal has been shown 
well-correlated with the LVdP/dt,17 a marker of global myocardial 
contractility, in a variety of clinical conditions (healthy hearts, HF 
patients, induced ischemia, sinus rhythm and atrial fibrillation).

The correlation between SonR signal and LVdP/dt has been also 
shown independent upon the lead position: the latest generation of 
SonR system consists of a CRT-D (D = defibrillator) connected with 
an atrial dedicated lead.18,19

Another interesting ancillary finding of this trial was highlighted 
in a subgroup analysis: a significantly higher proportion of patients 
receiving primarily LV-only pacing (those with LBBB and no AV-
block) had an improved clinical outcome vs. comparable patients 
from the echo-optimized arm.

In an attempt to further underline the relevance of an ambulatory 
optimization, results from a retrospective analysis were later report-
ed15 to compare clinical outcomes from the use of the algorithm vs. 
those from historical CRT cohorts. In this analysis (Figure 2) the 
algorithm shows a remarkable superiority at 6-month FU (rate of 
clinical response: 74% Adaptive-CRT vs 62% weighted average in 
historical CRT cohorts), leading authors to conclude that “the al-
gorithm may be associated with additional improvement in clinical 
response compared with historical CRT”.

Trying to explain such an impressive difference in outcomes, the 
authors suggest two main contributing factors in favor of the algo-
rithm: a) ambulatory optimization (continuous re-adjustment of 
optimal AV and VV values); b) automatic switch between standard 
biventricular pacing and LV-only pacing (looking for fusion between 
LV pacing and spontaneous RV activation).

Once again, due to the severe disclosed limitations (short-term 
FU, missing 5% of the CRT-D device interrogations in the treat-

Figure 3:

Left panel: effects of AV-synchrony on the SonR signal, given by the overlapping effects of contractility (LVdP/dt max) and mitral leaflets 
movements on myocardial vibrations; this model allows to determine the optimal AVD by simply modulating the AV timings and interpolating 
the corresponding SonR curve. The optimal AVD corresponds to the inflection point of the SonR-sigmoid (green-curve).
Right panel: effects of VV-synchrony on the SonR signal. For each VV delay, the SonR algorithm carries-out an AVD scanning, to determine 
which ventricular resynchronization configuration (VVD) provides with the maximum area under the curve (corresponding to the “best 
average contractility” over a spectrum of real-life variable filling conditions).
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After implant and before hospital discharge, patients were 1:1 ran-
domized into: a) SonR group: weekly automatic CRT optimization 
function ON; or b) Control group: patient management according to 
clinical practice and SonR automatic optimization function OFF. In 
the Control group the option to optimize (yes/no) CRT settings at 
FU visits (pre-discharge, 3-month, 6-month, 12-month) was left to 
physicians’ discretion, as well as the optimization method to be used 
(alternative to SonR).

Data were gathered from n=268 included patients. Among them, 
n=238 have been randomized after implant. By analyzing data with 
an ITT (Intention-To-Treat) approach, n = 100 patients of the SonR 
group were compared with n = 99 patients in the Control group (Fig-
ure 4). The primary clinical endpoint was measured at 12-month FU 
visit:20 a statistically significant difference was observed in favor of 
the SonR group (delta clinical response 14%: 76% SonR group vs. 
62% Control group, p=0.0284, corresponding to a 23% relative clini-
cal improvement in the SonR vs Control group).

Among the components of the Packer’s endpoint (Figure 4), the 
clinical superiority observed in the SonR group was substantially 
driven by the NYHA class, which wasn’t assessed by a blinded cli-
nician. On the contrary, looking at hard components of the clinical 
endpoint (all-cause death and HF events), there is no significant dif-
ference among study groups (the pilot study wasn’t clearly powered 
enough to this purpose).
The Ongoing “Respond-CRT” Trail

The latest SonR technology (released Sept. 2011: Paradym RF 
SonR CRT-D with atrial SonRtip lead; Sorin Group, Saluggia-VC, 
Italy) shows superior performance vs. previous releases, in terms of 
sensor reliability and algorithm robustness. A large-scale random-
ized double-blinded trial (RESPOND-CRT; clinicaltrials.gov id.: 

The SonR signal derived from the sensor is transferred to and 
processed by the CRT-D software, allowing the extraction of signal 
features. Among various potential clinical applications, an algorithm 
has been developed for a repeatable automatic AVD and VVD values 
optimization in CRT devices.16

The SonR automatic optimization function (see Figure 3) allows 
to weekly optimize the VVD at rest, and the AVD values at rest and 
under effort (in atrial sensed or paced conditions), in order to get 
an optimal ventricular filling during daily life of recipient patients 
(not only in resting conditions). The whole optimization procedure 
can be carried-out during in-clinic FU visits (as for all the other 
device-based methods), but the clinician-user may also activate the 
function (CRT optimization = ON) so that the device automatically 
repeats the full optimization procedure on a weekly basis. 

The automatic iteration of the optimization procedure is fully 
transparent to the user. The “one-button” feature makes this function 
extremely easy-to-use in the clinical practice.
Clinical Impact Of The SONR Hemodynamic Method

The CLEAR pilot study (run between 2004 and 2009 years) aimed 
to preliminarly compare the clinical outcome resulting from routine 
practice of the implanting Centers (SonR sensor OFF) vs frequent 
automatic optimization (SonR sensor ON).

Patients with CRT indications under optimal medical therapy 
(2003 Pacing/CRT Guidelines) in sinus rhythm, NYHA class III/
IV and documented cardiac dyssynchrony, have been implanted with 
a CRT-P (P = pacemaker) system equipped with a SonR endocar-
dial acceleration sensor realized into the tip of a right-ventricular 
lead (BEST sensor, Sorin Biomedica, Saluggia - Italy). The primary 
endpoint of the CLEAR study was Packer’s clinical criterion,12 com-
bining all-cause death, HF events, NYHA functional class and QoL.

Figure 4:
Endpoints at 12-month follow-up visit observed in the CLEAR pilot study and related authors’ conclusions. The rate of clinical responders 
(Packer’s combined criterion) significantly differs among the two groups. Other hystograms represent secondary endpoints (single 
components of Packer’s endpoint). 
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Do “Frequent Optimizations” Improve Clinical Outcome?
An interesting post-hoc analysis of data from CLEAR patients 

has been recently published,22 with the aim of retrospectively evalu-
ate the impact of the “frequency” of optimization procedures on the 
primary clinical endpoint over long-term FU.

The same n=199 patients considered for the ITT approach20 have 
been retrospectively grouped according to a criterion of “frequent 
optimization” (Frq-Opt) (performed during 3 consecutive FU vis-
its: post-implant, 3-month, 6-month), whatever the method used 
(Echocardio or SonR) vs. “NON-frequent optimization” (Non-Frq-
Opt) (0, 1 or 2 times among the FU visits up to 6 months FU).

Reported results are very intriguing: the frequency of optimization, 
whatever the hemodynamic method used (Echocardio or SonR) as-
sociates with an improved clinical outcome during long-term FU, 
when looking at Packer’s combined endpoint (delta 24%: 85% Frq-
Opt vs. 61% Non-Frq-Opt, p<0.001; 39% relative clinical improve-
ment), or at risk of hard events (Kaplan-Meier curves, risk of all-
cause death and/or HF events at 1-year FU, 54% relative reduction 
Frq-Opt vs. Non-Frq-Opt).

Although the above results have to be very carefully interpreted 
(modest sample size and retrospective nature of data comparison), 
the reported evidences pave the way to develop research programs 
around technologies supporting the concept of “frequent CRT opti-

NCT01534234) started inclusions in January 2012, with a plan to 
stop inclusions at the end of 2014 year. This trial21 is designed to 
prospectively measure the clinical benefit associated with the activa-
tion of the weekly automatic optimization (by using the SonR sen-
sor) in patients with severe HF (NYHA class III or ambulatory class 
IV), sinus rhythm and a CRT-D indication (2012 HF Guidelines, 
class I and IIa). Among patients included in the RESPOND-CRT 
trial (Figure 5), those who are successfully implanted with the full 
SonR system are randomized in pre-discharge phase (ratio 2:1) to 
SonR group (activation of the SonR weekly automatic optimization) 
or Echo group (single Echo-optimization at pre-discharge; SonR 
weekly automatic optimization OFF). The clinical outcome is mea-
sured through the combined Packer’s endpoint, with a clinical judg-
ment derived by a double-blinded approach.

In order to be powered enough to show significant differences in 
terms of clinical outcome, n=1032 patients will be included in rough-
ly 115 Centers worldwide (Europe, USA, Australia): a test of non-in-
feriority is planned at 12-month FU among study groups (SonR vs 
Echo). If the non-inferiority test is successfully reached, a superiority 
test will be also run on the same timeline (12-month FU visit), in 
order to show that an approach with a very frequent optimization 
of CRT settings leads to superior clinical outcome when compared 
with a single echo-optimization strategy.

Figure 5:

Design of the prospective randomized double-blinded RESPOND-CRT trial. Patients are 2:1 randomized (respectively) to: left arm) activation 
of the SonR automatic CRT settings optimization function; right arm) single echo-optimization of CRT settings soon after implant (before 
hospital discharge) without activating the SonR automatic function. Clinical judgment during 2-year follow-up is provided by an independent 
group of blinded investigators.
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of the automatic SonR-based hemodynamic method over long-term 
FU.
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mization” as a gold-standard in the clinical practice of CRT patients 
management.

When testing CRT settings optimization approaches from a long-
term clinical standpoint, a barely qualitative comparison of the most 
significant experiences (mostly FREEDOM and CLEAR; popula-
tions not fully overlapping, though basically consisting of patients 
with sinus rhythm and advanced HF in NYHA class III/IV) suggest 
that using hemodynamic methods and frequently re-assessing op-
timal CRT settings could contribute to improve the rate of clinical 
response over long-term FU vs. IEGM methods or standard clinical 
practice (Figure 6). Of course, this “feeling” must be confirmed by 
conducting dedicated prospective trials in homogeneous populations, 
powered enough to get statistical significance.
Conclusion:

In patients treated with CRT, procedures to optimize device set-
tings have been shown to acutely improve hemodynamics. Echocar-
diography still remains the gold-standard method to optimize CRT 
settings, despite several limitations (time- & resource-consuming, 
limited reproducibility, intra- & inter-operator dependency, difficult 
to be repeated over-time) making it only occasionally applicable to 
the routine clinical management of all CRT patients.

Device-based methods using IEGM formulas lead to significant 
result of non-inferiority (clinical and/or hemodynamic) vs. clinical 
practice or traditional echocardiography methods. The use of the 
automatic hemodynamic SonR-based method (endocardial acceler-
ation sensor, correlated with LVdP/dt max, marker of global myo-
cardial contractility) in the CLEAR pilot study portends a certain 
degree of clinical superiority vs. clinical practice. A post-hoc analysis 
in the same group of CLEAR patients suggests, despite the retro-
spective nature of this comparison, that a frequent optimization of 
CRT settings associates with an improved clinical outcome over 
long-term FU.

A significant contribution will be given by the ongoing “RE-
SPOND-CRT” trial, whose goal is to prospectively assess (on a 
large-scale and with a double-blinded approach) the clinical impact 

Figure 6:

Rate of clinical response at 12-month follow-up (Packer’s combined 
criterion) among group of CRT patients in the CLEAR and FREEDOM 
trials. The comparison is purely qualitative (different populations, 
different study design, etc.); however, the overall impression is 
that a systematic optimization (ambulatory repeated procedures 
over time) provide patients with a better clinical outcome (to be 
prospectively confirmed by ongoing trials). 
References: CLEAR ITT (Intention-To-Treat), ref. 20; FREEDOM, ref. 11; 
CLEAR post-hoc, ref.22
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Conference writing group recommended that pediatric electrophys-
iologists use a cut off of approximately 5 years of age and 15 kg for 
elective ablation procedures.5 More specifically ablation is reasona-
ble (Class IIB) for patients > 5 years old as an alternative to medi-
cal therapy. Some younger patients however may have arrhythmias 
that are challenging to control with antiarrhythmic medications. In 
such cases the complication rate of the ablation procedure must be 
weighed against the morbidity and frequency of tachycardia for each 
case. The NASPE writing group stated that ablation was reasonable 
(class IIB) in patients < 5 years old (including infants) “when anti-
arrhythmic medications, including sotalol and amiodarone, are not 
effective or associated with intolerable side effects”.5 However, the 
technical challenges of ablation in these patients require modification 
of the usual techniques and special biophysical considerations of the 
technology.
Small Children 1-5 Years

In smaller patients vascular access is challenging and procedures 
are usually modified and performed with fewer catheters (2-3) than 
for larger patients.9,10,11 Several alternatives include 1. Utilizing a 
transesophageal catheter to pace the left atrium and provide atrial 
and ventricular electrograms. 2. Using smaller 5 French radiofre-
quency ablation catheters. 3. Using alternative ablation catheter en-
try and course in reaching challenging substrates. Examples include 
RIJ access for right atrial anterior and anterior septal substrates and 
prolapsing a loop of the ablation catheter across the tricuspid valve 
to facilitate better catheter stability for right free wall substrates.12 

Long sheaths are utilized for trans-septal access and also act as a 
platform for catheter stability and manipulation; however, precurved 
sheaths designed for larger hearts are often difficult to utilize in small 
patients.

The most common serious complications from pediatric radiofre-
quency ablation reported to the above mentioned registry are com-
plete heart block, thrombus formation and cardiac perforation.4,5,6 

Death is very rare (0.12 %) and more frequent with small patient size, 
left sided procedures and greater number of ablation lesions, but was 
not found to be related to operator experience.13 Over the course of 

Introduction
The first pediatric radiofrequency ablations for cardiac arrhythmias 

were performed in the early 1990s.1,2,3,4 Since then the safety and 
efficacy of catheter ablation has led to it being considered a first line 
treatment for many pediatric arrhythmia disorders.5 Ablation offers 
a high acute and chronic success rate with low risk of complica-
tions.6,7 While the technology used in pediatric ablation procedures 
is the same as for adult procedures, pediatric patients come with 
unique challenges. Smaller patient size is an obvious challenge and 
patients with congenital heart disease have varied intracardiac and 
venous anatomy creating additional unique challenges. Arrhythmia 
substrates in pediatrics are similar to those found in adult patients, 
however the presentation and distribution of the specific substrates 
are different.8 Supraventricular tachycardia accounts for the majority 
of arrhythmias in children and accessory pathways make up about 
75% of cases in older children and 95% in infants. AV nodal reentry 
tachycardia and ectopic atrial tachycardia account for the remain-
der with only rare occurrences of typical atrial flutter and ventricular 
tachycardia.8 In patients with repaired or palliated congenital heart 
disease scar related macro reentrant tachycardia predominates usually 
occurring in the right atrium and right ventricle. These differences 
coupled with anatomic challenges require special care and caution.
Small Patient Size

A large pediatric ablation registry reported that the complication 
rate of pediatric ablation procedures was highest for patients less 
than 15 kg in weight.4,6 Given this data the North American Soci-
ety of Pacing and Electrophysiology (NASPE) Expert Consensus 
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mainstay of catheter ablation in pediatrics except for right septal and 
coronary sinus substrates. In patients with normal cardiac anatomy 
standard 4mm tip catheters are all that is usually required. Large tip 
RF catheters and irrigated tip catheters are rarely needed in small 
patients however special circumstances may require their use. Giv-
en the possibility of lesion growth23 in small patients extra caution 
should be used and trial of other techniques such as different cathe-
ter orientation, long sheaths or cryoablation should be utilized first. 
Cryoablation has been shown to create larger lesions in low blood 
flow situations such as in the coronary sinus and in the atrial append-
ages.24,25,26,27 Accessory pathway substrates and ectopic foci in these 
locations may be more amenable to cryoablation than standard 4mm 
tip RF ablation when power delivery is limited.
Infants

Ablation procedures have been performed successfully in small in-
fants but with a higher morbidity and mortality directly related to 
the procedure. During infancy ablation should be reserved for dire 
circumstances in which adequate arrhythmia control cannot be ob-
tained with a sufficient trial of multiple and combinations of antiar-
rhythmic medications. 9,10,11,28

Radiation Exposure
Ionizing radiation exposure is of particular importance for pedi-

atric patients especially when considering a lifetime of exposure and 
the possible increased risk of developing malignancy or genetic de-
fect.5,29,30 Radiation safety is also of great importance for procedural 
staff and the ablation operator. With these risks in mind, many pedi-
atric centers are now performing ablations with very little and even 
no fluoroscopy by utilizing 3D mapping systems. Full utilization of 
3D mapping systems allows routine ablation of right sided substrates 
without fluoroscopy.31,32,33 Left sided substrates require either brief 
fluoroscopy during transeptal puncture or other imaging modalities 
such as intracardiac echocardiography (ICE) or trans-esophage-
al echocardiography (TEE) and can be performed with either no 
fluoroscopy or very little fluoroscopy used only during the transeptal 
puncture.34

Congenital Heart Disease
Palliated and repaired congenital heart disease is associated with a 

significant risk of developing arrhythmias. These patients are at risk 
for both atrial and ventricular arrhythmias and while the treatment 
options available are the same as for those with morphologically nor-
mal hearts there are unique differences that present challenges. The 
full breadth of congenital heart disease anatomy is beyond the scope 
of this article however there are arrhythmia associations between var-
ious congenital anomalies that can be discussed and general princi-
ples of an approach to catheter ablation in congenital heart disease 
is outlined. Figure 1 gives an outline of important considerations for 
each patient.
Atrial Arrhythmias

Atrial tachycardia in patients with congenital heart disease is most 
often found in the morphological right atrium. These arrhythmias are 
usually reentrant but can rarely be triggered or micro-reentrant with 
a focal origin.35 Reentrant tachycardia is termed intra-atrial reentrant 
tachycardia or incisional atrial reentrant tachycardia (IART) to dis-
tinguish it from typical right atrial flutter in which there is a similar 
mechanism but more predictable origin. Typical atrial flutter involves 
a reentrant circuit with counterclockwise conduction around the tri-
cuspid valve and is treated by creating a line a block in a critical por-

the registry these complications became rarer with a rate of (4.2%) in 
the first 4193 patients and (3%) in the later 3407 patients.6 Compli-
cations were found to be more common in younger smaller patients 
for both eras. Additional complications not described by the registry 
have also come to light and again are more common in small patients. 
Coronary artery stenosis is reported after RF ablation on the right 
posterior septum and the left mitral annulus.14,15,16 A smaller but pro-
spective and later era registry reported a similar complication rate but 
no deaths in 1776 patients.7 Given the higher rate of complications 
in the smallest patients with radiofrequency ablation we feel cryoab-
lation, which was not available at the time of these registries, should 
be considered and available for procedures in small patients.

Cryoablation provides several advantages that improve safety. 
First, the cryoablation catheter tip adheres to the myocardium and 
eliminates the risk of dislodgement. Second, cryoablation lesions are 
well demarcated and cause little distortion or shrinking of the tissue 
and can be placed within venous structures such as the coronary si-
nus with no reported risk of stenosis.17 Third, and perhaps the most 
useful aspect of cryoablation is the phenomenon of “cryomapping”. 
As the temperature of the tissue cools the conduction properties of 
the tissue terminate while the tissue remains viable. There is a longer 
safety window between the reversible electrical effect and loss of tis-
sue viability than with RF ablation.18 Essentially operators can see 
what the catheter is going to do before it is permanent. If the freeze 
is terminated at this point the conduction nproperties of the tissue 
return to what appears to be normal. This property is most useful 
for substrates near the AV node and greatly diminishes the risk of 
inadvertent AV block. While there have been reports of late AV 
block after combination cryoablation and RF ablation for AVNRT 
and reports of first degree AV block, temporary second degree AV 
block, and permanent right bundle branch block, there have been no 
reported cases of permanent inadvertent AV block from cryoablation 
alone.19,20,21 A multicenter study of cryoablation in patients less than 
5 years old and 15kg confirmed that cryoablation can be performed 
safely in these patients.22

Biophysics Of Catheter Ablation
Understanding the biophysics of catheter ablation can aid in trou-

ble shooting difficult cases. Radiofrequency ablation remains the 

Figure 1: Important Considerations for Abalation Procedures in Congenital 
Heart Disease.
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circuits throughout the atrium with a large proportion (51%) on the 
lateral right atrial wall and (25%) anterior right atrial wall.36,37 Patients 
with Mustard and Senning baffles for transposition of the great arter-
ies were found to have a large proportion (57%) of circuits involving 
the CTI however the presence of the baffle from Inferior vena cava to 
the mitral valve creates further complexity often requiring ablation 
on both sides of the baffle.36,38 In addition to finding and marking the 
AV node special care should be made on the right lateral atrial wall to 
find and mark locations of phrenic nerve stimulation.

Three-dimensional (3D) mapping systems have become an impor-
tant resource for ablations in congenital heart disease.37 These sys-
tems include both contact and noncontact mapping and allow for 
better collection, assimilation, and visualization of arrhythmia data. 
3D mapping not only facilitates success but simplifies ablation pro-
cedures. The newest iterations of contact mapping collect geometry, 
timing and voltage data simultaneously. Noncontact mapping can fa-
cilitate further simplification of the procedure in select patients how-
ever the severely dilated atrium of many congenital heart patients is a 
limiting factor as illustrated in figure 3. Future improvements of non-
contact mapping may eliminate this problem with directable sensing 
electrodes that incorporate contact mapping technology. It is particu-
larly important to make sure the geometry created in the 3D mapping 
system represents the chamber of interest. Often an angiogram is use-
ful to make sure that all areas of these complex and dilated chambers 
are included in the geometry. In the most difficult cases a segmented 
CT or MRI scan can by fused or merged with the geometry collected 
by the 3-D mapping system.

While 3D mapping systems have improved the ability to assimilate 
information and identify corridors of arrhythmia conduction, tra-
ditional techniques of entrainment pacing aid in identifying critical 
areas of arrhythmia circuits. Potential areas for ablation can be eval-
uated and marked with the mapping system and include locations 
of low amplitude fractionated electrograms, local timing preceding 
a discrete p-wave by 50-80 msecs, or areas that demonstrate entrain-

tion of the circuit at the cavo-tricuspid isthmus (CTI). IART may 
also involve the CTI but often involves other areas of slow conduc-
tion to create a reentrant circuit.36 Congenital heart surgery usually 
involves an atriotomy and may include septal patches or intracardiac 
baffles with long suture lines that can create other areas of delayed 
conduction and arrhythmia substrates. Moreover, congenital heart 
patients often have abnormal hemodynamics or varying degrees of 
atrial-ventricular valve leak creating a higher pressure atrium that is 
often dilated, thick and with varying degrees of fibrosis all contribut-
ing to arrhythmia mechanism.

IART is usually slower than typical atrial flutter with cycle lengths 
of 270-450msec and often presents as a 2:1 tachycardia with what 
appear to be discrete p waves rather than the typical saw-tooth pat-
tern of atrial flutter. 35,36 Clinicians should hold a high index of sus-
pension for these arrhythmias when treating patients with CHD. 
Often a mild increase in baseline heart rate and mild symptoms are 
the only clinical indicator of the arrhythmia. ECG will often appear 
to be of an ectopic atrial rhythm or sinus tachycardia when the true 
underlying rhythm is 2:1 conducted IART with the second p wave 
buried in the QRS complex or T wave. Figure 2 is an ECG of a pa-
tient in IART with 2:1 conduction and ventricular rate of 111.

Ablation of IART requires an in depth knowledge of the patients 
anatomy including surgical scars and suture lines and thorough re-
view of the patient’s clinical data and operative reports is essential. 
Special attention should be paid to the location of the conduction 
system that can be located in atypical locations. Care should be taken 
in each ablation case to find and mark the location of the AV node 
and His signals.

While the arrhythmia circuit in these patients can be quite com-
plex, 67% of IART circuits involve the CTI in patients with straight 
forward and repaired CHD such as Tetralogy of Fallot, ASDs and 
VSDs.36,37 In these cases ablation requires similar techniques as typ-
ical atrial flutter. Other more complex congenital heart lesions such 
as single ventricle patients with Fontan palliation were found to have 

Figure 2: ECG of a 28y/o with Noonan’s syndrome ASD and pulmonary valve stenosis post repair in 2:1 IART. Note the discrete p waves and relatively 
slow tachycardia p-p interval of 270 msec.
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ly tolerated with hemodynamic instability in moderately and severely 
affected patients. The atrialized portion of the AV grove complicates 
catheter ablation. This anatomy makes it difficult to locate the true 
AV annulus and results in fractionated electrical signals around pseu-
do annulus that are difficult to differentiate from areas of true acces-
sory pathway conduction. The use of 3D mapping system is essential 
and can be utilized to create a detailed geometry of the AV groove. 
If necessary this can be correlated with right coronary angiography 
to identify the right AV annulus.8,42 There are also reports of using a 
small multipolar electrode wire within the right coronary to mark the 
AV groove and provide electrogram data similar to a coronary sinus 
catheter for left sided accessory pathways.43 However this electrode 
wire is not currently manufactured and is of limited use in patients 
with small right coronary diameter. Even with careful mapping suc-
cessful ablation in these patients may require persistence and multi-
ple test ablations to find a successful site.8

Baffles And Fontans
Intracardiac baffles found in patients with Mustard and Senning 

palliation of transposition of the great arteries and in variations of 
the Fontan procedure present an artificial barrier to catheter ma-
nipulation. In some of these patients components of an arrhythmia 
circuit may be located on the pulmonary venous or both sides of the 
baffle. In these cases there are two options for catheter placement on 
the other side of the baffle including the retrograde approach and 
a transbaffle approach similar to performing a transeptal puncture 
for left atrial access in patients with normal cardiac anatomy. De-
pending on the anatomy one or both of these approaches may best 
facilitate success. For both techniques a detailed understanding of 
the patients anatomy is needed and review of imaging studies such 

ment (post pacing intervals – tachycardia cycle length <= 30 msec, 
perfect concealed entrainment, or electrogram to p time = stimulus 
to p time).35,39 Without these techniques success can be limited in all 
but the simplest cases.
Special Anatomic Considerations
AV Node

The location of the AV node is tied to the tricuspid valve and right 
atrial septum but can be altered into seemingly unusual positions in 
congenital heart patients. Examples of abnormal location include a 
posterior deviation in patients with AV septal (AV canal) defects, 
anterior deviation and double AV nodes in congenitally corrected 
transposition of the great arteries, and positioned in the floor of the 
blind right atrium in tricuspid atresia.40 Because of these unusual lo-
cations it is important to locate the bundle of His and the location 
of the AV node prior to proceeding with ablation. Location can be 
identified and marked on the 3D mapping geometry. This is most 
important in patients with single ventricle palliation where inadvert-
ent heart block and the need for long term pacing would require 
epicardial pacing lead placement.
Ebstein Anomaly

Ebstein anomaly is a specific defect that consists of an inferior 
displacement of the septal and posterior leaflets of the tricuspid valve 
and results in an atrialized portion of the right ventricle.41 The range 
of severity extends from mild tricuspid displacement to severe dis-
placement resulting in little right ventricular myocardium. In the 
more severe forms of Ebstein anomaly there is usually associated se-
vere right atrial dilation and AV valve regurgitation. Manifest acces-
sory pathways (WPW) are seen in approximately 21% with multiple 
pathways common.8,41 The supraventricular tachycardia may be poor-

Figure 3:

3D mapping of a severely dilated right atrium in a 28 year old male with Ebstein Anomaly who is post tricuspid valve replacement and right 
atrial maze. The first panel shows a noncontact mapping image displaying the areas out of the 4cm accuracy range in red. The second 
panel shows a contact mapping geometry. In this case contact mapping revealed that the low voltage area and scar likely created by a right 
atrial maze procedure was a target for ablation that was out of range for noncontact mapping. Ablation in this area with a large (8mm) tip 
RF catheter resulted in arrhythmia termination, non-induciblilty and bidirectional conduction block.
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the catheter tip to facilitate increased power delivery for a given tip 
temperature. Increasing ablation power increases the current density 
within the tissue creating more resistive tissue heating and pushes 
the zone of ablation deeper with in the tissue. Studies show that both 
large tip and irrigated tip ablation were superior to standard 4mm tip 
catheters in ablation of IART.51,52 Irrigated tip catheters are likely to 
give superior lesion size in areas of low blood flow53 but careful fluid 
balance should be maintained with external irrigation catheters in 
congenital heart patients that may be more susceptible to the dele-
terious effects of volume overload. Figure 4 shows a comparison of 
irrigated tip ablation to large tip ablation at various flow rates.

Cryoablation may also be a useful tool for ablation in areas of low 
blood flow and several studies demonstrate that larger lesions are cre-
ated in low blood flow situations.24,25 However, the longer ablation 
times and inability to drag the cryo-catheter for ablation lines limits 
it use for substrates that require multiple lesions but focal arrhyth-
mias may be more amenable to cryoablation in areas of low blood 
flow. Figure 5 shows comparative lesions of large tip cryoablation and 
large tip RF ablation at various flow rates.
Summary

Unique anatomic variation, small patient size, and unusual sub-
strates for tachyarrhythmia make catheter ablation procedures in 
pediatrics and congenital heart disease challenging. It is important 
to understand these challenges and proceed with flexibility in trying 
alternative approaches and technology to perform safe and effective 
procedures.
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Abstract
The benefits of cardiac imaging are immense, and modern cardiac electrophysiology (EP) requires the extensive and versatile use of a 

variety of cardiac imaging and radiology-based techniques. In the cardiac electrophysiology lab, doses can range around a reference effective 
dose (ED) of 15 milliSievert corresponding to 750 chest x-rays for a cardiac radiofrequency ablation, ranging from less than 2 to > 60 mSv. 
The reference dose for a regular pacemaker or ICD implant  is 4 mSv (range 1.4-17) and for a CRT implant is 22 mSv (range 2.2-95).   Doses 
on the order of  magnitude of 10-100 milliSievert (mSv) correspond to a low (albeit definite, not negligible) additional lifetime risk of fatal and 
non-fatal cancer from between 1 in 1000 (10 mSv) to 1 in 100 (100 mSv). The increasing use and complexity of cardiac electrophysiology 
techniques have not been matched by increasing awareness and knowledge by prescribers and practitioners. The protection of doctors is just 
as important as protection of patients. Most experienced (and most exposed) interventional cardiologists and electrophysiologists have an 
exposure per annum of around 5 mSv, two to three times higher than diagnostic radiologists, with a typical cumulative lifetime attributable 
risk on the order of magnitude of 1 cancer (fatal and non-fatal) per 100 exposed subjects. Operator dose per procedure correlates somewhat 
with the patient dose, but may be typically 1000 times lower depending upon the shielding employed (one unit of incidence scatter dose 
for the operator when 1000 units of incident dose are given to the patient). However, adequate radiation protection training and diligent 
protection can reduce this radiation exposure by 90%.

The priority given to radioprotection in every cardiology department is an effective strategy for primary prevention of cancer, a strong 
indicator of the quality of the cardiology division, and the most effective shielding for enhancing the safety of patients, doctors, and staff. 
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Introduction
Over the last 20 years, interventional electrophysiology (EP) has 

expanded significantly, in the field of diagnostic studies, ablations, 
and device implantation. Most of their interventions are performed 
under fluoroscopic guidance. Therefore, effective dose (ED) to pa-
tient of EP procedures can range anywhere from 1 to 100 milliSievert 
(mSv), equivalent to a radiological risk corresponding to 50 to 5000 
chest x-rays. The occupational exposure of cardiac electrophysiolo-
gists can be two to three times higher than that of diagnostic radiol-
ogists.1 The increasing use and complexity of EP techniques have not 
been matched by increasing awareness and knowledge by prescribers 
and practitioners. Most doctors – including cardiac electrophysiolo-
gists and invasive cardiologists – grossly underestimate the radiation 

doses for most commonly requested tests.2, 3 However, this knowl-
edge is crucial for several reasons. First, the dose is proportional to 
long-term cancer risk, and therefore it is necessary to be  aware of the 
dose in order  to perform a proper risk-benefit assessment, quintes-
sential for evaluating the appropriateness of any given test or proce-
dure. Second, knowing the  dose is necessary in order to apply  dose 
optimization, intended to achieve the desired diagnostic information 
or therapeutic benefit with the lowest necessary dose. Third, radiation 
awareness is essential  for  better protection of cardiac electro-physi-
ologists and staff (technicians and nurses), since simple radioprotec-
tion knowledge can reduce occupational exposure by tenfold, making 
one’s  professional life longer and healthier. These are three excellent 
reasons to pursue a policy of radioprotection in the EP lab.
Deterministic And Stochastic Risks In The EP Lab

There are two main biological effects of radiation (Table 1): tissue 
reactions (deterministic effects), which occur when the radiation dose 
exceeds a specific threshold and become evident days to months af-
ter exposure as a predictable change in tissue occurs, and stochastic 
effects, which relate to the potential for future harm to the tissue and 
the body.3, 4

Deterministic (tissue reaction) effects of most concern for patients 
and operators include skin injuries (reported in patients during long, 
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es DNA molecules either directly (though ionization of DNA mol-
ecule) or indirectly (through generation of free radicals and reactive 
oxygen species in the surrounding medium). Cancer may occur after 
a latency period of many years. Reducing the risk of cancer is at the 
core of the radioprotection system for patient and staff.
Radiation Doses

The radiation doses of common EP examinations are reported in 
Table 2. As a reference dose, a conventional chest radiography (single 

repeated and complicated interventional procedures). The severity of 
tissue reactions, rather than probability of occurrence, is proportional 
to the dose imparted to the tissue. Patient skin injuries may occur 
when fluoroscopic procedures exceed 20 min, using high-contrast 
fluoroscopy mode, or 60 min in low-level fluoroscopy. Tissue injury 
following fluoroscopic guided procedures remains asymptomatic and 
is often unrecognized as it occurs weeks after the procedure. They 
usually occur on the patient’s back (where the x-rays are delivered) 
and many severe cases come to light only through litigation. A case 
is filed in the US courts every 4 to 5 weeks by patients who have 
suffered such injuries.

The lens is a radiosensitive tissue, and thus cataract formation is the 
primary ocular complication associated with ionizing radiation expo-
sure for both patients and doctors. Until recently, the dose threshold 
for radiation-induced lens opacities was considered 2 Gy for a sin-
gle dose or 5 Gy for fractionated dose. Currently, radiation-induced 
cataract, previously thought to be deterministic (tissue reaction), is 
now recognized to be  possibly stochastic in nature,  occurring at a 
much lower radiation exposure level than previously thought. Indeed, 
several epidemiological studies showed  an increased incidence of 
lens opacities at doses below 0.5 Gy. Accordingly, on April 21, 2011 
the International Commission on Radiological Protection (ICRP) 
slashed the earlier dose limit of 150 mSv in a year for the lens of the 
eye, to the present 20 mSv in a year, averaged over a defined period of 
5 years, with no single year exceeding 50 mSv. Eye cataracts, with the 
radiation-specific type of posterior sub-capsular opacities, can be ob-
served in one-third of staff after 30 years of work – as a consequence 
of lack of specific protection and too-permissive limits allowed for 
the current generation of workers up to 2011.5

The stochastic effect of most concern is a carcinogenic effect (in 
both exposed patients and doctors). It occurs when the cell is modi-
fied by damage to its DNA but remains viable, the  harm eventually 
being expressed through cell proliferation. Ionizing radiation damag-

Table 1: Biological effects of ionizing radiation 

Tissue reactions 
(“deterministic”)

Chance damage
 (“probabilistic”)

Dose level Medium to high Any

Latency period Short (days or weeks) Long (years))

Threshold dose Yes No

Biological mechanism Predominantly cell death Cell damage

Sample clinical effects Skin lesions Cancer 

Table 2: Doses of common examinations in the EP lab

Cardiac 
electrophysiology

Effective dose (mSv) Equivalent CXRs

Diagnostic EP studies 3.2 (1.3–23.9) 160

Ablation procedure 15.2 (1.6–59.6) 760

AF 16.6 (6.6–59.2) 830

AT-AVNRT-AVRT 4.4 (1.6–25) 220

VT 12.5 (3 to ≥45) 625

Regular PM or ICD 
implant

4 (1.4–17) 200

CRT implant 22 (2.2–95) 1100

AF: atrial fibrillation; AT: atrial tachycardia; VT: ventricular tachycardia; CRT: Cardiac 
Resynchronization therapy

Table 3: Biological effects of ionizing radiation 

Radiology

KAP in adults mSv = KAP (Gy cm2) × 0.2

KAP in 15-year-olds mSv = KAP (Gy cm2) × 0.4

KAP in 5-year-olds mSv = KAP (Gy cm2) × 1.0

KAP in 1-year-olds mSv = KAP (Gy cm2) × 1.9

KAP in newborns mSv = KAP (Gy cm2) × 3.7

KAP: Kerma Area Product

Table 4: Factors modulating doses in the cardiac EP lab

Lower doses Higher doses

Operator-dependent Operator background Expert Beginner

Training with the 
simulator

Yes No

Awareness Radiation aware Radiation 
unaware

Written report Includes KAP Omits KAP

Projection RAO AP or LAO

Pulsed fluoroscopy Low rate (≤ 6 fps) High rate (> 12.5 
fps)

Cine duration Short Long

Cine substitution by 
stored fluoroscopy

Yes No

Fluoroscopy during 
catheter withdrawal

No Yes

Collimation Optimized, and 
adapted

Wide open, and 
fixed throughout 
the procedure

Pelvic radiation Avoided During 
introduction and  
removal of the 
catheters

Anesthesiologists/AP Allowed to halt the 
procedure

Also exposed 
when in close 
proximity

Patient-dependent Body habitus Lean Obese

Arrhythmic lesion to be 
ablated

Supraventricular 
tachycardia

Atrial fibrillation 
or VT

Technology-dependent X-ray system Tuned for the EP, 
inspected for QC and 
maintained

No specific EP 
settings, not 
tested, not 
maintained

Combination with 
the CT
(pre-procedural/
rotational)

No Yes

Non-fluoroscopic 
mapping systems

Yes (Ensite; Carto; 
and Mediguide)

No

Shielding Above and below the 
table; cabin

Minimal, only 
above the table

RAO: Right Anterior Oblique projection; LAO: left Anterior Oblique projection; KAP: Kerma Area 
Product; QC: quality control
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exposed to radiation -twice as much compared to the right side.10

Operator dose per procedure correlates somewhat with the pa-
tient dose, but may be typically 1000 times lower depending upon 
the shielding employed (one unit of incidence scatter dose for the 
operator when 1000 units of incidence dose are given to the patient). 
However, adequate radiation protection training and diligent protec-
tion can reduce this radiation exposure by 90%.10

The Order Of Magnitude And Risks
A cumulative ED of 100 mSv  may be  reached by a patient after 

four ablation procedures plus two or three CT’s, with an extra-risk 
of cancer of 1 in 100 (Fig. 1). The same  cumulative dose of 100 mSv 
can be reached by an experienced EP after 30 years of work (Fig 2). 
This is a “population” risk, and the true individual risk is dictated – as 
always in medicine – by genetic and environmental  factors. For in-
stance, the average dose of 15 mSv confers a risk of one extra-cancer 
in every 750 exposed 50-year old male patients, but the risk is 38% 
higher in women, must be multiplied by 4 in children, and reduced 
by 50% in an 80-year-old man. The risk is higher in presence of some 
unfavorable polymorphisms of genes involved in DNA repair and 
in presence of other environmental carcinogens such as smoking. 
The risk can probably be reduced with chemoprotective strategies, 
for instance with anti-oxidant cocktails,11 although the cost-benefit 
assessment of these strategies remains unsettled.

The use of fluoroscopy during invasive fluoroscopy intervention 
(such as catheter radiofrequency ablation) is likely to result in a small 
increase in the lifetime risk of a fatal malignancy, and the most likely 
malignancies will be lung, bone marrow (leukemia) and the breast, 
the organs exposed to the maximum amount of radiation.12

The risk may be acceptable when flanked  with a documented or 
expected benefit, but it is not negligible, and should be spelled out in 

postero-anterior projection) corresponds to 0.02 mSv; a diagnostic 
coronary angiography to 7 mSv (range 2-16); a percutaneous cor-
onary angioplasty to 15 mSv (7-57); a 64-slice coronary CT to 15 
mSv (3-32) and a Sestamibi Myocardial Perfusion Scintigraphy to 
9.4 mSv.

On the display of the equipment,  values are usually reported as a 
dose-area product (DAP) or Kerma-area products (KAP)  indicat-
ing total energy impacting the patient for a given EP procedure. As 
a general rule, ED can be estimated approximately as follows: ED 
(mSv)= DAP (Gy x cm2) x 0.2 (mSv/Gy cm2). The conversion factor 
(from DAP to mSv) is age-specific, and increases with decreasing 
age (Table 3). Consequently, DAP quantity represents a relevant do-
simetry index, the value of which should be optimized against the 
diagnostic reference level, which varies for each procedure and can be 
used as a tool to comply with the ALARA (As Low As Reasonably 
Achievable) principle.

The introduction of non-radiology-based methods of cardiac map-
ping and co-registration of CMR images of the target structures (for 
instance, the left atrium) could dramatically reduce these doses. The 
many factors modulating the dose in the EP lab are summarized in 
Table 4 and can reduce the dose by a factor of 10 to 100.
Protection Of Personnel

Protection of doctors is just as important as the protection of pa-
tients. Most experienced (and most exposed) cardiac electrophysi-
ologists have an exposure per annum of around 5 mSv, two to three 
times higher than diagnostic radiologists, with a typical cumulative 
lifetime attributable risk on the order of magnitude of 1 cancer (fatal 
and non-fatal) per 100 exposed subjects.6, 7  The excess cancer risk 
may involve more exposed and less well protected organs, such as 
skin cancer, leukemia, breast cancer in females, and brain cancer.8 
More dose corresponds to greater cancer risk, and recent observa-
tional case series described a disproportionate number of tumors in 
the left side of the brain,9 the region of the head known to be more 

Figure 1:

The dose-effect relationship between radiation exposure and 
cancer risk over background levels. The solid line indicates the 
epidemiological evidence, which is conclusive for doses > 50 mSv, 
and recently expanded with the publication of two medical cohorts 
of over 800,000 children who underwent   CT in Australia and UK. 
The cumulative dose of 100 mSv corresponds to a 1% extra-risk 
of cancer over baseline and can be reached after three serial EP 
procedures and two CTs.

Figure 2:

The risk model for the Biological Effects of Ionizing Radiation 
Committee VII for exposure to low-level radiation predict that about 
one (red star) out of 100 people would likely develop solid cancer or 
leukemia from an exposure of 100 mSv above background. About 
42 additional people (yellow circles) in the same group would be 
expected to develop solid cancer or leukemia from other causes. 
Roughly half of these cancers would result in death. This dose of 
100 mSv is reached by 5% of patients in a single cardiac ablation 
or coronary angiography procedure. [Modified and adapted from 
ref 6: BEIR VII Health Risks from Exposure to Low levels of Ionizing 
Radiation, Phase 2. dels-old.nas.edu/dels/rpt_briefs/beir_vii_final.
pdf.]
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Italian study population will involve 500 exposed interventional car-
diologists and staff (technicians and nurses) evaluated by a molecular 
epidemiology approach to assess “early warning signs” of brain and 
vascular aging (Tab. 6). The EP community might decide to join in, 
since the safety issue is vital for EP doctors and patients.

For the industry, there is  growing interest not only in new tech-
niques with near-zero exposure based on non-fluoroscopic naviga-
tion, but also for new textile materials for better and more ergonomic 
shielding for patients and doctors, also based on novel alloys and na-
no-technology.  

Finally, the patient will benefit from these innovations, since in the 
end  radiation doses will drop and the benefit will remain the same, 
making the  EP lab a safer place.5 
Conclusion:

The advent of radioprotection culture in the EP lab is a unique 
opportunity for today’s generation of professionals, who have the re-
sponsibility to change time-honored practices that increase the risk 
to patients and to us  without any benefit. The key messages are sim-
ple and direct:

1. Attention to radioprotection is one aspect – and not the least 
important – of good practice of EP.

2. Protecting the patient from an unjustified or unoptimized dose 
is the best way to protect yourself and your staff.

3. Before the exam, both you and the patient should know the ex-
pected delivered dose (which is directly proportional to the long-
term risk).

4. During the exam, make every effort to keep the dose as low as 
possible.

5. After the exam, write the dose down in the records. You and your  
patient need to know it, because short-term (weeks or months) de-
terministic (skin ulcers) and long-term (years or decades) stochastic 
(cancer) risk depend on it.

And finally: a smart EP cannot be afraid of radiation, but must be 
very afraid of radiation unawareness.
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Novel Opportunities In The EP Lab
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techniques will soon lead to a dramatic reduction in  delivered doses 
to patients and also to the operator.  

For the researcher, it is essential to move from the current evi-
dence-poor to an evidence-rich milieu, with data directly linking 
radiation exposure to cancer and non-cancer (including arterial and 
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Table 5: Terminology that should be used 

Investigation (example) Effective dose range Additional lifetime risk of fatal and non-fatal 
cancer

RCR symbolic representation Proposed risk term

CXR <0.1 mSv 1 in 1 million  to 1 in 100 000

 

Negligible

Abdominal X-ray 0.1-1 mSv 1 in 100 000  to 1 in 10 000 Minimal

Chest CT 1-10 mSv 1 in 10 000  to 1 in 1 000 Very low

PCI 10-100 mSv 1 in 1 000  to 1 in 100 Low

Table 6: Ongoing studies on interventional cardiologists and 
electrophysiologists

Main funding NIH and NCI Italian CNR National Research 
Council – IFC, Institute of Clinical 
Physiology

Scientific Societies 
endorsement 

Multispecialty Occupational 
Health Group 

Italian Society of Invasive Cardiology 
(GISE)

Enrolled population •44,000 fluoroscopists 
(interventional 
cardiologists, radiologists, 
neuroradiologists) 
•49,000 non-interventional 
radiologists 
•100,000 non-exposed 
physicians 

•500 exposed interventional 
cardiologists (nurses, technicians) 
•500 non-exposed clinical 
cardiologists (nurses, technicians)

Endpoint Epidemiological clinical 
endpoints (cancer, cataract, 
vascular events) 

Surrogate biomarkers of genetic, 
vascular, reproductive, neurocognitive 
effect

NIH: National Institute of Health; NCI: National Cancer Institute

RCR: Royal College of Radiology. Adapted and modified from ref. 1
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Introduction
Current State Of Fluoroscopy Use In Electrophysiology Labortory

As the first imaging modality of the living human body, X-ray 
fluoroscopic imaging has been the most important technical tool in 
modern medicine (Roentgen). It allowed one to see the inside of the 
body and, after contrast injection, even of soft tissues like the beat-
ing heart.1 To date, most of interventional procedures in cardiology 
are carried out under fluoroscopic imaging guidance. Besides other 
peri-interventional risks, radiation exposure should be considered 
for its stochastic (inducing malignancy) and deterministic effects on 
health (tissue reactions like erythema, hair loss and cataracts).2

Due to increased interventional procedures and imaging studies in 
the last decades, patients are being exposed to a substantial amount of 
radiation over their lifetime. Some procedures like catheter ablation 
of atrial fibrillation frequently requires cardiac computed tomogra-
phy (CT) scan before the intervention and more than one ablation 
procedure, thereby adding a substantial amount of radiation.3 On an 
average, a complex cardiac radiofrequency ablation corresponds to 

750 chest X-rays (range 100–2850).4 Recently, attention has been 
applied to the radiation exposure of the catheter lab staff who expose 
themselves professionally. Being close to the patient during an inter-
ventional procedure, the first hand operator is exposed to scattered 
radiation, whilst other health care professionals are better protected 
by their position at a greater distance to the radiation source and the 
patient itself.5 

Besides the associated X-ray exposure, the main limitation of fluor-
oscopy is that in complex arrhythmias fluoroscopy only provides 
two-dimensional (2D) representations of three dimensional (3D) an-
atomical structures as potentials targets for ablation. With the evolu-
tion of technology, new non fluoroscopic 3D mapping systems from 
the late 1990s have been an alternative to fluoroscopy alone in elec-
trophysiology world. Infact constructing a virtual real time 3D map, 
catheter navigation is facilitated while minimizing or eliminating 
fluoroscopy exposure. New software upgrades to non fluoroscopic 
3D mapping have resulted in very detailed cardiac chambers, poten-
tially eliminating pre-procedure CT imaging.

In this article we analized the radiation risk from cardiovascular 
imaging to both patients and medical staff and discusses how to cus-
tomize the X-ray system and how to implement shielding measures 
in the cath lab. Finally, we reviewed the most recent developments 
and the latest findings in catheter navigation and 3D electronatom-
ical mapping systems that may help to reduce patient and operator 

Abstract
Most of interventional procedures in cardiology are carried out under fluoroscopic imaging guidance. Besides other peri-interventional 

risks, radiation exposure should be considered for its stochastic (inducing malignancy) and deterministic effects on health (tissue reactions 
like erythema, hair loss and cataracts). In this article we analized the radiation risk from cardiovascular imaging to both patients and medical 
staff and discusses how customize the X-ray system and how to implement shielding measures in the cath lab. Finally, we reviewed the 
most recent developments and the latest findings in catheter navigation and 3D electronatomical mapping systems that may help to reduce 
patient and operator exposure.
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per procedure. Despite a significant smaller radiation exposure for 
operators, recent reports have hinted an excess risk of brain tumors 
(predominantly at the more exposed left side) and (left sided) breast 
cancer in female cardiologist.19 Since the stochastic effects are cumu-
lative, a reduction in the use of fluoroscopy would be beneficial also in 
reducing the burden of cumulative effective dose of the cardiologist.
DNA Damage  Upon Ion Radiation: Detection In Patients And 
Hospital Workers

One of the major limits in assessing cancer risk in low radiation 
exposed patients consists in the need of a correct and precise measure 
of radiation-induced DNA damage. The most widely used assay to 
detect DNA damage is the micronucleus (MN) assay. Micronuclei 
are extra-nuclear bodies containing a portion of or a whole chromo-
some which was not carried to the opposite poles during cell division. 
Their formation results in the daughter cell lacking a part of or a 
whole chromosome. After cellular aberrant separation, micronuclei 
normally develop nuclear membranes and form as a third small nu-
cleus. Severe genetic damage can lead to the formation of more than 
one micronucleus.

MN assay has been used by Andreassi et al. in one of the first stud-
ies regarding DNA damage in patients undergoing cardiovascular 
procedures.20 In particular, the researchers performed chromosom-
al damage analysis in 72 patients undergoing invasive interventions 
such as: coronary angiography, percutaneous coronary intervention, 
transluminal angioplasty and cardiac resynchronization therapy. MN 
frequency evaluation after 2 and 24 hours post intervention showed 
a significant rise in DNA damage. In a similar study, MN assay was 
used to assess the entity of radiation induced genetic aberrations in 
18 out of 59 children with complex congenital diseases undergoing 
cardiac catheterization procedures. As in the previously cited study, 
Ait-Ali and coworkers showed a significant increase in MN forma-
tion as soon as 2h after procedures, a result clearly hinting to a great 
need for strict radiation dose optimization in particular in patients of 
young age and with a long life expectancy.21

Recently, additional markers to estimate radiation induced DNA 
damage have been proposed and investigated. In particular, γ-H2AX 
foci immunodetection have been described as a useful and quantita-
tive biomarker of low-level radiation exposure.22 This assay relies on 
the fact that ionizing radiation induces DNA double strand breaks 
(DSB) and, in turn, activates histone H2AX within 3 minutes af-
ter DNA damage, via phosphorylation of Ser 139;23 this particular 
phosphorylated form of H2AX tends to form foci and seems to be 
essential for the DNA damage repair, in addition to having been 
demonstrated to be directly proportional to damage extent (1 focus 
= 1 DNA DSB).24 This assay has been used in a recent work by Beels 
at al. to detect and quantitate DNA damage in pediatric patients 
undergoing cardiac catheterization; the investigators demonstrated 
a net increase in γ-H2AX foci after the procedures, again showing 
the importance of radiological awareness to minimize the possible 
long term oncogenic effects of x-ray exposure.25 Beside currently used 
assays, which are able to directly detect DNA damage induced upon 
irradiation, some new possible biomarkers are being currently pro-
posed to increase the reliability of risk assessment for both patients 
and hospital operators. Indeed, risk assessment based on DNA dam-
age in hospital workers exposed to ionizing radiation has been the 
subject of numerous studies in the past, and both MN and Comet 
assays have been employed.26,27,28,29 Comet Assay (the nickname for 

exposure.
Radiation Risk Associated With Radiofrequency Catheter 
Ablation Procedures 
How To Measure Radiation Exposure?

Fluoroscopy time and Dose Area Product (DAP) are widely used 
to assess the patient risk as reported by several studies, for they are 
rather easy to measure. Nevertheless the first is not even a dosimetric 
quantity, the latter, although somewhat useful to avoid skin injuries 
during prolonged procedures, does not take into account of specif-
ic factors such as the beam geometry with respect to the patient. 
Therefore none of them is adequate to estimate the patient risk. The 
International Commission on Radiological Protection recommends 
the use of the Effective Dose (ED), expressed as Sievert (Sv) or mil-
liSievert (mSv) and usually reported as a range, to estimate the radi-
ation detriment.6,7 Conversely only a small number of RFA studies 
have reported ED estimations. Table 1 reports the studies with 10 
or more patients published between 1994 and 2013 including ED 
estimations in their results.8,9,10,11,12,13,14,15 The average values per sin-
gle procedure felt in the range of 5.7–24.4 mSv, which correspond 
to lifetime attributable cancer risks of 0.02–0.1%. Such values are 
generally considered acceptable, although substantially higher com-
pared to the average ED values of other radiological procedures, and 
may exceed 50–100 mSv in some cases of complicated or repeated 
procedures.

The Committee on the Biological Effects of lonizing Radiation 
(BEIR) proposed a method to assess the risk of cancer incidence and 
mortality from patient dosimetry, dependent on age at exposure and 
gender.16 Figure 1 shows the estimates of life-time attributable risk 
(LAR) in function of the age at exposure for males and females esti-
mated from average effective doses calculated using the values from 
the reported literature (19 mSv). As expected, the risks decreased 
with age at exposure and were higher in females. The average cancer 
risk was 205 cases per 100000 procedures with 89 fatal malignancy 
for exposure-age of 40 years. The risks were almost doubled for expo-
sure-age of 15 years.

The EDs for medical staff are usually significantly smaller com-
pared to patient EDs, since the radiation exposure is lower. Several 
studies published between 1994 and 201314,17,18 reported ED estima-
tions for the medical personnel of RFA procedures. The ED values 
for the first operator were about 2 – 3 orders of magnitude smaller 
than patient EDs and average values varied between 1.8 and 65.6 μSv 

Figure 1:

Lifetime attributable risk of cancer incidence (solid line) and 
mortality (dash-dot line) induced by radiation exposure during RFA 
procedure with the 95% confidence interval confidence interval 
(dashed lines) in function of age at exposure for females (left) and 
males (right), for a mean effective dose of 19.1 mSv per procedure 
estimated from reported literature. 
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in the expression of 28 proteins. Interestingly, the same study evi-
denced radiation induced alterations in the levels of 2 microRNAs, 
miR-146b and -21, the latter being putatively able to target 3 out of 
the 28 radiation-modulated proteins (Desmoglein 1, phosphoglycer-
atemutase and target of Myb protein 1).

Transcriptional regulation in ex-vivo irradiated cells was the focus 
of investigation of Manning and colleagues in a recent study showing 
that both low and high doses of ionizing radiations can modulate the 
expression of specific genes. In particular, the researchers showed a 
dose response effect in the levels of 13 genes that were modulated 
after 2 and/or 24 h post cells irradiation. 

The possible limit of these new approaches consists in the lack of 
data on their possible application for long term cancer risk assess-
ment.
The Growing Culture of Radiation Protection 
Since Vaseline To 3D Technology

Within 12 months of the Röntgen"s discovery of X rays in 1895, 
papers appeared in the literature reporting adverse effects from high 
exposure. Just 1 year after, the American engineer Fuchs gave what 
is generally recognized as the first protection advice: a) make the 
exposure as short as possible, b) do not stand within 30 cm of the 
X-ray tube, and c) coat the skin with Vaseline and leave an extra 
layer on the most exposed area. Thus, within 1 year of dealing with 
radiation, the three basic tenets of practical radiological protection – 
time, distance, and shielding – had been established. Gradually, the 
need of radiation protection led to the foundation of a protection 
committee, established at the second International Congress of Ra-
diology in Stockholm in 1928. While initially, radiation protection 
aimed to avoid visible and early effects after prolonged exposure to 
radiation, subsequently the rules on radiation exposure were formu-
lated to prevent late harmful effects such as cancer induction. Indeed, 
most of the information available on the effects of radiation exposure 
in humans was based observing the survivors of the Hiroshima and 
Nagasaki bombings.

ALARA - As Low As Reasonably Achievable - is the safety 
principle designed to minimize radiation doses received by radia-
tion workers using practical, cost-effective measures. The ALARA 
assumption is that there is no measurable dose of radiation that can 
be considered safe. Radiation dose and its biological effects on living 
tissues are modeled by a relationship known as “linear-no-threshold” 
risk model. Every radiation dose of any magnitude can produce some 
level of detrimental effects that may include increased risk of genetic 
mutations and cancer.

With the interest in minimizing radiation dosage, a variety of al-
ternative approaches were investigated to provide guidance in the 
interventional cardiology laboratories. Three-dimensional non fluor-
oscopic mapping systems have revolutionized the “way-to-do” of EP 
operators.33,34,35,36 The most commonly used are the CARTO®system 
(Biosense Webster, Inc., Diamond Bar, CA, USA) and the EnS-
iteNavX system (St. Jude Medical, Inc., St. Paul, MN, USA) (Figures 
2-5). In addition, a new system, the Rhythmia™ mapping system 
(Rhythmia Medical, Burlington, MA, USA), has been recently de-
veloped and introduced in clinical practice. Briefly, the principle of 
catheter navigation with the CARTO® mapping system is magnet-
ic-field whilst the NavX technology works with impedance-based 
measurements (electrical field). These technologies allow to accu-
rately determine the location of arrhythmia origin, define cardiac 

single-cell gel electrophoresis) is a simple method for measuring de-
oxyribonucleic acid (DNA) strand breaks in eukaryotic cells. Cells 
embedded in agarose on a microscope slide are lysed with detergent 
and high salt to form nucleoids containing supercoiled loops of DNA 
linked to the nuclear matrix. Electrophoresis at high pH results in 
structures resembling comets, observed by fluorescence microscopy; 
the intensity of the comet tail relative to the head reflects the number 
of DNA breaks.

All these studies evidenced a long term effect on circulating cells of 
exposed hospital workers, with a possible role for smoke as additional 
risk factor.

In a recent work by Andreassi et al, a new approach consisting in 
the association of single nucleotide polymorphisms (SNPs) in DNA 
repair genes with MN assay demonstrated that genetic predisposi-
tion seems to increase chromosomal DNA damage levels in inter-
ventional cardiologists.30 Lately, new possible molecular markers of 
DNA damage in endothelial and blood cells have been discovered 
that could lead to the introduction of new sensitive and rapid assays 
to detect and quantify the negative effects of ionizing radiations.31,32 

In their study, Barjactarovic and coworkers investigated the effects of 
low-dose gamma radiation on the proteome of coronary artery en-
dothelial cells cultivated in vitro, showing a significant deregulation 

Figure 2:

Panel A: Catheters were placed from the right femoral vein and 
advanced up to inferior vena cava to the right atrium and confirmed 
by the presence of atrial electrograms. On the left RAO view; on the 
right LAO view. Panel B: typical, full right sided geometry as drawn 
by Ensite System. On the left RAO view; on the right LAO view. 
IVC: inferior vena cava; RA: right atrium; RV: right ventricle; RVOT: 
right ventricle outflow tract. AO: ascending aorta. 
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a transvenous ultrasound probe placed in the right heart, reducing 
fluoroscopy times and doses. These catheters have been extensively 
used in order to guide transseptal catheterization.42,43 Moreover, ICE 
helps to define the anatomy of the left atrium, pulmonary veins and 
visualize target structures during EP procedures.44,45 In addition, it is 
possible to visualize the lesion site and formation, such as swelling 
and crater formation and to promptly identify possible complications 
such as occurrence of microbubbles, clot formation and pericardial 
effusion.46 Real-time 3D transesophagel echocardiography (TEE) 
can be used as an alternative to ICE. However, post-acquisition im-
age processing is time-consuming and general anesthesia with en-
dotracheal intubation is required in all patients.47,48

Rotational Angiography
Recently, 3D rotational angiography (DynaCT, Siemens) has been 

introduced as an intraoperative modality for 3D imaging during car-
diac ablation. In 3D rotational angiography (3DRA), the C-arm typ-
ically performs a 200° rotation around the patient. A large number of 
2D projections are acquired over the course of the rotation. Recon-
struction algorithms construct these into 3D images by volume or 
surface rendering. With adequate contrast agent administration and 
cardiac motion reduction, the image quality delivered by 3DRA has 
been shown to be comparable to or even exceeding classical cardiac 
computerized tomography.49,50 This technique also reduces the eco-
nomic impact due to additional expensive imaging studies. Moreover, 
3DRA images are more likely to represent the true anatomy than a 
remotely acquired image, such as CT scan or MRI image, because of 
factors like the patient"s breathing and heart motion.51

Remote 3D Magnetic Navigation Systems and Robotic Catheter 
System

The use of remote navigation systems could systematically decrease 
clinician fatigue and fluoroscopy exposure. Currently there are two 
remote systems: the NiobeStereotaxis Magnetic Navigation System 
(Stereotaxis, Inc., St Louis, MO) and the Hansen Sensei Robot-
ic Catheter System (Hansen Medical, Mountain View, CA). Both 
systems allow the physician to perform the mapping and ablation 
procedure while sitting in a control room remote from the patient 
(Figure 7). 

The Niobe Stereotaxis Magnetic Navigation System (MNS) oper-
ates by using two large permanent magnets placed on either side of 
the patient that create a magnetic field inside the chest of the patient 
in which a catheter with magnetic tip, 7-F 3.5-mm-tip floppy irrigat-
ed catheter (Navistar RMT), can be moved in the desired directions, 
just modifying the magnetic field using a joystick in the control room, 
and used for mapping and ablation. In addition, the system includes a 
dedicated 3D EAM system (CARTO RMT). Significant disadvan-
tages of MNS are the extremely high cost of the system itself and the 
need of a dedicated EP laboratory properly shielded.52,53,54 Focusing 
on fluoroscopy times and radiation doses, different groups reached a 
significant reduction in fluoroscopy time and in radiation dose.55,56,57

The Hansen™ (Hansen Medical Inc., Mount View, CA) Robotic 
system is a flexible, robotic platform that combines 3D catheter con-
trol and visualization. The hand motions applied at the workstation 
are transferred to the catheter inside the heart of the patient. The 
major advantage is that once the catheter reaches the target site the 
robotic hand guarantees an extremely stable position. In addition, 
the IntelliSense™ technology provides the information about how 
much pressure is being exerted by the catheter. The Hansen system 

chamber geometry in 3D, delineate areas of anatomic interest, and 
allow catheter manipulation and positioning without fluoroscop-
ic guidance. Later versions of these mapping systems have allowed 
the fusion with MRI image or CT scan (Figure 4) and significant 
reduction in fluoroscopy exposure was demonstrated.37,38 Another 
extension to the CARTO mapping technology enabling ultrasound 
integration was the CARTOSound (Figure 4). It creates a 3D image 
of a specific heart chamber undergoing cardiac ablation by utiliz-
ing an intracardiac ultrasound catheter.39,40 The competition between 
these systems has led to a “mapping race”resulting in the systems 
developing increasingly similar characteristics including the ability 
to visualize multiple non-proprietary catheters.

A new sensor-based non fluoroscopic approach, developed by 
MediGuide and St Jude Medical, is recently entered in the market. 
Clinical application of the gMPS technology in electrophysiology 
revealed feasibility of non fluoroscopic catheter visualization with-
in the work flow of conventional invasive diagnostic EP procedures 
with significant reduction in X-ray exposure up to 80% especially for 
the treatment of complex arrhythmias.41

The innovative CARTOUnivu module provides for fixed fluoro-
scopic images or cines to be transferred to the 3-D electro-anatomic 
mapping system. The module allows real-time visualization of intra-
cardiac catheters against a background of a stored fluoroscopic image 
(Figure 2). Typically, multiple fluoroscopic images (three to eight) 
are acquired at different angulations and stored. Once transferred, 
the fluoro image is integrated into the 3-D map view, allowing the 
user to create an electroanatomical map on top of the captured fluor-
oscopic image or looping cine. Not only does this proved fluoroscop-
ic images for reference, electrophysiologists consistently commented 
that it diminished the interest in confirming catheter location with 
additional fluoroscopy. In a non-randomized retrospective study, re-
searchers found a statistically significant reduction in fluoroscopy 
times and in dosages for EP ablation procedures utilizing the CAR-
TOUnivu module fluoroscopic integration system.
Echocardiography

Intracardiac echocardiography (ICE) allows to obtain detailed im-
aging of cardiac structures from within the vascular system, using 

Figure 3:

Left atrium (gray), inferior vena cava (green) and CS anatomy (blue) 
as drawn with CARTO System. On the left PA view; on the right LAO 
view. 
IVC: inferior vena cava; CS: coronary sinus; LA: left atrium; TP: 
transeptal puncture. 
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dose to less than 20 mSv/y, averaged over a 5-year period, according 
to current recommendations of International Commission on Radi-
ation Protection.66

The RADPAD (Worldwide Innovations & Technologies, Inc., 
Kansas City, KS) is a Bismuth-made, disposable, sterile, lead-free 
surgical drape. Being positioned on the patient, it has been shown 
to reduce scatter radiation, in particular during complex device im-
plantation.67,68

The radiation protection units have been developed to reduce the 
development of long-term orthopedics problems such as aches and 
pains in the neck, back, hips, knees and ankles that ranges in sever-
ity.69,70 Cathpax (LemerPax, Carquefou, France), a radiation protec-
tion cabin, was developed as alternative protection apparel.71 It uses 2 
mm lead-equivalent walls, including transparent leaded plastic in its 
upper parts, to surround the operator on two sides and from above. 
This unit is mobile, adjustable in height, and is prepared with specif-
ically designed drapes to provide sterile patient access. ZeroGravity 
(Zgrav, CFI Medical Solutions) is an entirely suspended radiation 
protection system. It is made of a suspended lead apron covering the 
operator from head to calf excluding right arm and left forearm.72 
Recently, Fattal and Goldstein described the first in man clinical use 
of a complete barrier radiation unit - Trinity System (ECLS, Salt 
Lake City, UT).73

Use Of Non-Fluoroscopic Guiding Technology In Order To 
Obtain A Minimally Fluoroscopic Approach

In the last few years several papers and case-reports have been pub-
lished showing the feasibility and safety of a totally non fluoroscopic 
approach using mapping system principally as navigation system in 
order to move the catheters through the vessels and the heart cham-
bers.

Below the main studies that have used a minimally fluoroscopic 
approach thanks to the navigation/mapping systems in different set-
ting of patients.
Pediatric Population

While minimizing fluoroscopy is prudent for everyone, children 
are at an increased risk from radiation exposure because they are 
growing and have a longer life expectancy.74 Children receive also 
a greater effective dose as scatter radiation has a shorter distance to 
travel to reach sensitive organ such as the bone marrow, liver and 
breast tissue.75 For these reasons children are more susceptible to the 
risk of radiation-induced carcinogenesis and decreasing fluoroscopic 
exposure during electrophysiologic ablation procedures gives them a 
greater benefit compared with adults.76 Among the pediatric popula-
tion, children with congenital heart disease are at an even higher risk. 
Owing to anatomic alterations and multiple substrates, procedures 
are often longer than in patients with structurally normal hearts and 
they are likely to have multiple procedures.

With increasing operator experience, fluoroscopy times decreased 
from nearly an hour in 1991-1992, to 40 min in 1995-1996 and to 
36 min in 2004.77,78,79

Ablation of supraventricular tachycardia is the most common 
procedure performed in children and first experiences in reducing 
fluoroscopy exposure were performed in this subset. Drago et al. in 
2002 described for the first time the feasibility and efficacy of min-
imal-fluoroscopy ablation of right-sided accessory pathways using 
the CARTO three-dimensional navigation system in children with 
normal heart anatomy.80 Starting from this first experience, in the 

does not require a dedicated 3D EAM system, but is equally com-
patible with CARTO and NavX systems.52 Since the preliminary 
human experience published in 2008, the robotic navigation system 
has been shown to be safe and feasible, with similar results compared 
with the manual approach, and to significantly reduce radiation ex-
posure.53,54,58,59

Radiation Protection Tools
Despite the wide use of 3D EAM, ultrasound-guided procedures 

and remote catheter navigation, X-ray technology is still the most 
commonly utilized technique for medical imaging. The greatest 
source of X rays to the operator and staff is scatter from the patient. 
Chronic radiation exposure in the work place requires the use of pro-
tective tools in order to limit occupational radiation dose to an ac-
ceptable level. The purpose of radiation protection tools is to improve 
operator and staff safety without impeding the procedure or jeopard-
izing the patient"s safety. There are different tools currently available 
for radiation protection in the electrophysiology laboratories: archi-
tectural shielding, equipment-mounted shields, personal protective 
devices, personal mobile shields and radiation protection units.60,61

Architectural shielding is built into the walls of the EP laboratory. 
In addition, rolling and stationary shields, constructed of transparent 
leaded plastic, are available and are useful for providing additional 
shielding for both operators and staff.62

Equipment-mounted shielding includes tables-suspended and 
ceiling-suspended shields. It has been shown to substantially reduce 
the operator"s dose. Table-suspended shielding are drapes positioned 
between the X-ray tube and the operator from the side of the pa-
tient table. Unfortunately, they are ineffective when the C-arm is in 
oblique or lateral position. Ceiling-suspended shielding are leaded 
plastic shields positioned between the operator face and the X-ray 
detector.63,64

Personal protective devices include aprons, thyroid shields, eye-
wear, and gloves. Protective aprons with thyroid shields are the prin-
cipal radiation protection tools for interventional workers. More ad-
vanced equipment also includes lead caps. According to regulations, 
it is necessary the use of apron of at least 0.5 mm lead equivalent 
thickness. Transmission of 70-100kVp X-rays through 0.5 mm lead 
ranges from 0.5 to 5%.65 Effective personal protective devices use is 
expected from every staff member in order to maintain the radiation 

Figure 4:

Screen shot of the CARTO system. On the left, intracardiac 
echocardiography (ICE) 2D image of the left atrium (LA), left 
superior and left inferior pulmonary veins. The green lines represent 
the endocardial borders. On the right, co-registration of the LA ICE 
3D anatomical shell and preoperative cardiac CT scan 
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ping (study group). The success rate was 97% in the control group 
and 100% in the study group without differences in adverse events. 
Non-fluoroscopic imaging reduced median fluoroscopy time by 59% 
(18.3 minutes vs 7.5 minutes, P<0.001) and radiation exposure by 
72% (387 vs 110 mGy, P<0.001).88 A second prospective, controlled, 
single-center study was published in 2013 and randomized to in-
tra-cardiac echocardiography plus electroanatomic mapping or elec-
troanatomic mapping only in children with normal cardiac anatomy 
performing ablation for supraventricular tachycardia. The use of in-
tra-cardiac echocardiography reduced the fluoroscopic exposure for 
transseptal puncture .

As a consequence of growing experience with non-fluoroscopic 
navigation systems, also accessory pathways in close proximity to 
the normal conduction tissue and arrhythmia other than supraven-
tricular tachycardia have been successfully ablated with minimal- or 
no-fluoroscopy.89 In 2011 it was described a small series of children 
that underwent ablation of ventricular arrhythmia  using electroan-
atomic mapping with 3D EnSiteNavX system. No fluoroscopy was 
used in patients with right-sided arrhythmia, while the two patients 
with left-sided arrhythmia had 1.0 and 1.9 minutes of fluoroscopy. 
Small amounts of radiation may be required for evaluation of coro-
nary arteries or other anatomic substrates.90 Last year the utility and 
safety of the NavX system in reducing fluoroscopy exposure during 
ablation of ventricular tachycardia was confirmed in a larger series of 
children.

There is a growing body of literature that demonstrates safety and 
efficacy of minimal or no-fluoroscopic use in pediatric patients un-
dergoing ablation procedures by using electroanatomic mapping sys-
tems. In most studies, this has been accomplished without extending 
procedure times. However, the use of electroanatomic mapping sys-
tems increases the cost of the procedures over fluoroscopy alone and 
requires a great experience.91 The extent to which long-term benefits 
outweigh the increased costs remains actually unknown. The publica-
tion of the NO-PARTY trial, the only one multi-centre, randomized 
controlled trial up to now, will probably give an answer to the cost-ef-
fectiveness of non-fluoroscopic radiofrequency catheter ablation, in 
addition to confirmation of the reduction of radiation exposure to 
the patient and to the operator and feasibility and safety of these 
procedures.
Adult Population

In contrast with the pediatric population, the greater number 
of procedures performed in the adult population allowed prospec-
tive-randomized trial to have been published since 2000. Kottkamp 
et al. where the first ones that randomized 50 patients with typical 
atrial flutter to receive isthmus ablation using conventional fluor-
oscopy for catheter navigation (group I, n=24) or electromagnetic 
mapping (group II, n=26). They demonstrated that electromagnet-
ic mapping permitted a high significantly reduction in exposure to 
fluoroscopy (22.0 ± 6.3 min in group I and 3.9 ± 1.5 min in group II; 
P<0,0001) reducing the exposure to levels anticipated for diagnostic 
electrophysiologic studies. The efficacy was maintained high in both 
groups . In 2003 Schneider et al. confirmed these findings in a series 
of 50 patients randomly assigned to undergo radiofrequency ablation 
of typical atrial flutter guided by a conventional fluoroscopy-based 
approach or by the LocaLisa system.92 The efficacy and safety of elec-
troanatomic mapping for the reduction of radiation exposure during 
ablation of typical atrial flutter was than reaffirmed in a larger series 
of patients in 2009 by Hindricks et al.93 They randomized a total of 

following years others studies have been published, investigating the 
feasibility of a minimal-fluoroscopic approach in almost all kinds of 
electrophysiologic procedures in children. In 2006 Papagiannis et al. 
described their experience with NavX for the ablation of atrio-ven-
tricular re-entrant tachycardia and both right and left-sided accessory 
pathways. They included also children with congenital heart disease, 
showing no significant differences in success rate.81 In 2007 Papez 
et al. and Smith et al. confirmed the feasibility and efficacy of the 
ablation of atrioventricular re-entrant tachycardia and atrioventricu-
lar nodal re-entrant tachycardia with LocaLisa and NavX system, 
respectively.82,83 Smith et al. used no fluoroscopy in 80% of the proce-
dures and pointed out that the most common reason for fluoroscopy 
use was the need to perform a transseptal puncture. In 2007 it was 
also described for the first time a case series of right-sided catheter 
ablation with cryo-energy and minimal-fluoroscopy.84 It was in 2008 
when the first series of transseptal puncture have been performed 
without fluoroscopy, thanks to the combination of trans-esophageal 
echocardiography and NavX guidance.85

Intracardiac echocardiography was introduced as a tool to reduce 
fluoroscopy exposure in 2010 when Kean et al. reported their expe-
rience with CARTOSound in treating different kinds of arrhyth-
mia. They included also children with congenital heart disease.86 The 
sub-population of children with congenital heart disease has been 
better investigated in 2011 by Papagiannis et al. They compared two 
groups of patients, one group undergoing fluoroscopic only ablation 
and the other one using NavX non-fluoroscopic navigation system. 
They performed a sub-analysis of children with congenital heart dis-
ease and observed that the reduction in fluoroscopic exposure with 
the use of the NavX system was preserved in this population.87

If previous described studies are retrospective studies, it was Mi-
yake et al. in 2011 that performed the first prospective, controlled, 
single-centre study of ablation of supraventricular tachycardia among 
children, randomizing to fluoroscopy (control group) or fluoroscopy 
+ AcuNav intracardiac ultrasound + NavX electroanatomic map-

Figure 5:

On the left: Inferior vena cava, right atrium and right ventricle 
outflow tract geometry as drawn with Ensite System. AP view. On 
the right: typical: right ventricle outflow tract (green) geometry as 
drawn by Ensite System. LAO view. White dots represent ablation 
point during of catheter ablation of frequent premature ventricular 
complexes arising from right ventricle outflow tract. 
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In the adult population, thanks to the wide use of a minimal- or 
no-fluoroscopic approach in the last years, it has been possible also 
a comparison between different non-fluoroscopic navigation systems 
in term of reduction of radiation exposure. In 2006 Earley et al. ran-
domized a total of 145 patients to a procedure guided by CARTO, 
Ensite NavX, or conventional mapping. Arrhythmias treated were 
typical atrial flutter, atrioventricular nodal re-entrant tachycardia and 
atrio-ventricular re-entrant tachiycardia. Overall procedure time, 
immediate and short-term success, complication rate, and freedom 
from symptoms at follow-up were identical for all groups. NavX led 
to the least X-ray exposure (NavX vs conventional, median: 4 vs 13 
min; NavX vs CARTO, median: 4 vs 6 min), especially when NavX 
was used for atrio-ventricular nodal re-entrant tachycardia or typical 
atrial flutter.101 A comparison between CARTO-Merge and CAR-
TO-XP was performed in 2010 in a randomized study in patients 
undergoing catheter ablation for paroxysmal and persistent atrial fi-
brillation. Image integration using CARTO-Merge shortened the 
X-ray exposure (28.8 ± 14.3 min vs 58 ± 8.7 min), though not im-
proving significantly the clinical outcome.102 Finally, in 2012 CAR-
TO 3 was compared with CARTO-XP in an observational study in 
patients treated for drug refractory atrial fibrillation. The use of the 
CARTO 3 system allowed a significant reduction in fluoroscopic ex-
posure (15.9 ± 12.3 min vs 26 ± 15.1 min; P<0.001).103

Pregnant Women
An increased incidence of maternal cardiac arrhythmia is observed 

during pregnancy both in women with normal cardiac anatomy and 
women with structural heart disease. In most cases no treatment is 
necessary but occasionally arrhythmia becomes a significant clini-
cal problem. Sustained arrhythmia can result in impaired blood flow 
to the fetus and fetal and neonatal adverse events are described in 
the literature, such as prematurity, respiratory distress syndrome, and 
small fetus for gestational age.104

Though anti-arrhythmic drugs should be the first line therapy, both 
the ACC/AHA and the ESC guidelines consider radiofrequency ab-
lation as a treatment option in case of drug-refractory and poorly 
tolerated tachycardia (IIbC).105,106 Due to high radiation exposure, 
ablation should be postponed to the second trimester if possible, and 
it should be performed at an experience ablation centre with suitable 
lead shielding and maximal use of echo- and electro-anatomic map-
ping systems.

210 patients with documented typical atrial flutter to conventional 
ablation strategy or electroanatomically guided mapping and abla-
tion (CARTO). The success was not significantly different between 
the two groups, but the fluoroscopy exposure time was reduced by 
almost 50% in the electroanatomically guided ablation group (7.7 ± 
7.3 min vs 14.8 ± 11.9 min; P<0,05). Of course, the cost of the pro-
cedures was higher in the study group (USD 3,870 vs USD 2,720).

In 2005 it was published the first randomized trial of reduction of 
fluoroscopic exposure in atrial fibrillation ablations. Seventy-two pa-
tients were randomized to ablation with or without non-fluoroscopic 
navigation. The target of pulmonary vein isolation was achieved in all 
patients and fluoroscopy was significantly reduced in the study group 
(15.4 ± 3.4 min vs 21.3 ± 6.4 min; P<0,001), demonstrating for the 
first time the feasibility and efficacy of minimal-fluoroscopic ablation 
for atrial fibrillation.94

Two prospective-controlled trials add themselves to the evidence 
of the feasibility of reduction of radiation exposure in the electro-
physiologic field, one in paroxysmal or permanent atrial fibrillation 
and the other one in atrioventricular nodal re-entrant tachycardia.95,96

Besides these prospective-randomized and prospective-controlled 
trials that demonstrate the feasibility and efficacy of a minimal-fluor-
oscopic approach, some observational studies have been published 
showing the chance to perform ablations completely without fluor-
oscopy. In 2009 Ferguson et al. published a series of 21 patients that 
underwent ablation for atrial fibrillation. In 19 of them no fluor-
oscopy was used thanks to the use of intra-cardiac echocardiogra-
phy and electroanatomic mapping navigation also for the transseptal 
puncture.97 The utility of the combination of intra-cardiac echocardi-
ography and electroanatomic mapping was then confirmed in 2010 
by Reddy et al. They evaluated this combination in 20 patients un-
dergoing pulmonary vein isolation for paroxysmal atrial fibrillation 
and observed that a completely fluoroless catheter ablation is safely 
feasible.98 Once it has been demonstrated that also the transseptal 
puncture could be performed safely without fluoroscopy, it is almost 
obvious that ablation of common atrial flutter, atrioventricular nodal 
re-entrant tachycardia and accessory pathways could be free from ra-
diation exposure too.99,100

Figure 6:
The robotic Sensei X system (Hansen Medical,CA) screen shot. 
On the left, left atrium as drawn with CARTO System. Upper right, 
fluoroscopy view. Bottom right, intracardiac echocardiography. 

Table 1: Mean effective doses in RFA procedures reported in previous 
studies

Study N patients Effective dose (mSy)

Wielandts et al.(2010)a 42 6.59

Perisinakis et al. 
(2001)b

24 5.67

Efstathopoulos et al. 
(2006)b

24 15.2

McFadden et al. (2002)b 50 17.0

Broadhead et al. (1997)b 81 17.3

Rosenthal et al. (1998)b 859 21.3

Lickfett et al. (2004)b 15 24.4

Macle et al. (2003)b,c 43 1.11

aEd calculated using tissue weighting factors from ICRP 103.
bED calculated using tissue weighting factors from ICRP 60.
cED values reported by Macle et al. are based on measurements from a single electronic 
dosimeter which was likely not positioned consisently in the X-ray beam, thus ED are probably 
underestimated.
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proach. 
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Supraventricular tachycardia is the most common sustained ar-
rhythmia during pregnancy.107 The incidence of supraventricular tach-
ycardia complicating pregnancy has been estimated to be between 13 
and 24 in 100000.108 Atrioventricular nodal re-entrant tachycardia 
and atrioventricular reciprocating tachycardia are the more common 
forms, but incessant focal atrial tachycardia is particularly challeng-
ing as anti-arrhythmic drugs are relatively ineffective.

Experience in pregnant women derives exclusively from case re-
ports or case series, involving women at any gestational age. All of 
them showed that ablation of supraventricular tachycardia with min-
imal- or no-fluoroscopic use is feasible and safe. No complication for 
the fetus was observed in any study.109,110

Besides supraventricular tachycardia, during pregnancy it has been 
observed an increased risk of electric storm due to hormonal and 
autonomic imbalance.111 The incidence of electric storm in patients 
with ARVD/C is reported to be up to 20%, requiring effective ra-
diofrequency ablation.112 Current guidelines recommend metopro-
lol, sotalol and intravenous amiodarone for prevention of recurrent 
ventricular tachycardia in pregnancy, but radiofrequency ablation 
should be considered as a therapeutic option in selected cases.113 Last 
year it was reported a case of successful rescue ablation of recurrent 
electric storm in a 26-year-old woman during her first pregnancy 
(23rd week). The ARVD/C was diagnosed 3 years earlier. Several 
drugs failed to control recurrences of ventricular tachycardia and ra-
diofrequency ablation was performed on the day of the third electric 
storm, obtaining the resolution of the arrhythmia. The use of elec-
tro-anatomic mapping allowed a very low X-ray exposure (90 sec, 
10 Gycm2). Three months after ablation, a healthy girl was delivered 
without any complications and during 12-months follow-up there 
were no recurrence of ventricular arrhythmia.114

Radiofrequency ablation is a highly successful procedure but it has 
rarely been performed during pregnancy because any X-ray expo-
sure can be potentially harmful to the fetus. However, there are some 
cases in which radiofrequency ablation is the last resort solution and 
should be performed without hesitation to preserve two lives, the 
mother and the fetus one. Anyway, new non-fluoroscopic naviga-
tion systems allow performing ablation procedures with a very small 
amount of radiation or even without any radiation use. Considering 
that significant fetal complications are known to occur when expo-
sure rates exceed 50 Sv,115 the low-level radiation exposure showed in 
literature gives the chance to safely perform ablation procedures also 
in pregnant women affected by incessant arrhythmia and in a gesta-
tional age when delivery is not possible.116 In future cases, it could be 
useful to place dosimeters on the maternal fundus under the shield to 
better estimate fetal exposure.117

Conclusion:
An underappreciated silent complication of catheter ablation pro-

cedures is radiation exposure. X-Ray exposure results in acute com-
plications related to dose and time dependent exposure as well as a 
cumulative, lifetime risk to not only the patient but also the oper-
ator and electrophysiology staff. On an average, a complex cardiac 
radiofrequency ablation corresponds to 750 chest X-rays (range 100–
2850). A reduction of the occupational and the procedural doses by a 
factor of 10 to even 100 can be achieved simply by a radioprotection 
training programme. There are many avenues to reduce the radiation 
exposure through system and workflow adaptations and through the 
use of non-fluoroscopic imaging techniques. It is hoped to witness 
a new era of treating arrhythmias with a minimally fluoroscopic ap-
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Abstract
A concerning proportion of patients with atrial fibrillation (AF) with indications for oral anticoagulation (OAC) discontinue OAC or are never 

prescribed OAC therapy and many AF patients with the highest risk for embolic events off OAC also have the greatest risk for hemorrhagic 
complications on OACs. Medium-term efficacy and safety data provide evidence that the WATCHMAN device, the most studied device and 
the only one with randomized and medium-term follow-up data, may be a viable alternative to chronic warfarin therapy in nonvalvular AF 
patients. In addition to presenting key data pertaining to LAA closure techniques including the WATCHMAN device, this review will discuss 
crucial WATCHMAN implantation technical points. 
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Introduction
A concerning proportion of patients with atrial fibrillation (AF) 

with indications for oral anticoagulation (OAC) discontinue OAC 
or are never prescribed OAC therapy because of current, perceived 
or potential concerns pertaining to side effects or bleeding concerns.1 
Additionally patients’ decisions related to quality of life may also con-
tribute to non-utilization of OACs. The recently published RELY 
trial reported, 17% treated with warfarin stopped warfarin at 2 years.2 
Similarly 21% of patients treated with dabigatran 150 mg discontin-
ued therapy at 2 years. In the ROCKET-AF trial, 24% and 22% of 
patients discontinued OAC therapy with rivaroxaban and warfarin, 
respectively.3 In the ARISTOTLE trial, 28% and 25% discontinued 
warfarin or apixaban, respectively.4

Embolic events in a majority of patients with AF result from 
thrombus formation in the left atrial appendage (LAA).5 Risk scores 
(e.g., CHADS2) have been developed to determine whether OAC 
therapy should be prescribed for prevention of embolic events.6 The 
opposing risk of bleeding can be determined also using risk scores 
(e.g., HAS- BLED7). However many AF patients with the high-
est risk for embolic events off OAC also have the greatest risk for 

hemorrhagic complications on OACs. Nevertheless, in almost all 
patients, the risk of embolic stroke without OAC is higher than the 
risk of intracranial bleeding with OAC.8 Although risk scores iden-
tify patients recommended for OACs and evidence strongly supports 
OAC, numerous factors, including contra-indications, physician 
preference based on clinical circumstances (bleeding risk, drug-drug 
interaction, poor patient compliance, labile INR) and patient pref-
erence has led to development of LAA occlusion techniques (per-
cutaneous and surgical). Although several techniques have been de-
scribed including endovascular percutaneous occlusion of the LAA, 
suture during concomitant cardiac surgery and epicardial ligation by 
stapling or clipping the LAA, all studies have limitations that place 
them as techniques lacking strong recommendations with absence of 
resolved long-term clinical evidence. Studies regarding surgical clo-
sure are small and lack/are pending long-term follow up. Initial data 
pertaining to the LARIAT (SentreHEART Inc, Redwood City, CA) 
device, which utilizes a technique that is intermediate between the 
surgical approach and the transcatheter approach has reported a 96% 
implant success, and 98% complete LAA closure at 1 year.9

Although Four devices with an endocardial approach have been 
reported - the percutaneous LAA transcatheter occlusion (PLAA-
TO) system (eV3, Plymouth, MN), the Amplatzer cardiac plug (St. 
Jude Medical, Minneapolis, MN), the WATCHMAN device (Bos-
ton Scientific, Maple Grove, MN) and the Wavecrest System (Co-
herex Medical, Salt Lake City, UT),10 this review will discuss the 
WATCHMAN, which has the only randomized study on an end-
ovascular LAA closure device, reporting on safety and efficacy out-
comes in a relatively large-scale trial (i.e., the WATCHMAN Left 
Atrial Appendage System for Embolic Protection in Patients with 
Atrial Fibrillation - PROTECT-AF). 
The Evidence For The WATCHMAN Device

The PROTECT-AF trial demonstrated the efficacy of percuta-
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and aspirin lifelong. At mean follow-up of 14.4+/-8.6 months, there 
were 4 strokes, 6 instances of device-related thrombus by TEE (1 
resulted in a ischemic stroke), and 5 pericardial effusions (2 with 
tamponade requiring percutaneous drainage). The rate of ischemic 
stroke was 1.7%, compared to an expected rate of 7.3% if treated 
with aspirin alone (i.e., 77% reduction from the expected event rate) 
versus a 5% rate if treated with aspirin and lifelong clopidogrel. Thus 
WATCHMAN implantation without warfarin transition is arguably 
safe and effective in patients with an absolute contraindications to 
even short-term OAC.

Medium-term efficacy and safety data from PROTECT-AF, 
PREVAIL, ASAP and CAP13 provide evidence that the WATCH-
MAN device, the most studied device and the only one with rand-
omized and medium-term follow-up data, may be a viable alternative 
to chronic warfarin therapy in nonvalvular AF patients.
Clinical Use

The WATCHMAN device can be considered a reasonably safe and 
effective alternative to OAC, when OAC is contraindicated or when 
OAC may place patients at a high-predicted risk for major bleeding.

The following clinical scenarios would reasonably warrant LAA 
occlusion;

1. Non-valvular AF with a high CHA2DS2VSc (>2) and high 
bleeding risk (HASBLED >3).

2. Non-valvular AF with a high CHA2DS2VSc (>2) and recurrent 
bleeding on OAC.

3. Non-valvular AF with a high CHA2DS2VSc (>2) and contrain-
dications/intolerance to OAC.

4. Non-valvular AF with a high CHA2DS2VSc (>2) and patient 
preference based on non-compliance or unwillingness to take OAC.

5. Patients who have had a major bleed or hemorrhagic stroke but 
have a high thromboembolic risk.
Key Implantation Technical Points

The WATCHMAN access system is available in double or sin-
gle curve styles (14F Outer Diameter and 12F Inner Diameter). The 
WATCHMAN device comes preloaded within the delivery catheter. 
The device comes in 5 different sizes: 21, 24, 27, 30, 33 mm. The 
device size is selected such that following deployment, the device 
is compressed by approximately 8% to 20% from its original size. 
Implantation of an oversized device risks encroachment of adjacent 
structures and perforation and under-sizing risks device emboliza-
tion and inadequate sealing of the LAA.

Transoesophageal echocardiographic (TEE) assessment is cur-
rently the main modality used to screen suitable candidates. 3D TEE 
can provide additional information to identify unusual LAA mor-
phology. TEE is used to assess LAA morphology, ostial dimension, 
and maximum length of the LAA dominant lobe. Prior to the proce-
dure, TEE should also document the absence of thrombi within the 
LAA. Measurements of the LAA ostium in at least 4 TEE views are 
required (0, 45, 90 and 135 degrees) to provisionally establish device 
size. The maximum LAA ostial size should be >17mm and <31mm. 
Cardiac CT can be utilized to assess LAA morphology though LAA 
dimensions have been reported to be under-estimated compared to 
2D TTE.16

Most LAA can be categorize as ‘Wind-sock Type, ‘Chicken-wing 
Type’ or ‘Broccoli  Type’. The Windsock type represents one dominant 
lobe and the implantation procedure in most cases is straightforward. 
The Chicken-wing type features a sharp bend in the dominant lobe. 

neous closure of the LAA as non-inferior to warfarin therapy.11 At 
1065 patient-years of follow-up, the primary efficacy (a composite 
endpoint of stroke, cardiovascular death, and systemic embolism) 
event rate was 3.0 per 100 patient-years in the intervention group 
and 4.9 per 100 patient-years in the control group (rate ratio [RR] 
0.62, 95% Credible Interval (CrI) 0.35-1.25). In the warfarin control 
group, the therapeutic INR range was achieved 66% of the time de-
spite close INR follow-up. Arguably a comparative study with novel 
OACs (NOACs) may not definitively demonstrate such a benefit.

Medium-term follow-up data of the PROTECT-AF trial (4-year 
follow-up) reported a 40% relative risk reduction (combined end-
point of all strokes, cardiovascular, or unexplained death and systemic 
embolism) in the WATCHMAN group compared to the warfarin 
group with a primary efficacy event rate of 2.3% and 3.8%, respec-
tively.12 Superiority in all-cause mortality (34% relative risk reduc-
tion) and cardiovascular mortality (60% relative risk reduction) was 
also reported.12 There was a significantly higher risk of complications, 
predominantly pericardial effusion and procedural stroke related to 
air embolism in PROTECT AF. However, there was a significant 
improvement in the safety of implantation with increased operator 
experience.13

The WATCHMAN device frame is constructed of nitinol (nickel/
titanium alloy). It is composed of 10 fixation anchors around the de-
vice perimeter designed to secure the device into the LAA. A fabric 
cap, constructed of polyethyl terephthalate serves as a 160-micron 
filter preventing emboli from exiting during the device endotheliali-
zation process. The PROTECT-AF study randomized 707 patients 
with non-valvular AF from 59 sites worldwide in a 2:1 distribution. 
Patients were >18 years of age with paroxysmal, persistent, or perma-
nent non-valvular AF and had a CHADS2 risk score >1. Exclusion 
criteria included contraindications to warfarin, co-morbidities other 
than AF that required chronic warfarin use, LAA thrombus, patent 
foramen ovale with atrial septal aneurysm and right-to-left shunt, 
mobile aortic atheroma, and symptomatic carotid artery disease. Pa-
tients allocated to the intervention group were treated post-implant 
with warfarin for 45 days. Warfarin was discontinued if the trans-
esophageal echocardiogram (TEE) at 45 days post-implant showed 
either complete LAA occlusion or small residual peri-device flow (jet 
<5 mm in width). After warfarin treatment was stopped, clopidogrel 
(75 mg) and aspirin (81–325 mg) were prescribed until completion 
of 6-month follow-up visit, then aspirin alone was continued indefi-
nitely. Patients in the control group received warfarin for the duration 
of the study. The safety end-points of the study included bleeding and 
procedure-related events (pericardial effusion, stroke, device emboli-
zation), which have been shown to typically occur in the periproce-
dural period and significantly decrease with operator experience.13

The preliminary data from the Prospective Randomized Evalua-
tion of the WATCHMAN LAA Closure Device In Patients with 
Atrial Fibrillation Versus Long Term Warfarin Therapy (PREVAIL) 
reported an implant success of 95%, and safety events (defined as 
acute (i.e., within 7 days) occurrence of death, ischemic stroke, sys-
temic embolism, and procedure- or device-related complications re-
quiring major cardiovascular or endovascular intervention) occurred 
in only 2.2% of patients.14

The ASA Plavix Registry (ASAP) (n=150 with non-valvular AF, 
CHADS2 >1 with a mean 2.8+/-1.2), enrolled patients with con-
traindications to warfarin treatment.15 Following WATCHMAN 
implant, patients were discharged taking clopidogrel for 6 months 
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with the access sheath always via the pigtail catheter. A posterior 
transeptal puncture site appears to assist in accurate delivery and 
positioning of the device into the LAA. Great care should also be 
undertaken during device positioning within the access sheath and 
deployment and recapture. Air embolism and strokes can be min-
imized by adequate anticoagulation pre-procedure, peri-procedure 
and post procedure and meticulous detail to ‘de-airing’ of the sheath 
and device. In-appropriate device placement requiring recapture can 
be minimized with careful positioning of the access sheath and de-
vice positioning within the sheath and deployment guided by TEE 
and fluoroscopy. Device sizing is crucial to ensure device stability and 
proper LAA sealing. Peri-procedural TEE is also critical to ensure 
the axis of the device is in alignment with the major axis of the LAA. 
Encroachment of the device to adjacent anatomical structures (e.g., 
disruption of mitral valve function or pulmonary vein flow or left 
circumflex coronary artery compression) should be noted prior to 
final irretrievable device deployment). Screening for haemopericar-
dium throughout procedure should be undertaken. Early detection 
of cerebral/systemic embolism should be screened for post procedure 
and during recovery.
Conclusion:

In patients who cannot tolerate or who have a contra-indication to 
OAC, occlusion of the LAA by the WATCHMAN device is a rea-
sonable alternative with encouraging short and medium term data. 
However there is a lack of large randomized trials on truly long-term 
outcomes.

Further clinical data with longer follow-up is expected and is likely 
to reinforce the safety and efficacy profile of the WATCHAM device.  
Further studies are required reporting on the efficacy and safety of 
LAA occlusion in comparison to NOACs.
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If the proximal part (prior to the bend) is shorter than the maximum 
width of the orifice, the procedure may be complicated. The Broccoli 
type features limited LAA length with complex internal architecture. 
Since there are several lobes to cover and the length of the LAA is 
limited the device can be difficult to implant in the Broccoli type.

Peri-procedural TEE should rule out LAA thrombus and re-con-
firm LAA characteristics and size prior to transeptal access. Peri-pro-
cedural TEE is crucial for safe delivery and deployment of the device 
and is the imaging modality widely used. However, intra-cardiac 
echocardiography (ICE) with colour Doppler is also a viable alterna-
tive.17, 18  ICE imaging however is reportedly less sensitive compared 
to TEE for LAA thrombus identification.18 Once transeptal access is 
gained with TEE/ICE and fluoroscopy guidance, an activated clotting 
time of 250-350 seconds should be maintained. Left atrial pressure 
should be measured and fluids infused if pressure <10mmHg to ac-
curately assess LAA dimensions. The WATCHMAN access sheath 
and dilator can then be introduced into the LA. A pigtail catheter is 
exchanged for the dilator and utilized to position the access sheath 
safely in the distal LAA with fluoroscopy and contrast guidance. If 
subsequent repositioning of the access sheath is required during the 
procedure the pigtail catheter should always be re-inserted into the 
access sheath prior to re-positioning.

It is paramount to prepare the sheaths and catheters carefully to 
minimize the potential for introducing air and allow bleed-back prior 
to introducing catheters via the access sheath. It is also important to 
prepare the device with care eliminating air by flushing the device 
submerged in normal saline.

The appropriate WATCHMAN device size based on the TEE 
measurements should be selected. Under fluoroscopic guidance the 
WATCHMAN delivery catheter is then advanced through the access 
sheath into position (aligning the distal tip of the delivery catheter 
with the marker band on the access sheath) and snapped onto the 
access sheath. The most distal marker band for the 21mm, the middle 
marker for the 27mm and the proximal marker for the 33mm device 
indicate the WATCHMAN landing zone. The 24mm and 30mm de-
vice landing zones are in between markers. The device is deployed by 
slowly retracting the access sheath/delivery catheter assembly. Once 
the device has been deployed fluoroscopy and TEE is utilized to con-
firm the device Position, Anchoring, Size and Seal (PASS).

The device is properly positioned when the plane of maximum di-
ameter of the device is at or just distal to the LAA orifice spanning the 
entire LAA ostium. The device is properly anchored when the access 
sheath/delivery catheter assembly is 1 - 2 cm from the face of the de-
vice and gentle retraction and release of the deployment knob corre-
sponds to device and LAA movement in unison as viewed with fluor-
oscopy and TEE (i.e., tug test). The device is properly sized when the 
deployed device is 80-92% of the original size, measured in the plane 
of the maximum diameter of the device-using TEE in the standard 4 
views. Device seal is confirmed using colour Doppler to ensure that 
all lobes distal to device is sealed. A small gap (<5mm) is between the 
LAA wall and the device requires no repositioning. If there is a gap 
>5 mm, the device should be repositioned (initial distal implant) or 
fully recaptured and replaced (initial proximal implant). If all release 
criteria are met the Device can be released from the access sheath/
catheter assembly and sheath/catheter assembly removed.
Avoiding Complications

The risk of pericardial effusion/tamponade can be minimized by 
TEE/ICE guided transeptal access, care during access into the LAA 
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Abstract
Some observations suggest that typical (emotional or orthostatic) vasovagal syncope (VVS) is not a disease, but rather a manifestation 

of a non-pathological trait. We conducted an extensive bibliographic research on the vasovagal reactions in animals, including humans, in 
order to investigate the possible factors that may explain the origin and evolution of VVS. We found two processes which appear relevant 
for the investigation of VVS evolution: fear/threat bradycardia (alarm bradycardia) in animals, mainly during tonic immobility and vasovagal 
reflex during hemorrhagic shock (thoracic hypovolemia) both in animals and humans. The available data suggest that VVS in humans, alarm 
bradycardia in animals and the vasovagal reflex during hemorrhagic shock share the same physiological mechanisms and that is indicative 
of a common evolutionary root. However, during the vasovagal reflex loss of consciousness occurs in humans, but it is absent (or extremely 
rare) in animals. That can be explained as a by-product due to the erect position and the large brain evolved in our species. If the vasovagal 
reflex persisted for millions of years along the vertebrates evolutionary history, we can reasonably assume that it has a function and it is not 
harmful. It could be neutral or beneficial, but the available data suggest it is beneficial; likely, it evolved as an advantageous response to 
stressful and possibly dangerous heart conditions. Emotional or orthostatic vasovagal reflex is preceded by enhanced sympathetic activity, 
which is harmful and possibly dangerous. The transient inhibition of the sympathetic system, together with activation of the vagal tone, 
characterizes VVS. The consequent slowing of the heart rate induced by the vasovagal reflex may constitute a beneficial break of the cardiac 
pump, thereby reducing myocardial oxygen consumption.We suggest that typical VVS should be regarded as a selected response, which 
probably evolved in the ancient past as a defense mechanism of the organism within some ancestral group(s) of vertebrates. 
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Introduction
Vasovagal syncope (VVS) is a clinical manifestation of the vasova-

gal reflex, characterized by the occurrence of bradycardia and  hypo-
tension. VVS can be typical or non-typical. Typical VVS is diagnosed 
when loss of consciousness (LOC) is precipitated by triggers as 
strong emotion/fear or prolonged standing and is associated to auto-
nomic prodromes (pallor, sweating, nausea, abdominal discomfort).1 

In  about 80% of subjects with emotional VVS, LOC can be in-
duced even during orthostatic stress (tilt testing).2 Non-typical VVS 
includes episodes of LOC without any evident trigger and without 
(or only minimal) autonomic prodromes1 and can be diagnosed when 
LOC is induced during tilt testing in the absence of other competing 
diagnosis. Typical VVS  generally starts at young age and the natural 

history is extremely variable.3 VVS is benign and very frequent in the 
general population. The mechanism of the hypotension/bradycardia 
reflex responsible for VVS is not completely understood. Very little 
is known about the afferent part of the vasovagal reflex (i.e., the step 
from trigger to autonomic control and central processing), whereas 
the efferent part of the reflex has been elucidated: hypotension ap-
pears to be secondary to transient withdrawal  of the sympathetic 
system and bradycardia to a transient increase in vagal  tone; both are 
generally preceded by an increase in sympathetic activity.4-9

Typical Vasovagal Syncope As An Evolutionary Selected Trait
In the medical community, VVS is often regarded as a disease. 

That is probably true for VVS starting in old age, which is general-
ly non-typical (without trigger and autonomic prodromes) and fre-
quently associated to other autonomic disturbances, mainly carotid 
sinus hypersensitivity.10-12 In other words, VVS beginning in old peo-
ple seems to be related to the emergence of a pathological process of 
the autonomic nervous system, not yet defined in nosology or, more 
in general, to aging,13,14 even if the efferent pathways leading to hy-
potension and bradycardia appear to be the same as in subjects with 
typical VVS. By contrast, we believe that typical VVS is not a disease 
but an evolutionary selected trait.14 Some observations support this 
view. First, the incidence of spontaneous VVS is very high. It has 
been reported that about 40% of young Duch students with mean 
age of 21 years experienced spontaneous VVS.15  Second, the neural 
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several species during fear-induced tonic immobility.37,38 Under this 
hypothesis, the origin of VVS is therefore related to a selective ad-
vantage initially enjoyed by some ancestral groups when tonic im-
mobility increased the survival during the interaction with predators. 
Finally, the heart defense hypothesis proposes that VVS evolved as 
an advantageous mechanism to reduce myocardial oxygen consump-
tion when cardiac strain is excessive.38-40 Both alarm bradycardia and 
heart defense hypotheses imply that VVS is just a manifestation in 
humans of a general response present in several other vertebrates. 
Vasovagal syncope and similar responses in other vertebrates should 
therefore share the same or very similar physiological mechanisms. 
Vasovagal Reflex In Animals

When investigating the literature dealing with the vasovagal re-
flex in animals, including humans,33 we found two processes, which, 
in our opinion, are relevant for the investigation of VVS evolution: 
alarm bradycardia during tonic immobility in animals  and vasovagal 
reflex during hemorrhagic shock both in animals and humans. We 
found reports of vasovagal reflex only in vertebrates and not in in-
vertebrates.
Alarm Bradycardia In Animals

The most common animal response to fear or threat is active, the so 
called “fight-or-flight” response, which is characterized by increased 
physical activity and systolic BP, tachycardia and dilatation of muscle 
vessels. In contrast to this active response, many animals can show 
a passive response to fear/threat by remaining motionless, above all 
when attacked by predators from which there is not possibility of 
escape, A variety of names have been used to describe this phenom-
enon: tonic immobility, hypnosis, death-feint, fright-paralysis and 
playing dead. The most used name is tonic immobility.

During tonic immobility, which is a reflex and involuntary re-
sponse, the animal typically assumes a recumbent posture to achieve 
the lowest body profile. Muscles are hypertonic, but a certain degree 
of relaxation is possible. Breathing is reduced in rate and amplitude. 
The animal is alert, as shown by electroencephalographic recording,41 
but in a state of catatonic-like reduced responsiveness which simu-
lates the death. 

Two aspects of tonic immobility are relevant for this paper: the 
physiological modifications occurring during this behavior (alarm 
bradycardia) and its selective advantage. These physiological aspects 
are relevant because the alarm bradycardia hypothesis for the evo-
lution of VVS suggests that alarm bradycardia during immobility 
behavior in animals and VVS in man are homologous. The selective 
advantage of tonic immobility is obviously relevant to explain its evo-
lution. We will briefly analyse these two aspects in turn.

The prevalence in the various animal species of alarm bradycar-
dia during tonic immobility is unknown; sometimes an acceleration 
of HR has been observed.42-45 Extensive evidence, however, suggests 
that transient episodes of this phenomenon, documented by using 
a telemetric system, are common in mammals as well as in lower 
vertebrates.

In white-tailed deer fawns, the sudden approach of an intruder 
induced in some animals tonic immobility associated with a decrease 
in HR up to 68%; the duration of bradycardia ranged from 5 seconds 
to about 2 min.46 Similarly, when young red deers were threatened 
by an intruder, HR decreased in some animals up to 85%, and sinus 
pauses > 3 seconds were recorded during tonic immobility; the bra 
dycardic episode generally lasted < 1 min in this case.45 Alarm brad-

pathways involved in the vasovagal response, though not completely 
elucidated, are probably present in all (or almost all) healthy humans. 
In fact, during diagnostic head-up tilt testing at 60°–70°, which in-
duces thoracic hypovolemia through a venous pooling in the legs, 
10–15% of adult subjects without a history of fainting experience 
syncope.16,17 Using stronger stressors, such as a tilting angle of 80° 
in conjunction with low-dose isoproterenol, the percentage of sub-
jects without history of fainting experiencing VVS  increases to 40-
45%.18,19 Among children, the percentage of asymptomatic subjects 
developing vasovagal reactions during tilt testing is also very high, 
approaching 40% even when a mild stressor is applied.20 Also astro-
nauts, who are heavily selected on the basis of their great resistance 
to gravitational changes and cannot be regarded as sick,  have a 20% 
of chances to experience presyncope or franck bradycardic syncope 
during upright posture on the day of landing after a short-duration 
space flight.21  In some studies, subtle alterations have been reported 
in subjects with VVS  during orthostatic stress: impaired venocostric-
tion,22,23 lower increase in total peripheral resistance,22 higher increase 
in heart rate (HR)24 and enhanced sympathetic activity;25 impaired 
baroreflex sensitivity25 and reduced blood volume26 have also been de-
scribed. However, other studies have failed to confirm these subtle al-
terations27-31 and their presence is currently uncertain in subjects with 
VVS. A multiplicity of mechanisms may contribute to these different 
observations. In any case, these subtle alterations cannot be regard-
ed as pathological disorders.. Moreover, a cause-effect relationship 
cannot be clearly established.  All together, these data suggest that  
about 40% of young individuals experience spontaneous VVS  and a 
large fraction of the others experience VVS under orthostatic stress. 
Considering that orthostatic stress is not the only stressor known to 
evoke VVS, it seems reasonable to assume that the vasovagal reflex is 
predisposed in all (or almost all) individuals. Third, subjects with typ-
ical VVS have generally  normal blood pressure (BP) and a normal 
vagal tone outside the syncopal episodes.32 All these aspects of VVS 
are definitely not typical for a disease. 

Since typical VVS is not a disease, but rather a manifestation of a 
non-pathological trait, we investigated the possible factors that can 
explain its origin and evolution.33 To this end, we carried out an ex-
tensive bibliographic research in order to analyze published theories 
dealing with the evolution of VVS and to investigate the vasovagal 
reactions in animals, including humans.
Previous Theories On The Evolution Of Vasovagal Syncope

Two major theories have been put forward to explain the origin 
of VVS,  the Human Violent Conflicts and the Clot Production  
hypotheses. Under the Human Violent  Conflicts hypothesis, the 
VVS evolved during the Paleolithic era only in the human lineage.34 

In situations of inter-group attacks and killing, LOC triggered by 
fear-circuitry activation might have conferred a survival advantage 
to non- combatants, particularly children and women, when threats 
were inescapable. The second theory, the Clot Production hypothe-
sis, suggests that the vasovagal reflex is a defense mechanism against 
hemorrhage in mammals.35,36 During bleeding traumas, the reduc-
tion of BP induced by the vasovagal reflex, would give to the coag-
ulation system a higher chance to produce a clot, thus arresting the 
loss of blood. 

In addition to these two theories, some authors have briefly men-
tioned two other hypotheses for the evolution of VVS. One of these 
hypotheses suggests that VVS is the human homologue of alarm 
bradycardia in animals, which is a decrease in HR documented in 
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well in humans55-62  and it appears to be due to thoracic hypovolemia 
which triggers afferent stimuli from the cardiopulmonary system. 
The hemodynamic response to acute thoracic hypovolemia consists 
of two phases. During the first phase, BP is maintained in the face 
of falling cardiac output by baroreceptors-mediated activation of the 
sympathetic system, as shown in conscious rabbits and dogs by the 
progressive increase in renal sympathetic nerve activity and norep-
inephrine plasma level, which are responsible for vasoconstriction 
and tachycardia.57,59,61 During the second phase, a vasovagal reaction 
occurs in all the mammalian species studied,63 but only when the 
blood volume is reduced by about 30%: BP suddenly falls and HR 
decreases. It has been shown during hemorrhagic shock in cats and 
rabbits that the decrease in BP is secondary to transient withdrawal 
of the sympathetic system, as evidenced by a dramatic decrease in 
renal sympathetic nerve activity.59,60,62,63

The same response (bradycardia and hypotension) observed dur-
ing hemorrhage has been reported in an experimental setting during 
reduction of the venous return by graded occlusion of inferior vena 
cava in conscious rabbits and rats.5,64 After a first phase characterized 
by vasoconstriction and tachycardia, a vasovagal reflex occurs. Even 
in this situation there is  first a progressive rise and then a sudden 
decline in sympathetic nerve activity.64

Comments
The major result of our analysis is that VVS in humans shares the 

same physiological mechanisms observed in the other vertebrates 
and this is indicative of a common evolutionary root.

The Clot Production theory suggests that the vasovagal reflex con-
stitutes  a protective mechanism against hemorrhage.35,36 This theo-
ry is based on the observation that hypertension worsens bleeding 
and that the normalization of BP by liquid infusion in patients with  
bleeding trauma can be harmful, impairing the formation of clots.65 
According with this theory, lowering the BP could reduce blood loss 
until stable blood clotting takes place. Moreover, Casonato et al66 

have reported an increase in von Willebrand factor and factor VIII, 
which facilitate coagulation, in two subjects who experienced VVS 
during venipuncture. These observations are interesting, but since va-
sovagal reflex occurs in humans and animals also during situations 
of fear or emotion, one should assume that two selective forces in-
dependently drove the evolution of the same physiological response; 
this is clearly an unlikely process..

The other theory, the Human Violent Conflicts hypothesis, suggests 
that VVS evolved in the human lineage in situations of inter-group 
attacks.34 Even though VVS is really more frequent in adolescents 
and women, this theory implies that any resemblance between VVS 
in man  and similar responses in non-human animals is the result of 
convergent evolution, that is an independent evolution of similar fea-
tures in species of different lineages. As in most cases of convergent 
evolution, we would expect this similarity to be rather superficial, 
and probably based on different physiological mechanism. We will 
show in the next session that this is not the case. The remaining two 
hypotheses, the alarm bradycardia and the heart defense hypotheses, 
will be discussed in the context of our analysis of the contributions 
offered by the literature on the vasovagal reflex in animals.
Similarities Between Orthostatic Vasovagal Syncope In Man 
And Vasovagal Reflex During Hemorrhagic Shock In Ani-
mals

In these two situations the trigger appears to be the same, i.e., 

ycardia was more frequent in young than in adult individuals.45,46 In 
several other mammals (spotted ground squirrel, western chipmunk, 
and grasshopper mouse), the appearance of a predator, generally a 
snake,  induced tonic immobility associated with a slowing of  HR, 
episodes of sinus arrest and/or second or third degree atrioventricular 
block.43 But the most extreme tonic immobility behavior is probably 
the “playing dead” reaction observed in the opossum.47 During tactile 
stimulation by a dog, the opossum’s reacts with apparent death, prone 
position and marked stiffness of the body. Respiratory rate is reduced 
by about 30%. In some individuals “playing dead” is accompanied by 
a decrease in HR (about 50%), as well as the onset of other signs of 
vagal activation such as salivation, urination and  defecation.  The 
animal is conscious, though looking dead, and at this point the dog 
loses interest in the potential prey. The experiment was repeated af-
ter atropine administration. When the dog approached the opossum, 
the animal displayed tonic immobility, but alarm bradycardia was not 
observed. That means that tonic immobility and alarm bradycardia 
are two different reflexes and that alarm bradycardia is mediated by 
the vagal system.

Alarm bradycardia in response to threat has been documented 
not only in mammals but also in all classes of vertebrates. In birds  
(willow grouse), the HR of some individuals threatened by intruders 
markedly decreased from 120-140 beats/min to 30-40 beats/min.44 

Gaunt et al48 reported that a reptile, a caiman, became motionless 
after the sudden approach of an investigator and the  HR decreased 
from ~ 15 to ~ 5 beats/min. Similarly, an amphibian, the salamander, 
displayed tonic immobility associated with slowing of HR and cardi-
ac pauses when threatened by a moving shadow.42 Various fish species 
stopped swimming and elicited cardiac pauses lasting up to 10-20 
seconds when frightened by moving objects.49

Tonic immobility is not commonly observed in primates or in car-
nivores. To this regard,  Klemm41 suggested that the neocortex exerts 
an inhibiting influence on tonic immobility and that this behavior 
diminishes as the neocortex increases in size.

Adams et al50 investigated the behavior and the cardiovascular 
changes in a carnivore, the cat, during an emotional situation, i.e., 
when preparing to fight in response to an attack of another cat. In 
addition to HR, they measured intra-arterial BP. Just before the at-
tack, the cats were immobile, but tonic immobility was not displayed. 
Electrocardiographic recording shoved in some individuals a marked 
slowing of HR associated to a sudden decrease in BP, as an expres-
sion of withdrawal of sympathetic system. This appears to be a clear 
demonstration of an emotional vasovagal reflex in animals, outside 
tonic immobility. It must be underlined that all the above mentioned 
animals did not lose consciousness during alarm bradycardia.

The evolution of tonic immobility as an anti-predator behavior al-
ternative to “fight-or-flight” to increase the  chances of survival was 
first suggested by Charles Darwin.51 For example, in situations where 
the animal has been caught by a predator, pretending to be dead can 
increase the possibilities to escape in an unguarded moment. Also, 
predators are usually adapted to react to a moving prey, and if escape 
is not possible, immobility can be an advantageous behavior for the 
prey by reducing the attention of the predator. Some experimental 
studies showed that the survival rate was indeed increased by this 
behaviour.52-54

Vasovagal  Reflex During Hemorrhagic Shock In Animals
The vasovagal reflex during hemorrhagic shock has been observed 

in mammals such as rats, rabbits, cats, dogs and rhesus monkeys, as 
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it is unable to induce cerebral hypoperfusion severe enough to elicit  
LOC. Probably, for the same reasons, spontaneous emotional VVS is 
absent (or very rare) in primates and other mammals. In man, who 
recently assumed an erect position and developed a large brain, the 
vasovagal reflex can more easily induce severe cerebral hypoperfusion, 
and, consequently, LOC.

Another hypothesis has recently been postulated to explain the 
occurrence of LOC only in humans, “the brain self-preserving re-
sponse” (Blanc JJ et al, Personal communication). According to this 
hypothesis, when the large human brain senses a decrease in blood 
supply, activates through an unknown mechanism the autonomic 
nervous system in order to drastically decrease BP and HR up to 
LOC, responsible for a fall. After the fall, BP and HR rapidly in-
crease and the subject recovers consciousness without any damage of 
the brain. In other words, “the brain self-preserving response” should 
have developed during the evolution of human being to protect the 
large brain; however, the mechanism of this response remains to be 
elucidated.
Vasovagal Reflex As A “Defense Mechanism”

If the vasovagal reflex has persisted for millions of years along the 
vertebrates evolutionary history, we can reasonably assume that it 
has a function and it is not harmful. It could be neutral or benefi-
cial, but some observations suggest that it could be beneficial. Since 
this phenotype is sporadically displayed, a possible role as a defense 
mechanism appears likely. The open question is “what is the advan-
tage of the vasovagal reaction?” In other words, which hypothesis best 
explain its evolution? Did the vasovagal reflex evolve as an advanta-
geous response to inescapable predators or to stressful and possibly 
dangerous heart conditions? Under the first hypothesis, emotional 
VVS might be an evolutionary relict or correlate of a prey-related be-
havior. Alarm bradycardia is not a constant response during tonic im-
mobility.43,45,47 However, when it occurs associated with the reduction 
of respiratory rate, it may help to better simulate death by lessening  
the movements and/or sounds that accompany normal or increased 
heart and breathing rates that a predator can detect.46 On the other 
hand, under the heart defense hypothesis, the inhibition of the sym-
pathetic system, together with the activation of the vagal system and 
consequent slowing of HR, may 1) constitute a beneficial break of 
cardiac pump (thereby reducing myocardial oxigen consumption), 2) 
permit better diastolic filling and coronary perfusion, and probably 3) 
ameliorate the pumping efficiency of the heart even if BP decreases. 
Thus, both the alarm bradycardia and heart defense  hypotheses seem 
to imply a selective advantage which could explain the evolution of 
the vasovagal reflex, and both advantages are possibly enjoyed today 
in several species. Only the heart defense hypothesis, however, nat-
urally emerges as a unifying theory able to explain the occurrence of 
the vasovagal reflex and its associated selective advantage during both 
emotional and orthostatic stress. The hypothesis that alarm  brady-
cardia during tonic immobility behavior improves survival is fasci-
nating, but it does not directly explain the vasovagal reflex during 
orthostatic stress.
Conclusion:

In conclusion, our extensive analysis of the literature suggests that 
typical VVS in humans has the same origin as the fear and threat 
bradycardia observed in all classes of vertebrates and the vasovagal 
reflex during hemorrhagic shock (thoracic hypovolemia) observed in 
humans and other mammals. The major difference, LOC due to the 

thoracic hypovolemia, which is responsible for the vasovagal reflex 
during prolonged standing or diagnostic tilt testing in humans and 
hemorrhagic shock in animals and humans. The efferent pathway 
also appears to be the same: an increase in sympathetic tone followed 
by withdrawal of the sympathetic system, as shown by the sudden 
decrease in BP and also by micro-neurographic recordings59,60,62,63 and 
then by an increase in vagal activity, as shown by the slowing of HR. 
Since the vasovagal reflex during hemorrhagic shock has been ob-
served in many mammals as well as in humans with the same phys-
iological mechanism,55-62,67 this means that the orthostatic vasovagal 
reflex is predisposed in primates and other mammals.
Similarities Between Emotional Vasovagal Syncope In Man 
And Alarm Bradycardia In Animals

Bradycardia  appears in humans during emotional vasovagal VVS 
and in animals during fear/threat, both in the context of tonic im-
mobility and in the absence of this behavior, as in carnivores.50 We 
believe that there is a similarity in the physiological mechanism re-
sponsible for bradycardia in humans and animals, for the following 
reasons:1) the same trigger evokes the same type of response (brad-
ycardia); 2) both emotional VVS in humans and alarm bradycardia 
in animals are more frequent in the young individuals than in the 
older ones;3,45,46 3) both emotional VVS in humans and alarm brady-
cardia in animals are generally preceded by acceleration of HR, as an 
expression of increased sympathetic activity.43-45,47,48,50 Unfortunately, 
BP has not been measured during alarm bradycardia in the context 
of tonic immobility, possibly because of limited availability of contin-
uous BP measurements. This is a weak point in the analysis and in-
terpretation of the vasovagal reflex. However, the only study in which 
both HR and BP were measured during fear-induced bradycardia, 
the slowing of HR was associated with a sudden decrease in BP;50 
these cardiovascular changes elicited by a trigger such as emotion/
fear suggest that we are dealing with a vasovagal reflex.

The similarities of the triggers and of the efferent response in the 
various types of vasovagal reflex suggest a common evolutionary root. 
Accordingly, typical VVS would not have evolved in the modern hu-
man being, as suggested in the Human Violent Conflicts theory,34 

but it should be regarded as an advantageous response which origi-
nated in the ancient past within some ancestral groups of vertebrates.

If the vasovagal reflex is predisposed in all the vertebrates, from 
fishes to mammals, why is LOC present  in humans, but absent (or 
extremely rare) in animals? Recently van Dijk68 offered a possible 
explanation based on some anatomical or physiological traits evolved 
in the human lineage: 1) the metabolic demand for the brain is low-
er in animals than in humans; for example, in man about 20% of 
cardiac output is destined for the brain, while in apes (gorilla, chim-
panzee) the proportion of cardiac output that needs to be pumped 
upwards is only 4-7%. As a consequence, a cerebral hypoperfusion 
severe enough to elicit LOC  occurs rarely in animals or it does not 
occur; 2) human  legs are relatively more robust than hind legs in 
other primates or other tall or long-necked mammals, and muscle 
pump appears less active in man; as a consequence, upon assuming 
the upright position, gravity causes more venous pooling in the hu-
man legs and, consequently, more orthostatic difficulties. In other 
words, the orthostatic vasovagal reflex appears to be predisposed in 
primates and other mammals. However, for the above mentioned 
reasons, and because and the quadruped or recumbent position, this 
reflex is most likely activated less often in animals. When activated, 
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vasovagal reflex only in humans, might be explained as a by-product 
due to the erect position and the large brain evolved in our species. 
We also argue that VVS appears to be a defense mechanism evolved 
to protect the heart during stressful and possibly dangerous condi-
tions. To this regard, it should be underlined that during the vaso-
vagal reflex, the transient withdrawal of the sympathetic system is 
generally preceded by increase in sympathetic activity. The paradox 
of high adrenaline level followed by transient sympathetic inhibition 
seems to be characteristic of the vasovagal reflex both in humans and 
animals. That is, the sympathetic system, activated up to a certain 
level, likely different from individual to individual, inhibits itself. 
This unique mechanism appears to be highly suggestive for a defense 
mechanism because high sympathetic activity could be dangerous. As 
for other defense mechanisms, i.e., antibody production, we should 
not forget that the vasovagal reflex is a potential source of negative 
effects in man, mainly due to the occurrence of LOC. In fact, faint-
ing, which often occurs during upright posture, may lead to traumas. 
In some subjects, VVS is very frequent and may be responsible for 
psychological affections, High recurrence rate of syncopal episodes 
and/or asystolic pauses, probably due to increased susceptibility, 
should be regarded as a harmful excess of the defense response. To 
date, the gene(s) responsible for the vasovagal reflex, and a possible 
genetic polymorphism responsible for enhanced  susceptibility,  have 
not been discovered.
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Introduction
Atrial fibrillation(AF) remains the most common sustained 

arrhythmia in the United States affecting greater than 3 million 
individuals, a number likely to rise dramatically by 2015.1 AF is 
associated with symptoms such as a palpitations, lightheadedness, 
fatigue, and may precipitate heart failure. In addition, it has been 
associated with an increased risk for stroke, increased hospitalizations, 
and increased mortality.2 For many years, anti-arrhythmic 
medications were the only options for the treatment of patients with 
symptomatic AF.  Such medications are associated with relatively 
poor long-term efficacy profiles as well as many known toxicities.3 In 
1998, Haissaguerre and colleagues made the observation that triggers 
from within the pulmonary veins were often the precipitating event 
in AF initiation thus providing a potential target for ablation.4 Initial 
strategies of AF ablation were surgical and while fairly successful 
were also associated with significant morbidity.5,6 Building off 
the experience of the COX MAZE procedure, catheter ablation 
procedures were developed to isolate the pulmonary veins from 
the left atrium via circular radiofrequency ablations surrounding 
the pulmonary veins. Over the last decade, catheter ablation has 
become an effective tool in the management of symptomatic, drug 
refractory AF demonstrating superior results at one year compared 
to anti-arrhythmic medications alone.7 Currently, radiofrequency 
energy is the main energy source for pulmonary vein isolation(PVI) 
procedures. PVI currently involves either dragging or point by point 
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lesion creation. As such, procedure  times can be lengthy and often 
necessitate the use of significant amounts of fluoroscopy particularly 
in the case of lower volume operators.8 In addition, such procedures 
are technically difficult and are associated with rare but significant 
complications such as pulmonary vein stenosis and atrio-esophageal 
fistulas.9 Therefore, new  ablative technologies have emerged in the 
hopes of improving patient selection, shortening and simplifying 
the procedure,and preserving if not improving efficacy and safety. 
In addition, a new mapping strategy known as FIRM mapping has 
attempted to target the mechanisms perpetuating AF rather than the 
triggers themselves. The field of AF ablation is rapidly evolving as 
new technologies become available.
Magnetic Resonance Imaging For Patient Selection And 
Procedural Guidance

Late gadolinium enhanced (LGE) magnetic resonance imaging 
(MRI) of left atrial (LA) scar was first performed by Peters and 
colleagues in 23 patients with AF in 2007.10 The investigators found 
no pre-ablation LGE, suggestive of baseline scar, in any participants.10 
After ablation, 38% of patients had less than 90% circumferential 
LGE of the pulmonary veins.10 Following this work, Marrouche and 
colleagues reported on a series of 46 patients that underwent MRI 
prior to and after AF ablation.11 In this cohort, baseline LGE was 
observed in 8.7% of patients.11 In a later study which focused on 
patients with lone AF, the Utah investigators categorized patients 
by the extent of baseline LGE on LA images, dividing patients into 
four groups: I (<5%), II (5-20%), III (20-35%), and IV (>35%).12 
Procedural outcomes were predicted by baseline LA scar burden 
in this cohort of patients.12 After a mean follow up of 324 days 
all patients in group I were free of AF, in contrast with only 4% of 
patients in group IV which remained free of AF.12 In subsequent 
reports, the Utah investigators have proposed that the strategy 
used during AF ablation, such as stand alone PVI versus coupling 
of pulmonary vein isolation with linear ablations or debulking, be 
informed by scar burden as assessed by LGE MRI.13,14 The use of 
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vein isolation(PVI), cardiac ablation has emerged as key strategy for the treatment of AF. PVI using traditional point by point radiofrequency 
ablation is time consuming and technically challenging. Refining patient selection for PVI also remains an important goal. New ablative 
strategies using catheter-based balloon technologies, such as cryothermy and laser-based systems, may simplify PVI. In addition, new MRI-
based techniques offer the hope of refining patient selection prior to ablation. Lastly, FIRM mapping represents an entirely new approach to 
AF ablation via the targeting of mechanisms that perpetuate AF rather than simply targeting triggers alone.
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LGE MRI, however, requires significant expertise for appropriate 
image acquisition and analysis. To improve the generalizability of 
MRI scar mapping to clinical settings, our group focused on MRI T1 
mapping, an emerging tool for objective quantification of myocardial 
fibrosis. We performed LA myocardial T1 mapping in 51 patients 
before AF ablation and in 16 healthy volunteers. We found that 
the median LA T1 relaxation time was shorter in patients with AF 
compared to healthy volunteers and was shorter in patients with AF 
with prior ablation compared to patients without prior ablation. In a 
generalized estimating equations model, adjusting for data clusters per 
participant, age, prior ablation, AF type, hypertension, and diabetes, 
each 100-ms increase in T1 relaxation time was associated with 
0.1 mV increase in intracardiac bipolar LA voltage (P=0.025). This 
novel methodology, which provides an objective and easy to measure 
estimate of diffuse fibrosis, may improve the quantification of fibrotic 
changes in thin-walled myocardial tissues.15 We have also developed 
and validated a normalized measure, the image intensity ratio (IIR), 
for the assessment of LA scar on LGE MRI. In an LGE MRI study 
of 75 patients prior to AF ablation, each unit increase in local IIR 
was associated with 91.3% decrease in bipolar LA voltage (P < .001) 
after accounting for within patient clustering, and adjusting for age, 
LA volume, mass, body mass index, sex, CHA2DS2-VASc score, 
atrial fibrillation type, history of previous ablations, and contrast 
delay time. Local IIR thresholds of >0.97 and >1.61 corresponded 
to bipolar voltage <0.5 and <0.1 mV, respectively.16 Detection of LF 
fibrosis based upon the LGE MRI or T1 mapping techniquesappears 
to provide measures that are closely associated with intracardiac 
voltage as a surrogate of atrial fibrosis. These measures may have 
important implications regarding appropriate patient selection for 
catheter ablation. 

A number of other studies have focused on the potential utility of 
LA LGE imaging after ablation. In a study of 144 patients post AF 
ablation, Marrouche and colleagues reported that the LA total LGE 
burden and the degree of circumferential isolation of pulmonary 
vein ostia were directly proportional with freedom from AF after the 
procedure.17 It has also been proposed that post-procedure LGEmay 
be used to assess the adequacy of ablation, and to guide repeat ablation 
after the initial procedure.17,18 However, the resolution of CMR 
in our hands remains sub-optimal for identification of conduction 
gaps in lesion sets. In 10 patients, undergoing repeat ablation for AF 
recurrence, we noted a significant association between scar identified 
by LGE and low-voltage regions of the LA. However, there was no 
association between scar gaps and PV reconnection sites.19

Real-time MRI guidance for AF ablation is the ultimate goal 
for all centers engaged in AF imaging research. The ability to use 
real-time MRI for procedural guidance would a) provide better 
real-time visualization of the LA geometry, PV position, and 
anatomic features, b) reduce radiation exposure, c) improve the rapid 
recognition of complications such as pericardial effusion or collateral 
damage to adjacent structures such as the esophagus, d) provide real-
time information about targets for ablation such as regions with 
heterogeneous fibrosis or adjacent fat pads, and e) provide real-time 
feedback regarding the completeness of linear ablation sets.20-21 While 
we and others have made significant advances toward integration of 
real-time CMR guidance for ablation procedures, many technical 
challenges remain before real-time CMR guidance can be fully 
integrated into standard EP laboratories.

Cryoballoon Ablation
Cryoablation results in tissue injury through the generation of 

extremely low temperatures(between -30 to -90 degrees Celsius). 
The mechanism by which cryothermy generates tissue ablation 
is multifactorial.22 At temperatures reaching -20 degrees Celsius, 
extracellular ice formation occurs resulting in an osmotic shift 
of water from inside the cell to out.  At lower temperatures still, 
intracellular organelle damage occurs. In addition, cryothermic 
damage to vascular structures aswell as hyperemia from rewarming 
contribute to tissue injury.22

While cryothermic ablation has been available for years for the 
treatment of arrhythmias, only recently has it been used for PVI. 
Compared with traditional RF energy, cryoablation for PVI has 
several potential advantages. First, cryoablation is associated with 
less patient discomfort than RF, a characteristic that is particularly 
advantageous in centers where PVI is performed under conscious 
sedation rather than general anesthesia. Second, the use of cryoablative 
catheters results in freeze-mediated catheter adhesion, a trait that can 
enhance catheter stability particularly in traditionally challenging 
areas to ablate such as the ridge between the left atrial appendage 
and left sided pulmonary veins. Lastly, cryoablation has been shown 
to be associated with less platelet and coagulation cascade activation 
leading to a lower risk of thrombus formation.23,24

In the early 2000’s, several investigators examined the feasibility of 
using focal cryoablation catheters for PVI.25,26 These studies showed 
that cryoablation for PVI was effective and safe but associated with 
a frequent need for a repeat procedure.26 In 2005, Sarabanda and 
colleagues were amongst the first to report on the use of cryoballoon 
technology in a study of 8 mongrel dogs. Using a 23-mm balloon, 
83% of targeted pulmonary veins could be successfully isolated.27 
With the development of the Arctic FrontTMcryoablation system, 
cryoballoon ablation for PVI in human subjects was introduced in 
Europe in 2006 and was FDA approved for use in the United States 
in 2011.  This technology utilizes a cryoballoon catheter placed in 
the left atrium following transseptal access via a 12 French inner/15 
French outer deflectable catheter over a 0.035 inch guide wire via 
femoral vein access. The Arctic FrontTMballoon is available in two 
diameters (23 mm and 28mm). The guidewire is placed in branches 
of the target pulmonary vein and the inflated balloon is advanced 
over the wire to the ostium of the vein. Contrast can be injected 
through the catheter to assess for complete venous occlusion. 
Nitrous oxide (N2O) is delivered into the balloon and freezing times 
range from 240-300 seconds per freeze. To assess for pulmonary 
vein isolation without the need of a second transseptal access, the 
AchieveTM catheter was developed. This catheter is an 8 pole 
lasso that can be deployed through the guidewire lumen and hence 
advanced into the vein with the Arctic FrontTM catheter in place. 
The freezing procedure is repeated sub-selecting different pulmonary 
vein branches for all four veins until complete isolation of all veins 
is achieved.

Neumann and colleagues reported on outcomes and complications 
in a large scale observational series of patients undergoing cryoballoon 
ablation.28 In 346 patients(293 with paroxysmal AF and53 with 
persistent AF), 97% of targeted pulmonary veins were successfully 
isolated using the cryoballoon technique.28 Maintenance of sinus 
rhythm was achieved in 74% of patients with paroxysmal AF and 
42% with persistent AF.16 Right phrenic nerve paralysis was noted 
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in 26 patients.28 van Belle and colleagues reported on a cohort of 57 
patients with paroxysmal AF undergoing cryoballoon PVI. 84% of 
pulmonary veins were successfully isolated and right phrenic nerve 
paralysis occurred in four patients.29

Kojodjojoand colleagues reported a series of 124 patients 
undergoing cryoballoon ablation.30 At 12 months 77% of patients 
with paroxysmal AF and 48% of those with persistent AF were free 
of AF.30 2 cases of transient phrenic nerve paralysis were reported.19 
Lastly, Malmoborg and colleagues reported a series of 40 patients 
undergoing cryoballoon PVI.22 Complete PV isolation was noted in 
39 of 43 procedures(91%).29 Phrenic nerve paralysis was observed in 
2 patients.31

The first randomized controlled trial of cryoballoon ablation for 
PVI was the STOP AF trial published by Packer an colleagues 
in 2013.32 This study was a prospective, multicenter, randomized 
controlled trial comparing cryoballoon therapy to anti-arrhythmic 
drug therapy in patients with paroxysmal AF refractory to at least one 
anti-arrhythmic drug.32 The trial enrolled a total of 245 patients, 163 
in the cryoballoon arm and 82 in the drug therapy arm.30 Isolation of 
at least three pulmonary veins was accomplished in 98.2% of patients 
and all four veins in 97.6% in those receiving PVI.32 The primary 
endpoint was freedom from treatment failure defined as absence of 
the following:any detectable AF, use of a non-study anti-arrhythmic 
drug, or any non-protocol AF intervention(radiofrequency PVI 
e.g.).32 At 12 months, the primary endpoint was achieved in 69.9% 
of patients randomized to the cryoballoon arm and 7.3% randomized 
to the anti-arrhythmic drug arm.32

In terms of complications, 29 of 259 cryoballoon procedures 
were associated with phrenic nerve paralysis in the STOP AF trial 
of which 25 had resolved at 12 months of follow up.32 Given the 
risk of phrenic nerve injury, pacing in the right atrium to stimulate 
the phrenic nerve and hence assess functionality in realtime during 
freezing (particularly the right superior PV), is advisable. In addition 
5 cases of pulmonary vein stenosis were noted. This complication had 
previously not been appreciated with cryoballoon PVI in the single 
center cohort studies. The authors postulated that deep ablation 
within the pulmonary vein with a smaller balloon size may have been 
the reason for this. Lastly, it had been postulated that one of the 
benefits of cryoballoon PVI compared with traditional RF would 
be prevention of atrio-esophageal(AE) fistula formation, a dreaded 
but rare complication seen in RF PVI procedures. In the STOP AF 
trial no AE fistulas were noted. Esophageal ulcers with cryoablation 
therapy have been reported.33,34 More recently, however, several cases 
of AE fistulas have been reported following cryoballoon PVI.35 

Currently, in real world practice, at least in the hand of experienced 
operators the overall complication rates seem to be comparable 
between RF and cryoballoon ablation, however type of complications 
vary significantly.36,37

Recently, a second generation cryoballoon was introduced with the 
goal of isolating each pulmonary vein with fewer number of freeze 
applications. The first generation ArcticeFrontTM balloon catheter 
utilized four injection ports through which N2O refrigerant was 
sprayed in a region of the balloon just distal to the equator.38,39 This 
resulted in a gradient of cooling such that higher temperatures were 
seen at thedistal poles of the balloon compared to the equator.38,39 In 
this situation, if the balloon was placed In an off-axial position, antral 
freezing and hence isolation may not be achieved. In the second 
generation cryoballoon, the coolant was directed homogeneously in 

the distal half of the balloon in the hopes of remedying this problem. 
When compared with the first generation balloon, the second 
generation design showed improved first freeze isolation and shorter 
procedural times.40,41 While an improved procedural and mid-term 
efficacy has been welcomed the safety profile of the new cryoballoon 
needs further investigation. By using careful monitoring of the 
phrenic nerve during freezes of the right superior pulmonary vein the 
most feared complication of phrenic nerve paralysis may be overcome 
and an esophageal probe to monitor esophageal temperature during 
the freezes should be used as well as in RF ablation procedures.42-46

Laser Balloon Catheter
Recently, the CardiofocusTM endoscopic ablation system was 

introduced in Europe as an alternative to radiofrequency and 
cryoballoon catheters for PVI. This novel system is comprised of 
a non- steerable catheter with a compliant (9-35 mm diameter) 
balloon at the tip.47 The catheter is introduced into the left atrium 
via a transseptal puncture via access obtained via the femoral vein. 
The transseptal sheath has a 15 French outer diameter. The system 
was originally designed necessitating two operators, one to navigate 
the balloon to the pulmonary vein ostium and the other to guide 
laser application. The system was recently redesigned for use by a 
single operator.  The balloon is inflatedwith a solution of radiopaque 
“heavy water” (deuterium oxide). Occlusion of the vein permits 
direct visualization of the PV antrum via a novel 2 French fiberoptic 
endoscope. A 980 nm diode laser is housed in the central lumen of the 
catheter. Laser application is performed in a point by point fashion 
around the pulmonary vein. The CardiofocusTM catheter has no 
electrodes therefore checking for vein isolation requires placement of 
a second catheter into the left atrium.

The ability of laser energy to achieve PVI was first demonstrated 
by Reddy in colleagues in 2004 in a study of 19 goats.48 In 2006 
Thermistoclackis demonstrated the ability to directly visualize 
the antrum of the PV endoscopically.49 Human studies of the 
CardiofocusTM laser have been largely limited to small single center 
studies. The first human study using endoscopic laser technology 
was performed by Reddy and colleagues in 2009.50 In the initial 
experience of 30 patients, 91% of PV’s were successfully isolated, 
and the drug free freedom from AF rate was 60% at 12 months.50 
One episode each of tamponade, stroke, and phrenic nerve paralysis 
were noted.50 The first generation system used by Reddy and 
colleagues employed a non-compliant balloon and a large laser arc. 
In the second generation device, the balloon was made compliant 
and the laser arc decreased to 30 degrees.47 Schmidt and colleagues 
assessed the safety and efficacy profile of the second generation 
endoscopic laser system.51 In 30 patients, complete PVIwas achieved 
in 114 of 116 veins (98%) with a total procedural time of 250±62 
minutes and a mean fluoroscopy time of 30±18 minutes.51 Of note, 
4 patients(15%) showed esophageal ulceration post procedure.51 In 
addition, 1 case of tamponade and 1 case of phrenic nerve paralysis 
was noted.51 The most recent worldwide experience of the endoscopic 
laser balloon was presented by Schmidt and colleagues at the Heart 
Rhythm Society 2012 Scientific Sessions.52 The authors reported on 
406 patients from 16 centers.52 The acute PVI rate was 98% with 
79% isolated on the first visually guided attempt.52 At 12 months, 
60% of patients remained in sinus rhythm.52 Recently, Metzner 
and colleagues compared different energy levels during endoscopic 
ablation and found that higher energies were associated with a higher 
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rate of achieving PVI without an increased risk of complications.53 
Caution with using increased energy is advisable, however, given the 
small numbers observed in this study. The ability to achieve PVI with 
the endoscopic laser balloon versus the cryoballoon was assessed in a 
prospective study of 144 patients.54 At 12 months, recurrence of AF 
occurred in 37% of patients in the cryoballoon group and 27% in the 
laser group (p=0.18).54

FIRM Mapping
While PVI has provided an important tool in combating AF, 

success rates despite multiple procedures, especially in patients with 
persistent AF, obstructive sleep apnea, systolic dysfunction, and 
metabolic syndrome, remains modest.55-57 Reasons for this may be 
related to non-pulmonary vein triggers and the fact that PVI does 
not target the mechanisms that sustain AF. Recently, FIRM mapping 
has been introduced as a method of targeting mechanisms that 
perpetuate AF.58 This technique involves theplacement of large 64 
pole basket catheters in both the left and right atrium. Using a novel 
mapping system, AF propagation maps are created.59 Two types of 
sources of AF are identified: electrical rotors and focal impulses.59 It 
has been hypothesized that ablation of these sources could improve 
procedural success in AF ablation. In the CONFIRM trial, patients 
treated with PVI plus FIRM mapping with ablation of sources of 
AF were compared to patients treated with PVI alone.59 The authors 
found that localized rotors or focal impulses were present in 97% of 
patients undergoing AF ablation.59 At a median of 273 days, 82.4% 
of patients receiving FIRM guided ablation in addition to PVI were 
free of AF compared with 44.9% receiving PVI alone.59 Of interest, 
patients with factors traditionally associated with lower success rates 
with PVI (obstructive sleep apnea, increased left atrial diameter, and 
lower systolic function) had more sources of AF in more widespread 
distributions.60 While FIRM mapping has sparked significant 
interest, whether it will represent a paradigm shift in the way AF is 
treated remains yet to be determined.
Contact Force Catheters

To achieve pulmonary vein isolation, the creation of transmural, 
circumferential lesions are necessary. If even one lesion fails to 
achieve transmurality, healing can occur leading to reconnection of 
the vein. Pulmonary vein reconnection has long been recognized 
as a cause of atrial fibrillation recurrence.61 Tissue contact force has 
long been recognized as an important predictor of ultimate lesion 
size.62,63 Left atrial anatomy and respirations may lead to problems 
with catheter contact with left atrial tissue limiting transmural lesion 
formation. While the use of deflectable catheters, general anesthesia, 
and even JET ventilation have improved stability, adequate tissue 
contact has remained a challenge particularly in areas such as the 
ridge between the left pulmonary veins and left atrial appendage. 
The development of contact force catheters have been introduced in 
the hopes of improving tissue contact via real time feedback with 
the operator. Contact force catheters utilized a contact force sensor 
located in the catheter tip. Via deformation of optical fibers, contact 
force is determined.62 In a study of 10 dogs, Yokoyama and colleagues 
demonstrated that tissue temperature and lesion size increased with 
increasing contact. In addition, the incidence of steam pops increased 
with increasing force.62

The safety of a new novel contact force catheter was demonstrated 
in the Toccata study which evaluated acute outcomes in 77 patients 
(43 undergoing a right-sided supraventricular tachycardia and 34 

with AF.64 One complication (tamponade in 1 patient in the AF 
cohort) was noted.  The area of highest contact force was commonly 
the anterior/rightward roof near the ascending aorta.65 Of interest, 
high contact force was noted not only during ablation but also with 
simple catheter manipulation.65 Amongst 32 patients with PAF in 
Toccata, at 12 months, 100% of patients with an average contact 
force <10 grams experienced recurrences.65 80% of patients with an 
average contact force >20 grams were free of AF at 12 months.65

Conclusion:
AF is a major public health problem in the United States, the 
burden of which is likely to continue to increase. With the seminal 
discovery that triggers for AF often arise from muscle sleeves within 
the pulmonary veins, the advent of PVI has proven to be a major 
advance in the treatment of AF. Late gadolinium enhanced magnetic 
resonance imaging of the left atrium has the ability to quantify atrial 
scar and may enhance patient selection for AF ablation. Traditional 
PVI procedures have used radiofrequency energy which is time 
consuming and requires considerable skill. New advances using 
balloon based catheters employing either cryothermy or laser-guided 
therapy represent exciting new technologies with the potential to 
simplify the procedure. However, given the importance of targeting 
non pulmonary vein triggers and substrates in the setting of 
permanent AF, in our opinion, balloon based therapies are currently 
suitable for treatment of paroxysmal AF. FIRM mapping represents 
an entirely new strategy for AF ablation where sources of AF 
perpetuation are targeted rather than triggers themselves. While early 
data utilizing FIRM mapping are encouraging,large-scale studies 
are needed prior to widespread use. Contact-force sensing catheters 
represent an important new advance providing real time operator 
feedback in terms of tissue contact. Such information may be used 
to ensure transmurality of lesions as well as prevent complications. 
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Summary
In recent years, clinical and observational studies reported that caffeine consumption was associated with cardiac arrhythmias, affected 

heart rate variability, and subsequently increased cardiovascular risk. The analysis of these paper shows that data are controversial and 
strongly depends on methodology. Moderate intake of caffeine seems to have protective effects on arrhythmias, on contrary high intake 
of caffeine seems to be associated with increased risk of atrial fibrillation. There is a deep difference when we analysed intake of caffeine 
from coffee compared to other sources. In very recent time an increase in caffeinated beverages, namely energy drinks, has been reported 
in young people and several arrhythmic complications has been observed. A review of literature is presented.
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Introduction
Lifestyle factors, particularly dietary intake, have been recognized 

as important, modifiable risk factors for cardiovascular disease. The 
majority of studies analyzed the relationship between lifestyle and 
atherosclerosis, whereas little is know about influence of lifestyle on 
arrhythmias. 

The aim of the present review is to evaluate the effects of caffeine 
as component of beverages of daily life on development of AF. We 
focused on coffee consumption and on the new developed energy 
drinks that became very popular among young people.1

Atrial fibrillation (AF) is the most common arrhythmia in clinical 
practice. It is estimated to currently affect over 6 million patients in 
Europe and approximately 3.0 million in the United States, and this 
number is projected to at least double in the next 25 years because of 
the increasing proportion of the ageing population.2

Coffee, Caffeine And Atrial Fibrillation
Caffeine is the most widely consumed behaviorally active substance 

in the world and almost all caffeine comes from dietary sources, most 
of it from coffee3,4 Associations between coffee, caffeine and AF have 
had conflicting results.5,6,7 Coffee contains several hundred different 
substances including lipids, carbohydrates, minerals, vitamins, alka-
loids and phenolic compounds. Nevertheless effects of coffee on car-
diovascular system have been mainly related to caffeine.

Caffeine is an alkaloid present in coffee beans, in humans come 

from a number of dietary sources i.e. tea, coffee, cocoa beverages, 
chocolate bars and soft drinks and recently energy drinks. (ED). The 
content of caffeine of these items ranges from 4 to 180 mg/150 ml 
for coffee, 15 to 29 mg/180 ml for cola, 24 to 50 mg/150 ml for tea, 
2 to 7 mg/150 ml for cocoa and 1 to 36 mg/28 mg for chocolate, 100 
to 286 mg for common ED, however some brands of ED contain 550 
mg caffeine per can or bottle.8,9,10

The clinical effect of intakes of caffeine from coffee, tea, caffeinated 
soda and energy drinks on AF remain inconclusive.  The patho-phys-
iology of the arrhythmias have been described in detail, however the 
mechanism underlying electrical changes and the possible triggering 
factors remain largely unknown. Several studies evaluated the acute 
effects of caffeine on heart rate and found controversial results.

Studies on human atrial myocytes from patients with AF sug-
gests that an adenosine mediated signaling pathways could lead to 
increased spontaneous sarcoplasmic reticulum calcium release and 
could contribute to the initiation of AF.11

Caffeine may mediate AF by resulting in neurohormonal stimula-
tion and sympathetic activation and the effects could be enhanced in 
nonhabitual coffee drinkers.12

Caffeine toxicity produces supraventricular tachycardia, atrial 
fibrillation and ventricular fibrillation.13, 14

The risk of cardiac arrhythmias associated with daily consumption 
of caffeine does not seem to be increased at ventricular level, but 
more information is needed about supraventricular level.

Clinical studies found a significant decrease of heart rate after 
acute ingestion of 100 or 200 mg of caffeine in non-habitual coffee 
consumers, whether in habitual coffee consumers the lack of effects 
on heart rate depends on rapid tachyphylaxis of caffeine.15,16 A differ-
ent response in habitual and non habitual consumers was previously 
observed in hypertensive patients.

The Framingham Heart study and a Danish study showed no as-
sociation between daily caffeine intake and incident AF.17,18 Similarly 
in the Women Health study, caffeine consumption was not associat-
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position paper on Energy drinks that analyzed effects of ED on exer-
cise performance, and explore the safety of these beverages.31

Energy drinks contain caffeine and often other substances such 
as guarana (containing guaranine, similar to caffeine), gingko bilo-
ba, taurine (an amino acid) and carbohydrates. Interestingly ED that 
contain natural ingredients such as gingko (classified as “dietary sup-
plements”) so that manufacturers of these products are not required 
to include the caffeine content of these herbal supplements in the 
nutritional information.31

The guarana plant and berry has one of the highest naturally oc-
curring levels of caffeine, and there are also traces of theophylline 
and theobromine. Instead of referring to caffeine, many companies 
and websites market their products using the term ‘guaranine’ when 
describing the active ingredient.

Safety concern comes from isolated case report that has not estab-
lished a direct link.

The caffeine content of common ED has been reported to range 
from about 100 to 286 mg.9 However some brands of ED contain 
550 mg caffeine per can or bottle.10

Since ED often contains other stimulants (i.e. herbs) that can have 
a synergistic effect with caffeine, more research is needed to deter-
mine the long-term effects of habitual intake of ED.32 There are cur-
rently only a few studies (acute or long term) that have investigated 
the side effects of ED.33, 34

Clauson et al reported four documented case reports of caffeine- 
associated deaths, as well as four separate cases of seizures associated 
with the consumption of energy drinks. However, the authors were 
quick to point out that the amounts of ginseng, taurine, and guarana 
found in these beverages are less than the amounts thought to beget 
any harmful reaction or curative benefit. It is possible that a combi-
nation of different substances and caffeine facilitate arrhythmias.33

Usman and coworkers reported a case of a young boy presented 
with palpitations and high blood pressure after consumption of an 
ED containing caffeine, taurine (124 mg), , inositol (17 mg), Panax 
ginseng (6.98 mg). The tachycardia and hypertension returned to 
normal after discontinuation of ED consumption.35

Bichler and coworkers investigated a combination of caffeine and 
taurine (two common ingredients in ED) in a double-blind study 
of college students. Subjects consumed either caffeine and taurine 
pills or a placebo and then completed a memory assessment while 
heart rate and blood pressure were monitored. The combination of 
two caused a significant decline in heart rate and an increase in mean 
arterial blood pressure.36

A cardiac arrest has been reported in a healthy 28-year-old man 
after consuming seven to eight cans of a caffeinated ‘energy drink’. 
The patient developed ventricular fibrillation and was successfully 
defibrillated. Subsequent testing did not show evidence of any coro-
nary artery disease.37

We reported 2 cases of atrial fibrillation in young patients after 
ingestion of ED, in one case it was mixed with alcohol. Both pa-
tients underwent cardioversion of arrhythmias. [data presented at the 
National Meeting of the Italian Society of Cardiology 2013, paper 
under submission].

It is well known that alcohol mixed to energy drinks has became 
very popular among young. This mix can facilitate cardiac arrhyth-
mias in young apparently healthy subjects. Combination of alcohol 
and energy drinks is associated with decreased awareness of physical 
and cognitive impairment caused by alcohol intake. Additionally, due 

ed with an increased risk of incident AF in a selected population of 
initially healthy middle-aged women.19 In the Multifactor Primary 
Prevention Study, the consumption of 1 to 4 cups of coffee/day was 
associated with an increase risk of atrial fibrillation, whereas drinking 
more than 4 cups a day was not associated with a risk of atrial fibril-
lation. This analysis was carried on in Goteborg on a large number of 
patients and evaluated hospitalization for atrial fibrillation. The main 
limitation was the lost of asymptomatic episodes of arrhythmias not 
leading to hospitalization.20

These discrepant findings on the association between coffee and 
caffeine consumption and atrial fibrillation are related to differences 
among coffee and caffeine intake.21 Coffee is a complex beverage that 
include hundred of substances i.e. several antioxidants. High antiox-
idant levels in coffee were reported but this high contribution to the 
total dietary intake of antioxidant was not noted22,23 Green and black 
coffee beans contains different quantity of antioxidant, 15,9 and 22.6 
mmol tot antioxidant/100 g, respectively. This difference depends on 
the roasting process that damages some antioxidants.24

An important issue is whether the antioxidants derived from coffee 
are bioactive and bioavailable. Several studies demonstrated bioactiv-
ity of coffee that suggests coffee contribution to antioxidant process, 
coffee consumption is associated with a reduction of plasmatic gam-
ma-glutamyl transpeptidase, a marker of early oxidative stress.25

In healthy volunteers the acute ingestion of caffeinated instant cof-
fee did not result in supraventricular arrhythmias.26 However, many 
patients with paroxysmal atrial fibrillation indicate coffee intake as 
a triggering factor for arrhythmia, and there is a fairly widespread 
belief that caffeine intake is related to the development of AF27 Acute 
stress was also associated with an increase in coffee consumption in 
almost all subjects, habitual and nonhabitual drinkers.28

We found that increasing level of coffee consumption was asso-
ciated with a significantly greater risk of acute atrial fibrillation in 
patients without cardiac disease.29 High espresso coffee consumption 
(>3 cups a day) was associated with an increase risk of AF but pa-
tients habitual drinkers had a low probability of spontaneous conver-
sion of the arrhythmia.

Other studies identified moderate coffee consumption (1–4 cups 
coffee/d) as a contributor to AF risk,20 whereas another study showed 
that caffeine was associated with less successful cardioversion in hy-
pertensive patients.7 It is plausible that the effects of caffeine varies 
in habitual versus non-habitual consumers and also depends on the 
dose, on the modality of preparation and on the modality of intake, 
i.e. coffee after meals. Further studies are necessary to clarify the re-
lation of caffeine exposure to risk of incident and recurrent AF in 
healthy individuals and patients with a predisposition for AF.
Energy Drinks And Atrial Fibrillation

In 2012 the Food and Drug Administration investigated the ener-
gy drinks (ED) that contained caffeine, due to alert on safety. Several 
types of these caffeinated drinks were linked to unexpected death in 
young and healthy subjects30 Energy drinks are a group of beverages, 
available to general public, used to provide boost in energy, maintain 
wakefulness, provide alertness, and promote cognitive and mood en-
hancement.

Energy drinks are the most popular dietary supplement in the 
American adolescent and young adult. About 6% of young men in 
United States report to consume ED daily.30

The International Society of Sports Nutrition (ISSN) published a 
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to the stimulant properties of the added caffeine and the dilution 
of the alcohol, individuals may remain alert longer, allowing for ex-
tended time in which to consume alcohol, which may lead to binge 
drinking. There is some evidence that at lower levels, caffeine may 
attenuate some of the intoxicating effects of alcohol, but this effect is 
not evident at higher caffeine levels.38, 39

It is concerning that products with an unclear record of safety in 
adolescents and young, and reported adverse effects, have become so 
easily accessible. Currently, no central data collection exists for side 
effects induced by ED. As the number of users of energy drinks has 
been growing rapidly, it is crucial to keep up with understanding the 
potential toxic effects of these beverages and food to prevent arrhyth-
mias and other disease.
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