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Dear Colleagues
Welcome to the June edition of JAFIB. Summer has been 

reasonably pleasant in continental United States so far. Hope our 
audience around the world had a wonderful professional and personal 
times.

In this issue we have several manuscripts that are thought 
provoking and provide solid review of many interesting topics in 
atrial fibrillation (AF).  Massimo Santini’s  group are presenting a 
small but practically useful study to discriminate between ventricular 
(VT) and supraventricular tachycardia (SVT) and the evaluation 
of their hemodynamic impact are essential issues in the arrhythmia 
management. A new pacing device features a tachycardia diagnostic 
system relying on simultaneous recording of the transvalvular 
impedance (TVI) and a special integrated electric signal derived by 
the whole set of endocardial electrodes (iECG). Karen Phillips and 
Hiroshi Nakagawa wrote two separate articles that highlight the role 
of appropriate levels of endocardial contact on two different systems – 
electrical coupling index (ECI) and contact force (CF) in pulmonary 
vein isolation and the potential role of adapting it in improving lesion 
set and longterm outcomes. Julian Chun and coworkers presented a 
very useful summary of various currently available endocardial left 
atrial appendage occlusion devices and the potential complications 
related to these procedures.

Higuchi etal presented a great review of current opinions on 
Superior vena cava isolation as a standard empiric strategy versus 
those who have triggers from this region as an adjunct to pulmonary 
vein isolation. They stressed the importance of a long SVC sleeve 
as a potential contributor to the benefit from its isolation. Marcin 
Kowalski and colleagues presented a small single institution 
experience of interrupted Dabigatran use during cryoballoon 
based AF ablation. Little is known about the use of pharmacologic 
rhythm or rate control in younger atrial fibrillation (AF) patients in 
clinical practice. Nancy LaPointe and others from Duke bring a very 
important epidemiological question on the real world differences in 
how the treatment for AF is approached in different age groups and 
the perceived differences in the morbidity of the arrhythmia and the 
choice of therapy in different demographic groups. Narendra Kumar 
etal presented a concise review of the current state of management 
of pulmonary vein stenosis. As we moved away from the PV ostia 
the issue of stenosis has become increasingly less prominent. Sharon 
Mulvagh and colleagues described some important techniques in 
improving the quality of imaging for LAA. Pappone and group 
published a good review on the use of Mediguide technology for 
cardiac resynchronization therapy of ablation.

There are several exciting heart rhythm related meetings including 
– 6th Kansas City Heart Rhythm Symposium in August and the
Asia Pacific Heart Rhythm Society Annual sessions in New Delhi
in October. We are sure we will see most of you soon. Have a great
rest of the summer and cheers until the next issue. There are several
exciting heart rhythm related meetings including – 6th Kansas City
Heart Rhythm Symposium in August and the Asia Pacific Heart
Rhythm Society Annual sessions in New Delhi in October. We are
sure we will see most of you soon. Have a great rest of the summer
and cheers until the next issue.

With Best Regards

Dhanunjaya (DJ) Lakkireddy MD, FACC, FHRS
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a safety standpoint for both the patients and electrophysiology (EP) 
staff.

CBA has offered a single-delivery approach to pulmonary vein 
isolation (PVI) that is an alternative to the traditional point-to-point 
RFA methodology.8–10 In all previous reports of CBA, positioning 
of the cryoballoon has been accomplished using fluoroscopy with 
fluoroscopy times averaging 20 to 60 minutes.8,11,12 Herein, we report 
our experience in performing successful nonfluoroscopic PVI using 
CBA in 5 consecutive patients with paroxysmal AF (PAF). To our 
knowledge this represents the first report of successful CBA without 
the use of fluoroscopy.
Methods

In this series, we report the results of five consecutive patients with 
PAF and documented failure of at least one antiarrhythmic drug 
who underwent CBA at our institution. A nonfluoroscopic approach 
was used in all 5 patients. All were informed that while efforts to 
minimize or eliminate fluoroscopy would be made, fluoroscopy 
would be immediately available if necessary to enhance procedural 
success or safety.  

Pre-procedural CCT or cardiac magnetic resonance imaging 
(CMR) was not performed in any patients in the series. A pre-
procedural transesophageal echocardiogram (TEE) was obtained 
in 1 patient prior to the ablation.  Pre-procedural anticoagulation 
included warfarin, rivaroxaban, and aspirin, Table 1. Post-procedural 
anticoagulation included continuation of warfarin (2 patients), and 
the use of rivaroxaban the evening of the procedure (3 patients).

Dexmedetomidine was used for procedural sedation under the 
supervision of an anesthesiologist.

Introduction
The conventional method of cryoballoon ablation (CBA) of atrial 

fibrillation (AF) involves the use of fluoroscopy for visual guidance.  
The use of fluoroscopy is accompanied by significant radiation risks 
to the patient and the medical staff.1 Radiation exposure has been 
linked to an increased lifetime risk of malignancies, skin injuries, 
genetic defects, and cataracts.2 Given the long duration of AF 
ablation procedures, the common use of pre-procedural cardiac 
computed tomography (CCT) scans for definition of the cardiac and 
extracardiac anatomy, and the not infrequent need for repeat ablation 
procedures, the cumulative lifetime radiation exposure is potentially 
significant.3 In addition, the use of fluoroscopy during ablation 
procedures exposes the staff to the hazards of radiation and increases 
the potential for orthopedic injuries from the cumulative adverse 
effects from bearing the weight of leaded apparel.4

The commonplace use of 3-dimensional (3D) electroanatomic 
mapping (EAM) systems along with intracardiac echocardiography 
(ICE) allows the operator to decrease fluoroscopy times.5  

Nonfluoroscopic radiofrequency ablation (RFA) of AF has been 
described before as well as the ablation of other atrial and ventricular 
arrhythmias.6,7 The notion that such complex ablation procedures 
could be performed without using any fluoroscopy is promising from 

Nonfluoroscopic Ablation Of Atrial Fibrillation Using Cryoballoon
Mansour Razminia, MD, FACC, Hany Demo, MD, Carlos Arrieta-Garcia, MD, Oliver J. D’Silva, MD,
Theodore Wang, MD, FACC, Richard F. Kehoe, MD, FACC

Advocate Illinois Masonic Medical Center, 836 West Wellington Avenue,  Chicago, IL, USA.

Abstract
Background: The conventional method of cryoballoon ablation of atrial fibrillation involves the use of fluoroscopy for visual guidance. The 

use of fluoroscopy is accompanied by significant radiation risks to the patient and the medical staff. Herein, we report our experience in 
performing successful nonfluoroscopic pulmonary vein isolation using cryoballoon ablation in 5 consecutive patients with paroxysmal atrial 
fibrillation.

Methods and Results: Five consecutive patients with paroxysmal atrial fibrillation underwent cryoballoon ablation for pulmonary vein 
isolation using a nonfluoroscopic approach. Pre-procedural cardiac computed tomography or cardiac magnetic resonance imaging was 
not performed in any patient. A total of twenty pulmonary veins were identified and successfully isolated (100%) with the guidance of 
intracardiac echocardiography and 3-dimensional electroanatomic mapping. No fluoroscopy was used for the procedures. There were no 
major procedural adverse events.

Conclusion: In an unselected group of patients undergoing cryoballoon ablation, a nonfluoroscopic approach is feasible and can be 
performed safely and effectively while eliminating the risks associated with radiation to both the patient and the medical staff.
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confirmed to be in the RA under ICE. The short introducer sheath 
was then withdrawn and exchanged for a transseptal sheath-dilator 
assembly (SL-0, St. Jude Medical). This assembly was advanced over 
the J-wire approximately 10 to 20 centimeters, depending on the 
patient size, with the goal of placing the tip of the assembly at the 
mid IVC level. The wire and dilator were removed.  The decapolar 
catheter, which had been previously used to create geometry, was 
then advanced beyond the tip of the sheath into the IVC. Once the 
catheter exited the sheath, it would become visible on the EAM 
system. Next, the catheter was subsequently advanced to the SVC 
under EAM guidance. The transseptal sheath was then advanced 
over the decapolar catheter until a distortion of the catheter shape 
on the EAM system was noted, thus confirming the sheath’s 
location in the SVC. The decapolar catheter was removed. The J-wire 
and dilator were then placed through the sheath with the J-wire 
tip approximately 10 to 15 centimeters distal to the dilator tip to 
avoid trauma by the dilator. With the dilator inserted, the wire was 
removed and the transseptal needle (NRG ® RF Transseptal needle, 
Baylis Medical, Montreal, QC, CA) was placed in the sheath-dilator 
assembly.  The transseptal assembly was withdrawn into the RA until 
tenting of the interatrial septum was seen on ICE (Figure 2).  RF was 
then delivered through the transseptal needle and the septum was 
punctured under ICE guidance. The appearance of bubbles in the 
left atrium (LA) on ICE after saline injection confirmed a successful 
transseptal puncture.   Hemodynamic pressure monitoring was also 
used to confirm entry into the LA. 
Creation Of Left Atrium And Pulmonary Vein Geometry

A 10-pole circular mapping catheter (Reflexion™, Steerable 
Catheter, St. Jude Medical) was advanced through the transseptal 
sheath into the LA under ICE and EAM guidance. The circular 
mapping catheter was then used to create a 3D geometry of the 
pulmonary veins (PVs) and LA on the EAM. The ostia of the PVs, 
as visualized by ICE, were delineated on the EAM.  
Cryoballoon Ablation

In preparation for CBA, the circular mapping catheter was 
withdrawn from the body. The J wire was advanced through the 
transseptal sheath into the left superior PV (LSPV), the location 

Initial Catheter Positioning And Creation Of Right Atrial 
Geometrty

Percutaneous femoral venous access was obtained by the modified 
Seldinger technique guided by vascular ultrasound.  Two 8-Fr sheaths 
(Input PS, Medtronic, Minneapolis, MN, USA) were placed in the 
right femoral vein; one 10-Fr long sheath (Check-Flo Performer 
introducer, Cook, Bloomington, IN, USA) and another 7-Fr sheath 
(Input PS, Medtronic) were placed in the left femoral vein. A 9-Fr 
ICE catheter (ViewFlex, St. Jude Medical, St. Paul, MN, USA) was 
inserted through the 10-Fr long sheath in the left femoral vein and 
advanced to the inferior vena cava (IVC) while maintaining an echo 
free-space at the tip of the transducer (see figure 1), The ICE catheter 
was then advanced to the right atrium (RA).  

Next, a 6-Fr decapolar catheter (InquiryTM, Ten TenTM 
Diagnostic Catheter, St. Jude Medical) was inserted into the left 
femoral vein and advanced to the IVC under the guidance of the 
EAM system (Ensite VelocityTM, St. Jude Medical). Geometry of 
the IVC was collected as the decapolar catheter was advanced to the 
IVC. The appearance of electrograms on the distal bipoles of the 
decapolar catheter indicated that the catheter tip had reached the 
border of the inferior RA and IVC.  The decapolar catheter was then 
advanced into the RA and into the SVC. The RA-SVC junction was 
marked by a loss of electrograms signals on the proximal poles of the 
decapolar catheter as the catheter entered the SVC. Geometry of the 
SVC was collected on the EAM system.  The decapolar catheter was 
then withdrawn into the RA. Under ICE and EAM guidance, 3D 
geometries of the RA, coronary sinus (CS), and right atrial appendage 
were collected. The decapolar catheter was then withdrawn from the 
body, and used to guide the placement of the transseptal sheath (see 
below). Upon completion of the transseptal puncture, the decapolar 
catheter was repositioned in the CS, where it remained for the rest 
of the procedure.
Transseptal Puncture

A weight based heparin bolus was administered prior to the 
transseptal puncture. The activated clotting time (ACT) was 
monitored throughout the procedure and intravenous heparin 
boluses were administered to target an ACT of 350 to 450 seconds. A 
180 cm 0.032-Fr J-wire (Guide Wire J Tip Fixed Core, Medtronic) 
was inserted into the right femoral vein and advanced until it was 

Figure 1:

ICE images showing: (A) the transseptal needle as it punctures 
the interatrial septum, (B) the J-wire with tip in the LSPV ostium 
through the transseptal sheath, (C) the J-wire advanced into the 
LSPV and the transseptal sheath removed, and (D) the 15-Fr 
FlexCath Advance sheath with the tip proximal to the ostium of the 
LSPV

Figure 2:

red arrow: cryoballoon; green arrow: FlexCath sheath; 1: LA 
appendage, 2: left superior PV, 3: right inferior PV, 4: left inferior 
PV; *: ridge between the left superior PV and LA appendage.
intracardiac echocardiographic images showing (A) cryoballoon 
positioned in the left superior PV prior to inflation, (B) the 
alignment between the FlexCath sheath and the cryoballoon while 
occluding the right inferior PV, and (C) the alignment between the 
FlexCath and the cryoballoon while occluding the left inferior PV
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At the end of procedure, intravenous protamine was administered 
and all catheters were removed.  Flowable hemostat (D-Stat, Vascular 
Solutions, Minneapolis, MN, USA) was administered at the femoral 
vein puncture sites and manual pressure was applied.
Results
Patient Characteristics

Baseline characteristics of the patients in the study are listed in 
table 1. All patient were in sinus rhythm at the time of the procedure. 
The average patient age was 59 years and all 5 patients were male.  
The average LA diameter was 38 mm. Four patients had normal 
left ventricular systolic function and no symptoms of heart failure 
while one patient had severely depressed left ventricular systolic 
function and NYHA Class III symptoms. Only 1 of the 5 patients 
had undergone a prior PVI, which was over 10 years ago. All 5 
patients had recurrent AF despite antiarrhythmic drug therapy. Three 
patients had a CHA2DS2VASc score of 0 and the remaining two had 
CHA2DS2VASc scores of 1 and 3 and were on warfarin at the time 
of the procedure. 

of which was confirmed under ICE (Figure 2). While maintaining 
the J wire in the LSPV, the SL-0 sheath was withdrawn from the 
body and exchanged for a 15-Fr steerable sheath (FlexCath® 
Advance, Medtronic).The 10.5-Fr 28 mm cryoballoon (Arctic Front 
Advance™, Medtronic) and an 8-pole circular mapping catheter 
(Achieve™, Medtronic) were placed through the FlexCath into the 
LA. The 10-pole circular mapping catheter was inserted through the 
right femoral vein and advanced under EAM guidance to the SVC in 
order to stimulate the phrenic nerve during CBA of right-sided PVs.  
The 8-pole circular mapping catheter was advanced into the LSPV.  
The balloon was inflated and moved to the antrum of the vein.  ICE 
was utilized to confirm the alignment of the transseptal sheath and 
the balloon prior to cryo application (Figure 3). Achievement of a 
pulmonary capillary wedge pressure waveform on hemodynamic 
pressure monitoring signified complete occlusion of the vein as 
previously described (Figure 4).13 A lack of color-flow Doppler 
within the targeted PV served as an additional indicator of adequate 
PV occlusion. Cryotherapy was then applied.  The goal temperature 
was minus 40 to minus 50 degrees Celsius. Each application lasted 
for 120 to180 seconds, aiming to achieve PV conduction block 
within the first 80 seconds.14 The same technique was utilized for the 
remaining PVs. Prior to CBA for the right-sided PVs, the 10-pole 
circular mapping catheter was used to pace the SVC at high output to 
monitor the integrity of the phrenic nerve during cryo applications.
Diaphragmatic capture was monitored through compound motor 
action potentials (CMAP) as previously described 15,16 and by manual 
tactile monitoring of right-sided diaphragmatic stimulation. If the 
CMAP amplitude diminished or a palpable loss of diaphragmatic 
contraction was noted, cryotherapy was immediately discontinued.

After CBA, the cryoballoon and 8-pole circular mapping catheter 
were withdrawn from the patient. The 10-pole circular mapping 
catheter was withdrawn from the SVC and reinserted into the LA 
through the transseptal sheath. This catheter was then placed in each 
of the PVs and used to re-confirm entrance and exit block. After 
electrical isolation was established, intravenous isoproterenol at up 
to 20 mcg/min was given to ensure the absence of AF inducibility. 

Figure 3:

Pressure –guided RLPV occlusion. The pressure wave shows a 
characteristic pulmonary artery pressure curve with the presence 
of “V” waves only, indicating complete occlusion of the pulmonary 
vein

Table 1: Baseline Patient Characteristics

Total Number of Patients 5

Age (yrs) 59 +/-13

Male 5/5

Hypertension 0

Diabetes 1/5

CAD 0

Left Atria AP diameter (mm) 38 +/- 4

LVEF % 51 +/- 17

NYHA Class
     None / I
     II
     III or higher

4/5
0
1/5

Previous Cardioversion 1/5

History of Flutter 0

CHADS2 Score 0.4 +/- 0.9

CHA2DVASC Score 0.8 +/- 1.3

Prior RF Ablation 1/5

Number of Prior Drugs Failed
     0
     1
     2
     3

0
5/5
0
0

Failure more than 1 AF drug 0

Efficacy Failed AF drugs
     Flecainide
     Propafenone
     Sotalol
     Dofetalide

2/5
1/5
1/5
1/5

Anticaogulation 
     ASA
     Coumadin
     Rivaroxaban

2/5
2/5
1/5

Baseline Medication Class
     ACE-I
     ARB
     Beta Blocker
     Calcium Channel Blocker
     Cardiac Glycoside
     Cholesterol Lowering
     Diuretic

1/5
0
4/5
0
0
3/5
1/5

Values are mean +/- SD or %
CAD: coronary artery disease; AP: anterior-posterior; LVEF: left ventricle ejection fraction; ACE-I: 
angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; AF: atrial fibrillation;  
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LA and PVs anatomy. Despite the absence of pre-procedural CT 
or CMR, PVI was successfully completed on all 5 patients without 
the use of fluoroscopy, even when anatomical variants such as a left 
common PV, right middle PV, and cor triatriatum sinister were 
encountered. Furthermore, no additional applications were required 
to achieve complete PVI or eliminate spontaneous or isoproterenol-
induced AF.

The learning curve was steep for nonfluoroscopic CBA. As our 
institution has adapted nonfluoroscopic catheter ablation for all 
arrhythmias since 2010, many of the steps in the procedure, such as 
ICE and EP catheter positioning, EAM geometry collection, and 
transseptal puncture, were already a routine. One challenge unique to 
nonfluoroscopic CBA is the need to maintain proper visual alignment 
of the balloon and sheath via the use of ICE instead of fluoroscopy.  
As contrast and fluoroscopy were not used, adequate PV occlusion 
was confirmed by hemodynamic pressure monitoring and color flow 
Doppler on ICE. The avoidance of contrast-induced renal injury is 
an additional benefit of the nonfluoroscopic approach.

The average procedure duration was reasonable at 181 +/- 42 
minutes, especially as this series represents our first experience with 
CBA. The improvement in procedural time, from 233 minutes in the 
first patient to117 minutes in the third patient, probably reflects a 
growing proficiency derived from procedural experience.

This series demonstrates that nonfluoroscopic CBA can be 
performed safely and effectively. With the exception of one small 
pseudoaneurysm that spontaneously resolved, there were no other 
procedure-related adverse events. Phrenic nerve injury did not occur 
in this small series, perhaps due to utilizing CMAP technique.
Limitations

While the study demonstrates that nonfluoroscopic CBA can 
be safely and effectively performed in a small number of patients, 
the extent to which these results can be broadly applied will require 
future multicenter randomized controlled trials comparing the long 
term outcomes of fluoroscopic versus nonfluoroscopic approaches to 
CBA. Also, as this was the initial experience with the nonfluoroscopic 
CBA, there is insufficient long-term data on the durability of PVI 
or the late-appearance of adverse events such as atrial-esophageal 
fistula, esophageal injury, or PV stenosis. Finally, a cost analysis was 
not performed so it is unclear if the nonfluoroscopic cryoballoon 
approach would be cost-effective for centers that do not routinely 
use 3D EAM systems or ICE during CBA procedures.
Conclusion:

Radiation risk to patients and EP staff during catheter ablation 
procedures is considerable and efforts should be made to try to 
eliminate unnecessary exposure whenever possible. Because the 
ablation of AF often involves longer procedure times and hence 

Cryoballoon Ablation And Acute Procedural Success
Results pertaining to the cryoballoon procedure and outcomes are 

listed in tables 2 and 3. The 28 mm diameter cryoballoon was used for 
all 5 patients. A total of 20 PVs were targeted for isolation, of which 
20 were successfully isolated.  An average of 11 +/- 3 cryo applications 
per patient were used and the average temperature reached during 
cryo was minus 45.0 degrees Celsius. Procedural success was defined 
as complete PVI. Following successful PVI, none of the patients 
exhibited AF that required the creation of additional lines with a 
focal cryo catheter or RF catheter. Anatomical variants encountered 
in the series include a patient who had both a left common PV and 
a right middle PV as well as another patient with core triatriatum 
sinister.
Procedure Duration

Results are listed in table 2. The average total procedure duration 
was 181 +/- 42 minutes. The average time from obtaining venous 
access to completion of the transseptal puncture was 25 +/- 10 
minutes. The duration of the procedure was longest for our first 
patient (233 minutes) and was shortest (117 minutes) in our third 
patient, who notably had no anatomic anomalies. Cryo was applied 
for an average of 30 +/- 2 minutes per patient. 
Complications

Procedure-related adverse events are listed in table 4. There were no 
major complications. The only complication noted was the incidental 
finding of an asymptomatic pseudoaneurysm, which spontaneously 
resolved after warfarin was withheld for 4 days.
Discussion
Previous Studies

A nonfluoroscopic approach for radiofrequency ablation of a 
wide variety of arrhythmias has been previously described5–7,17.-23 
To our knowledge, this series is the first to describe an entirely 
nonfluoroscopic approach to CBA of atrial fibrillation.
Current Findings

The patients in this series were an unselected group of 5 consecutive 
patients with symptomatic drug-refractory AF and included 1 patient 
who had recurred AF despite a prior RF ablation. Pre-procedural 
CCT or CMR was not performed on any of the patients as real time 
ICE imaging during the procedure was felt to adequately delineate 
Table 2: Procedure Details

Procedure Details and Effectiveness N = 5

Procedure Duration * 181 +/- 42

Fluoroscopy Duration 0

Total Cryoablation Duration 30 +/- 2

Time to trans-septal 25 +/- 10

Total Number of PV Cryoablated 20

Total Number of PV Isolated 20

Average Cryo application per patient 11 +/- 3

Abnormal Atrial and PV Anatomy
     LCPV
     RMPV
     Cor Triatrium

1/5
1/5
1/5

Additional Cryo Lines needed 0

Use of ICE 5/5

Average Cryoballoon Temperature -45.0 C

* All durations and time units are reported in minutes
PV: pulmonary vein; LCPV: left common pulmonary vein; RMPV: right middle pulmonary vein; ICE: 
intracardiac echocardiography

Table 3: Procedure Outcome

Procedure Outcomes N = 5

Acute Procedural Success 5/5

Need for additional Cryo lines 0

Repeat Cryoablation 0

Need for RF Ablation 0

Need for DCCV 0

RF: radiofrequency; DCCV: direct current cardioversion
•Patients continued their same pre-procedural AF drug therapy for the 3 months blanking period.
•All patients were discharged with 3 weeks event monitor.
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prolonged fluoroscopy duration, employing a nonfluoroscopic 
approach for ablation of AF is of particular importance and benefit.  
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widely accepted, the number of patients who undergo this technique 
will likely increase.  Our initial experience with nonfluoroscopic CBA 
demonstrates that this approach is feasible and can be performed 
safely and effectively.  This nonfluoroscopic approach eliminates the 
risks associated with radiation to both the patient and the medical 
staff as well as the risk of renal injury related to the use of contrast.
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Table 4: Adverse Events

Procedure Adverse Events N = 5
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TIA 0

Tamponade 0
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Death 0

Arteriovenous Fistula 0

Pseudoaneurysm  * 1/5

Phrenic Nerve Palsy 0

PV Stenosis 0

TIA: transient ischemic attack; PV: pulmonary vein
* Patient’s pseudoaneurysm was incidentally discovered when patient underwent a diagnostic CT 
abdomen and pelvis for suspicious hepatic mass discovered on ICE during the ablation procedure. 
The pseudoaneurysm spontaneously resolved on follow up ultrasound 4 days later.
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The Rate Of Complications Associated With Concomitant Use Of 
Dabigatran With Cryoballoon Ablation For Atrial Fibrillation

Introduction
Catheter ablation is an evolving therapeutic strategy for the 

management of atrial fibrillation (AF). A thromboembolic event is 
recognized as one of the serious complications associated with AF 
ablation with reported rates varying from 0.4 to 2.1%.1-4 Prevention 
of such a devastating complication requires meticulous attention to 
anticoagulation before, during and after the ablation. Conversely, 
anticoagulation can contribute to the more common complications 
associated with the procedure such as cardiac tamponade, hematomas 
and vascular complications. The peri-procedural anticoagulation 
management with warfarin has evolved over time to increase the 
success rate of the procedure and to minimize these complications.5, 6 
The introduction of dabigatran, a new oral direct thrombin inhibitor, 
offered alternative anticoagulation strategies. Previous studies had 
evaluated the safety and efficacy of dabigatran in the periprocedural 

period of AF ablation performed with variable results. However, 
majority of the studies only included patients undergoing ablation 
with Radiofrequency energy.7-11 RF ablation and cryoballoon 
ablation methods are procedurally different and carry different 
peri-procedural complication risks. So we condcuted this study to 
investigate the safety and efficacy of peri-procedural dabigatran in 
patients undergoing cryoballoon ablation. 
Methods

We performed a retrospective observational study involving of 50 
patients who underwent cryoballoon ablation for drug-refractory, 
symptomatic AF at our electrophysiology laboratory between 
February 2011 and February 2013. 
Peri-Procedural Anticoagulation

All patients received anticoagulation therapy with 150 mg 
Dabigatran exetilate twice daily for at least 30 days before and 30 
days after the AF ablation. Each patient was instructed to hold 2 
doses (morning and night prior) to procedure. The sheaths were 
pulled when ACT was below 200 s. Dabigatran was resumed four 
hours after hemostasis was achieved.
Ablation Procedure

One right femoral vein access was obtained using the modified 
Seldinger technique and an 11F sheath was advanced into the 
vein after venous access was confirmed. The left femoral vein was 
accessed twice using modified Seldinger technique and a 7F and 11F 
sheaths were advanced into the vein. Also left femoral artery was 
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Abstract
Introduction: Catheter ablation is an evolving therapeutic strategy for the management of atrial fibrillation (AF). It is associated with a 

risk of thromboembolic events. The peri-procedural anticoagulation management with warfarin has been successful in mitigating this risk. 
However, introduction of novel oral anticoagulants like dabigatran offers more flexibility in anticoagulation approaches. Previous studies had 
evaluated the safety and efficacy of dabigatran in the radiofrequency ablation, but data related to cryoballoon ablation is lacking.

Methods and Results:We performed a retrospective observational study involving patients who underwent cryoballoon ablation for drug-
refractory, symptomatic AF while on dabigatran in periprocedural period. Thromboembolic, hemorrhagic or other complications occurring 
within the first 30 days after the ablation procedure were analyzed.

Our study population comprised of 50 patients with mean age of 58.96 ± 3.54 years with 76% (n=38) being male. We found 3 (6%) 
minor complications in peri-procedural period including 2 groin hematomas and 1 trace asymptomatic pericardial effusion. There were no 
major intraprocedural or post procedural hemorrhagic or thromboembolic events. None of patients with the minor complications required 
significant additional workup or extended hospital stay. All the patients were able to continue dabigatran for 30 days without any additional 
side effects or complications.

Conclusion: Dabigatran is a safe and efficacious agent in patients undergoing cryoballoon AF ablation.



www.jafib.com June-July, 2014 | Vol-7 | Issue-1

Journal of Atrial Fibrillation13 Original Research

require drainage. Repeat echocardiogram the following day did not 
show any change in the size of the pericardial effusion. None of the 
patients with the minor complications required additional workup or 
extended hospital stay. Further characteristics of the three patients 
with complications are shown in Table 2. All the patients were able 
to continue dabigatran for 30 days without any additional side effects 
or complications. 
Discussion

In this study, we reported our experience of peri-procedural 
anticoagulation regimen involving dabigatran in patients undergoing 
cryoballoon ablation for AF. To our knowledge, this is the first study 
primarily focused on this issue in cryoballoon ablation. We found that 
the use of dabigatran periprocedurally for cryoballoon AF ablation 
was not associated with any major bleeding or thromboembolic 
complications. However, it was accompanied by 6% of minor bleeding 
complications, which is comparable to previously mentioned studies 
focused on RF ablation.

FDA approved dabigatran for nonvalvular AF in Oct 2010. Since 
then, multiple regimens have been studied to explore the role of 
dabigatran in peri-ablation period. Our electrophysiology lab started 
using dabigatran since Feb 2011. As per our protocol, dabigatran 
is stopped a day (2 doses) prior to the procedure and is restarted 4 
hours after the sheaths are pulled. This approach is different from 
other approaches studied previously. Our regimen is in accordance to 
pharmacokinetics of dabigatran. Dabigatran has a half-life of 12-14 
hrs.14 By discontinuing dabigatran a day prior to the procedure, we 
expected that the medication effect would be negligible, thus avoiding 
overlapping of effects of dabigatran and heparin. Our speculation was 
that it will reduce bleeding complication in peri-procedural period 
while providing maximum protection against thromboembolic 
events. Quick onset of action makes it easy to restart dabigatran on 
the same day without increasing any thromboembolic complication 
in post-procedural period.

Current evidence related to use of dabigatran in AF ablation is 

accessed once using the modified Seldinger technique and 4F sheath 
was advanced into the artery. Under intracardiac echocardiography 
(SoundStar ACUNAV Ultrasound Catheter, Siemens, Washington, 
D.C.) guidance, one transseptal access was obtained using standard
needles and 8F SL1 sheaths (St. Jude Medical Inc., Secaucus, NJ) 
inserted through the right sided 11Fr sheath. A bolus of 100 U/kg 
of unfractionated heparin (UFH) was given before the transseptal 
puncture. The activated clotting time (ACT) was checked after the 
bolus and every 15 minutes thereafter.  Further weight-adjusted 
UFH boluses were given to maintain an ACT of 300 to 350 s while 
catheters remained in the left atrium. The 8 F SL1 sheath and the 
11F short sheath were exchanged over the wire under the guidance 
of fluoroscopy for a 12 F French sheath (FlexCath Cryocath, 
Medtronic Inc., MN) with a 15F outer diameter which was used 
to guide the ArcticFront cryoballoon (Medtronic Inc., MN). A 
circular mapping catheter (Achieve, Medtronic, MN) was used for 
mapping the pulmonary veins and stability of the cryoballoon. A 28 
mm cryoballoon was inflated and positioned at the ostium of each 
pulmonary vein. Remaining of the ablation procedure was carried out 
in a standard fashion as previously described.12,13

Data Collection
Demographic, procedural, and complication data was obtained 

from the electronic medical records. Events occurring within the first 
30 days after the ablation procedure were included in this current 
analysis. The study protocol was approved by local institutional 
review board.
Safety Endpoints

Hematomas and new post procedural pericardial effusions were 
considered as bleeding complications. Cerebrovascular accidents 
and transient ischemic attacks were considered as thromboembolic 
complications after ruling out intracranial hemorrhage. Any 
bleeding requiring blood transfusion, hematomas requiring 
surgical intervention, and pericardial effusions requiring drainage 
(tamponade) were considered as major bleeding complications. 
Minor bleeding complications included small hematomas, re-
bleeding and pericardial effusions not requiring an intervention (non-
tamponade). Late pericardial tamponades were those occurring more 
than 48 h after the procedure. The primary safety outcome measured 
was a composite of bleeding and thromboembolic complications. 
Miscellaneous non-anticoagulation related events were also recorded.
Results

Our study population comprised of 50 patients. Their mean age 
was 58.96 ± 3.54 years with 76% (n=38) being male. The baseline 
characteristics are shown in table 1. We found 3 (6%) minor 
complications in patients with dabigatran anticoagulation before 
and after AF ablation (Fig 1). There were no major intraprocedural 
or post procedural hemorrhagic or thromboembolic events. No 
intracranial hemorrhage or deaths occurred in the study population. 
Two (4%) patients had groin hematomas occurred in the left groin 
where the 4F atrial sheath and the 11F and 7F venous sheaths were 
inserted. There was no hematoma found in the right groin where 
the 12 F Flexcath was inserted. None of the hematomas required 
further intervention. Both hematomas resolved prior to 30 day 
follow up. One patient (2%) found to have a trace asymptomatic 
pericardial effusion after the ablation compared to echocardiogram 
performed immediately prior to the ablation. The pericardial effusion 
was observed post ablation and its size was not significant enough to 

Table 1: Baseline Patient Characteristics:

Characteristics Dabigatran(n= 50)

Age (yrs.) 58.96 ± 3.54

Age >75 2 (4%)

Gender (Male) 38 (76%)

BMI 30.47 ± 1.48

Hypertension 34 (68%)

Diabetes 5 (10%)

Stroke/TIA 2 (4%)

Heart Failure 3 (6%)

COPD 6 (12%)

OSA 8 (16%)

Paroxysmal AF 27 (54%)

Non-Paroxysmal AF 23 (46%)

CHADS2 = 0 14 (28%)

CHADS2 = 1 27 (54%)

CHADS2 = 2 9 (18%)

CHA2DS2-VASC 1.82 ± 1.41

GFR (ml/min/1.73 m2) 81 ± 8.49

Antiplatelets 24 (48%)

Amiodarone 7 (14%)
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as compared to most of the studies. This supports the notion that 
more aggressive regimen can be used with similar efficacy and safety.

Our study is also the first study to focus on use of dabigatran in 
cryoballoon ablation. Venous sheaths used in cryoballoon ablation 
have an outer diameter of 15 Fr, which is appreciably larger than 
sheaths used in radiofrequency ablation (8 Fr). As a result, there is 
a fear that use of dabigatran with cryoballoon ablation may result in 
excessive local vascular complications.

Despite of our aggressive anticoagulation strategy, our study had 
just 2 minor hematomas occurring on the contralateral side of the 
15 Fr sheath.
Limitations

The limitations of our analysis relate to the fact that it is a 
retrospective, non-randomized review with a relatively small sample 
size. As is true for all retrospective trials, our study is susceptive to 
a selection bias. In addition, our study did not compare the rate of 
complications between dabigatran and warfarin as there is no data 
available at this time with warfarin. So far majority of studies were 
focused on RF, which makes direct comparison with other studies 
difficult. However, a low complication rate with our strategy makes 
it a reasonable strategy to pursue. We also didn’t investigate patients 
for asymptomatic thromboembolic events. Nevertheless with our 
aggressive approach, we expect fewer asymptomatic thromboembolic 
events as compared to other lenient regimens. In addition, we focused 
on only one regimen. It will be interesting to conduct a randomized 

conflicting. Multicenter randomized study done by Lakireddy et al 
showed significantly increased bleeding complications composed 
mostly of pericardial effusion with tamponade in dabigatran arm.7 
Dabigatran was stopped in the morning of the procedure and restarted 
in 3 hours post procedure. This regimen was almost indistinguishable 
to performing procedure while on dabigatran. Other study done 
by Kaseno et al used a different protocol with no increased risk of 
bleeding or thromboembolic complication as compared to warfarin11 

The study excluded patients older than 75 years; had higher number 
of patients with CHADS2 score of 0 (61%) and paroxysmal AF 
(83%) and used the 110 mg dose of dabigatran as compared to 150 
mg. These details may partly explain less bleeding in dabigatran arm. 
The study done by Winkle et al was the most favorable study for 
use of dabigatran in peri-ablation period.10 Nonetheless, they used 
the most conservative anticoagulation regimen. Dabigatran was 
held 36-60 hours prior to the procedure depending upon the renal 
function. In addition, their target ACT was low as 250ms.This may 
have resulted in less bleeding complication as compared to above 
mentioned studies. A recent retrospective study discussing post 
ablation bleeding complications showed no difference in bleeding 
rate between warfarin and dabigatran arm. However, it failed to 
suggest any particular regimen for dabigatran use in peri-ablation 
period.8 In an another recent single center randomized trial done by 
Nin et al, dabigatran was held a day prior and restarted 4 hours after 
ablation. Dabigatran arm has less bleeding complication as compared 
to warfarin arm. However, their absolute re-bleeding rate was as 
high as 20%.7 Two recently published meta-analyses had consensus 
on bleeding events, but had conflicting results on thromboembolic 
events.Dabigatran had similar hemorrhagic complications as warfarin 
in these analyses. However, one of these meta-analyses found out 
higher thromboembolic events with dabigatran use.15, 16 We held 
dabigatran 24 hours prior to the procedure and achieved target ACT 
of 350 ms during procedure. Despite of it, our bleeding complication 
rate was comparable to most and even better to some studies. We did 
not encounter any major bleeding complications or thromboembolic 
events. Our minor bleeding complication rate was also extremely low 

Figure 1: Graph showing 30-days complication rate with use of dabigatran in peri-procedural period with Cryoablation for atrial fibrillation.

Table 2: Baseline Characteristics of Patients with Complications:

Pericardial Effusion Groin Hematoma #1 Groin Hematoma #2

Age 63 41 48

Gender M M M

CHADS2 1 0 1

Antiplatelets Yes No No

Cr (GFR) 1.0 (75) 1. 05 (78) 0.94 (84)

BMI 27 32 33
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trial comparing different regimens to find out the best optimal 
strategy.
Conclusion:

Currently, there are no established guidelines or data suggesting 
optimal anticoagulation regimen involving dabigatran in peri-
ablation period especially in patients undergoing cryoballoon 
ablation. Our study provides a potentially safe and efficacious regimen 
involving dabigatran in patients undergoing cryoballoon ablation for 
AF, which further needs to be investigated in rigorous clinical trial 
settings with larger population.
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passive surveillance. Thanks to the increasing availability of remote 
monitoring systems, the relevant information can be transmitted to 
the center responsible for the patient’s follow-up in the very short 
term.

At present, implantable devices are considered fully reliable 
in tachycardia detection, as a sensitivity close to 100% has been 
reported in most studies. However, the specificity of fast ventricular 
tachycardia (FVT) discrimination with respect to supraventricular 
tachycardia (SVT) is still far from perfect.1-4 This is regarded as 
the main reason for the relatively high incidence of inappropriate 
shock administration by ICDs reported in the clinical setting. In 
spite of technical improvement, 12 to 29% of shocks delivered by 
single-chamber ICDs are ascribed to SVTs misclassified for VTs.5 

Arrhythmia discriminators available in single-chamber devices 
include rate, cycle length stability, sudden onset and electrogram 
morphology, which is expected to change in case of a VT. Dual-
chamber devices can consider in addition the relationship between 
atrial and ventricular events to distinguish VT and SVT. However, 

Introduction
Implantable devices for cardiac stimulation, originally designed 

to ensure appropriate electrical therapies for rhythm disorders, have 
progressively become in addition a valuable source of information 
on the heart activity in daily life. Pacemakers and ICDs, which 
continuously monitor the cardiac rate, can provide report on the 
rate trend and frequency distribution, as well as on the occurrence of 
tachyarrhythmia episodes. The electrograms recorded by the device are 
stored to document the arrhythmia and allow the physician to check 
whether the right treatment was administered, properly choosing 
between a defibrillation shock, antitachycardia pacing (ATP), or just 
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Abstract
The discrimination between ventricular (VT) and supraventricular tachycardia (SVT) and the evaluation of their hemodynamic impact are 

essential issues in the arrhythmia management. A new pacing device features a tachycardia diagnostic system relying on simultaneous 
recording of the transvalvular impedance (TVI) and a special integrated electric signal derived by the whole set of endocardial electrodes 
(iECG). The iECG waveform is sensitive to the pattern of ventricular activation, similarly to the surface ECG. The TVI increases in systole and 
decreases in diastole and the amplitude of this cyclic fluctuation is an expression of the effectiveness of the pump function. In order to test 
the value of these signals in the analysis of a tachycardia, we have assessed the iECG and TVI modifications induced by different SVTs and 
tolerated and non-tolerated VTs, during electrophysiological (EP) studies.

In case of SVT, the ventricular component of the iECG maintained the same morphology as in sinus rhythm. The peak-peak amplitude of 
the TVI fluctuation was reduced to 66 ± 11 % of the individual sinus rhythm reference, but the signal was present at every beat and showed 
a remarkable stability (variation coefficient 0.19 ± 0.01). In case of VT, the ventricular component of the iECG was strikingly different than 
in sinus rhythm. Regular TVI fluctuation was observed with tolerated VTs (peak-peak amplitude 74 ± 6 %; variation coefficient 0.21 ± 0.04). 
In contrast, with non-tolerated VTs the TVI amplitude was depressed below 40%, and the signal was virtually absent in the event of very fast 
VT or VF.

Our results confirm that the iECG is a reliable tool to quickly discriminate VTs from SVTs and that TVI can provide information on the 
severity of the hemodynamic impairment produced by a tachycardia, with potential clinical benefit in the follow-up of pacemaker patients. 
Furthermore, the application of these signals to automatic algorithms of arrhythmia recognition might improve the specificity of therapy 
administration by an implantable defibrillator (ICD).
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tachycardia, relying on standard electrocatheters.
Matched TVI and iECG recording can be performed by a dual-

chamber pacemaker recently approved for clinical use. We have 
studied the acute changes in these signals induced by the transition 
from sinus rhythm to different forms of STVs and tolerated or non-
tolerated VTs.
Material And Methods

During routine EP studies aimed at tachyarrhythmia induction 
and ablation, TVI and iECG were detected by an Eos DR pacemaker 
(Medico, Padova, Italy) used as an external recorder (ODO pacing 
mode setting). The device was connected through a specific patient 
cable with the proximal electrode pair of tetrapolar endocardial 
temporary leads positioned in high right atrium and right 
ventricular apex, while the distal dipole of each lead was used for 
cardiac stimulation with a separate pulse generator and electrogram 
detection by the polygraph of the EP lab. The polygraph also stored 
the 12 lead surface ECG and, only in patients tested for VT, the 
blood pressure recorded in the radial artery. The pacemaker derived 
conventional intracavitary bipolar electrograms together with TVI 
(scaled in Ohm) and the iECG, which was scaled in arbitrary 
units (bits) using the same gain in all recordings to allow relative 
comparison. Atrial an ventricular event markers and TVI and iECG 
tracings were transmitted by real-time telemetry to a Master 1000 
pacemaker programmer (Medico, Padova, Italy), which acquired 
in addition 4 leads of the surface ECG (usually I, II, III and aVF). 
All signals were simultaneously displayed on the programmer 
screen, storing in memory the last 1 minute recording. Whenever 
required, the acquisition could be frozen and the content of the buffer 
memory transferred to the programmer hard disk, in the form of a 
progressively numbered file.

At the end of the procedure, the files were downloaded to a 
PC to be analyzed off-line with commercially available software 
(Acqknowledge 4.1, Biopac Systems Inc.). Data analysis was focused 
on the amplitude of TVI fluctuation and the comparison of iECG 
waveform in sinus rhythm and tachycardia. The TVI signal amplitude 
was expressed by either the excursion from telediastole to end-systole 
(considering the rising phase only and excluding the decay from 
the analysis), or by the peak-to-peak amplitude throughout a whole 
cardiac cycle. In case of a rate exceeding 200 bpm, the peak-peak 
amplitude of TVI fluctuation was assessed within consecutive time 
intervals of 400 ms, independent of the electric cycle. A minimum of 
50 measurements were performed for each tachyarrhythmia episode 
and normalized to the mean TVI amplitude in sinus rhythm. Episode 
mean, standard deviation and variation coefficient of the relative TVI 
amplitude were calculated and further averaged in each arrhythmia 
subgroup (AVRT, AVNRT, tolerated VT and non-tolerated VT). A 
VT was considered as non-tolerated when associated with loss of 
consciousness or symptomatic hypotension (arterial blood pressure 
< 80 mmHg).

The pattern of the iECG atrial or ventricular waveforms (iP; 
iQRS) was classified as monophasic if a positive or negative peak 
accounted for more than 90% of the waveform peak-peak amplitude. 
In the opposite case, negative-positive and positive-negative biphasic 
patterns were distinguished. The second parameter to be evaluated 
in waveform comparison was the duration of the iQRS, which was 
deemed as unchanged if the difference between tachycardia and sinus 
rhythm did not exceed 30 ms. Possible modifications in iQRS peak-
peak amplitude were considered as non-specific if occurring alone 

the usefulness of dual-chamber algorithms in the prevention of 
inappropriate SVT treatment has not definitely been confirmed.3,6,7

The electrogram morphology could be crucial to arrhythmia 
classification. Different systems relies on different recording vectors, 
ranging from near-field bipolar electrograms to far-field potentials 
derived between a defibrillation coil and the device case.8-11 Very 
recently, a novel approach has been proposed, which is based on the 
integration of the electric signals detected by the electrodes available 
in a dual-chamber pacemaker. The resulting waveform reflects both 
atrial and ventricular activity in a single tracing, similarly to a surface 
ECG lead, and is therefore referred to as intracardiac ECG (iECG). 
The ventricular component of the iECG is strongly influenced by the 
ventricular activation pattern, so that ventricular ectopic beats can be 
easily distinguished. On these bases, the iECG might be applied as 
a sensitive tool in the morphological discrimination of VT and SVT. 

Another essential issue in the evaluation of a tachycardia is the 
severity of the associated hemodynamic impairment, which is a 
direct expression of the risk run by the patient. An ideal ICD should 
be capable to continuously monitor the pump function, delaying the 
shock delivery as long as reliable blood outflow is detected. This way, 
ATP could safely be continued, trying different stimulation protocols 
even in the presence of FVT.11 Conversely, a cardiac rate slower than 
the FVT lower limit could be poorly tolerated in patients affected 
by cardiomyopathies or coronary disease, who might require therapy 
administration even if the rate criteria are not met.      

Valuable information on ventricular mechanical activity can be 
gained by cardiac impedance recording, which can be performed by 
a stimulation device by means of the same electrodes involved in the 
pacing and sensing function. In particular, the impedance recorded in 
transvalvular configuration between right atrium and ventricle (TVI) 
allows precise beat-by-beat ejection surveillance, as the systolic 
reduction in ventricular volume entails a clear-cut TVI increase 
and the following diastolic filling results in gradual TVI decrease 
back to the baseline level.12-14 The peak-peak amplitude of cyclic 
TVI fluctuation reflects the stroke volume.15 and is correlated with 
the velocity-time integral of pulmonary outflow.16 In the absence 
of ejection, the TVI fluctuation is abolished.17 Therefore, TVI can 
be proposed as an indicator of the hemodynamic implications of a 

Figure 1:

Sinus rhythm (left-hand panel) and orthodromic AVRT (right) in 
the same patient. From top to bottom tracing: pacemaker event 
markers (As = atrial sensing; Vs = ventricular sensing), iECG, 
surface ECG lead I, II and III. Full description in the main text.  
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hypertensive cardiomyopathy. All the other patients with SVT 
featured no structural disease.  The mean LVEF was 53 ± 21 % in the 
entire cohort.
AV and AV Nodal Reentrant Tachycardia

SVTs due to reentry along an accessory pathway (orthodromic 
AVRT) featured an essentially unchanged iQRS complex with 
respect to sinus rhythm. However, in some cases, the basal iQRS 
started with a deflection which disappeared during tachycardia, 
strongly suggesting a correspondence with ventricular pre-excitation. 
The retrograde P-wave was generally visible on the iECG and 
exhibited a different morphology with respect to the atrial signal 
detected in sinus rhythm. A representative example is shown in Fig. 1. 
Either in sinus rhythm or tachycardia, the iQRS pattern was narrow 
and biphasic (negative-positive), indicating that the arrhythmia was 
likely a SVT. Consistently, a modified iP waveform was recorded in 
correspondence with the atrial sensing markers in all tachycardia 
cycles. The EP study definitely demonstrated an orthodromic AVRT 
with a left lateral accessory pathway.  

In case of SVT produced by AV nodal reentry of slow-fast type, 
the retrograde iP wave usually occurred before the end of the iQRS 
complex. This resulted in partial overlap of the two signals with 
apparent iQRS modification. However, the atrial and ventricular 
components could still be identified and discriminated. Provided 
that the part of the waveform which might contain a retrograde iP 
was excluded from the analysis, a full correspondence between the 
iQRS pattern and time-course in sinus rhythm and tachycardia was 
always confirmed. Only the signal portion trailing the pure iQRS was 
different in slow-fast AVNRT, as a result of retrograde conduction. 
In contrast, the iQRS waveform was radically changed in the event 
of an ectopic ventricular beat (Fig. 2).

During AVRT, featuring an average cardiac rate of 162 ± 43 
bpm, the peak-peak amplitude of the TVI waveform was reduced 
to 83 ± 22 % of the reference value measured in sinus rhythm in 
each patient. During AVNRT, with average rate of 184 ± 15 bpm, 
the relative peak-peak TVI amplitude decreased to 73 ± 13 % of the 
individual reference. These changes were mainly due to an increase 
in the minimum diastolic TVI, while the systolic maximum peak 
was less affected. Similar effects on TVI were also induced by atrial 
overpacing at the same rate reached in tachycardia (Fig. 3). Regular 
and stable TVI fluctuation was detected in all cardiac cycles with 
both arrhythmias. As a result, the variation coefficient of TVI peak-
peak amplitude averaged 0.13 ± 0.04 and 0.18 ± 0.01 during AVRT 
and AVNRT, respectively.
Atrial Fibrillation

and therefore did not represent a tachyarrhythmia discriminating 
feature. Special care was taken to separate the iQRS waveform from 
antegrade or retrograde atrial signals which could be detected during 
or very close to the ventricular complex. 

Recordings were performed in 32 patients. Isoproterenol infusion 
was applied to maximize the test sensitivity, thus a mild drug-induced 
tachycardia was present even in sinus rhythm. The study was negative 
in 11 cases, where a tachyarrhythmia was not triggered with standard 
stimulation protocols. SVTs were induced in 16 patients, including 
7 cases of atrioventricular nodal reentrant tachycardia (AVNRT; all 
of slow-fast type), 5 of atrioventricular reentrant tachycardia (AVRT; 
all with orthodromic conduction), 3 of atrial fibrillation (AF) and 
1 of atrial flutter. Ventricular tachycardia was present in 4 patients 
with 10 different QRS morphologies. One patient developed both 
AF and episodes of non-sustained VT. The 21 patients of either sex 
who developed a sustained arrhythmia (longer than 30 s or requiring 
prompt cardioversion/defibrillation for severe hemodynamic 
impairment) were included in the study. Written informed consent 
was obtained before the procedure from all the patients in whom 
TVI and iECG recording was performed. The study protocol was 
approved by the Ethical Committee of the San Filippo Neri Hospital.
Results
Patients’ Clinical Characteristics

Mean patients’ age was 52 ± 15 years. The 4 patients with 
inducible sustained VT showed structural heart disease (ischemic 
cardiomyopathy was present in 3 and non-ischemic cardiomyopathy 
in 1). Two patients with AF and one patient with atrial flutter had 

Figure 3:

Sinus rhythm (left-hand panel), atrial pacing with 500 ms interval 
(middle) and AVRT (right hand; cycle length 480 ms). From top to 
bottom tracings: TVI (peak-to-peak amplitude 30.3 ± 2.9, 21.1 ± 
3.0 and 20.4 ± 2.8 Ohm, respectively, from left to right panels), 
iECG, surface ECG lead III. AV conduction through the His-Purkinje 
system entailed a constant iECG pattern. In such condition, the TVI 
reduction was entirely explained by the rate increase.

Figure 2: Left-hand panel: sinus rhythm with a premature ventricular contraction (last beat). Right-hand panel: AVNRT of slow-fast type, in the same 
patient. iECG (upper tracing) and surface ECG lead I (lower); the hatched vertical lines indicate the limits of the iQRS interval. 



Journal of Atrial Fibrillation19 Original Research

www.jafib.com June-July, 2014 | Vol-7 | Issue-1  

of a defibrillation shock, non-tolerated VTs with cycle length ≥ 300 
ms could still show small TVI waveforms, with average and median 
normalized amplitude never exceeding 40%. In case of VF or fast VTs 
with cycle length < 300 ms, the TVI signal was virtually abolished. 
The absence of TVI fluctuation indicated a heavy impairment of 
the pump function with resulting arterial pressure drop, as shown in 
Fig. 7. Effective defibrillation simultaneously restored the electrical 
rhythm, the arterial pulse pressure and the cyclic TVI excursion.
Discussion

Tachycardia evaluation should begin with ascertaining the nature 
of the arrhythmia (whether ventricular or supraventricular) and its 
hemodynamic implications. The acute tests described in the present 
report confirm that the new diagnostic system now available in an 

In the presence of AF with AV conduction along the His-Purkinje 
system, most of the iQRS signals were narrow and similar to the sinus 
rhythm waveform. In contrast, no signal corresponded to the P-wave 
as characterized in sinus rhythm. Disorganized electrical activity 
was detected instead and made the tracing look noisy (Fig. 4). Such 
heterogeneous input to the iECG channel might occasionally result 
in iQRS fusion with signals of atrial origin, with apparent widening 
and morphologic modification of the ventricular complex. The 
presence of a polymorphic waveform on the iECG associated with the 
ventricular sensing markers (with iQRS resembling the sinus rhythm 
signal in the majority of the cycles), and the increased variability in 
R-R interval and apparent iQRS duration (with minimum values
equal to the iQRS length measured in sinus rhythm), were all AF
indicators.

TVI fluctuation was well preserved, though the increase from 
diastole to end-systole showed higher variability than with reentrant 
SVTs, due to the irregular R-R interval and related sudden changes in 
ventricular filling time (Fig. 4). Indeed, the amplitude of TVI systolic 
increase measured at every beat was correlated with the length of the 
previous cardiac cycle (Fig 5).
Ventricular Tachycardia

While the iQRS observed on SVT resembled the reference 
waveform recorded in sinus rhythm, the iECG was deeply modified 
in the event of a VT (Fig. 6). The iQRS was wider and showed an 
altered morphology in all cycles. The P-wave was not visible, unless 
retrograde conduction occurred.

Hemodynamically tolerated VTs were characterized by reduced 
but stable TVI fluctuation (Fig. 6). In the presence of an average 
cardiac rate of 154 ± 36 bpm, the TVI peak-peak amplitude decreased 
to 74 ± 6 % of the individual reference in sinus rhythm, with variation 
coefficient of 0.21 ± 0.04. In contrast, when the arrhythmia entailed 
a dangerous impairment of the pump function, clinically evidenced 
by fainting, symptomatic hypotension, or lack of arterial pressure 
pulses demonstrated by invasive monitoring, TVI fluctuation was 
unstable and strongly depressed. In the 10 s preceding the release 

Figure 4:
Sinus rhythm (left-hand panel) and AF (right). From top to bottom tracing: event markers (As = atrial sensing; Vs = ventricular sensing; As’ = 
atrial sensing in the pacemaker refractory period; Vs’ = ventricular sensing in the pacemaker refractory period) TVI, iECG, and surface ECG 
lead II. The arrhythmia increased the apparent “noise” of the iECG and the variability of TVI fluctuation.

Figure 5:

Linear correlation between R-R interval in the previous cycle and 
amplitude of TVI excursion from end-diastole to end-systole, in the 
AF episode illustrated in Fig. 4. The cardiac rate ranged from 116 
to 186 bpm, averaging 139 ± 18.
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AF and especially with AVNRT, where the same altered morphology 
was present in all cardiac cycles. A trained observer can easily 
recognize the overlap of the two components in the iECG tracing; 
nevertheless, this task could result more challenging for an automatic 
algorithm of arrhythmia classification based on the correspondence 
with the sinus rhythm template. Aberrant conduction is another 
possible source of error, as it would result in iQRS alteration even 
in the presence of SVT. The absence of a stable relationship between 
atrial and ventricular sensing events might support the VT diagnosis, 
but it would remain very difficult discriminating a SVT with aberrant 
antegrade conduction from a VT with 1:1 retrograde conduction. 
In such cases, it could be helpful to check whether the patient is 
liable to aberrant conduction by incremental atrial pacing. Provided 
that aberrant conduction or antidromic AVRT (which is supposed 
to be a rare finding) can be excluded, striking changes in the iQRS 
morphology were always noticed in case of a VT, making quite easy 
the arrhythmia discrimination from any type of SVT.

During either SVTs or tolerated VTs, stable TVI fluctuation with 
average amplitude larger than 50% of the sinus rhythm waveform 
was detected. In contrast, the average TVI peak-peak amplitude 
never exceeded 40% in non-tolerated tachyarrhythmias with relative 
slow rate (cycle length ≥ 300 ms), and the signal vanished during 
faster non-tolerated VTs. These results are consistent with previous 
studies, which demonstrated that TVI can reflect the hemodynamic 
performance and the reliability of the pump function.12-19 Other 
impedance recording systems, based upon unipolar or transventricular 
electrode configuration, have been tested for the capacity to 
discriminate stable from unstable arrhythmias.20-21 Although the 
amplitude of the impedance excursion was significantly lower with 
unstable than stable VTs and a correlation between stroke impedance 
and arterial pulse pressure was reported, the  range of signal reduction 
for the two conditions was partially superimposed, so that a cut-
off value suitable to distinguish one from the other could not be 
determined.

The first application of the paired TVI-iECG system is purely 
diagnostic and is intended to supply the physician with advanced 

implantable pacing device could help address these questions in the 
clinical setting.

The system relies on simultaneous recording of iECG and TVI. 
The former is an integrated electric signal derived by the electrodes 
normally present in a dual-chamber stimulator; the latter is the electric 
impedance measured between right atrium and ventricle throughout 
a cardiac cycle. As the ventricular component of the iECG is affected 
by the pattern of ventricular activation, the same iQRS morphology is 
expected in sinus rhythm and SVT as well, while iQRS modification 
and widening should characterize a VT. Our experience supports this 
concept, although some caution was required in the interpretation of 
apparent changes in the iQRS waveform, which could actually result 
from the fusion of atrial and ventricular signals. This occurred with 

Figure 6:

Sinus rhythm (left-hand panel) and an episode of tolerated VT 
with rate below 120 bpm (right). From top to bottom tracing: 
surface ECG lead I, II, III, blood pressure in the radial artery (ABP), 
event markers (As = atrial sensing; Vs = ventricular sensing), 
TVI and iECG. Both iECG and event markers demonstrate 2:1 
retroconduction during the VT.

Figure 7:
Another VT episode in the same patient as in Fig. 6, reaching a higher cardiac rate (above 200 bpm). From top to bottom tracing: surface 
ECG lead I, II, III, blood pressure in the radial artery (ABP), TVI and iECG. During the VT, the pump function was deeply depressed and the TVI 
fluctuation was absent. A defibrillation shock restored the sinus rhythm and the arterial pressure pulses, with the associated TVI excursion.
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information on the tachyarrhythmia episodes recorded by the 
implanted pacemaker in daily life. The evaluation of the iECG 
tracing would allow precise discrimination between VT and SVT, 
and the analysis of TVI changes with respect to sinus rhythm 
can give insight into the hemodynamic effects of the arrhythmia. 
Both TVI and iECG recordings performed in sinus rhythm and 
tachycardia can be downloaded at the follow-up check, and are 
transmitted by remote monitoring after each high-rate episode to 
timely ensure the appropriate medical care, especially in the event of 
AF, which might require prompt antithrombotic treatment. Further 
studies are needed to establish whether these signals are also suitable 
to drive automatic algorithms of arrhythmia discrimination, which 
might be implemented in ICDs to regulate the administration of 
the electrical therapy. A reliable recognition of tolerated VTs based 
upon hemodynamic sensing, instead of rate assessment alone, could 
substantially reduce the incidence of shock release, improving the 
patient’s quality of life as well as the effectiveness of the therapy.
Conclusion:

The combined evaluation of TVI and iECG can provide valuable 
information on the nature of a tachycardia and the associated 
hemodynamic risk, with potential benefits in the follow-up of 
pacemaker patients.
Limitations

The reported results have been obtained using temporary leads 
designed for EP studies. It cannot be excluded that TVI or iECG 
response to arrhythmia could be influenced by the lead properties 
and might be different in permanent implants, though the main 
features of both signals are independent of the recording tools in 
basal conditions.
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evidence report comparing 1) the use of antiarrhythmic drugs with or 
without electrical cardioversion and 2) the use of rate-control drugs 
in elderly and nonelderly patients in randomized controlled trials, 
there was no statistically significant difference between strategies 
in terms of mortality, cardiac mortality, stroke, worsening heart 
failure, or bleeding.4,5 Among studies in which the mean patient age 
was <65 years, there was a significantly lower risk of mortality in 
those receiving the antiarrhythmic drugs with or without electrical 
cardioversion (risk ratio [RR] 0.33, 95% confidence interval [CI] 
0.17–0.63), indicating that age may be an important consideration in 
strategy selection.4 Little is known about the use of different medical 
treatments in younger AF patients in clinical practice. The purpose 
of this study was to explore the use of pharmacologic rhythm control 
and rate control immediately following the first AF event in patients 
aged <65 years in clinical practice, and to compare risk of subsequent 
hospitalization between the 2 initial pharmacologic treatments. 
Materials and Methods
Data Source

This retrospective cohort study used data from the Thomas Reuters 
MarketScan® Commercial Claims and Encounters Database, which 
comprises inpatient, outpatient, and prescription claims and health 
plan enrollment data from large U.S. employers and health plans for 
employees and their spouses and dependents. Patient data are linked 
across calendar years. The MarketScan® databases have been used for 
more than 450 publications of health care utilization and outcomes in 

Introduction
Atrial fibrillation (AF) is a common cardiac arrhythmia affecting up 

to 6.1 million people in the United States, with estimates increasing 
to 12 million by 2050.1,2 For more than a decade, there has been 
debate as to whether a rhythm- or rate-control strategy is superior 
for managing AF. Sinus rhythm is generally thought to be superior to 
AF due to the risks of stroke and myocardial remodeling associated 
with AF, but the risks associated with long-term use of antiarrhythmic 
drugs to restore and maintain sinus rhythm may outweigh the 
potential benefits.3 In a recently published meta-analysis and in an 
Agency for Healthcare Research and Quality effective health care 
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Abstract
Little is known about the use of pharmacologic rhythm or rate control in younger atrial fibrillation (AF) patients in clinical practice. Using 

commercial health data from 2006 through 2010, patients aged <65 years with an initial AF encounter were categorized as receiving 
pharmacologic rhythm- or rate-control treatment. Factors associated with each treatment were determined. Cox models with inverse 
propensity-weighted estimators were used to compare times to AF, heart failure, cardiovascular, non-cardiovascular, and any-cause 
hospitalizations. Of 79,232 patients meeting the study criteria, 12,408 (16%) received a rhythm-control drug and 66,824 (84%) received 
only rate-controlling drugs. Only 2% and 0.1%, respectively, received electrical cardioversion and AF ablation during the initial AF encounter. 
Patients who were men (OR 1.10, 95% CI 1.06–1.15), had index encounters in later years (2010 versus 2006: OR 1.34, 95% CI 1.23–1.45), 
were in the southern United States, and had other cardiac comorbidities were more likely to receive a rhythm-control drug. There was a 
greater risk of AF (HR 1.40, 95% CI 1.31–1.50), cardiovascular (HR 1.26, 95% CI 1.20–1.33), and all-cause (HR 1.11, 95% CI 1.07–1.16) 
hospitalizations in the rhythm-control group, but there was no difference between groups in heart failure (HR 1.01, 95% CI 0.88–1.17) or 
non-cardiovascular (HR 1.04, 95% CI 0.99–1.09) hospitalizations. Among younger AF patients receiving initial pharmacologic treatment, 
antiarrhythmic drugs were used less frequently than only rate-controlling drugs, and were associated with a higher risk of subsequent 
hospitalization. 
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aged <65 years with their first AF encounter for whom subsequent 
antiarrhythmic drug prescriptions would most likely be for AF 
treatment. Only patients with individual-level and pharmacy benefit 
data were included. The first inpatient or outpatient encounter with 
a primary or secondary diagnosis of AF (ICD-9 code 427.31) was 
identified. The date of hospital discharge or the end of the outpatient 
encounter was used as the index AF encounter date. Exclusion criteria 
comprised the following: age <18 years, death during the index AF 
encounter, <6 months of continuous enrollment in the health plan 
before the index AF encounter, diagnosis of ventricular arrhythmias 
during the 6 months before the index AF encounter (ICD-9 codes 
427.1, 427.4x, and 427.5), prescription claim for an antiarrhythmic 
drug before the index AF encounter, and heart transplantation or 
left ventricular assist device implantation at any point (ICD-9 
codes 37.5x, 33.6, 37.6x, and V42.1). Also excluded were patients 
who underwent cardiothoracic surgery (ICD-9 codes 35.x–39.x) 
within 30 days before or after the index AF encounter, unless the 
patient experienced a subsequent AF encounter >30 days after the 
cardiothoracic surgery and there was no prescription claim for an 
antiarrhythmic drug during the 6 months before this subsequent 
encounter. In this situation, the subsequent AF encounter became 
the index AF encounter for this analysis. 
Categorization Of Patients Into Pharmacologic Rhythm- Or Rate-
Control Groups

For this study, we were interested in the use of rhythm- or rate-
control drugs immediately following each patient’s initial AF 
encounter. Patients included in the pharmacologic rhythm-control 
group had to have a prescription claim for a >30-day supply of 1 of 
the following oral antiarrhythmic drugs that was filled within 14 days 
of the index AF encounter: Class Ia drugs (quinidine, procainamide, 
or disopyramide), Class Ic drugs (flecainide or propafenone), or Class 
III drugs (amiodarone, sotalol, dofetilide, or dronedarone). Patients 
in the pharmacologic rate-control group were selected from those 
who were not assigned to the pharmacologic rhythm-control group. 
Patients in the rate-control arm had to have a prescription claim for 
a >30-day supply of 1 of the following oral drugs that was 1) filled 
within 14 days after the index AF encounter, or 2) continued from 
before the index AF encounter if ≥1 prescription claim covered the 

a variety of diseases, including atrial fibrillation.6-8 Data were obtained 
from all patients with an inpatient or outpatient encounter that 
included a diagnosis of AF (International Classification of Diseases, 
Ninth Revision, Clinical Modification [ICD-9] code 427.31) 
between January 1, 2006 and December 31, 2010. The database does 
not include Medicare claims data nor any data on patients > 65 years 
of age, and therefore, the study cohort consists only of patients aged 
<65 years. The Duke University Health System Institutional Review 
Board determined that the study was exempt from review. 
Selection Of Study Cohort

For this study, we were interested in identifying adult patients 

Figure 1: Study cohort

AF indicates atrial fibrillation; LVAD, left ventricular assist device

Figure 2: Rhythm-control drugs used in rhythm-control group Rate-control drugs used in rate-control group

CCB indicates calcium channel blocker
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and vice-versa during the 1 year following the index AF encounter. 
Rhythm-control patients were considered to have switched to rate-
control if a gap in the supply of all antiarrhythmic drugs occurred 
for >30 days and a rate-control drug was present (as determined by 
a >30-day supply of 1 or more rate-control drugs after the rhythm-
control gap). Rate-control patients were considered to have switched 
to rhythm control if a prescription claim for a >30-day supply of an 
antiarrhythmic drug was filled. Median times to change (25th and 
75th percentiles) were also calculated for both types of transition. 
Statistical Analysis

The following characteristics were compared between AF patients 
in the rhythm-control and rate-control groups: age; sex; geographic 
region; year of index AF encounter; inpatient versus outpatient index 
AF encounter; proportion of hospitalized patients discharged to 
self-care; electrical cardioversion or AF ablation during index AF 
encounter; proportion of hospitalized patients with AF as the primary 
diagnosis; cardiovascular and non-cardiovascular hospitalizations in 
the preceding 6 months; history (within 6 months before or during 
the index AF encounter) of atrial flutter, ischemic heart disease, 
diabetes, hypertension, heart failure, cardiomyopathy, chronic 
rheumatic heart disease, other atrial arrhythmias, bradyarrhythmias, 
pacemaker use, renal failure, liver disease, thyroid disease, pulmonary 

30-day period after the index AF encounter: digitalis glycosides
(digoxin or digitoxin), calcium channel blockers (verapamil or
diltiazem, including combination products containing these drugs),
and beta-blockers without primary intrinsic sympathomimetic
activity (excluding sotalol). 
Outcome Measures

The primary outcome measure was time to AF hospitalization 
defined as the number of days from the index AF encounter to the 
hospitalization admission for a primary diagnosis of AF. Secondary 
outcome measures included the following: time to heart failure 
hospitalization (hospitalization with a primary diagnosis of heart 
failure [ICD-9 codes 428.xx, 402.01, 402.11, 402.91, 404.01, 404.03, 
404.11, 404.13, 404.91, 404.93, and 398.91]); time to cardiovascular 
hospitalization (hospitalization with primary diagnosis of ischemic 
heart disease [codes 410–414, 429.2, and V45.81], heart failure, 
cardiomyopathy [codes 425.0, 425.1, 425.2, 425.3, 425.5, 425.7, 
425.8, and 425.9], cardiac arrhythmias [code 427.x], or cerebral 
hemorrhage/stroke [codes 431.x–435]); time to non-cardiovascular 
hospitalization; and time to all-cause hospitalization. 

Since the analyses used an intention to treat approach, we also 
determined the number of patients who transitioned from the 
pharmacologic rhythm-control group to the rate-control group 

Figure 3: Factors independently associated with receiving pharmacological rhythm control versus rate control following the first AF encounter

AF indicates atrial fibrillation; CI, confidence interval; OR, odds ratio
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disease, cancer, stroke, cerebral hemorrhage, depression, obesity, 
non-rheumatic valvular heart disease, or bleeding; and use of rate-
controlling drugs, QT-prolonging drugs, warfarin, and dabigatran 
during or within the 6 months before the index AF encounter. 
ICD-9 and Current Procedural Terminology (CPT) codes for all 
diagnoses and procedures and all drug names are listed in Appendix 
1. Categorical variables are presented as numbers (percentages) and
were compared using chi-square tests. Continuous variables are 
presented as medians (25th and 75th percentiles) and were compared 
using Wilcoxon rank sum tests. The number (percentage) of drugs 
initially used for pharmacologic rhythm or rate control by study arm 
was also determined. 

Factors associated with initial use of pharmacologic rhythm control 
versus pharmacological rate control were determined using a logistic 
regression model. All variables listed above were entered into the 
model using a stepwise selection process to identify variables that were 
significantly associated with an initial pharmacologic rhythm- versus 
rate-control approach. A p-value <0.05 was considered statistically 
significant and was required to remain in the model. Age was the 
only continuous variable, and to account for potential nonlinearity 
between age and treatment group, logistic regression models with 
restricted cubic splines were assessed to identify the best fit for age. 
It was determined that the relationship between age and rhythm 
control versus rate control was nonlinear and could be approximated 
by a piecewise linear spline with a change point at 55 years.

Substantial differences were anticipated between inpatient versus 
outpatient index AF encounters. Although this variable was included 
in the logistic regression model, we also conducted a post-hoc 
subgroup analysis to explore the effect of this variable on the other 
factors associated with use of pharmacological rhythm versus rate 
control. In this analysis, the logistic regression model was repeated and 
included only patients who had an outpatient index AF encounter.

To assess differences in the primary outcome and time to AF 
hospitalization, and to address potential treatment-selection bias, an 
inverse propensity-weighted estimation method was used. For each 
patient, a propensity score for the initial pharmacologic rhythm- 
versus rate-control approach was calculated using the variables 
presented above. The patient’s data contribution to the Cox regression 
model for time to AF hospitalization was then inverse-weighted by 
the probability of receiving the patient’s actual treatment (that is, 
by propensity score for patients receiving rhythm control and by 1–
propensity score for patients receiving rate control). To assess balance 
before and after inverse propensity score weighting, Cramér’s phi 
measure of association was calculated for each categorical variable 
(Appendix 2) and an R2 value was calculated for the continuous 
age variables (age <55 and age >55). Censoring occurred at the 

Table 1: Baseline Characteristics 

Characteristic All Patients 
(n=79,232)

Rhythm Control 
(n=12,408)

Rate Control 
(n=66,824)

p-Value

Age, yrs, median (IQR) 57 (51–61) 57 (51–61) 57 (51–61) 0.08

Male sex, % 64 67 64 <0.0001

Geographic region, % <0.0001

North central 30 30 30

Northeast 14 9 15

South 39 45 38

West 15 14%) 15

Unknown 1 1 1

Year of IE, % <0.0001

2006 9 8 10

2007 17 17 17

2008 24 23 24

2009 27 26 27

2010 23 25 22

Index AF encounter 
hosp., %

24 40 21 <0.0001

Discharged to self-care, 
n/N (%)

15,251/18,987 
(80)

3913/4945  
(79)

11,338/14,042 
(81)

0.01

Electrical cardioversion 
during IE, %

2 7 1 <0.0001

AF ablation during IE, % 0.1 0.4 0.05 <0.0001

AF is the primary 
diagnosis during IE, %

82 87 81 <0.0001

Hosp. in 6 months before 
IE, %

Cardiovascular 17 28 15 <0.0001

Non-cardiovascular 17 21 16 <0.0001

Medical history, %

Atrial flutter 9 17 8 <0.0001

Ischemic heart disease 20 27 19 <0.0001

Diabetes 20 20 20 0.3

Hypertension 51 56 50 <0.0001

Heart failure 12 17 11 <0.0001

Cardiomyopathy 1 2 1 <0.0001

Chronic rheumatic heart 
disease

2 4 2 <0.0001

Other atrial arrhythmias 5 6 4 <0.0001

Bradyarrhythmias 2 3 2 <0.0001

Pacemaker 0.1 0.4 0.1 <0.0001

Renal failure 6 7 5 <0.0001

Liver disease 3 3 3 0.1

Thyroid disease 10 10 10 0.1

Pulmonary disease 14 17 13 <0.0001

Cancer 9 12 9 <0.0001

Stroke 5 6 5 <0.0001

Cerebral hemorrhage 0.3 0.3 0.3 0.8

Depression 7 6 7 0.6

Obesity 8 11 7 <0.0001

Non-rheumatic valvular 
heart disease

15 22 14 <0.0001

Bleeding 3 3 3 0.1

Drug use during or within 
6 months before IE, %

Rate-controlling drugs

AF indicates atrial fibrillation; IE, index encounter; CCB, calcium channel blocker; hosp., 
hospitalization; IQR, interquartile range.

Characteristic All Patients 
(n=79,232)

Rhythm Control 
(n=12,408)

Rate Control 
(n=66,824)

p-Value

Beta-blocker alone 35 73 67 <0.0001

Digoxin alone 2 2 4 <0.0001

CCB alone 6 10 11 <0.0001

Combination of drugs 9 7 9 <0.0001

QT-prolonging drugs

Definite 3 3 3 0.96

Possible 17 16 17 <0.0001

Warfarin/dabigatran 33 41 32 <0.0001
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following the index AF encounter. The median time to the change 
was 129 (IQR 66–219) days. A total of 7824 (12%) patients in the 
rate-control group switched to the use of an antiarrhythmic drug 
during the 1 year following the index AF encounter. The median time 
to the change was 69 (IQR 35–140) days.
Factors Associated With An Initial Pharmacologic Rhythm- Versus 
Rate-Control Approach

Factors associated with use of a rhythm-control drug versus a 
rate-control approach in patients with their first AF encounter are 
shown in Figure 3. The concordance statistic for the final model was 
0.70, indicating good fit. Patient age (continuous variables for age 
<55 years and age 55–65 years) was not retained in the final model 
because its association with a pharmacologic rhythm- versus rate-
control approach was not statistically significant after other variables 
were included into the model using the stepwise selection process. 
Men (odds ratio [OR] 1.10, 95% CI 1.06–1.15) and patients with 
index encounters in later years (2010 versus 2006: OR 1.34, 95% 
CI 1.23–1.45; 2009 versus 2006: OR 1.18, 95% CI 1.09–1.27; 2008 
versus 2006: OR 1.11, 95% CI 1.03–1.21; 2007 versus 2006: OR 1.09, 
95% CI 1.01–1.19) were more likely to receive an antiarrhythmic 
drug than only a rate-control drug. Patients in the southern United 
States were more likely than patients in the other regions to receive 
an antiarrhythmic drug than only a rate-control drug. In addition, in 
general, patients with other comorbidities were more likely to receive 
an antiarrhythmic drug than a rate-control drug only. However, 
patients with a prior cardiovascular hospitalization (OR 0.79, 95% 
CI 0.74–0.85) or diabetes mellitus (OR 0.87, 95% CI 0.83–0.92) 
were less likely to receive an antiarrhythmic drug following the first 
AF encounter.

In the subgroup analysis in which only patients with outpatient 
index AF encounters were included (n=60,245), factors associated 
with use of a pharmacologic rhythm- versus rate-control approach 
were the same except that increasing age from 55 to 65 years was 
associated with a lower likelihood of receiving an antiarrhythmic 
drug (OR per 1-year increase 0.98, 95% CI 0.98–0.99), and history 
of thyroid disease became a new factor significantly associated with 
receiving an antiarrhythmic drug (OR 1.10, 95% CI 1.01–1.19) with 
the first AF encounter.
Hospitalizations

The number of patients with an AF, a heart failure, a cardiovascular, 
a non-cardiovascular, or an all-cause hospitalization by treatment arm 
is shown in Table 2. The median (IQR) number of days of follow-up 
was 408 days (177–749) in the rhythm-control group and 446 days 
(196–789) in the rate-control group. After adjustment, the rhythm-
control group was associated with a greater risk of AF hospitalizations 
compared with the rate-control group (HR 1.40, 95% CI 1.31–1.50).

As shown in Table 2, there was also a significantly greater risk of 
cardiovascular hospitalization (HR 1.26, 95% CI 1.20–1.33) and all-
cause hospitalization (HR 1.11, 95% CI 1.07–1.16) in the rhythm- 
versus rate-control group, but there was no statistically significant 
difference in heart failure or non-cardiovascular hospitalizations 
between groups.

In the models in which an interaction between treatment and 
inpatient/outpatient index AF encounter was included, a statistically 
signification interaction was found for AF, heart failure, non-
cardiovascular, and all-cause hospitalizations. For the primary 
outcome measure, the risk of AF hospitalization was still significantly 

end of the data-collection period (December 2010) or at the end 
of enrollment for the individual patient, whichever came first. A 
second Cox model with inverse propensity-weighted estimators and 
an interaction term for treatment (initial pharmacologic rhythm 
or rate control) and inpatient/outpatient index AF encounter was 
then developed to explore potential differences in patients with an 
inpatient versus an outpatient index AF encounter. The methods 
described above for the primary outcome measure were also used 
to assess the secondary outcome measures of times to heart failure, 
cardiovascular, non-cardiovascular, and all-cause hospitalizations. 
Hazard ratios (HRs) and 95% CIs are presented for comparisons 
of the initial pharmacologic rhythm- versus rate-control approaches.
Results

Of the 392,016 unique patients with an inpatient or outpatient 
encounter with a diagnosis of AF between January 1, 2006 and 
December 31, 2010, a total of 79,232 patients (20%) were included 
in the study—12,408 patients (16%) were categorized in the 
pharmacologic rhythm-control group, and 66,824 patients (84%) 
were categorized in the pharmacologic rate-control group (Figure 1). 
Baseline characteristics of the patients in each group are presented in 
Table 1. A higher proportion of patients in the rhythm-control group, 
compared with patients in the rate-control group, were hospitalized 
for their index AF encounter (40% versus 21%, p<0.0001), had a 
prior cardiovascular hospitalization (28% versus 15%, p<0.0001) 
or non-cardiovascular hospitalization (21% versus 16%, p<0.0001), 
underwent electrical cardioversion during the index AF encounter 
(7% versus 1%, p<0.0001), and had 1 or more prescription claims 
for warfarin or dabigatran during or within the 6 months before the 
index AF encounter (41% versus 32%, p<0.0001). Among those with a 
hospitalization for the index AF encounter, the median length of stay 
was 4 (interquartile range [IQR] 2–7) days for the rhythm-control 
group and 3 (IQR 1–6) days for the rate-control group (p<0.0001). 
AF ablation during the index AF encounter was very uncommon, but 
occurred in a greater proportion of patients in the rhythm-control 
group versus the rate-control group (0.4% versus 0.05%, p<0.0001).

The initial rhythm- and rate-control drugs used following the 
index AF encounter for each group are shown in Figures 2A and 
2B, respectively. The most commonly used antiarrhythmic drug in 
the rhythm-control group was amiodarone (37%), and the most 
commonly used rate-control drugs in the rate-control group were 
beta-blockers (63%). Of patients receiving rate-control drugs, 10,532 
(15.8%) received the drug prior to the index AF encounter.
Changes In Drug Treatment Groups

A total of 2294 (18%) patients in the rhythm-control group 
switched to the use of only a rate-control drug during the 1 year 

Table 2: Hospitalizations in the Pharmacological Rhythm-Control Versus 
Rate-Control Groups

Hospitalizations Patients with Events Adjusted HR (95% CI)

Rhythm Control 
(n=12,408)

Rate Control 
(n=66,824)

Atrial fibrillation 1279 (10.3%) 4845 (7.3%) 1.40 (1.31–1.50)

Heart failure 310 (2.5%) 1379 (2.1%) 1.01 (0.88–1.17)

Cardiovascular 2160 (17.4%) 8807 (13.2%) 1.26 (1.20–1.33)

Non-cardiovascular 2669 (21.5%) 13,000 (19.5%) 1.04 (0.99–1.09)

All-cause 4060 (32.7%) 18,888 (28.3%) 1.11 (1.07–1.16)

CI indicates confidence interval; HR, hazard ratio.
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there was no difference in all-cause hospitalization (HR 0.99, 95% 
CI 0.94–1.04) with rhythm versus rate control in those with an 
outpatient index AF encounter.
Discussion

Most of the published randomized controlled studies assessing 
outcomes of different AF treatment strategies included primarily 
older patients (mean age >65 years).9-12 Little is known about 
outcomes associated with AF treatment in younger patients, but at 
least 1 sub-analysis indicated that outcomes may vary by patient age.12 
With few evidence-based recommendations for treatment decisions 
in younger AF patients, clinicians must rely on data derived from 
older patients and their clinical judgment. In this study, we explored 
pharmacologic therapy initiated following the first identified AF 
event in patients aged <65 years to better understand its use and 
associated outcomes. Among patients with qualifying prescriptions, 
use of only rate-controlling drugs was much more common than 

greater in the rhythm- versus rate-control group; however, the 
magnitude of the effect was lower for those with an inpatient index 
AF encounter (HR 1.19, 95% CI 1.07–1.32) than for those with an 
outpatient AF encounter (HR 1.46, 95% CI 1.35–1.58). There was 
a statistically significantly greater risk of heart failure hospitalization 
with rhythm versus rate control for those with an inpatient index AF 
encounter after including the interaction term (HR 1.34, 95% CI 
1.11–1.62), but there was no observed difference in those with an 
outpatient index AF encounter (HR 0.90, 95% CI 0.76–1.08). The 
risk of non-cardiovascular hospitalization (HR 1.60, 95% CI 1.50–
1.70) and all-cause hospitalization (HR 1.48, 95% CI 1.40–1.56) 
was significantly greater with rhythm versus rate control in those 
with an inpatient index encounter. The risk of non-cardiovascular 
hospitalization was decreased (HR 0.85, 95% CI 0.80–0.91), and 

Apppendix 1:
ICD-9 or CPT Codes for Identification of Variables 
Included in the Models

Variables Codes*

Atrial flutter  427.32

Ischemic heart disease 410–414, 429.2, V45.81 

Diabetes 250.x 

Hypertension Without LVH: 401.x, 403.xx, 404.00, 404.02, 404.10, 
404.12, 404.90, 404.92, 405.xx, 437.2
With LVH: 402.00, 402.10, 402.90, any prior HTN code 
along with 429.3

Heart failure 428.xx, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 
404.13, 404.91, 404.93, and 398.91

Cardiomyopathy 425.0, 425.1, 425.2, 425.3, 425.5, 425.7, 425.8, 425.9

Chronic rheumatic heart disease 393–398

Acute rheumatic fever with heart 
involvement

391.x, 392.0

Other atrial arrhythmias 427.0, 426.89

Bradyarrhythmias 427.81

Pacemaker 00.50, 00.52, 00.53, 37.71–37.79, 37.81–37.89

Renal failure Chronic: 403.01, 403.11, 403.91, 404.03, 404.12, 
404.92, 404.13, 404.93, 404.93, 585.x, 586.x, 588.0, 
V42.0, V45.1, V56.x
Acute: 584.0–584.9

Liver disease 70.32, 70.23, 70.32, 70.33, 70.44, 70.54, 70.6, 70.9, 
456.0–456.2, 570.x, 571.x, 572.2–572.8, 573.3, 573.4, 
573.8, 573.9, V42.7

Thyroid disease 240–246

Pulmonary disease 416.8, 416.9, 490.x–505.x, 506.4, 508.1, 508.8

Cancer 196.x–199.x, 200.x–202.x, 203.0, 238.6, 140.x–172.x, 
174.x–195.x

Stroke 433–435

Cerebral hemorrhage 431–432

Depression 296.2, 296.3, 296.5, 300.4, 309.x, 311

Obesity 278.0

Non-rheumatic valvular heart 
disease

424.xx

Cardiothoracic surgery 35.x–39.x >30 days from index AF encounter date

Electrical cardioversion ICD-9 codes 99.61, 99.62, and 99.60 
CPT codes 00410, 92960, and 92961

AF ablation ICD-9-CM 37.33, 37.34
CPT 93651

Bleeding ICD-9 codes 528.0–528.9, 530.7, 531.0, 531.2, 531.4, 
531.6, 532.0, 532.2, 532.4, 532.6, 533.0, 533.2, 533.4, 
533.6, 534.0, 534.2, 534.4, 534.6, 362.8, 379.2, 441.0, 
441.1, 441.3, 161.7, 599.7, 786.3, 784.7, 431.0–432.9

AF indicates atrial fibrillation; CPT, Current Procedural Terminology; HTN, hypertension; ICD-9, 
International Classification of Diseases, Ninth Revision, Clinical Modification; LVH, left ventricular 
hypertrophy.
* All are ICD-9 codes, except where indicated as CPT. 

Drugs Included in the Analysis

Drug Category Drugs

Rhythm-control drugs Amiodarone
Disopyramide
Dofetilide
Dronedarone
Flecainide

Procainamide
Propafenone
Quinidine
Sotalol

Beta-blockers Acebutolol
Atenolol
Betaxolol
Bisoprolol
Carteolol
Carvedilol
Labetalol

Metoprolol
Nadolol
Nebivolol
Penbutolol
Propranolol
Timolol

Digitalis glycosides Digitalis
Digitoxin
Digoxin

Calcium channel blockers Diltiazem
Verapamil

Definite QT-prolonging 
drugs

Azithromycin
Bepridil
Chloroquine
Chlorpromazine
Citalopram
Clarithromycin
Droperidol
Erythromycin

Halofantrine
Haloperidol
Mesoridazine
Moxifloxacin
Pentamidine
Pimozide
Thioridazine
Vandetanib

Possible QT-prolonging 
drugs

Amantadine
Amitriptyline
Atazanavir
Chloral Hydrate
Ciprofloxacin
Clomipramine
Clozapine
Desipramine
Diphenhydramine
Dolasetrone
Doxepin
Escitalpram
Famotidine
Felbamate
Fingolimod
Fluconazole
Fluoxetine
Foscarnet
Fosphenytoin
Galantamine
Iloperidone
Imipramine
Indapamide
Isradipine
Itraconazole
Ketoconazole
Lapatinib

Levofloxacin
Lithium
Moexipril
Nicardipine
Nilotinib
Nortriptyline
Octeotide
Ofloxacin
Ondansetron
Oxytocin
Paroxetine
Protriptyline
Quetiapine
Risperidone
Ritonavir
Sertraline
Sulfamethoxazole/
trimethroprim
Sunitinib
Tacrolimus
Telithromycin
Tizanidine
Trazodone
Trimipramine
Vardenafil
Venlafaxine
Voriconazole
Ziprasidone

Anticoagulants Warfarin
Dabigatran
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Ittu et al found that in a population of patients aged 72–85 years 
who were hospitalized with an initial AF event, increasing age was 
independently associated with lower odds of receiving pharmacologic 
rhythm-control versus rate-control treatment (OR 0.95, 95% CI 
0.95–0.96).14 However, in our study of patients aged <65 years with 
an initial inpatient or outpatient AF encounter, age was not found to 
be independently and statistically significantly associated with the 
pharmacologic treatment group. In addition, unlike Ionescu-Ittu et 
al who found that hypertension, heart failure, and prior warfarin use 
were associated with use of only rate-controlling drugs, we found 
that these were associated with initial use of antiarrhythmic drugs. 
This may indicate differences in perceived risk of antiarrhythmic 
drugs in patients with these characteristics in an older, hospitalized 
population as opposed to a younger population with a mix of 
inpatients and outpatients.

In this study, we also explored hospitalizations following the initial 
AF encounter. It is important to acknowledge that a hospitalization 
for a primary diagnosis of AF does not necessarily mean that the 
therapy failed due to a recurrence of AF, worsening of AF symptoms, 
or an adverse event from the prescribed therapy. However, each 
hospitalization may represent a burden to the patient and to the health 
care system, regardless of the reason. In this study, we found a greater 
risk of hospitalization for a primary diagnosis of AF, cardiovascular 
disease, and any cause for patients categorized in the rhythm- versus 
rate-control group. There was no difference in risk of heart failure 
hospitalization or non-cardiovascular hospitalization. These results 
are similar to those from a meta-analysis of randomized controlled 
trials comparing pharmacologic rhythm- versus rate-control 
strategies, despite differences in study populations.4 In the meta-
analysis, the pooled estimate for risk of all-cause rehospitalization 
was 1.49 (95% CI 1.11–2.00), which is greater than our estimate 
of effect for all-cause hospitalization (HR 1.11, 95% CI 1.07–
1.16). However, the data on hospitalizations varied widely among 
the included studies. Also, the authors cautioned that some of the 
hospitalizations may have been required by the study protocols and 
thus may not necessarily represent clinical practice.4 The Registry 
on Cardiac Rhythm Disorders Assessing the Control of Atrial 
Fibrillation (RECORDAF) included patients with a mean age of 
66 years and found no difference between the proportions of patients 
with a cardiovascular hospitalization at 1 year in the rhythm- versus 
rate-control groups (17%, p=0.9).19

There are several limitations to this study. First, because the 
MarketScan® database does not include death data unless the death 
occurred during a hospitalization, we were unable to assess differences 
in mortality between groups. Second, in our hospitalization analyses, 
we used inverse propensity-weighted estimators to adjust for potential 
treatment selection bias. However, this method is most effective 
when all factors associated with outcomes and treatment selections 
are included. It is possible that there were some important factors not 
captured in the MarketScan® database and, thus, were not available 
for our analysis. Despite this, this method appeared to provide good 
balance in the available variables (Appendix 2); however, these 
results should be replicated using other data sources. Third, in the 
rare instances in which drugs such as amiodarone were used as rate-
controlling drugs, we would have misclassified their use as rhythm-
control drugs.  The prescriber’s intent for use of any of the rhythm 
or rate controlling drugs is not available in the claims data.  Fourth, 
the study population included only those with commercial health 

use of antiarrhythmic drugs (84% versus 16%), and amiodarone 
was the most frequently used antiarrhythmic drug (37%). Electrical 
cardioversion and AF ablation procedures were rare during the 
initial AF event. Men, patients with AF events in later years, and 
patients with concomitant heart disease were more likely to initially 
receive a rhythm-control drug than only a rate-control approach. In 
addition, even after adjustment for baseline characteristics, patients 
who received an initial rhythm-control drug were more likely to have 
an AF, a cardiovascular, or an all-cause hospitalization than were 
patients receiving only rate-controlling drugs. These results provide 
new insight into the current management of younger AF patients.

There are no other published assessments of the initial use of 
rhythm- and rate-controlling therapies within clinical practice in 
patients aged <65 years. However, 1 study using prescription data from 
1999–2008 found that of 3094 patients with AF at a mean age of 66 
years, 13% were receiving an antiarrhythmic drug.13 The proportions 
of patients who were men and had ischemic heart disease and heart 
failure were similar to those in our study; however, our study included 
a larger proportion of patients with hypertension and diabetes. In a 
study conducted in Canada, 25% of AF patients between 1999 and 
2007 received an initial rhythm-control drug, but all patients were 
aged >72 years.14 In 2 registry studies conducted completely or partly 
in the United States, 46% and 64%, respectively, of enrolled patients 
received an initial pharmacologic rhythm-control treatment, but the 
mean age of patients was 66 years.15,16 Other AF registries conducted 
primarily outside of the United States also included patients with 
a mean age of >66 years and tended to have a higher proportion of 
patients receiving rhythm-control due to the registry design.17-23,3

Patient age might be a factor in deciding whether to use 
antiarrhythmic drugs, as 2 registry studies found that the use of a 
rhythm-control strategy was more common in younger patients.18,19 

However, it is not clear how much of that association is due to the 
increasing likelihood of comorbidities with increasing age. Ionescu-

Appendix 2: Balance of Categorical Variables after IPW Adjustment

Open circles represent values before IPW adjustment, and closed circles represent values after IPW 
adjustment. 
AF indicates atrial fibrillation; DCC, direct current cardioversion; poss, possible; def, definite; DX, 
diagnosis; Dz, disease; CV, cardiovascular; IHD, ischemic heart disease; IPW, inverse propensity 
weighted; Hx, history; arrhy, arrhythmia; RF, rheumatic fever; RHD, rheumatic heart disease; rheum, 
rheumatic. 
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insurance and thus these results may not be applicable to AF patient 
populations without commercial health insurance.  Lastly, there is 
the possibility of miscoded diagnoses, cash payment for prescription 
medications, and gaps in coverage that may result in inaccuracies in 
the selected covariates or missing patients or events.
Conclusion:

Among patients aged <65 years with an initial AF event receiving 
pharmacologic therapy, an antiarrhythmic drug was used much less 
frequently than treatment with only a rate-control drug. The initial 
pharmacologic approach remained consistent for 82% of patients 
started on an antiarrhythmic drug and for 88% of patients started on 
only a rate-control drug during the 1 year following the initial AF 
encounter. The risk of hospitalization was greater in those with an 
initial rhythm-control versus a rate-control approach, but this needs 
to be confirmed with other data sources and evaluated in context 
with other clinical outcomes.
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Introduction
Radiofrequency (RF) ablation is a common therapy utilised in the 

treatment of atrial fibrillation (AF). Ablation catheter technology 
has been evolving rapidly with a recent innovation being the 
introduction of catheter tip-tissue sensing capabilities. One of these 
technologies is the Contact™ system introduced by St Jude Medical 
(St Paul, MN) which uses a novel measure of the Electrical Coupling 
Index (ECI) to assess the quality of catheter tip to endocardium 
contact. The technology has previously been described in depth and 
is associated with improved efficacy of pulmonary vein electrical 
isolation.1-4 Currently there is little data explaining expected ECI 
values and behaviour during a left atrial ablation procedure. As such 
this paper sought to provide average ECI measurements in a cohort 
of patients who underwent first-time pulmonary vein isolation (PVI) 
procedures using the first generation Contact™ technology.

Methods
Forty-five consecutive patients undergoing a first time PVI 

procedure for atrial fibrillation with a single operator were studied.  
Patients having a redo procedure were excluded.  Patients with both 
paroxysmal and persistent forms of arrhythmia were included.
Procedure

The Ensite NavX 3D mapping system (St Jude Medical, St Paul, 
MN) was utilised for catheter guidance, geometry creation and fusion 
to a pre-segmented left atrial CT image. A decapolar catheter was 
placed in the coronary sinus and a circular, 20mm pulmonary vein 
mapping catheter was used for geometry collecting and localisation 
of pulmonary vein signals. Intra-cardiac echo was utilised in all 
procedures to aid in guidance of the double trans-septal punctures, 
geometry creation and tissue contact during ablation delivery.  
Pulmonary vein isolation was performed at an antral level with left 
and right sided pulmonary veins isolated in pairs. The primary end-
point was electrical isolation of all pulmonary veins confirmed by 
entry and exit conduction block.

The Contact ablation catheter was calibrated as per the 
recommended manufacturer instructions for use. An initial ‘non-
contact’ ECI baseline measurement was performed with the catheter 
tip mid left atrial cavity and not contacting the endocardium as 
confirmed by the absence of local intracardiac signal and intracardiac 
echocardiography (ICE) visualization.  Previous validation of 
the technology has shown that tissue contact correlates well with 
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Ablation, Atrial Fibrillation, Electrical Coupling Index, Contact 
Sensing, Pulmonary Vein Isolation.

Observations Of Electrical Coupling Index Using The Contact™ 
System During Pulmonary Vein Electrical Isolation Procedures
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Abstract
The Contact (St Jude Medical) System uses a novel impedance- based measure of Electrical Coupling Index (ECI) to assess the quality of 

catheter tip to endocardium contact. We sought to establish average ECI measurements and behaviour during pulmonary vein (PV) isolation 
procedures.

Forty-five patients undergoing PV isolation for atrial fibrillation (AF) were studied. ‘Non-contact’ and upper range ‘in-contact’ catheter 
positioning was performed for system calibration. ECI measurements were recorded pre-ablation at 14 standardized locations around the 
PV antra. 

The mean ECI non-contact value was 77 ± 11 (range 63–107); the mean upper range in-contact value was 111 ± 16 (range 81–145). 
Mean ECI values pre-ablation around the PV antra ranged from 85 ± 18 to 107 ± 19. A trend towards higher mean ECI values was noted with 
increasing body mass index (BMI). Pre-ablation mean ECI values were 92 ± 10 (BMI 20-25), 95 ± 12 (BMI 26-30) and 104 ± 11 (BMI >30) 
(p< 0.01 for 20-25 vs. >30). A positive correlation was noted for mean pre-ablation ECI values and BMI (r=0.50).

An expected range of ECI values during PV isolation has been documented in this study. Observed ECI values correlate with patient BMI. 
The potential limitations of the current generation Contact System and scope for future clinical applications are discussed.
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the measured PV sites are shown in Figure 2. Mean ECI values pre-
ablation around the PV antra (L1-L7 and R1 – R7) ranged from 85 
± 18 to 107 ± 19, with an overall mean of 97 ± 12. The lowest mean 
pre-ablation values were recorded at the anterior ridge of the left 
upper and lower PVs (sites L2, L3, L4). 
Effect of Body Mass Index

A trend towards higher mean ECI values was noted with increasing 
BMI. Non-contact values were 73 ± 9 (BMI 20-25), 75 ± 11 (BMI 
26-30) and 81 ± 9 (BMI >30) (p<0.04 for 20-25 vs >30). Upper range
in-contact mean ECI values were 104 ± 12 (BMI 20-25), 111 ± 15
(BMI 26-30) and 116 ± 15 (BMI >30)(p< 0.05 for 20-25 vs. >30).
Pre-ablation mean ECI values were 92 ± 10 (BMI 20-25), 95 ± 12
(BMI 26-30) and 104 ± 11 (BMI >30)(p= 0.01 for 20-25 vs. >30).
A modest positive correlation was noted for mean pre-ablation ECI
values and BMI (r=0.50, p=0.0005) as shown in Figure 3.
Effect of Rhythm

Atrial fibrillation rhythm at the time of the procedure did not 
appear to impact ECI values in males, after controlling for BMI. 
Females were excluded from this analysis to avoid confounders as all 
were in sinus rhythm with a mean BMI of 25 ± 4. The mean non-

a minimum 5 ECI points above non-contact measurement as 
demonstrated by progressive decrease in bipolar pacing thresholds 
and analysis of unipolar electrogram characteristics.1 A second 
upper-level ‘in-contact’ ECI measurement was taken with the 
catheter positioned at the left atrial roof or posterior wall at a 
desired upper-limit of contact as determined by the physician to 
define the desired safety range. Endocardial contact was determined 
from intracardiac signals, intracardiac echo visualization and tactile 
feedback. A braided SL0 curve long sheath (St Jude Medical, St Paul, 
MN) was used for ablation catheter manipulation in the left atrium. 
Following calibration the Contact display dashboard indicates the 
actual ECI measurement in addition to a continuous graph display 
of ECI value plotted vs. time. A catheter ‘beacon’on the real time 
NavX image displays the catheter tip yellow when ECI values are in 
a non-contact range, green for a contact range and flashing red when 
the ‘upper-range’ safety values are exceeded.

Fourteen pre-determined locations were selected for ECI 
measurements (Fig 1) along the antral line of ablation. Unblinded 
ECI measurement was taken pre-ablation as the highest reading in 
a 5 second period on non-ablated tissue.1 RF power settings ranged 
from 20 – 45 watts and heparinised saline irrigation was run at 12ml/
min during RF power delivery. All procedures were performed under 
general anaesthesia with intermittent positive pressure ventilation.
Statistical Analysis

Results were analysed using SPSS software and expressed as 
mean ± standard deviation. Unpaired t tests and Pearson correlation 
coefficients were performed.  A 2-tailed p value <0.05 was considered 
to be statistically significant. Graphs were constructed by using Prism 
(GraphPad Software, La Jolla, CA).
Results

Forty-five patients (seven female) underwent first time PVI 
procedures. Successful PVI (entry and exit block) was achieved in 
100% of the patients. Fifteen patients had persistent forms of AF 
and 30 were paroxysmal; 26 patients were in sinus rhythm and 19 
patients were in AF at the time of data collection. The mean age was 
61.9 years (range 43-81 years) and mean body mass index (BMI) 
was 29.0 (range 20-42). Successful PV isolation was achieved in all 
patients with a mean procedural time of 171 ± 40 minutes (range 
114 - 275). There were no complications associated with use of the 
technology. The mean ECI non-contact value for the cohort was 76 ± 
10 (range 62 – 102); the mean upper range in-contact ECI value was 
111 ± 15 (range 81 – 145). Mean pre-ablation ECI values at each of 

Figure 1:

The 14 sites of data collection in the left atrium (seven each 
around the left and right pulmonary vein pairs). LAA = left atrial 
appendage; LIPV = left inferior pulmonary vein; LSPV = left 
superior pulmonary vein; RIPV = right inferior pulmonary vein; 
RSPV = right superior pulmonary vein.

Figure 2:
Average pre-ablation ECI values for total patient group at A) 
collection sites L1-L7, and B) collection sites R1-R7. Average ECI 
and upper boundary of standard deviation are displayed
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measurement pre-ablation was noted on the graphical representation 
(ECI measurement vs. time) despite apparent stable catheter position. 
Oscillation which appeared to correlate with cardiac motion (Fig 4a) 
and respiratory motion (Fig 4b) was noted, often visible with direct 
ICE visualization of the catheter contact with atrial tissue.  A rapid 
decrease in ECI value, followed by plateau was routinely observed 
with the onset of RF energy application (Fig 4c), as previously 
described.2 
Discussion

While the Contact™ technology has been commercially available 
its clinical use in the EP laboratory has remained limited. It is 
perhaps, for many physicians, a less intuitive concept than simple 
force- sensing for catheter- tissue contact. The potential benefits of 
ECI over simple force- sensing have been previously described and 
include the ability to use the technology with any choice of ablation 
catheter, and improved information about the electrical interaction of 
the catheter interface with different cardiac tissue types both before 
and during ablation delivery.1 The clinical utility of the technology 
however depends on the ability to take the concept from the benchtop 
to the EP laboratory aided by a developed understanding of how the 
supplied information varies according to different clinical parameters 
and scenarios. The current study contributes to the knowledge base 
of how ECI measurement and monitoring might best be used as a 
clinical tool during catheter ablation.

In the previous work by Piorkowski et al1, non-contact ECI 
values of 115 ± 12 and mean contact values of 140 ± 16  (159 ± 
14 for ‘firm contact’) were found in a study population of n=16,  all 
studied in sinus rhythm.  These values are markedly different from 
those observed in the current series (77 ± 11 and 97 ± 12 [110 ± 
16 for upper range contact]). The study did not find any significant 
variation in ECI values with BMI, however their cohort was small 
with a mean BMI of 26 ± 2 which did not allow for comparison 
with patients in the obese or very obese range.  The current study 
documented a mean increase in ECI value of 26% pre-ablation 
over the non-contact reading as compared with 22% (Piorkowski)1, 

contact for males in AF was 81 ± 10 vs. 75 ± 8 in sinus (p=0.06); 
mean upper range contact values were 116 ± 16 for AF vs. 109 ± 13 
in sinus (p= 0.22); mean pre-ablation values were 100 ± 13 for AF vs. 
98 ± 9 in sinus (p=0.47).
Effect of Gender

Females in the cohort had lower mean ECI values than males, 
however there was a confounding trend towards lower mean BMI in 
females (25.7 ± 4 vs. 29.1 ± 5, p=0.07) and all female patients were 
in sinus rhythm (7/7) as compared with males (19/38). Mean non-
contact ECI values were 67 ± 9 for females vs. 78 ± 9 for males (p 
=0.01); mean pre-ablation values were 86 ± 9 for females vs. 99 ± 11 
vs. males (p<0.01). 
Observed Intraprocedural Variations in ECI

During many procedures cyclical variation in continuous ECI 

Figure 3:
Graph of correlation between the Body Mass Index (BMI) on x axis 
and mean pre-ablation Electrical Coupling Index (ECI) on y axis for 
the total patient group

Figure 4: Examples of oscillations in the Electrical Coupling Index waveform A) due to cardiac motion (asterisks), B) due to respiration (arrows) and 
C) changes in the waveform at initiation and cessation of radiofrequency energy delivery (green and red arrows respectively)
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total body fluid.1 This would provide another consistent example of 
‘incomplete cancelling’ of reductions in thoracic resistance.  Further 
evaluation of the impact of BMI on ECI measurements is required 
as recommended system calibration or scale may be impacted.  
Equally, the potential for ‘drift’ of measurements during a procedure 
(thereby affecting system accuracy) needs to be further explored and 
accounted for with an offsetting algorithm or with recommendations 
for intermittent recalibration.
Study Limitations

The possibility of variation in ECI values according to gender has 
also been raised by the current dataset but the confounding effect 
of BMI and the small number of females studied prevents accurate 
conclusions being drawn. The current study also did not remeasure 
non-contact ECI values during or at the end of procedures to 
document measurement stability.
Future Clinical Research and Technology Improvements

The lack of integration of Contact measurements with Ensite 
NavX mapping software currently limits the clinical utility in the 
operator’s experience. The capacity to record mean pre-ablation 
ECI measurements at each ablation location on the Ensite NavX 
geometry may have benefits for ‘gap’ mapping to suggest possible 
sites of acute PV reconnection.4,6  Additionally, the potential benefit 
of ECI monitoring over other catheter force-sensing technology is 
the ability to document real-time ablation lesion efficacy by a critical 
reduction in ECI value during ablation.2 Benchtop animal studies 
have previously documented that a ≥ 12% reduction in ECI value 
during ablation delivery was associated with transmural lesions.2 The 
ability to record ‘delta ECI’ at each ablation location would improve 
clinical usefulness of the technology.

There is currently scope to examine the behaviour of ECI 
measurements across different clinical and ablation scenarios that 
may better inform physicians about optimal catheter placement and 
ablation delivery. Previous validation studies have shown that ECI 
measurements intrinsically vary according to vascular (pulmonary 
venous) tissue, trabeculated or atrial smooth muscle tissue.1 Further 
clinical research is required into how energy delivery may need to be 
varied to achieve optimal ablation efficacy at vascular, trabeculated 
or smooth muscle tissue as informed by ECI values. Additional 
information about ECI measurement variation with scar tissue may 
also assist in applications for scar and scar-border mapping. Whether 
ECI measurement can further inform substrate or physiological 
mapping should also be explored. ECI might vary according to tissue 
fibrosis, ganglionic presence and innervation or signal specialized 
cardiac conduction tissue eg. Sinus or AV nodal tissue.  Other 
potential questions include the expected variation in ECI readings 
from pre-ablation, immediately post-ablation, delayed post-ablation 
(to account for tissue oedema) and mature scar. Further observations 
are also required for applications of ‘gap mapping’ as to the variation 
in ECI values and spatial resolution when measuring areas of 
adjacent ablated and incompletely or non-ablated (but potentially 
oedematous) tissue.
Conclusions:

The current study documents consistent and expected behaviour 
of the tissue sensing capabilities of Contact technology during 
pulmonary vein isolation procedures, with the novel finding of a 
correlation of BMI with absolute ECI measurements. Currently 
a reference range and recommended ECI values for left atrial 

and a mean increase of 43% for upper range contact as compared 
with 38% for ‘firm contact’ (Piorkowski).1 The results of the current 
study, however, are comparable to pre-ablation ECI values from a 
contemporary published abstract by Dello Russo et al.5 who found 
mean pre-ablation ECI values ranging from 96.7 ± 11.1 to 102.4 ± 
11.8 around the pulmonary veins.

Personal communication with St Jude Medical engineers has 
informed the authors that calibration of the Contact ‘dashboard’ 
settings was based the previously documented minimum cutoff of 
5 ECI points above ‘non-contact’ baseline and demonstrated to be 
highly reproducible.  However, Contact hardware that is currently 
commercially available in Ensite Systems may not be calibrated to 
the same standard, such that inter-laboratory variation in absolute 
ECI values may occur.  Because each patient serves as their own 
reference for the Contact measurement (non-contact through upper 
range contact ECI scale) this does not appear to impact clinical 
accuracy but does currently prevent inter-laboratory comparisons.  
Standardised calibration of Contact hardware will reportedly be a 
feature of the second generation Contact system.  The observations 
in the current study of ECI measurements approximately 20 – 30% 
for ‘contact’ and 40 – 45% for ‘upper range contact’ above the non-
contact baseline were confirmed by St Jude Medical engineers to be 
consistent with laboratory bench data. 

Expected variation in catheter contact behaviour during respiratory 
and cardiac motion was also observed with ECI measurement as has 
been noted in other catheter force-sensing studies.5  The finding of 
lowest mean ‘in-contact’ measurement at the anterior ridge of the 
left pulmonary veins has also been documented by other force-
sensing technology.6-8 Overall the current study appears to validate 
the consistent and expected behaviour of Contact  technology during 
left atrial ablation. 

The current study points to a significant effect of body mass index 
on observed absolute ECI values. The ‘3- terminal model’ theory 
of ECI measurement claims to yield only the catheter tip to tissue 
impedance by cancelling out other sources of thoracic resistance.1  
Cardiac adiposity could potentially directly impact tissue impedance 
to increase ECI values.  The possibility of ‘incomplete cancelling’ 
by the technology of increased thoracic resistance in the setting of 
obesity also needs to be considered and has been acknowledged by 
St Jude Medical engineers to be the likely explanation.  A significant 
decrease in non-contact and contact ECI values from beginning to end 
of left atrial ablation procedure (mean procedure time 135 minutes) 
has previously been noted and suggested to arise from changes in 

Table 1: Patient Characteristics

N=45

Age (yrs) 61.9 ± 8.2

Sex: Males, n (%) 38 (84)

Type of AF, n (%)

Paroxysmal 30 (67)

Persistent 15 (33)

Hypertension, n (%) 24 (53)

Diabetes, n (%) 8 (18)

EF (%) 61.3 ± 8.1

BMI (n) 29.0 ± 5

 AF: Atrial Fibrillation, EF: Ejection Fraction, BMI: Body Mass Index
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ablation cannot be established without further multicenter studies 
comparing different Ensite Contact systems and after controlling 
for uniform technology calibration. The potential limitations of 
the current generation Contact System have been discussed with 
recommendations for future research and improving the clinical 
utility of this emerging technology.
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A Case Of Acute Thromboembolic Renal Infarction Associated 
With Paroxysmal Atrial Fibrillation

Introduction
Acute renal infarction is an uncommon  disease  which frequently 

results in irreversible renal parenchymal damage. High index of 
suspicion is required for early diagnosis, as timely intervention 
may prevent loss of kidney function. Common etiologies of renal 
infarction include thromboembolism, paradoxical embolism, severe 
blunt trauma, vasculitis, malignancy, endocarditis and cocaine abuse.1 

Major risk factors for renal thromboembolism are atrial fibrillation, 
previous embolism, hypercoagulopathy, ischemic, congenital and 
valvular heart disease.2 Herein, we describe a young patient who 
presented with right renal thromboembolism without any risk factors. 
Case Presentation

A 20-year old non-diabetic man presented to our emergency 
department with abdominal and right flank pain that were persistent 
for 2 days. He complained of urinary symptoms including dysuria, 
hematuria and difficulty in micturition. His blood pressure, heart 
rate, temperature and oxygen saturation were within normal 
limits. Electrocardiography showed normal sinus rhythm. Physical 

examination was unremarkable except for right costovertebral angle 
tenderness. Laboratory findings showed a white blood cell count of 
10200/µL (74% neutrophils), serum creatinine of 0,9 mg/dL, BUN of 
12 mg/dL,  serum lactate dehydrogenase (LDH) level of 890 U/dL(0-
248 U/dL), international normalized ratio (INR) of 0,9. Urinalysis 
revaled 3 to 5 red blood cells and 1 to 3 white blood cells per high-
power field with no proteinuria or casts. Chest and abdominal X-ray 
did not provide anything remarkable for the diagnosis. Abdominal 
ulrasonography was negative for urinary calculi and computerized 
tomographic (CT) scan with intravenous contrast injection 
discovered several heteregenous areas with decreased enhancement of 
the right kidney which was compatible with renal infarction (Figure 
1). Subsequently, he underwent selective renal angiography which 
revealed normal left renal artery (Figure 2B), but an obstructing 
thrombus was detected in the middle segment of right renal artery. 
The suprarenal artery arising from the proximal segment of right 
renal artery and an accessory right renal artery arising from the aorta 
were also visualized. (Figure 2A) Transthoracic echocardiography 
provided normal left and right ventricular systolic functions without 
any valvular heart disease. Transesophageal echocardiography was 
performed for suspected any paradoxical embolism in which contrast 
study with valsalva maneuver was negative for patent foramen 
ovale(Figure 3A). There was no intracardiac thrombus but a mild 
SEC in the LAA. (Figure 2B) There was no evidence to suggest a 
hypercoagulopthic condition according to blood tests. Frequent 
premature atrial complexes were detected (825) during 24-hours 
Holter monitoring and 2 PAF episodes were recorded at 48 hour 
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Abstract
Infarction of the kidney is an uncommon condition that can result from obstruction or decrease of renal arterial flow. The diagnosis is 

often delayed because it can mimic many other pathologic states, including pyelonephritis, renal colic, acute abdomen, pancreatitis and 
more. A high index of suspicion is important for prompt diagnosis. We describe a 20-year-old man presented with abdominal and right 
flank pain and hematuria. A computed tomography scan with intravenous contrast showed partial infarction of right renal parenchyma 
and selective renal angiography showed complete occlusion of the right renal artery which was also supplied by an accessory renal artery.  
Electrocardiography showed normal sinus rhythm. Transthoracic and transesophageal echocardiographic findings were unremarkable except 
for mild spontaneous echo contrast (SEC) in the left atrial appendage. Subsequent 48-hour holter  monitor revealed frequent premature 
atrial complexes and paroxysmal atrial fibrillation (PAF). Development of thromboembolic renal infarction was attributed to the presence of 
PAF and concurrent SEC in the left atrial appendage (LAA). Low molecular weight heparin(LMWH) was followed by oral anticoagulant and an 
electrophysiologic study was planned for the management of PAF after 4 weeks of anticoagulation.
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renal embolism are characterized by a variety of symptoms including 
abdominal and flank pain, hematuria, proteinuria, and fever.3-4 Acute 
segmental renal infarction is an even more problematic diagnosis. 
In evaluating partial renal infarction, a strong clinical suspicion is 
necessary. A history of dysrhythmia or other cardiac disease, the 
presence of abdominal or flank pain, fever with an elevated white 
cell count, and an elevated LDH are clinically significant, and their 
presence should alert the clinician to the possibility of renal infarction.

Computed tomography plays an important role in evaluation and 
management of primary renovascular disease. Nonenhanced CT is 
useful for demonstrating renal hemorrhage, renal parenchymal or 
vascular calcifications and masses. Contrast - enhanced CT is essential 
to identify renal abnormalities resulting from the vascular process 
(eg, renal infarcts, arteriovenous communications).5 If unenhanced 
CT is negative for urinary calculi, contrast-enhanced CT of the 
abdomen may also be needed for early diagnosis of renal infarction 
or alternatively, to minimize radiation uptake, a combination of 
ultrasound followed by contrast-enhanced CT might be the initial 
diagnostic regimen as we did in our case. CT which is noninvasive, 
sensitive, and capable of identifying segmental lesions appears to be 
the best method for diagnosis of renal infarction. 

In terms of renal infarction, restoration of renal blood flow is 
important in order to avoid subsequent renal failure. Surgical 
intervention, percutenous intervention, thrombolytic therapy and 
anticoagulant  therapy are various methods for management of renal 
arterial embolism. Since, laboratory findings showed normal renal 
functions, symptoms started a few days ago, CT scan revealed limited  
infarct areas and renal angiography showed an accessory right 
renal artery, we preferred conservative therapy over a percutenous 
intervention or thrombolytic therapy in our case.

When renal infarction is suspected, transthoracic and 
transesophageal echocardiography  should be performed to evaluate 
cardiac source of emboli including a large atrium with spontaneous 
echo contrast, mural thrombus, valvular pathology, congenital 

follow-up . Both of PAF episodes were recorded during resting at 
day time. LMWH was administered for 5 days, followed by oral 
anticoagulant (warfarin) and an electrophysiologic study was planned 
for the management of PAF after 4 weeks of effective anticoagulation.
Discussion

Acute renal artery thromboembolism is an infrequent but important 
cause of severe renal injury. However, due to its rarity and nonspecific 
presentation diagnosis is often delayed and occasionally missed. It is 
primarily associated with cardiac disease and arrhythmia in which 
atrial fibrillation being the most common. Clinical presentations of 

Figure 1:

Four different slices of abdominal CT with intravenous contrast 
injection showing  several heterogeneous areas with markedly 
decreased contrast enhancement of the right kidney consistent 
with an acute renal infarction and normal contrast uptake by the 
left kidney.  No dilatation of the right ureter or renal pelvis is noted.

Figure 2:

Selective right renal angiography (A) revealing right renal artery obstructed by a thrombus in the middle segment.(Arrow number 1) An 
accessory right renal artery arising from the aorta is supplying inferior pole of the right kidney. (Arrow number 2) The right suprarenal artery 
arising from the proximal segment of the right renal artery is supplying the right suprarenal gland with the superior pole of the right kidney. 
(Arror number 3) Selective left renal angiography (B) revealing normal left renal artery.
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heart diseases such as atrial septal defect or patent foramen ovale 
which may be a cause of paradoxical embolism.6 Furthermore, any 
infarction in other organs such as the spleen, bowel and liver should 
be investigated.

In cases of criptogenic embolism in a patient with sinusal rhythm 
and absence of cardiac abnormalities, concurrence of possible PAF 
should be kept in mind. Holter monitoring may allow identification 
of occult PAF in patients with cryptogenic embolism. However, 
optimal duration of monitoring remains unclear. A prolonged holter 
monitoring may increase the detection rate of patients requiring 
anticoagulation and may be able to reduce the risk of recurrent 
embolism. In our case, only supraventricular ectopic activities were 
detected in the first 24-hours monitorization, but 2 PAF eepisodes 
were recorded in the second day. Weber-Krüger et al. reported that 
excessive supraventricular ectopic activities may be an indicator of 
PAF.7 If frequent supraventricular ectopic activities are detected 
during 24-hour Holter monitoring, the duration of Holter follow-up 
may be prolonged up to 48 hours in order to detect occult PAFs in 
criptogenic embolism patients. Anticoagulation with LMWH should 
be followed by oral anticoagulation with warfarin sodium  in patients 
with PAF complicated with thromboembolism. Electrophysiologic 
study or ablation therapy should be delayed after 4 weeks of effective 
anticoagulation.
Conclusion:

PAF should be borne in mind as an etiologic factor of cryptogenic 
embolism if other causes of intracardiac origin of thromboembolism 
are excluded.
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Figure 3: Two-dimensional transesophageal echocardiography showing intact interatrial septum  during contrast study (A) and a mild spontaneous 
echo contrast in the left atrial appendage (B). (Ao:Aorta, LA:Left Atrium,  LAA: Left Atrial Appendage, RA:Right Atrium)
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Atrial Fibrillation Demographics And Prevalence
Atrial fibrillation (AF) continues to be the most common sustained 

cardiac arrhythmia.1 In the Framingham Heart Study, 2326 men and 
2866 women were followed for two years and the risk of developing 
permanent AF was 8.5% for men and 13.7% for women.2 Paroxysmal 
AF was seen in 8.2% of men and 20.4% of women.  In those without 
prior or concurrent congestive heart failure or myocardial infarction, 
the lifetime risks for atrial fibrillation were approximately 16%.  In 
diastolic heart failure, approximately 25% to 30% of patients have 
evidence of atrial fibrillation.2

In the United Kingdom, an attempt at determining the general 
population prevalence was sought in the Echocardiographic Heart 
of England Screening (ECHOES) study where 3960 patients were 
randomly selected from the population.3 These patients were 45 years 
of age and older and were followed for 8 years.  The overall prevalence 
was 2% (1.6% in women and 2.4% in men).  Over half of all cases 
were in patients aged 75 and older.  The most common comorbid 
disease state was heart failure in which 22.4% of patients had atrial 
fibrillation.  Mortality was 1.57 times higher for patients with atrial 
fibrillation. 

With the prevalence of atrial fibrillation increasing in the elderly 
population, treatment strategies are often different than those chosen 
for younger patients.  Consideration of antiarrhythmic drug adverse 
effects, drug interactions, bleeding risks and frailty score will determine 

available management strategies.  Patients with hypertrophic 
cardiomyopathy (HCM), valvular heart disease and infiltrative 
cardiomyopathies often have a higher risk of developing atrial 
fibrillation and higher treatment failure rates.3 Treatment options 
are frequently limited and these patients can be more challenging 
to treat.  As the numbers of patients with atrial fibrillation increase 
worldwide, the number of available operators to perform ablation has 
not kept pace.  As a result, medical therapy remains a cornerstone of 
treatment.  While the Thermocool AF study did demonstrate greater 
efficacy of ablation in drug refractory patients after 9 months, Nielsen 
et al did not find ablation to be more effective over 2 years than 
medical therapy.4-5 Finally, follow-up of post-ablative patients only 
extends to two years post treatment.  Most of these trials do not have 
intensive monitoring with implanted recorders or long-term event 
monitoring, thus potentially underestimating the rate of recurrence. 
Rate Vs. Rhythm Control

Often, the first question that must be addressed in patients with 
recurrent atrial fibrillation is whether a rate control or a rhythm 
control strategy is most appropriate.  Factors that should be considered 
include the temporal pattern (paroxysmal versus persistent) of the 
arrhythmia, the frequency of episodes, the severity of symptoms, 
patient factors and the probabilities for maintaining sinus rhythm or 
effectively controlling ventricular rates.

Although a rhythm control strategy would seem intuitively to 
be superior to a rate control strategy, a series of randomized trials 
have been unable to demonstrate this with pharmacologically based 
therapies. The two most relevant trials for heart failure patients were 
the AFFIRM Trial (Atrial Fibrillation Follow-Up Investigation of 
Rhythm Management) and the Atrial Fibrillation and Congestive 
Heart Failure (AF-CHF) Trial.6-7 AFFIRM randomized 4060 
patients, 23% of whom had heart failure, between rate control and 
rhythm control strategies. No difference was seen in total mortality 
or stroke between the two strategies with a slight trend favoring rate 
control.  Patients in whom sinus rhythm was maintained during the 
study had improved outcomes but this likely represents a ”healthy 
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Abstract
Treatment of atrial fibrillation has evolved significantly in the last ten years, with ablation becoming a far more common form of treatment 

for this most common type of arrhythmias. However, while ablation has become more common, certain populations derive continued benefit 
from the use of pharmacologic therapy for treatment. We review the use of pharmacologic therapy and novel considerations for treatment 
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negative inotropic actions make them contraindicated in patients 
with a depressed ejection fraction. Digoxin remains a potentially 
useful adjunct to beta-blockers’ for rate control but must be used with 
caution due to its narrow therapeutic range and its use should be 
avoided in patients with advanced renal dysfunction.12

Additional medications are available to patients without structural 
heart disease.  Outcomes with use of flecainide over two years13 

and propafenone for 6 months14 and propafenone verus sotalol at 
1 year,15 demonstrate high rates of maintenance of normal sinus 
rhythm (66%, 66%, 63%/73%).  In patients with CAD (Coronary 
Artery Disease), sotalol has been demonstrated to be effective in 40% 
maintaining sinus rhythm in patients with persistent atrial fibrillation 
for one year.16 Dronedarone can be effective for maintenance of sinus 
rhythm in patients with CAD and normal EF (Ejection Fraction).  
Dronedarone, however, is contraindicated in heart failure patients 
based on the data from the ANDROMEDA (Antiarrhythmic 
Trial With Dronedarone in Moderate-to-Severe Congestive Heart 
Failure Evaluating Morbidity Decrease) and PALLAS (Permanent 
Atrial fibriLLAtion Outcome Study Using Dronedarone on Top of 
Standard Therapy) trials, both of which showed increased mortality 
with dronedarone therapy in patients with heart failure.17-18 Dofetilide 
and amiodarone are highly effective for patients with atrial fibrillation 
and reduced ejection fraction.  Dofetilide can be cumbersome for 
patients due to the need for inpatient drug loading.  However, even 
in patients with persistent atrial fibrillation, dofetilide can maintain 
normal sinus rhythm for long periods of time.19  While amiodarone 
is the most effective medication for maintenance of sinus rhythm, 
due to its associated toxicities, it is often reserved for older patients 
with other co-morbidities. 

For patients with permanent AF in whom rate cannot be controlled 
and for those with drug refractory highly symptomatic recurrent 
episodes, AV junctional ablation can be an effective strategy. The 
potentially deleterious effects of RV apical pacing must be considered.  
In some patients, poor rate control alone may be responsible for the 
low ejection fraction, and these patients may be managed with just 
RV pacing. If LV function is depressed even when the patient is in 
sinus rhythm, biventricular pacing for cardiac resynchronization will 
be the method of choice.
Anticoagulation In Atrial Fibrillation

Non-rheumatic atrial fibrillation has been associated with a five-
fold increase in the risk of ischemic stroke. It has been estimated that 
15% of all ischemic strokes occur in patients with atrial fibrillation. 
Patients with stroke and atrial fibrillation are at higher risk for 
recurrent stroke and more severe stroke leading to greater disability 
and loss of independence. Stroke in patients with AF are 1.5-3.0 
times more likely to be fatal than those in patients in sinus rhythm.  
Balanced against the increased risk for stoke and systemic embolism 
in patients with AF is the risk of bleeding associated with long-term 
anticoagulant therapy. For each patient, these risks must be carefully 
weighed to achieve optimal outcomes.

Several scoring systems for stroke risk in patients with AF 
have been proposed. Although all the proposals have limitations, 
they remain clinically useful.  In North America and Europe, the 
CHADS2 and CHA2DS2-VASc schemes being most commonly 
employed.  Heart failure is a risk factor in both these scoring systems 
so virtually all patients with heart failure and AF are candidates for 
chronic anticoagulation. In the absence of contraindications, oral 

responder” phenomenon. A second trial, AF-CHF, compared rate 
control and rhythm control strategies in patients and was required 
to have heart failure and depressed left ventricular systolic function.  
There was no significant difference between the two strategies within 
the three primary endpoints: mortality, stroke, and heart failure 
hospitalizations. In addition, even when patients were grouped into 
those with high and low prevalence of sinus rhythm during the course 
of the study, no benefit on these outcomes could be demonstrated. 
However, it must be remembered that entry into all of the rate 
control versus rhythm control strategy trials required that patients 
be candidates for both approaches. Highly symptomatic patients 
therefore were unlikely to be randomized. Therefore, most clinicians 
would recommend that patients with persistent symptoms related 
to their atrial fibrillation should have at least an initial attempt to 
restore and maintain sinus rhythm with rate control as a fall back 
approach if rhythm control is unsuccessful or poorly tolerated.

The optimal range for ventricular rates during atrial fibrillation is 
still controversial. In AF-CHF the heart rate goals were < 80 bpm at 
rest and <110 bpm during a 6-minute walk test.  Similar heart rate 
targets were used in AFFIRM.  In RACE II (Rate Control Efficacy 
in Permanent Atrial Fibrillation), a trial specifically designed to 
assess strict and lenient rate control, however, no adverse effects were 
seen with a more lenient heart rate target.8 
Ablation

Patients with symptomatic atrial fibrillation who have failed 
antiarrhythmic therapy should be considered for atrial fibrillation 
ablation.  The 2014 guidelines for management of Atrial Fibrillation 
also now include ablation as a first line therapy.9 This may 
necessitate ablation of left atrial tachycardia that may arise post 
ablation.  Furthermore, the basic technique of pulmonary vein antral 
isolation alone is rarely successful in patients with long-standing 
atrial fibrillation due to left atrial enlargement, chronic left atrial 
hypertension and diffuse atrial scarring. Additional linear lesions, 
both left and right atrial, and lesions targeting atrial electrograms that 
are fractionated are often placed with a modest increase in efficacy.10 

Nevertheless, even though only intermediate success rate should be 
anticipated, catheter or surgical ablation may be a useful option in 
selected patients. Catheter ablation should probably be attempted 
before AV junctional ablation in younger patients without AV block 
since the latter procedure is irreversible and creates a situation of 
life-long pacemaker dependency.  However, the ablate and pace trial 
JICE trial does demonstrate good outcomes with this strategy.11 

Patients undergoing atrial fibrillation ablation remain at risk 
for thromboembolic event and require anticoagulation.  Current 
guidelines recommend continuing anticoagulation based on risk 
assessment utilizing the CHA2DS2VASc score.9 It is also not 
uncommon for patients to remain on their antiarrhythmic therapy 
post ablation for at least a short period of time.  Patients should 
not undergo catheter ablation solely to eliminate the need to take 
anticoagulants.
Pharmacologic Therapy

Beta-blockers are typically the first-line therapy for rate control in 
patients with AF.  In addition to controlling rates in AF, several beta-
blockers have been shown to reduce mortality in heart failure and 
post-myocardial infarction patients in general. Non-dihydropyridine 
calcium channel blockers, verapamil and diltiazem, may be used in 
patients with heart failure and preserved systolic function, but their 
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fibrillation will be lessened in the future. Atrial fibrillation is the most 
common sustained arrhythmia in adult populations.  Although atrial 
fibrillation itself is usually not life threatening, it leads to significant 
patient morbidity and economic costs, and contributes to stroke and 
heart failure. Clinical decisions in patients who have atrial fibrillation 
are often difficult, and no uniformly effective therapies are available. 
In some patients, ventricular rate control and anticoagulation may 
be preferable to aggressive attempts to maintain sinus rhythm with 
repeat cardioversions and antiarrhythmic drug therapy.
Conclusions:

The new 2014 AHA/ACC/HRS guidelines for treatment 
of atrial fibrillation made several important changes to how 
patients are managed.  One change was the shift from CHADS2 
to CHADSVASc score for risk stratification of anticoagulation in 
patients with atrial fibrillation.  Another shift was in the decreased 
emphasis of aspirin in patient’s with atrial fibrillation in reduction 
of stroke.  As previously mentioned, catheter ablation was increased 
to a Class 1 recommendation for first line therapy in patients with 
symptomatic atrial fibrillation.9 

Newer strategies, such as less toxic antiarrhythmic agents, catheter 
ablation, improved surgical approaches and new oral anticoagulants, 
offer promise for the future, but their efficacy and optimal uses still 
need to be demonstrated.
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Discussion

Atrial fibrillation may adversely influence prognosis both by 
increasing the risk of thromboembolic events and by aggravating or 
directly causing heart failure or ischemia. Pro-arrhythmic responses 
to drug therapy or bleeding from anticoagulants may also contribute 
to an increase in mortality in patients who have atrial fibrillation. 
In the Framingham study, atrial fibrillation was associated with an 
OR for death of 1.5 (95% CI 1.2–1.8) among men and 1.9 (95% 
CI 1.5–2.2) among women after adjustment for multiple clinical 
parameters. The greatest absolute impact of atrial fibrillation on 
prognosis is seen when it occurs in patients who have advanced 
heart disease or other comorbid diseases. In patients who do not 
have significant heart disease, atrial fibrillation has lesser effects on 
survival.24 As strategies for appropriate anticoagulation, effective 
rate control and heart failure management continue to evolve; 
it may be that the magnitude of the independent effect of atrial 
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Destruction Of Medium Already Affected By Destructive Disorder: 
Fibrillating Atria Conceptually Need Therapeutic Help Rather 
Than Surgical Or Ablative Destruction

Introduction
Atrial fibrillation (AF) is the most prevalent cardiac rhythm 

abnormality and one of the major causes of morbidity and mortality.1 

AF is characterized by functional cardiac deterioration and loss 
of atrial contraction.2 It is evolutionary dynamic arrhythmia with 
capability of spontaneous termination especially in its initial stage. 
A major problem in the treatment of refractory AF is that it is not a 
single disease, but a wide spectrum of diseases with heterogeneity in 
clinical presentation and mechanisms, as well as therapeutic options 
and targets.3 Current therapeutic approaches include antiarrhythmic 
drugs, anticoagulation, cardioversion, pacemaking, and constantly 
evolving techniques of catheter, surgical and hybrid ablation.2-6 There 
is a great variance in AF treatment success rates. Aliot and Ruskin3 

have stressed that optimal tools are still lacking, patients may exhibit 
a delayed response to the ablation procedure, electrophysiological and 

clinical outcomes may not fully coincide and partial responses are 
very frequent, as is necessity for multiple procedures, which remains 
a frustrating problem. Overall, an assembly of AF treatment methods 
used to-date may be considered to provide relative therapeutic 
efficacy. Notwithstanding, growing efforts are dedicated to tackle AF.   

 Based on dissatisfaction of patients and clinicians some authors 
have indicated that contemporary interventional treatment of AF is 
a palliation than a true cure.7 Hence, the therapeutic options are far 
from the gold standard of effective AF management. Salutary effects 
of modern AF treatment are well known and continuously analyzed. 
Similarly, treatment failures and/or adverse effects – AF recurrence, 
multiple repeat interventions, moderate and severe complications, 
etc. – are also well documented. We will briefly review the current 
state of AF management with subsequent focus on major problems 
and critical assessment of the destructive therapeutic approaches. 
Particular attention was paid to atrial hemodynamic input aftermath 
especially when sinus rhythm is restored. 
Interventional  Therapy Of AF

From a clinical point of view it is very important to effectively 
terminate and prevent AF. Pharmacologic approaches to rhythm 
control have repeatedly demonstrated high failure rates and 
suboptimal side effect profile.8,9 Advances in contemporary 
treatment of the most stubborn arrhythmia – preferably ablation 
of pulmonary veins (PV) and adjacent structures – have improved 
clinical outcomes.10-13 However, in order to reduce the recurrence 
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Abstract
Atrial fibrillation (AF) as the most common supraventricular arrhythmia is scarcely amenable to contemporary treatment. Due to the 

diverse origin and variable clinical course of AF there is a broad spectrum of therapy options. However, optimal AF management has not 
become a gold standard yet. In general, the recurrence rate of AF is most often clinically unacceptable despite drug, surgical and/or ablation 
therapy. Substrate-based approach and ongoing ablation of atrial wall in its selected areas including the vicinity of pulmonary veins can be 
harmful. Applied physical factors do produce total disintegration of cardiomyocites – both intra- and inter-cellular damage which, in turn, 
leads to functional hypo-/inactivation of  atria irrespective of whether the sinus rhythm is restored or not. In fact, iatrogenic phenomenon of 
ablation-induced atrial incompetence did emerge. Heterogeneity in clinical results reflects the uncertainty regarding the efficacy, risks and 
benefits of invasive AF therapy. In this regard the overall burden of AF may increase when using current therapy methods. Applicability of 
destructive techniques is yet to be fully elucidated and discussed. We hypothesize that currently used ablation and/or surgical techniques are 
potentially harmful since the success rates are likely achieved through violation of atrial myocardium. That is why a new and well-designed 
therapeutic strategy is needed. Invention of highly selective curative methods producing fibrillatory/electric blockage with concomitant 
saving of atrial transport function is to be encouraged.
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se. According to some investigators, atrial mechanical dysfunction 
could largely be attributed to the structural abnormalities that are 
known to originate from atrial arrhythmia.37

In a normal functional syncytium, electrical impulses propagate 
freely between cells in every direction, so that the atrial myocardium 
functions as a single contractile unit.38, 39 Apparently this unit is 
disintegrated a priori (due to advance of underlying heart disease) 
or later on when AF “takes the floor” with subsequent aggravation 
of cardiological situation by arrhythmia per se. To date, the 
pathophysiological mechanisms responsible for the development 
of AF are still not fully understood, although a heterogeneous 
model based on the interaction of multiple substrates and triggers 
is commonly accepted.40 Shortening of the cardiac action potential 
(as a substrate for reentry wavelets), prolongation of the effective 
refractory period and disturbances in ionic currents are recognized 
as key causative to the development of AF.41-44 Conflictogenic 
electrophysiological mechanisms originating at the borderlines 
of ischemic and non-ischemic regions may play a significant role 
in AF incitement.45, 46 Furthermore, it is still unclear whether 
predominantly microscopic or macroscopic substrate (condensed, 
arborized, disseminated or mixed) drives the arrhythmia.

Many observations demonstrate that AF triggers reside 
predominantly in PVs (their muscle sleeves and antra), therefore 
these locations are currently incriminated as being responsible for 
AF.10, 12, 19, 20, 27 Consequently clinicians have focused on PVs by 
ablating their ostia and by performing wide circumferential linear 
injuries around the PVs.13, 47 Nevertheless, it appeared that isolation 
of PVs alone is not enough to achieve the goal. Thus, along with the 
previously used techniques concomitant ablation lines were applied in 
the atria including hybrid methods.4, 16 Such an evolution of therapies 
accompanied by undesirable AF recurrences has indirectly revealed 
the presence of a patchy picture of AF substrate which: 1) resides in 
several anatomical sites, 2) migrates, 3) reappears, 4) disseminates in 
a form of multifocal ectopy. In other words, we face true uncertainty – 
unstable and unreliable location of the substrate and its unpredictable 
behavior. Every AF-related substrate, wherever it is located, actually 
posses the ability to release the triggers and drivers – fibrillatory 
waves, wave-fronts, reentrant waves, meandering reentrant wavelets, 
spiral waves, rotors, complex fractionated potentials, etc.17, 22, 40 
Destructive Nature Of Therapy And Its Clinical Consequences

Invasive AF therapy, although gaining wide popularity, boomerangs 
and results in severe complications and unacceptably high AF 
recurrence rate which leads to the negative cardiac performance. In 
some cases post-ablation patients do experience severely impaired 
left atrial transport function.48 Obviously it depends on the scale 
of damaged atrial myocardium undergoing destructive maneuvers. 
The original Cox maze surgical procedure is reported to result 
in decreased left atrium size and diminished left atrial function.49 
Lemola and colleagues50 have announced that restoration of sinus 
rhythm by left atrial circumferential ablation results in partial return 
of left atrial function in patients with chronic AF; however, in patients 
with paroxysmal AF this curative procedure results in decreased left 
atrial function. Large multicentre randomized, prospective study 
PRAGUE-12 has revealed that patients with paroxysmal and 
persistent AF obviously did not benefit from the intraoperative 
ablation procedure.25 Wylie et al.51 have concluded that catheter 
ablation of AF is associated with a decline in left atrium systolic 
function that is strongly correlated with the volume of ablation-

rate, alternative locations or highly selected areas of the heart are 
often included for radiofrequency (RF) delivery and/or surgery, e.g. 
atrial roof, anterior or septal mitral isthmus, atrial areas represented 
by high-frequency complex fractionated electrograms, superior vena 
cava isolation, elimination of ganglia response, creation of long 
linear lesions (replicating the surgical maze procedure), ligament 
of Marschall ablation, left atrial appendage exclusion, empirical or 
individually tailored ablation sites, etc.3, 4, 6, 14-16 Although catheter-
based ablation has demonstrated good short-term success, mid-term 
results have revealed a significant recurrence rate.5 Recently Hummel 
et al.17 have pointed out that, despite high acute success rate, 
persistent and long-standing persistent AF often requires extensive 
and/or repeat RF ablation procedures. After a 12-month follow up,  
according to Mulder et al.18 56.2% of patients with persistent AF 
were free from arrhythmia however, long-term data have proven to 
be less encouraging.19, 20 Meanwhile optimistic curative reports along 
with their promising results should be interpreted with caution. 

The mechanisms of recurrent arrhythmias are variable but 
frequently involve gaps, recovered conduction, or incompletely 
ablated tissue along ablation lines.21 According to Pappone and 
Santinelli22 it is conceivable that long linear lesions create new fixed 
obstacles to propagation, with eventual discontinuities representing 
an ideal substrate for large gap-related reentrant circuits. That is why 
the need for multiple ablations as well as reinterventions is common6, 

7, 23, 24 In cases of transvenous catheter ablation failure, occasionally 
surgical AF ablation is performed.4 Unfortunately, no reverse atrial 
remodeling is observed in some surgical-based ablation groups even 
in patients with sinus rhythm.25 Taken together, controversies in 
ablation of AF strategy still exist.3

Relatively rare, but severe complications (ostial PV stenosis, 
esophageal fistulae etc.) sometimes occur in patients who underwent 
attempts of RF ablation.26-28 The risk of silent or subclinical 
complications associated with ablation procedures and long-term 
impact of ablation on left atrial mechanical function have not yet been 
fully determined.3 Importantly, invasive percutaneous techniques and 
extensive surgical maze procedure as well as hybrid approaches may 
induce atrial hypocontractility.29

As more data accrue in favor of AF surgical and catheter ablation 
strategy,23 conflicting reports regarding the efficacy, risks and benefits 
of interventional therapy still perpetuate.7, 24 Although no strong 
evidence exists in favor of prevention or reduction of AF paroxysms 
using the modern destructive techniques, it is still considered that 
contemporary therapies may prevent arrhythmic outbreaks more or 
less effectively just in the early stages of atrial disease, preferably in 
patients suffering from paroxysmal AF. 
General Cognitive Characteristics Of AF  

Arrhythmia may be characterized as a disorder containing both 
well-organized and grossly disorganized (chaotic, degenerative) 
cardiac entities. It is believed that in many cases the natural history 
of AF involves evolution from paroxysmal to persistent to permanent 
forms through the influence of atrial remodeling caused by the 
arrhythmia itself and/or progression of underlying heart disease.30, 

31 The most frequent pathological observations in AF are atrial 
fibrosis and loss of atrial muscle mass.32-34 Structural remodeling is 
accompanied by contractile remodeling which leads to a reduced 
atrial transport function.35, 36 Hemodynamic impairment may be 
induced not only by the classical fibrillatory substrate, i.e. due to atrial 
intramural anatomopathological changes, but also by arrhythmia per 
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ornamentally imitative. Thus, such aggressive procedures do have 
potentially adverse effects that offset some of the benefits. Of course, 
the electrocardiographically sham sinus rhythm lacking atrial systolic 
support is likely a better clinical entity than, e.g. tachyarrhythmia. 
Obviously the hemodynamic benefit is improved by restoration 
of sinus rhythm, however simultaneously achieved hemodynamic 
augmentation is probably annihilated by the ablation/surgical harm.

Clearly we are close to the fundamental understanding that 
fibrillating atria requires therapeutic help instead of harsh destruction. 
According to some investigators60 preventing atrial remodeling 
(so-called upstream therapy) could suppress the development and 
progression of the AF substrate. Thus, the strategy of “destructive 
therapeutic” solutions is to be reconsidered with critical assessment. 
It is desirable to create alternative and harmless therapeutic methods 
to save myocardial viability with simultaneous prevention of AF 
recurrence. This analytical review, containing mild speculations, 
suggests that selective “hunting” of AF triggers, drivers and/or 
fibrillatory waves (wavelets, meandering waves, reentry waves, rotors, 
high frequency fractionated potentials etc.) by pharmacological 
means is more attractive in comparison to alternative approaches. 
Undoubtedly, debate on these issues is highly desirable.
Ongoing Discussion On Destructive Issues

There are some unanswered issues associated with clinical 
outcomes that provide contemporary interventional methods of 
AF management. It is widely acknowledged that recovery of atrial 
mechanical function is a major goal in AF therapy.61 So-called 
radicalism – tissue disruption by ablational or surgical hyperactivity - 
may be treated as “artificial crippling of the heart” or iatrogenic harm 
resulting in hemodynamic compromise via partial loss of atrial kick. 
Ironically, ablation lines sometimes are named “curative lesions”.4

RF energy, for example, produces tissue ablation depths of 3 to 
4 mm5 while surgical incisions create lines of transmural necrosis.62 
As a result, loss of active atrial contraction can be detrimental with 
haemodynamic and thromboembolic consequences.61 The more of 
atrial myocardium is isolated, such as with the box lesion, the higher 
is the chance for AF to be terminated; however the chance of the 
atrial transport function being recovered is less.63

In general, invasive techniques evoke appreciable cytocidal effect. 
Thus, silent or semi-silent encircled/isolated areas with restricted 
functional activity (e.g. regional or even global atrial hypokinesis 
or akinesis) may occur. In contrast, Sacher et al.61 have shown that 
chronic AF ablation restores and maintains sinus rhythm and restores 
active atrial contraction. These authors declared that superior atrial 
function is observed using the catheter-based procedure compared to 
the surgery and it is related to a less traumatic approach tailored to 
the patients’ arrhythmias avoiding unnecessary lesions.

The majority of the healing response of cardiac tissue to thermal 
injury is completed approximately 2 to 4 weeks after RF application.64, 

65 However, atrial blanking period introduced intentionally and 
allowing postablational rhythm stabilization lasts 3 months3, 47, 66

instead of a couple or several weeks. Such inconsistency reflects the 
presence of uncertainty and the shortage of convincing evidence in 
clinical outcomes. Again, it may be considered that ablation and/or 
surgical therapy represents empirical derangement of natural course 
of arrhythmia by restoration of sinus rhythm temporarily and/or 
accidentally with the signs of fortuitously salutary effects. In general 
the ablation procedure may contribute to favorable normalization of 
arrhythmia by its converting into more or less benign clinical course, 

induced scar; newer ablation techniques generally involve destruction 
of larger volume of atrial tissue.

Worth to mention, surgical scarring and fibrosis, in addition to 
probable atrial myopathy potentially contribute to arrhythmia 
recurrences.52 Scar related or iatrogenic arrhythmias, preferably atrial 
tachycardias, have been reported after either surgical or catheter 
ablation of AF.53

Clearly, primarily destructed myocardium (already induced by the 
existent underlying heart disease - ischemic, valvular or other) is 
injured supplementary by thermal ablation and/or surgical maneuvers.  
According to Anter et al.54 ablative procedures are associated with 
new scar formation, paradoxically augmenting interstitial fibrosis; 
this effect can potentially perpetuate the progression of AF. In 
other words, already present diffuse fibrosis is enriched by iatrogenic 
scarring resulting in an avalanche of fibrotic proliferation which 
eventually may become immune to any treatment. Thus, the resulting 
complex lesions (co-existing initial i.e, underlying heart disease-
related fibrosis along with aftermath scarring) compound and/or 
overlap, which may generate new cardioarrhythmological status with 
ensuing serious clinical problems.

Such major, though controlled, invasion – surgical or ablation 
lesions – certainly results in ambiguous clinical consequences. First 
of all, it produces electrical isolation (whether partial or complete) of 
AF substrate and prevents AF paroxysms, unfortunately providing 
unstable, transient, mid-term elimination of arrhythmia. Secondly, it 
results in disabling of myocites; ablation maneuver causes attenuation 
and/or incapability of considerable amount of atrial myocardium that 
becomes not fully excitable. Finally, it leads to significant reduction 
in contractile function of atrial myocites. Atrial ablation with ligation 
of the left atrial appendage reduces atrial function relative to normal 
controls in sinus rhythm.55 Other concerns regarding extensive 
ablation strategies include risk of collateral damage to surrounding 
structures (circumflex coronary artery, phrenic nerve, etc.) with 
negative long-term impact on atrial transport function and coronary 
sinus patency.56 Surgical compartmentalization of the atria (i.e., maze 
procedure) in up to a third of the patients may lack atrial contractile 
function despite being in sinus rhythm.57

Physiological state and primary characteristics of healthy 
cardiomyocite include: automaticity, contractility, conductivity and 
excitability. With the destruction of the cell these functions, including 
contractility, are lost.58 Destruction per se actually eliminates both 
the structure and the function of the cardiac cell. Again, contractility 
can be compromised by abnormal scarring, pathological stretching or 
thickening of cardiac muscle fibers.58

The sum of all damaged myocardial cells presumably may be 
impressive. Shah et al. have pointed out that the volume of tissue 
ablated to treat AF, particularly its resistant forms, is highest for 
any cardiac arrhythmia so far.59 Rough invasion with partial or 
complete destruction of myocites may result in regional and/or 
diffuse hypo-/akinesis. Confirmation of the presence of electrical 
silence within the targeted region is a criterion of destructional 
efficacy.29 The latter report contains fundamental information which 
reflects the essence of destructive consequences. Thus, therapeutically 
“renovated” complex fibrous texture complicates clinical course of 
AF instead of facilitating it. It is likely that this is the phenomenon 
of ablation-induced atrial incompetence. Emergence of a new 
structural and functional condition with the sinus rhythm but 
without accompanying myocardial contractility may be treated as 
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but probably not into complete recovery of the patient. Of course, 
complete recovery is largely restricted by underlying heart disease 
and/or aging.

By killing intermingled atrial myocites we believe ostensibly 
that clinical course of AF is corrected beneficially. Unfortunately, 
every destroyed and inactivated myocardial cell is converted into 
nonfunctional state. As mentioned above, extensive destruction 
of AF substrate may be compared to the cytocidal effect, usually 
declared as creation of conduction block, reentrant block, blockade 
of wave fronts, etc. To compare, destruction of cardiac cell is to be 
treated as too stringent of an action; an old adage “Primum non 
nocere” reminds us to manage cardiomyocites with care and with 
everlasting responsibility. To continue this philosophy other old 
Latin dictum that echoes through ages might be modified, refreshed 
and revitalized with appropriate linguistic “choreography”: Killing 
of oncological cell opus divinum est, while saving of cardiac one - 
opus divinissimum est. If such statement were accepted as “dogma 
non fantasia” probably it might create breakthrough concepts in the 
professional minds. Meanwhile, however, the intensity of clinical 
implementation of curative methods devastating atrial myocardium 
might be slowed down up to the level defined as “Andante non 
troppo” (ita.). Apparently herein is a natural niche to insert worthy 
aphorism: “Burn not your house to rid it of the mouse.”

By analogy, in patients suffering from Parkinson’s disease and by 
application of well-known “cut-and-sew” technique a conjecturably 
impressive clinical result might be achieved – transversal injuries of 
skeletal muscle will extinguish its tremor. Like a grim premonition - 
hypothetical treatment scenario by multiple transects of all tremulous 
muscles will result in the entire loss of their contractile activity and 
likely with zero recurrence rate. However, such a marginal activity 
likely raises doubts whether the patient may recover or whether 
it results in his/her incapability. In other words, the functional 
endpoints aftermath probably transforms into irreversible condition. 
Finally, clinical vetting of extremely aggressive method is scarcely 
available. Such a collage of two different clinical pathologies and their 
“destructive therapies” is to be treated as speculative, however worthy 
of reconsideration of therapeutic consequences. To surmise, perhaps 
atrial fibrillation represents some kind of atrial Parkinsonism. Certain 
suspicion may arise especially when facing the fact that autonomic 
ganglion ablation is receiving increasing recognition.6, 67 Extracardiac 
and intracardiac autonomic regulatory factors are in close relationship 
with hierarchical organization of cardiac activity.68-70 Some authors 
showed that atrial sympathetic hyperinnervation occurs in persistent 
AF patients and tachycardia-remodeled dogs.71, 72 According to some 
researchers, in patients with paroxysmal AF vagal denervation can 
result in about 100% success.73 By the way, it is currently believed 
that Parkinson’s disease is due to degenerative process independently 
involving multiple areas of the central and peripheral nervous 
system including peripheral components of the autonomic tone.74, 

75 Complex aging-like process probably is the last but not least 
causative ingredient to commence the arrhythmia. Reports about the 
manifestation of AF in transplanted hearts as if negate the allusion to 
the potential relationship of arrhythmia with Parkinson’s disease. This 
allusion, however, may be supported by the report of Baretti et al.76 
They stressed that arrhythmia in transplantation group of patients’ 
is more related to cardiac graft failure rather than any other reason.

The mechanism of AF is very complex and even somewhat 
mysterious.77 Conclusively, better understanding of the cardiac 

and non-cardiac diseases is very important because AF develops 
multifactorially in association with underlying systemic 
pathophysiologies.77

Conclusion:
The management of patients suffering from atrial fibrillation is 

often challenging. Radical interventional destruction of arrhythmia’s 
substrate is potentially risky due to direct harm caused to myocardium. 
Adverse response to the delivery of thermal and/ or surgical factors is 
reflected by depressed atrial functional activity. Contemporary ablative 
AF therapy approaches along with their positive effects result in loss 
of atrial kick that appreciably compromises cardiac performance. 
New conceptual approaches to more effective arrhythmia control 
with concomitant cardioprotection - saving of myocardial viability 
and preservation of atrial circulatory support might be created.
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stroke risk in AF patients. However use of these agents is associated 
with increased risk for bleeding and is not suitable for those with 
contraindications to oral anticoagulation. Surgical LAA exclusion 
was commonly done during Cox-Maze procedure and mitral valve 
surgery. Progressively newer and less invasive techniques have been 
developed for LAA exclusion. LARIAT is a novel, minimally invasive 
endo-epicardial LAA exclusion technique and in this review article 
we discuss the rationale for LAA exclusion, LARIAT technique and 
its advantages compared to other LAA exclusion strategies. 
LAA Morphology and Functions

The LAA is a remnant of the primitive left atrium, which is formed 
during the 3rd week of gestation. The LAA is a long tubular, often 
multi-lobed and trabeculated structure, which opens into the left 
atrium by means of an ostium between the left superior pulmonary 
vein and the mitral annulus.6 Morphologically, the LAA can be 
classified into 4 different types based on its external appearance: 1. 
Wind Sock: In this type, the primary lobe is the dominant part of 
the LAA. 2. Chicken Wing:  In this type of LAA, the dominant lobe 
is bent at an angle at some distance from the ostium. 3.  Broccoli: 
The LAA has complex internal characteristics like the lobes of a 
broccoli. 4. Cactus:  The LAA has a dominant lobe and secondary 
lobes extend from the central lobe.7 Internally the LAA morphology 
is complex and highly heterogeneous. This internal morphology is 
the ideal substrate for thrombus formation in AF wherein there is 
reduced contractility of the left atrium.  The ostium of the LAA is 
located between the left superior pulmonary vein and the mitral valve 
annulus. Physiologically, the LAA acts as a decompression chamber 
during states of elevated left atrial filling pressures. The endothelial 
lining of the LAA also contains cells rich in atrial natriuretic peptide 
(ANP). The LAA may therefore help maintain fluid balance in states 
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Introduction
Atrial Fibrillation (AF) is the most common sustained atrial 

arrhythmia, which results in significant morbidity and mortality.1 It 
is currently estimated that the prevalence of AF in the United States 
is projected to reach around 12 million by the year 2050.2 The main 
complications associated with AF are stroke and cardiomyopathy.3 
AF increases the risk of hospitalizations and worsens the quality of 
life. The increasing prevalence of AF and the complications associated 
with it results in increasing socio-economic and healthcare burden on 
the society, of which stroke accounts for the majority of the burden. 
Patients suffering from stroke due to AF have prolonged hospital 
stay and are more likely to suffer from long term disabilities.4,5

Oral anticoagulation has been the preferred strategy for decreasing 
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AF and also during mitral valve surgery.11 Over the years, various 
endocardial and epicardial percutaneous LAA exclusion techniques 
have been developed. The endocardial LAA exclusion is done using 
WATCHMAN and Amplatzer Cardiac Plug devices; several others 
are still in development.12-14 The epicardial LAA exclusion techniques 
include TIGERPAW and AtriClip.15,16 LARIAT is a novel technique 
wherein the LAA is excluded percutaneously using a combined endo 
and epicardial approach and does not leave any hardware behind in 
the heart.
Indications for LARIAT Procedure

Currently the LARIAT procedure is being performed in patients 
with AF who have a high risk of stroke as assessed by the CHADS2 
score and have contraindications to oral anticoagulation such 
as recurrent bleeding, history of bleeding in critical areas (brain, 
cavities) and patients who are at high risk of falls. Also, the LARIAT 
procedure may be performed in patients in whom oral anticoagulation 
is ineffective in preventing stroke.
Pre-Procedural Assessment

Anatomical assessment of the LAA is a critical component of 
the pre-operative assessment. In order to determine eligibility, the 
patient being considered for LARIAT procedure undergoes a cardiac 
CT. These CT images are then processed to construct a 3D CT 
image of the heart. The size, shape, morphological characteristics and 
orientation of the LAA are assessed for these images. The maximum 
diameter of the LARIAT suture is 40 mm and therefore the LAA 
maximal width cannot exceed 40 mm.  Posteriorly directed LAA’s are 
also not amenable for LARIAT because the epicardial guidewire and 
the LARIAT suture cannot be engaged from the epicardial route. 
Additionally if the LAA is in close proximity to the pulmonary artery 
or trunk, there is increased risk of rupturing these vessels and hence 
this procedure is usually avoided in such patients. Additionally, this 
procedure cannot be done in patients with pectus excavatum, prior 
history of cardiac surgery, thoracic surgery, chest radiation therapy 
and pericarditis because of the adhesions.17,18

A transesophageal echocardiography (TEE) is also recommended 
preoperatively, to assess the size of the LAA and also for exclusion 
of the left atrial- or LAA-thrombus. If a patient has thrombus, then 
anticoagulation is continued until the resolution of thrombus and 
then they can be considered for the LARIAT procedure once the 
thrombus resolves. All the patients undergoing this procedure need 
to be on oral anticoagulation for a few weeks before and after the 
procedure.
LARIAT Procedure

Bartus et al. first demonstrated the feasibility and safety of the 
LARIAT procedure in humans.19 The LARIAT system consists of 
the following components (Figure 1):

1) LARIAT suture delivery device
2) Magnet-tipped guidewires (FindrWIRZ® Guide Wire System)
3) Large occlusion balloon catheter ( EndoCATH® )
4) SofTIP™ guide cannula
5) SureCUT ™ suture cutter

Technique
The procedure is performed under general anesthesia and in a 

hybrid suite with cardiothoracic surgical backup. Immediately prior 
to the procedure, a TEE is performed to rule out left atrial and 
LAA thrombus. During this procedure, the LAA is visualized in 
multiple planes to accurately assess and confirm the dimensions and 

of volume overload.
Rationale for LAA Occlusion

Nearly 90% of thrombi in non-valvular AF originate from the 
left atrial appendage (LAA).8 The anatomical and physiological 
characteristics of the LAA make it highly thrombogenic, especially 
during AF. Oral anticoagulation is effective in mitigating stroke 
risk in AF patients.9 Until a few years ago, warfarin was the only 
drug available for oral anticoagulation and subsequently novel oral 
anticoagulants (NOACS) have been developed and are increasingly 
being adapted in the management of patients with AF. However 
there is increased risk of bleeding associated with the use of warfarin 
and the NOACS. There is a 1.4% annual risk of major bleeding 
with the use of warfarin.10 Additionally, there is a high rate of 
discontinuance of warfarin. Adverse effects and limitations in 
lifestyle due to warfarin use are the main reasons for discontinuation 
of warfarin. Frequent monitoring of INR is needed in warfarin users 
and this imposes additional restrictions on lifestyle. Further, even 
in compliant patients the INR is often not within the therapeutic 
range. The Stroke Prevention using ORal Thrombin Inhibitor in 
atrial Fibrillation (SPORTIF) trials reported INR levels within 
therapeutic range of 2-3 only 67.5% of the time and that number is 
even lower in the community setting.9 

The NOACS overcome several of the shortcomings associated 
with the use of warfarin. These agents do not need monitoring and 
do not have any interactions with food and therefore have fewer 
limitations on lifestyle. However, bleeding is still a concern with the 
use of these agents. Surgical LAA exclusion is a possibility and this 
is done during the Cox-Maze procedure for surgical treatment of 

Figure 1:

LARIAT suture device components: A. Large occlusion balloon 
catheter B. Magnet-tipped guidewires C. Magnetic Guidewires 
aligned D. LARIAT suture delivery device E. LARIAT suture before 
tightening F. LARIAT suture after tightening
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a guide wire is then carefully threaded into the pericardial space 
through the micropuncture needle. Therafter, serial dilators are used 
to dilate the epicardial access route and finally a 13 F soft tipped 
guide cannula is advanced into the pericardial space. 

The epicardial magnet tipped guide wire is then introduced into 
the pericardial space through the epicardial soft tipped cannula. This 
magnet wire is then carefully navigated towards the endocardial 
magnet tipped guidewire until both the wire tips attach to each other 
and align coaxially. This is the most important step of the procedure. 
The alignment is reviewed on fluoroscopy in multiple projections 
(Figure 2). 

Next the LARIAT suture delivery system is then carefully advanced 
over the epicardial magnet tipped guidewire. The advancement of the 
suture system is monitored carefully by means of fluoroscopy. If the 
magnets detach anytime during this process, then the LARIAT suture 
system is retracted and the magnets will be reengaged. Once this 
alignment occurs, the LARIAT suture system can be redeployed over 
the epicardial guidewire. This suture system is carefully advanced over 
the LAA over the coaxially aligned endo-epicardial magnet tipped 
wires until it reaches the ostium of the LAA. The EndoCATH® 
balloon is used as a reference for positioning the LARIAT snare at 
the ostium of the LAA (Figure 3). The position of the LARIAT 
snare is then checked in multiple views on fluoroscopy and also on 
the TEE. This is a very important step before deploying the suture. 
Once it is confirmed that all the lobes of the LAA are beyond the 
LARIAT suture, then the suture is deployed and tension is applied 
to tighten the suture.

After deploying the suture, once again an atriogram is done to 
visualize the exclusion of the LAA. This is again verified by means of 
TEE. If this position is considered satisfactory, then the endocardial 
magnet tipped guidewire and the balloon catheter are withdrawn and 
further tension is applied to the LARIAT suture for several minutes 
using TenSURE suture tightener. If this position is not found to be 
satisfactory, then the LARIAT suture can be released and redeployed 
at a satisfactory location. Repeat visualization of the LAA is done 
on the TEE to verify the location of the suture (Figure 4). A left 
atriogram is also performed to check for complete exclusion of the 
LAA. Once this is verified, the suture is cut off using a suture cutter 
(SureCUT™ Suture Cutter). All the wires and sheaths are then 
retracted and a pericardial drain is placed and will be left in place for 
the next 24-48 hours.

morphology of the LAA. Continuous intraoperative TEE is done for 
the entire duration of the LARIAT procedure. During the procedure 
anticoagulation is maintained by means of heparin drip and the ACT 
should be maintained at >250 seconds. 

Next the groin area is prepared and femoral vein access is obtained 
using the modified Seldinger technique. After obtaining the femoral 
vein access, a trans-septal sheath is introduced into the femoral 
vein and the distal tip is positioned in the right atrium. Next a 
Brockenbrough needle is introduced into this sheath. The inter-atrial 
septum is visualized by means of the TEE and under its guidance 
trans-septal puncture is performed. The Brockenbrough needle is 
carefully positioned in the distal part of the inter-atrial septum. The 
location of trans-septal puncture should be mid-low on the interatrial 
septum and should be directed posteriorly in order to gain easy access 
to the LAA. After visualization of the Brockenbrough needle on the 
TEE, the trans-septal puncture is performed. Immediately after the 
trans-septal puncture, an additional 5,000-10,000 Units of Heparin 
is given intravenously to maintain the ACT >250. Confirmation of 
the trans-septal puncture is verified by means of left atriogram as well 
as a bubble study.

A pigtail catheter is then advanced over the guidewire into the LAA 
and the left atrial appendogram is done to visualize the LAA. Size 
and orientation of the LAA are again reviewed on the appendogram. 
After this an occlusion balloon catheter (EndoCATH®) is advanced 
into the left atrium and the LAA. A magnet tipped guidewire 
(FindrWIRZ® Guide Wire System) is then introduced into the 
occlusion balloon catheter and advanced into the LAA. The 15mm 
occlusion balloon has distal perfusion holes for angiographic purpose 
and LAA angiogram can be performed to mark the appendage and 
evaluate the position of endocardial guide wire.   The endovascular 
magnet tipped guidewire is then carefully navigated to the most 
distal part of the prominent lobe of the LAA and is stabilized.

Next steps involve obtaining the epicardial access. The subxiphoid 
area is infiltrated with local anesthetic and a micropuncture 
pericardiocentesis needle is used to gain access to the pericardial space 
under fluoroscopic guidance. The micropuncture needle is directed 
superiolaterally towards the left shoulder and about10-15° posteriorly 
under fluoroscopy guidance. The needle is carefully advanced and 
radiocontrast dye is injected through the needle to verify its position 
once it enters the pericardial space. After confirming the position of 
the needle with multiple fluoroscopy views (RAO and LAO views), 

Figure 2:
Fluoroscopic images demonstrating LAA exclusion by LARIAT procedure. A. Deployment of LARIAT suture delivery system over coaxially 
aligned endo and epicardial magnet tipped guidewires. B. Tightening of the LARIAT suture. C. Exclusion of the LAA after the deployment of 
LARIAT suture as confirmed by left atriogram
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stroke and systemic embolism was 1.3% per year.20 The stroke rate 
was significantly lower than that observed in the National Registry of 
AF (3.9%).20 The combined end point of stroke, systemic embolism 
and death was 3.3% per year.20 The above data therefore suggests that 
LARIAT is effective in decreasing stroke risk in AF patients with 
contraindications to anticoagulation.
Advantages

1. This is a minimally invasive procedure and therefore the patients
can recover faster from the procedure compared to other surgical or 
mini thoracotomy based approaches such as the AtriClip.15  

2. In this procedure an epicardial suture is deployed and there
are no endovascular devices left behind in the LAA and therefore, 
theoretically, the risk of thrombus formation over the device or 
infections associated with the device should be low to none.18

3. There is no risk of device embolization like in the case of other
implantable devices.   When compared to implantable devices, with 
LARIAT device, there is decreased risk of device dislodgement or 
embolization and device failure.21 

4. LAA also contains triggers for initiating AF and therefore
exclusion of the LAA by means of LARIAT can also eliminate the 
AF triggers. Evidence to this effect has been seen in a few studies.22 
The unipolar LAA voltage decreased from 1.1 ± 0.53 mV to 0.3 ± 
0.38 mV after the LARIAT procedure.22 Similarly, the bipolar LAA 
voltage decreased from 4.7 ± 2.83 mV to 0.6 ± 0.27 mV.22 In the 
LAALA-AF study, the efficacy of LARIAT procedure as adjunct 
to AF ablation was compared with patients undergoing only AF 
ablation.23 In this study, the AF recurrence was 35% in patients 
undergoing LARIAT and AF ablation compared to 55% in patients 
undergoing AF ablation only.23 The above studies clearly suggest the 
role of LAA as a trigger for AF and LARIAT procedure offers the 
benefit of eliminating these triggers.
Peri-procedural Complications

Chest pain is the most common complication after the LARIAT 
procedure. Chest pain after the procedure was reported by 23.5% 
of the patients lasting for less than a day.21 Two of these patients 
were found to have acute pericarditis and were treated with non-
steroidal anti-inflammatory drugs.21 Perforation of the heart can 
occur while obtaining pericardial access, during engagement of the 
epi and endocardial magnet tipped guidewires and while deploying 
the LARIAT suture. This is an infrequent but fatal complication 
and requires immediate thoracotomy. Complications related to the 
procedure were seen in 3 (3.4%) of the patient’s in one study.21  Two 
patients had pericardial access related complications; one patient had 
a right ventricular puncture and the other patient had laceration of 
the superficial epigastric vessel.21 In one other patient, perforation 
of the myocardium occurred during trans-septal catheterization.21 
Therefore, this procedure needs to be performed in a hybrid suite 
with cardiothoracic surgery backup. Pericardial effusion can occur 
from irritation of the pericardium during the procedure and also due 
to manipulation of the guidewires and trauma associated with the 
deployment of the LARIAT suture. This effusion is highest during 
the first 24-48 hours after the procedure and thus a pericardial drain 
is left in place at the conclusion of the procedure. Tamponade can also 
occur from perforation of the heart during the LARIAT procedure. 

Transient ischemic attack or stroke is a possibility due to deployment 
of catheters in the left atrium and therefore anticoagulation with 
heparin is recommended during the entire procedure to maintain 
ACT > 250 seconds. Denovo thrombus formation post LARIAT 

Post-Procedural Management
After the procedure the patients are usually monitored in the 

hospital for 48-72 hours. The pericardial drain is typically removed 
after 24-48 hours. Post-procedure colchicine is recommended to 
decrease pericardial pain. Additional pain management involves 
a combination of non-steroidal anti-inflammatory drugs and 
narcotics for adequate pain control. A repeat echo may be done post-
operatively to monitor for pericardial effusion. Once the pericardial 
drain is removed, the patients are monitored for 24 hours and then 
discharged home.
Follow up

Recommended follow up of patients undergoing LARIAT 
procedure is at 1, 3, 6 and 12 months after the LARIAT procedure. 
Complete endothelialization of the surface of the excluded LAA 
is expected to be completed by 45 to 90 days after the LARIAT 
procedure. Inflammatory changes at the ostium of the LAA are 
anticipated from the deployment of the suture around the ostium 
and therefore routine anticoagulation is recommended during this 
time to decrease thrombotic risk. In those patients in whom oral 
anticoagulation is absolutely contraindicated, antiplatelet agents may 
be tried. A follow up TEE is recommended 45-90 days after the 
procedure to assess adequate sealing of the LAA, and if no residual 
leaks are found then the patient can discontinue oral anticoagulation. 
Subsequently these patients can be followed up in the clinic and 
a repeat TEE should be done in 6-12 months to check for any 
thrombus formation in the LA and to evaluate sealing of the LAA. 
Follow up imaging after 1 year can be done at the discretion of the 
operator.
Efficacy of LARIAT

The clinical efficacy of LARIAT in decreasing stroke risk was 
evaluated by Lee et al. These findings were presented at the Heart 
Rhythm Society annual scientific sessions 2014. In this multicenter 
study, a total of 138 patients were followed up for a total of 300.5 
patient years.20 At the end of the follow up period, the incidence of 

Figure 3: Echocardiographic image showing the endocardial balloon catheter 
within the LAA prior to deployment of the LARIAT suture

LA-Left atrium, LV-Left ventricle
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LARIAT procedure was managed safely using the atrial septal defect 
occluder device. We used the 5 mm atrial septal occluder device in 5 
patients who had a mean leak size of 4.3 ± 0.6 mm. Successful closure 
of the leak was observed in all of them. In another patient, we did a 
redo LARIAT procedure and were able to successfully exclude the 
LAA without any residual leak.30  

Theoretically any residual communication between the left atrium 
and LAA should pose an increased risk for stroke. This risk would 
probably vary with the size of the leak and the flow parameters 
across the LAA orifice. However due to limited experience with the 
LARIAT device, the correlation between stroke risk and the size of 
the leak is not accurately known.
Conclusion:

LAA occlusion has been an area of tremendous interest for 
electrophysiologists, interventionists and cardiothoracic surgeons 
alike, with many catheter based and surgical procedures being 
developed and tested. It only augurs well for the patients who are 
at high risk of stroke and have contraindications to anticoagulant 
therapy that the newer procedures and techniques prove to be safe 
and efficacious. LARIAT procedure for LAA occlusion is a novel 
percutaneous technique and is increasingly being adapted. The 
procedure needs to be performed by highly skilled operators and 
should always be performed with surgical back up support. Besides 
decreasing the risk of stroke, it appears to offer the added advantage 
of elimination of the electrical triggers of AF. The safety and efficacy 
of the LARIAT procedure has been demonstrated in a few studies.  

This technique is yet to be adapted by the major cardiology 
professional organizations into the clinical guidelines for the 
management of AF.
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data and clinical experience. 
The Unique MediGuide Technology

MediGuide technology has applied 3D visualization and 
navigation by Ensite Velocity System to a pre-recorded 2D X-ray 
image to create a real time navigation and ablation without use of 
fluoroscopy.  The system consists of a transmitter unit generating a 
dynamic electromagnetic field and miniaturized single-coil sensors 
which can be tracked within that field. The sensors are mounted on 
intra-cardiac devices (electrophysiology catheters). A reference sensor, 
which is attached to the patient’s chest, provides information about 
the spatial relationship between the patient and the tracking field. 
The transmitter unit is integrated in a conventional flat-panel X-ray 
imaging system (Siemens Artis, Erlangen, Germany). Owing to this 
hardware setup, fluoroscopy imaging and electromagnetic sensor 
tracking can be pre-aligned and auto-registered (Figure 1). With 3D 
localization of sensors, a real-time visualization and navigation on 
pre-acquired X- ray cine loops can be provided. Built in algorithms 
compensate catheter tracking and image display for respiration and 
cardiac motion. Therefore, continuous fluoroscopy is not necessary 
to establish the position of the catheter, thus minimizing X-ray 
exposure for both the physician and patient. 
Safety And Effectiveness Of MediGuide

Before catheter introduction, usually a background fluoroscopy 
imaging is conducted, with two cine loops with a length of three 
cardiac cycles recorded. Three catheters can be introduced using MPS 
for navigation and the correct catheter positioning is confirmed with 
live fluoroscopy. To test the ability of the MPS to compensate for 
cardiac and respiration movement, coronary sinus pacing is applied, 
followed by a sudden displacement (20 cm) of the patient position 
relative to the fluoroscopy detector. The system compensated and 
adjusted catheter visualization during both maneuvers. Fluoroscopy 
is only used to obtain initial cine loops and then to confirm catheter 

Introduction
Electrophysiologic procedures such as catheter ablation and/or 

cardiac resynchronization therapy have been traditionally performed 
only with fluoroscopic guidance. Fluoroscopy provides direct visual 
feedback of images, taken in real time, of the position of the cardiac 
devices. Unfortunately, many procedures using fluoroscopic feedback 
expose both the patient and physician to high levels of radiation.  
There are several early or late side-effects of radiation exposure.  An 
increasing number of case reports of skin changes on the hands 
and injuries to the lens of the eye in operators and assistants have 
been reported. Although cancer is uncommon, cancers associated 
with radiation exposure in adults may include leukemia and breast 
cancer. (A recent document of the American College of Cardiology 
recommends that all catheterization laboratories adopt the principles 
of ‘ALARA’ (radiation doses ‘As Low As Reasonably Achievable’),1 

making radiation reduction an ethical issue. Many further 
technologies have tried to overcome these limitations, providing 
3D positions of these devices. The unique Medical Position System 
(MPS) from MediGuide technology MG (St. Jude Medical Inc, 
St. Paul, MN)2-8 uses fluoroless principles enabling localization, 
tracking and navigation of intracardiac devices. As a result, we are 
now witnessing the birth of a new era where patients can be safely 
and effectively treated without fluoroscopy. In our experience, the 
fluoroless technique is feasible, poses no additional safety concerns, 
and should be readily implementable in most electrophysiology 
laboratories worldwide without replacing careful interpretation of 

The Unique Mediguide Technology For CRT Lead Placement And 
Catheter Ablation

Abstract
Electrophysiologic procedures such as catheter ablation and/or cardiac resynchronization therapy (CRT) are usually performed under 

fluoroscopic guidance alone. Currently, we are witnessing the birth of a new era in which many patients can be safely and effectively treated 
without the use of fluoroscopy. Using MediGuide technology continuous fluoroscopy is no longer required to ascertain the position of the 
device/catheter, which minimizes the radiation exposure for both the physician and patient, with a further benefit by minimal need for 
contrast agent. This novel system provides real time tracking of devices projected into live fluoroscopy or pre-recorded cine-angiography. 
MediGuide technology is an important step forward facilitating complex ablation procedures such as AF ablation and CRT implantation.
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positioning. Potential limitations when using the MPS include: 
patient reference sensor movement may occur in obese patients or 
those with “loose” skin and the non-fluoroscopic MPS may miss 
deformation of cardiac structures caused by mechanical catheter 
forces. The MPS may be used to target a steerable catheter equipped 
with a MPS sensor to the coronary sinus (CS), the right ventricular 
apex (RVA) and the His bundle without the use of live fluoroscopy, 
using pre-recorded cine images. Although patient and respiratory 
movement are successfully compensated in almost all patients, 
intermittent loss of compensation and incomplete compensation 
may occur in some cases. The MPS may be used in conjunction 
with an electro-anatomic mapping system (EAMS) to reconstruct 
the anatomy of the left atrium, and to place steerable diagnostic 
EP catheters, equipped with MPS sensors, into the CS and RVA. 
Circumferential pulmonary vein isolation can be performed with a 
conventional irrigated tip catheter using conventional EAMS. The 
catheters can be easily tracked and visualized non-fluoroscopically by 
MPS and complete pulmonary vein isolation can be achieved safely 

and effectively with fluoroscopy time significantly shortened.
A small study described the use of MPS in 10 patients compared 

with conventional fluoroscopy (10 patients) who required ablation 
of cavo-tricuspid isthmus dependent flutter.6 Two steerable diag-
nostic EP catheters equipped with MPS sensors were used for CS 
cannulation and for anatomical cavo-tricuspid isthmus reconstruction. 
Both patient groups (MPS’ and conventional fluoroscopy’s group) 
underwent cavo-tricuspid isthmus (CTI) ablation. In all 10 patients 
in the MPS group, the MPS enabled catheters could be visualized 
and tracked non-fluoroscopically. Successful anatomical CTI 
reconstruction was performed and after ablation, isthmus block was 
reported in all patients with no adverse events. Total procedure time 
did not differ between the two groups, however fluoroscopy time was 
significantly reduced in the MPS group (2.4 ± 2 minutes) compared 
to the control group (10.5 ± 6 minutes).6

MediGuide And CRT
Cardiac Resynchronization Therapy (CRT) represents one of the 

most important therapeutic options for patients with heart failure 

Figure 1: MediGuide™ Technology System (A-D). 

MG™ Transmitters are installed in a X-ray system detector (Siemens) (Panels A and B, red arrows), and integrated into the electrophysiology laboratory. To the patient table rails is attached the Table Side 
Unit™ (TSU): a standard mouse and slide surface through which the user control the system (Panel A, blue arrow).
The Panel C shows the Patient Reference Sensor™ (PRS) (orange arrow), which compensates the calculated positioning of the MG during the patient’s motion while sensing the respiration motion. The 
proximal end (PRS connector) is connected to the MG Connect™, while PRS distal end (the sensor) is externally attached to the patient chest at a predefined position.
Panel D. The MediGuide Connecting system (violet circle) allows connection of ECG, PRS on pa-tient chest and MG catheter (Panel D, green circle).
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used only at the beginning and at the end of a procedure, and very 
few electrophysiologists would need a lead apron.
MediGuide And Ablation 

Daily exposure to x-ray to heath care workers in a high volume 
center of electrophysiology represent a big challenge. The fact that 
sensors can be integrated to catheters for 3D positioning projected 
on 2D fluoroscopy, or that communication links can be established 
between nonfluoroscopic and radiation systems represents the 
latest revolutionary realization. MG technology has applied 3D 
visualization and navigation by Ensite Velocity System to a pre-
recorded 2D X-ray image to create a real time navigation and 
ablation without use of fluoroscopy. In the last few months we 
have applied this technology to 70 patients with paroxysmal or 
persistent atrial fibrillation undergoing catheter ablation. During 
the procedure, a small sensor inside the catheter tip can be located 
by receiving electromagnetic positioning signals from the MG 

over the past 10 years. MG technology represents an important step 
forward to minimize fluoroscopy time with the option to visualize 
the device in the best Rx projection (left anterior oblique projection) 
with the C-arm in a more comfortable projection (anterior-posterior 
or right anterior oblique) avoiding scattered radiation. Traditional 
implantation of CRT requires a comparatively higher radiation 
exposure due to challenging implantation of the left ventricular (LV) 
lead into coronary sinus. Traditionally, sheaths, guide wires, and the 
catheters themselves are tracked under continuous fluoroscopy but 
using MPS the position of the device is projected in real-time to pre-
recorded cine loops (fig 2). 

Radiation exposure could be reduced significantly. The average 
fluoroscopy time used for LV lead positioning was less than three 
minutes and that for the entire implantation was less than six 
minutes, without any increase in the rate of complications.5,6 It is 
likely that in the future in every EP laboratory, fluoroscopy will be 

Figure 2: Cardiac Resynchronization Therapy implantation with MediGuide System (A-D).

Real-time fluoroscopy (LAO, Panel A) and a simultaneous MG pre-recorded cine loop (LAO, Panel B) show a non-steerable CS sheath at the superior vena cava (yellow tip, green shaft). Superior vena cava is 
marked with a yellow ring (Panel B, yellow arrow). 
The MG Technology is able to reconstruct a 3D model of coronary sinus from two cines recorded at different projections after contrast agent administration: a non-steerable CS sheath (yellow tip, green 
shaft) is advanced in the coronary sinus over a diagnostic catheter (Panel C).
Panel D: In RAO projection, the target vein is selectively intubated and a MG guidewire is advanced to the distal part of that vein (yellow small tip, blue arrow). The LV electrode is advanced to the final best 
position “over-the-wire” using an image-based overlay of prerecorded venogram fluoroscopy.



7. Sommer P, Rolf S, Gaspar T, Eitel C, Derndorfer M, Martinek M, Puererfellner H, 
Arya A, Pior-kowski C, Hindricks G. MediGuide in SVT: initial experience from 
a multicenter registry. Europace, 2013; 15: 1292–1297. 

8. Sommer P, Rolf S, Gaspar T, Piorkowski C, Hindricks G. Non-fluoroscopic
Catheter Tracking for Interventional Electrophysiology Procedures: The
MediGuide System. The Journal of Innovations in Cardiac Rhythm Management 
2012; 3: 922–929.

transmitters (which are incorporated into the detector housing of 
Artis Siemens System). The MG Technology then calculates the 
respective position and orientation of the catheter and displays it in 
real-time on 2D fluoroscopic images of the patient that were recorded 
at the beginning of the procedure. To display the catheter’s position 
precisely, the technology also compensates for respiration and cardiac 
motion of the patient. Beside a reduction in fluoro time, there is an 
improved spatial resolution of the 3D mapping system resulting in 
higher quality maps. Because of additional localization information, 
3D electroanatomical maps are much closer to reality and real time 
catheter tip visualization improves quality of 3D reconstruction of 
maps. 

The Arrhythmology Department in Cotignola, Italy, is one of 
the first centers in the world to use MG Technology and we have 
performed about 100 MG procedures.
Limitations

MediGuide technology may be of limited use in obese patients. 
Accurate catheter tracking without use of fluoroscopy essentially 
depends on a stable position of the external PRS and in obese patients 
the PRS movement may affect tracking accuracy. Another limitation 
is that deformation of cardiac structures may be missed when using 
only nonfluoroscopic gMPS catheter tracking. Finally, larger clinical 
trials comparing usefulness of fluoroscopic and nonfluoroscopic 
procedures are required.
Conclusion:

There is increasing peer-reviewed evidence available to establish 
effectiveness of the MediGuide medical positioning system. Early 
clinical studies suggest that the gMPS could be used safety and 
effectively to localize, track and navigate cardiac catheters during 
different electrophysiological and/or ablation procedures, including 
CRT implantation. Our experience also suggests that as elec-
trophysiologists become more familiar with this technology, less and 
less fluoroscopy can be used until it will be completely eliminated 
with long-term benefits to the community and catheter laboratory 
staff beginning a new electrophysiology era.
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Abstract
There is limited literature available regarding PV (pulmonary vein) stenosis management. Starting from its incidence, subsequent follow 

up using imaging technologies to monitor the success and the way of managing different groups pose varied opinions. However, with 
newer technological advancements and better understanding of mechanism of the atrial fibrillation ablation, the incidence of PV stenosis 
secondary to catheter ablation is declining. This paper highlights the current trends and future of management of PV stenosis secondary to 
catheter ablation for atrial fibrillation.

Introduction
Atrial fibrillation (AF) concerns not only the medical community 

but also the society as a whole, due to increased risk of the morbidity, 
mortality, and also a reduced quality of life. The last few decades have 
seen better understanding of the pathophysiology of AF and the  
development of electrophysiological techniques. They allow for better 
catheter based ablation and electrical isolation of the pulmonary vein 
(PV) ostia for the treatment of AF. However, PV stenosis remains a 
potential complication of catheter ablation for AF.1,2,3 The incidence 
rate is difficult to determine with current reported incidence varying 
from 1% to 21%.4,5,6,7 Barrette et al. attributed it to multiple factors 
such as relating to the variability of patient symptoms, the discrepancy 
between PV stenosis and observed symptoms, the differences in 
enthusiasm for screening of PV stenosis following AF ablation 
and the different modalities that have been used to perform such 
screening.8 AF catheter ablation as an etiology for PV stenosis was 
first described in 2000.9 Saad et al. observed left-sided PV stenosis 
more commonly after PV isolation for AF, attributing it to deeper 
movement of ablation catheter into a left-sided PV with respiration. 
When energy is delivered within the PV rather than in the preferred 

ostial location stenosis is more likely.5 The radiofrequency energy 
delivered during ablation procedure causes thermal injury to tissue 
surrounding the PV. At the local site, a scar leading to electrical 
isolation of the pulmonary venous musculature, replaces the healthy 
tissue. The location and volume of scar tissue formed may lead to PV 
narrowing or obstruction.
Other Causes of PV Stenosis

Before the advent of PV isolation, pulmonary venoocclusive disease 
was extremely rare. In most cases of naturally occurring pulmonary 
venoocclusive disease, the cause is unknown. However, this may 
occur secondary to conditions such as leukemia, lupus, lymphoma, 
or chemotherapy. The associated survival rates range from just a few 
weeks in infants to another few years in adults.10 It may also rarely 
lead to primary pulmonary hypertension.

PV stenosis has also been described as a rare complication of 
cardiac surgery. Among the pediatric population it is commonly 
described after complex congenital deformities repair in which 
the atria and PVs are directly manipulated, e.g. in atrial switch 
operations (the Mustard procedure) in D-transposition of the great 
vessels or anomalous pulmonary venous return.11,12 Booher and Bach 
et al. claim that “In adults who undergo cardiac surgery, PV stenosis 
has also been observed after autotransplantation for myxoma and 
inadvertent injury of the left atrium or PV”.13-15

Diagnosis Before Intervention and Subsequent Follow Up
The different imaging modalities assume significance for 

management of AF induced PV stenosis as they are not only decisive 
for choice of strategy. They also hold the key to a better follow up 
after intervention e.g. transesophageal echocardiography (TEE), 
computed tomography (CT), magnetic resonance imaging (MRI), 
and ventilation-perfusion scans.
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profile of ablation procedures.19

Utmost, the highest care particularly in asymptomatic patients, 
when a high index of suspicion may not be present. CT tends to 
overestimate the PV stenosis. Pulmonary artery wedge angiography 
is a reliable option.20 Moreover, PV stenosis may be misdiagnosed 
in some patients. Yamaji et al. highlighted 50% overdiagnosis of 
PV stenosis at the level of the descending aorta/left aortic arch. The 
authors further concluded that to assess PV pseudostenosis especially 
left inferior PV, a prone position (rather than supine) should be used. 

The main advantage of CT over MRI is the quicker acquisition of 
images and the lower cost. Considering that MRI avoids radiation 
exposure, it should especially be considered for patients with long 
duration persistent AF who may need reinterventions.2,5 

Tinteˇra et al. used a semiautomatic measurement with contrast-
enhanced MRI of PV cross-sectional areas to not only accurately 
assess, but also quantify the degree of proximal PV stenosis.21

Ventilation-perfusion scans can reveal the perfusion defects of 
the affected lung segments in cases of severe stenosis and thus are 
extremely useful in showing the functional status.7, 22 Perfusion values 
are less likely to be conclusive in patients with bilateral PV stenosis as 
the measured percent flow to each segment is, in turn, is dependent 
on the flow to other segments.20

There are several studies concluding that the use of intracardiac 
echo can lead to avoidance of such complications.5,8

Other Techniques
Recognizing the risk of PV stenosis, the next evolution in the 

treatment of AF was to perform wide area circumferential ablation 
(WACA), in which the encircling point-by-point PV lesions were not 
performed at the ostia but at 1-2 cm away from the ostia of the PVs. 
This approach reduces the incidence of PV stenosis, but increases 
the risk of leaving gaps in the ablation lesions of a PV leading to 
arrythmias. Figure 1 summarizes the intra-procedural parameters 

The echocardiography has a significant role in the diagnosis 
and follow-up of patients with acquired PV stenosis.15 TEE can 
be utilized for in- stent or in-vein restenosis intervention for such 
patients.16 However, post AF ablation induced PV stenosis without 
any intervention of stenting or angioplasty, CT or MRI should 
be preferred.8 De Piccoli et al. compared TEE and CT for follow 
up post AF ablation and observed CT was able to visualize more 
PVs than TEE; further the authors concluded that TEE provided 
additional functional data regarding the PV stenosis significance.17 

As goes the sensible saying by Packer et al. “The best way to 
manage PV stenosis is to avoid it.” It remains unclear, which is 
the best and most cost-effective way of detecting PV stenosis after 
ablation. However, on the basis of their experience, a staged approach 
starting with TEE and adding standard CT scanning if TEE gives 
insufficient results is proposed. Virtually every patient tolerated TEE 
first time, which was a prerequisite before PV ablation. However, not 
every PV could be assessed by peak Doppler flow velocity especially 
left inferior PV (in about 33% of the patients studied). In addition, 
TEE was repeated in only 71% and 48% of patients during follow-up 
at 3 and 6 months respectively, usually because patients were unwilling 
to repeat this test just for routine screening. Consequently, data set 
of serial measurements was too small to draw any firm conclusions. 
Peak Doppler flow measurements of usually >1 m/s in stenosed PVs 
was observed.18

If an interventional procedure is planned, 3 dimensional 
reconstruction using acquired images gives edge to CT and MRI. 
The most common modality used for PV stenosis evaluation before 
and after ablation is CT. For CT to be used for assessing PV stenosis, 
a reading cardiologist or a radiologist should have an understanding 
of the anatomical details and the training required to diagnose.8

In the 21st century, with perfection of 3-dimensional mapping, 
CT and their integration can aid the treating electrophysiologists for 
better delivery of radiofrequency lesions and improving the safety 

WACA; wide area catheter ablation, ICE; intra-cardiac echocardiography

Figure 1: Intra procedural factors during catheter ablation associated with the development of pulmonary vein (PV) stenosis. 
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to clinical symptoms. The patients with mild and moderate stenosis 
can be asymptomatic. Respiratory symptoms for example coughing, 
hemoptysis and dyspnea are associated with severe stenosis of single 
or multiple PVs.39 In contrast, even patients with severe PV stenosis 
or even complete occlusion can be asymptomatic too.2,5,40,41

Maastricht Experience
Currently cryoablation is commonly used for paroxysmal AF 

at Maastricht university medical center. Since January 2009, 
cryoballoon has been used for more than 450 patients who have 
been mostly paroxysmal and some persistent type of AF. Hybrid 
ablation combining simultaneous thoracoscopic surgical bipolar 
radiofrequency devices (Atricure, West Chester, OH, USA) and 
transvenous catheter AF ablation is preferred for failed previously 
ablated paroxysmal AF (and dilated left atrium), persistent AF, and 
long standing persistent AF patients.42,43 Due to simultaneous use 
of videoscope during hybrid procedure PV fibrosis secondary to 
previous catheter ablation may also be visualized.44

At our center, irrigated tip radiofrequency catheters are used for 
endocardial touchups for re-do cases of AF recurrence. The power 
settings are limited as per the targeted area for ablation e.g. for 
posterior wall > 25 watt and ablation deeper in PV is deliberately 
avoided.45 Recently past more than 2 year, irrigated tip radiofrequency 
catheters with contact force sensors (SmartTouchTM, Biosense 
Webster Inc.) are being used. So far, we have never identified any 
symptomatic PV stenosis secondary to these AF ablation procedures 
yet.46

We have also performed a limited amount of PV isolation using 
laser balloon CardioFocus, Inc., Marlborough, Massachusetts) for 96 
PVs (24 patients) with follow up data of 15 months and yet to see any 
symptomatic PV stenosis case.47 Several symptomatic patients whose 
PV isolation was done at other center were referred here, but were 
managed medically without any need for any interventions. (Figure 
2a and 2b) 
Management of PV Stenosis

There is limited literature on post procedural PV stenosis 
management secondary to catheter ablation of AF, in which the 

during catheter ablation attributing to PV stenosis.23

Maeda et al. observed that the strategy of the local extensive 
encircling pulmonary vein isolation (EEPVI) is effective for 
preventing complications of severe PV stenosis. The strategy helps 
to determine the optimal ablation site and endpoint of the ablation 
procedure occurrence of stenosis using multidetector computed 
tomography (MDCT). Asymptomatic and mild PV stenosis was 
seen in 15 of 700 PVs (2.1% of patients) who underwent significant 
narrowing after 12 months of follow up.24

Role of Energy Sources
Cryoballoon (Arctic Front®, Medtronic, Minneapolis, MN, 

USA) ablation has been developed to provide a safe alternative 
for PV isolation. Compared to radiofrequency catheter ablation, 
the cryoballoon ablation causes lesser damage at histological level 
leading to PV shrinkage in preclinical assessment. Cryo ablation of 
a PV leading to its stenosis has been reported neither in animals25-28 
nor in humans29-32 except STOP-AF trial where 7 (3.1%) of the 228 
cryoablated patients (10 PVs) developed stenosis that included 5 left 
inferior PVs, 4 left superior PVs, and 1 right inferior PV. Five patients 
were asymptomatic. The sixth patient became asymptomatic at the 
end of 1 year and the last patient refused further interventions.33 
There was another case report of asymptomatic PV stenosis after 
cryoballoon ablation affecting left superior PV.34

There is a case report of left superior PV stenosis after using 
pulmonary vein ablation catheter (PVAC), Medtronic Inc. Limiting 
the total number and/or the number of 2:1 modus applications, 
avoiding ablations too close to the PV ostium, and improved imaging 
modalities to delineate the PV ostia are potential ways to minimize 
the risk of PV stenosis using PVAC.35 So, far there have been no 
clinical reports of PV stenosis with limited use of laser balloon.36,37

Classification of PV Stenosis
As stated in the consensus statement on catheter and surgical 

ablation of AF guidelines; according to the percentage reduction 
of the luminal diameter, the severity of PV stenosis is generally 
defined as mild (<50%), moderate (50–70%), or severe (>70%).38 
The amount of reduction in luminal diameter of PV is not related 

Figure 2A and 2B:
High-resolution computerized tomography scans of a patient with complete occlusion of left superior pulmonary vein secondary to 
previous radiofrequency catheter ablation.
a) Axial view b) 3-dimensional reconstruction
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follow up is organized and according to standards of ESC or AHA.

The general consensus is that patients with symptomatic severe 
PV stenosis should be treated with PV angioplasty with or without 
stenting.2,5 For a single PV with severe stenosis but an asymptomatic 
case, there is no uniform opinion on whether or not intervention 
is warranted. However, the available evidence suggests that an 
early intervention in such patients translates to clinical benefit. Di 
Biase et al. also concluded single vessel PV occlusion is frequently 
asymptomatic if there is no ipsilateral PV stenosis.

In the last decade, several studies have demonstrated that PV 
angioplasty and stenting are feasible and successful for a majority 
of patients, resulting in symptomatic improvement.20,32,48-51 However, 
their follow up revealed the susceptibility of such patients to high 
rates of in-segment or in-stent restenosis.8 Polytetrafluoroethylene 
covered stents have been used for congenital and acquired PV 
stenosis. Balloon expandable covered stents have better success 
rates in comparison to bare expandable stents for PV stenosis 
intervention.52-55 An isolated report of 2 cases successfully treated 
with endovascular conventional stenting and adjuvant oral Sirolimus 
provides an interesting point of view on this issue.56 De Potter et al. 
showed implantation of drug eluting stents (DES) for PV stenosis 
with an excellent stent patency rate during follow up of 12 ± 14 
months. They further claimed that for monitoring stent patency, 
TEE Doppler measurements provide a viable way.57 Jariwala et al. 
who used bifurcation DESs also confirmed such an approach for 
PV stenosis post AF ablation. The patient neither had any instant 
restenosis confirmed by CT angiography after 12 months nor any 
arrhythmia or hemoptysis at 24 month follow up. Notably, during the 
12 months following the angioplasty patient was taking Clopidogrel 
75 mg/day, AAS 75 mg/day, and warfarin. Clopidogrel and warfarin 
were stopped after almost 1 year.58

Dragulescu et al. reported Paclitaxel to be particularly appropriate 
as it is highly lipophilic and hydrophobic and may increase vascular 
absorption in surrounding tissue.56,59 Neointimal proliferation can 
lead to narrowing of the orifice or distal branches of the PV.60 For PV 
in-stent stenosis, cutting balloon angioplasty appears to improve the 
intermediate results of repeat angioplasty compared with standard 
angioplasty.61 Furukawa et al. implanted 3 bare metal stents and 3 

Sirolimus-eluting stents (SESs) in pigs. The neointimal thickness, 
calculated using injury score after 8 weeks, was lesser in the SES 
group compared with the other group.62

There are several surgical procedures to treat the PV stenosis, 
for example, reimplantation of the PV with direct anastomosis,63 
excision of the stenosis,64 patchplasty,64 and finally a sutureless 
technique.65,66 The sutureless technique has been used successfully to 
treat PV stenosis secondary to catheter ablation of an adult patient.67 
Especially for redo cases after failure of conventional patchplasty, this 
technique effectively prevents reactive hyperplasia of the intima over 
the left atrium and the PV junction.

If a “wait and watch policy” strategy is employed, regular follow 
up is a must. The treating physician needs to reinvestigate even the 
slightest sign of symptoms. For PV stenosis patients, an “earlier 
the better” approach seem more realistic. Late intervention, even if 
associated with good restoration of venous patency, is not associated 
with significant improvement in affected lung-segments perfusion.
Anticoagulation

This is another area that definitely needs attention due to lack 
of optimal anticoagulation strategy following PV intervention. 
Considering the high rate of restenosis in treated PV segments, oral 
anticoagulation should be continued, in an effort to avoid thrombotic 
occlusion of the vein. The delay or failure in recognizing PV stenosis 
may lead to interruption of the anticoagulation after the procedure 
in asymptomatic patients. This tends to affect the pulmonary 
perfusion and attenuates the risk of the developing respiratory 
infections, pulmonary hypertension, pulmonary infarction and even 
thrombotic occlusion of the PV.2 If patients have no evidence of 
in-stent restenosis or AF recurrence after 12 months, patients with 
larger stents (9–10 mm) can be discontinued with warfarin and 
started on aspirin therapy henceforth.20 Baranowski and Saliba et al. 
also advocate that the size of the stent used should be decisive in 
determining the duration of warfarin therapy. Due to the higher risk 
of occlusion in patients receiving smaller stents (<1 cm), warfarin is 
typically continued indefinitely. On the other hand, warfarin should 
be continued for at least a year for a patient receiving a larger stent 
(≥1 cm). They did not use Clopidogrel therapy routinely following 
a PV intervention.68 Similarly, Prieto et al. continued prescribing 

Table 1: Major studies about pulmonary vein stenosis management secondary to atrial fibrillation ablation using interventions and their follow up. 

Study (Year) No. of patient (lesions) Treatment modality Follow up Duration(Months) First procedure success rate (%) Follow up using imaging modality

 Qureshi et al. (2003) 19 (30) Angioplasty and stenting) 11 53 Spiral CT,Echocardiogram,
Perfusion scan

Saad et al. (2003) 17(NA) Angioplasty and stenting 12 53 CT, Perfusion scan

Pu rerfellner et al (2004) 6 (7) Angioplasty and stenting 7 ± 2 71 TEE, CT, MRI

Di biase et al (2006) 18(24) Angioplasty and stenting NA 54 CT, Perfusion scan

Bedogni F et al (2007) 6(5) Angioplasty and stenting 17.1 100 CT, TEE

Prieto et al (2007) 9 (9) Angioplasty and stenting 11.3 ± 8.7 87.5 CT, Perfusion scan

Bromberg-Marin et al. ( 2007)      2 (6) oral Sirolimus, angioplasty, BMS 12 100 CT angiography

Packer et al. (2009) 23 (34) Angioplasty and stenting 18 ± 12 43 CT, MRI

Neumann T et al (2009) 10(13) Angioplasty and stenting 12 77 CT, MRI Perfusion scan

Furukawa et al.  (pigs) (2010) 6(NA) BMS, SESs 2 NA Neointimal thickness by injury score

De Potter et al. (2011) 5(8) Paclitaxel DES 12 ± 14  87.5 PV angiography, TEE.

Jariwala et al (2012) 1(2) bifurcation DESs 12 100 CT angiography

J. Yan et al. (2013) 1 (3) Angioplasty and stenting 9 100 TTE, CT

BMS = bare metal stent, CT = computed tomography, DES= drug eluting stent, MR = magnetic resonance, NA = not available, PV = pulmonary vein, SES =  serolimus eluting stent, TEE =transoesophageal 
echocardiography, TTE = transthoracic echocardiography
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warfarin indefinitely for patients with small stents and/or diffusely 
hypoplastic veins. 

Potter et al. initiated dual antiplatelet therapy with aspirin and 
clopidogrel for patients on an empirical basis giving due weightage 
to stents being placed in a low-flow system (PVs) and the lack of 
clinical data on venous DES thrombosis.56, 57, 69 This approach cannot 
be recommended as general practice and must be exercised with 
extreme caution. 
Future Perspectives

Ever evolving techniques in AF ablation and increasing operator 
experience will reduce the incidence of PV stenosis in the future. 
Fool proof technology complemented by suitable techniques which 
can withstand the test of time to prevent PV stenosis are yet to be 
developed. Anticoagulation strategy in spite of its importance in 
preventing any reocclusion still has to become a standard guideline. 
There is a need for large randomized studies to demonstrate the 
reduced restenosis and safety of using stents (bare metal and or drug 
eluted) in the setting of PV stenosis, and also regarding the use of 
imaging modality for follow up of patients after intervention.
Conclusion:

Even though catheter ablation for symptomatic drug refractory AF 
is a safe technique, complications such as PV stenosis may still occur. 
With growing awareness of such complications and their improved 
management, its incidence should continue to decrease which is in 
the best interests of not only the patients and but physicians too. 
Ultimately, “Prevention is better than cure.”
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Complications From Left Atrial Appendage Exclusion Devices

Abstract
Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia and has been identified as an independent risk factor for stroke. 

Prevention of thromboembolic events has been based on oral anticoagulation (OAC) using Vitamin K antagonists (VKA). However, long-term 
OAC medication is limited by an increased bleeding risk and a low patient compliance. Relying on the observation that the majority of cardiac 
thrombi originate from the left atrial appendage (LAA) different devices aiming for LAA closure have been proposed. This review will discuss 
contemporary LAA closure devices with special emphasis on procedure related complications.
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Introduction
Atrial fibrillation (AF) is the most common sustained cardiac 

arrhythmia and an independent risk factor for stroke. The prevalence 
of AF is approximately 1.5-2% in the general population, ranging 
from <0.5% at 40–50 years to 5–15% at 80 years, and is expected to 
double within the next 50 years as a consequence of aging societies. 
1-7 All types of AF (paroxysmal, persistent and permanent) increase
the risk of ischemic stroke to a similar degree (five-fold).8,9

The CHA2DS2-VASc score has been proposed to stratify AF 
patients for ischemic stroke risk (Table 1, ESC 1,2) with a low risk 
categorized as a CHA2DS2-VASc score of 0, intermediate risk as a 
score of 1, and high risk as a score ≥ 2.10

In patients with AF and a CHA2DS2-VASc score ≥1, long-term 
oral anticoagulation (OAC) is recommended irrespective of the 
rhythm management strategy.1,2 However, in many patients, OAC 
can not be administered due to either a high bleeding risk (as defined 
by an HAS-BLED bleeding risk score ≥3),11 life-threatening bleeds, 
perceived frailty and/or high risk of falls, especially in very elderly 
patients. As a result, approximately 50% of patients eligible for OAC 
using Vitamin K antagonists (VKA) are not treated.12 In addition, 
optimal medical treatment in patients with both, a high bleeding 
risk and a high stroke risk remains unclear. Therefore, alternative 
treatment options to reduce strokes in non-valvular AF (NVAF) are 
warranted.

Rationale For  Left Atrial Appendage Closure
Atrial fibrillation leads to loss of effective atrial contractions, 

promoting blood stasis and thrombus formation in the left atrial 
appendage (LAA).13 Therefore, the LAA has been identified as 
the main source of cardiac thrombi (>90%) in ischemic strokes 
associated with NVAF14-17 and has been termed the ‘most lethal 
human attachment’.18

The LAA is a trabeculated, embryological remnant of the left 
atrium (LA) with a multilobed structure positioned anteriorly in 
the atrioventricular sulcus close to the left circumflex artery, the 
left phrenic nerve, and the left pulmonary veins.19 Recently, the 
shape of the LAA has been correlated with different degrees of 
thromboembolic risk: the “chicken wing” LAA morphology has 
been associated with a lower stroke risk compared to the other 
three main morphologies described (“cactus”, “windsock”, and 
“cauliflower”).20 These findings were corroborated by Khurram et al.: 
the presence and extent of LAA trabeculations and a small LAA 
orifice were independently associated with thromboembolic events.21 
In addition, also the burden of silent cerebral ischemia evaluated 
through magnetic resonance or computed tomography resulted 
significantly related to LAA morphology in AF patients undergoing 
transcatheter ablation.22

The pivotal role of the LAA in the genesis of ischemic strokes 
along with the recently published PROTECT AF trial (Watchman 
Left Atrial Appendage System for Embolic Protection in Patients 
With AF)23 has led to a an update of the current AF guidelines1,2: 
percutaneous LAA closure has been introduced as a non-
pharmacological option in NVAF patients with a high bleeding risk 
(level of recommendation: IIb). 
Techniques For LAA Occlusion And Complications

Currently, three different strategies can be pursued to exclude the 
LAA from systemic circulation. They can be grouped into either 
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Figure 2:

Two-dimensional transesophageal echocardiography (TEE) 
revealing the dislocation of a 30mm-Amplatzer Cardiac Plug (ACP) 
device from LAA into the LA, 6 weeks after the implantation. LSPV= 
left superior pulmonary vein; LAA= left atrial appendage; LA= left 
atrium.

A B C

Figure 1: Endocardial left atrial appendage occlusion devices: A) WATCHMAN (Boston Scientific, Maple Grove, MN); B) Amplatzer Cardiac Plug (ACP) 
(St. Jude Medical, Minneapolis, MN); C) WavecrestTM System (Coherex Medical, Salt Lake City, UT).

interventional/percutaneous (endocardial, epicardial) or surgical 
approaches. The completeness of LAA closure as well as specific 
complications may be variable among different techniques. This 
review will focus on percutaneous LAA closure device-related 
complications, which will be described separately according to each 
different strategy.
Interventional/Percutaneous LAA Closure
Percutaneous Endocardial LAA Closure
General considerations

The endocardial LAA closure approach via the femoral vein 
is based on a transseptal LA access.24 A large delivery sheath is 
exchanged after transseptal puncture followed by LAA visualization 
using angiography and transesophageal echocardiography (TEE), to 
define the individual LAA anatomy. Thereafter, an adequate sized 
device (Fig.1) is released in the LAA landing zone after confirmation 
of the correct position again using TEE and fluoroscopy.

The first, randomized trial comparing percutaneous LAA occlusion 
(WATCHMAN, Boston Scientific, Maple Grove, MN) to OAC 
with warfarin, was the PROTECT AF trial (Watchman Left Atrial 
Appendage System for Embolic Protection in Patients With AF).23 
Importantly, this study demonstrated noninferiority of percutaneous 
LAA closure to OAC. However, the PROTECT AF trial was 
characterized by a high risk of procedure related complications in 

the intervention group (n=463 patients, 4.8% cardiac tamponades, 
3.5% major bleeding, 1.1% stroke, 0.6% device embolization, 0.2% 
hemorrhagic stroke).23

In general, complications linked to percutaneous LAA closure can 
be divided into: 

a. Access related
b. Device implantation related
c. Antithrombotic treatment related.
All types of complications are discussed in detail below along with

device specific considerations (Table 2).
Access-Related Complications

Vascular complications such as groin hematoma, femoral arterial 
pseudoaneurysm or femoral arteriovenous fistula, retroperitoneal 
bleed, sometimes requiring transfusions and surgical interventions 
are the most common complications in interventional cardiology 
(0.6-13%).23-25 Patients undergoing percutaneous LAA closure are 
particular at risk due to the use of large delivery sheaths. Moreover, 
elderly patients often present with frail and tortured vascular anatomy.
Device Implantation

Different types of complications can be related to the transseptal 
LA access (Table 2). Large delivery sheaths increase the risk of air 
embolism and subsequent peri-procedural stroke/transient ischemic 
attack (TIA) or ST-segment elevation, and pericardial effusion with 
or without cardiac tamponade has been described.26 Implantation 
of LAA occlusion devices is associated with a learning curve that 
is inversely related to the complication rate of the transseptal 
puncture approach: the rate of serious pericardial effusion is higher 
in less-experienced centers and tends to decrease with the growing 
experience of the operators performing the procedure.27 Potential 
implantation-related complications may occur during the procedure 
and include device migration, dislodgement or embolization (Fig. 2) 
and cardiac perforation. In addition, traumatic damage to adjacent 
structures, including the pulmonary artery, left pulmonary veins and 
the circumflex coronary artery are possible.28,,29

In complex LAA anatomies, a mismatch between device size and 
LAA ostium may cause incomplete LAA occlusion and residual peri-
device blood flow (Fig. 3). Severity of these leaks has been classified 
as minor (<1mm), moderate (1 mm to 3 mm) or major (>3 mm) but a 
sub-study of the PROTECT AF demonstrated no adverse impact on 
clinical outcome even if the gap was 3mm.30  Interestingly, the role of 
sinus rhythm during LAA device implantation is undetermined and 
may need evaluation in a larger patient cohort. In our recent study 
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Figure 3:

TEE image of incomplete LAA occlusion 6 weeks after 
percutaneous deployment of a WATCHMAN device (30 mm). A 
persistent peri-device flow (white arrow) with a blood jet size of 
4.5 mm is evidenced by Color Doppler. TEE= transesophageal 
echocardiography; LAA= left atrial appendage.

the only both delayed tamponades were linked to sinus rhythm.31 
In theory, sinus rhythm with enhanced LAA contractions could 
promote mechanical trauma. 

Iatrogenic atrial septal defects following transseptal LA access 
usually disappeared within 6 months of the procedure or can persist 
in a very small proportion of patients but without any haemodynamic 
impairment.28

Post Implantation Antithrombotic Treatment
Postprocedural management is not well standardized and 

several antithrombotic treatment algorithms have been proposed. 
Importantly, it has to be remembered that LAA closure is often 
performed in patients with contraindication to OAC. All current 
strategies strive for antithrombotic treatment, which allows device 
endothelialization without thrombus formation (Fig. 4) but, at the 
same time, increases the bleeding risk.

Post-procedural dual antiplatelet therapy (DPI) with aspirin 
(ASA) and clopidogrel has been suggested but the duration is unclear, 
ranging from 1 to 6 months in different studies. A consensus about 
the most appropriate post-procedural antithrombotic medication is 
still lacking.

In the PROTECT AF trial,23 patients were initially treated with 
warfarin for 45 days post-WATCHMAN implantation. This was 
followed by DPI for 6 months and thereafter by “stand alone” ASA 
therapy. Nevertheless, during follow-up, device related thrombus was 
observed in 4.2% of the patients.

A similar rate (4%) of device-related thrombus has been reported in 
the “ASA Plavix Registry” (ASAP).32 In this registry a WATCHMAN 
device was implanted as in PROTEC-AF but the target population 
was different. All patients in ASAP had a contraindications to OAC 
and after implantation, DPI was administered for 6 months followed 
by ASA alone. This treatment strategy resulted in a 77% reduction 
of expected stroke rate: stroke occurred in 4 patients (ischemic 
stroke in 3 patients and hemorrhagic stroke in 1 patient) with a low 
rate of peri-procedural pericardial effusion (5 patients, 2 requiring 

percutaneous drainage).32

A significantly higher rate of device thrombi has been reported in 
34 patients undergoing Amplatzer Cardiac Plug (ACP) implantation: 
despite DPI, thrombi on ACP were identified 6/34 (17.6%) patients 
(in 3 patients before discharge and in the other 3 patients at the 
3-months follow-up) and Plicht et al. identified CHADS2 and
CHA2DS2-VASc scores, platelet count, and ejection fraction as risk
factors.33 (Table 2).

Interesting data has been recently reported from our group31: in 
80 patients undergoing percutaneous LAA occlusion with either 
Watchman or ACP device, a short-term 6-week DPI followed by 
stand-alone therapy was administered in 76% of the patients, while 
the remaining patients continued preexisting OAC. After 6 weeks, 
OAC or DPI was discontinued and patients were switched to stand-
alone aspirin. The overall rate of thrombus formation was comparable 
to previous study (5%), but interestingly, significantly lower rates of 
thrombus formation were observed in patients taking DPI compared 
to those treated with OAC (1.7% vs. 15.8%, p= 0.042), without any 
differences in device distribution.31 These results may suggest that 
short term (6 weeks) DPI may be preferable to OAC in preventing 
thrombus formation on LAA closure devices. Nevertheless, further 
studies enrolling larger numbers of patients are needed to verify the 
safety of this suggested post-implantation antithrombotic therapy.
Device Specific Complications

Currently, four percutaneous transcatheter devices have 
been investigated for LAA occlusion34: the Percutaneous LAA 
Transcatheter Occlusion (PLAATO) System (eV3, Plymouth, MN); 
the WATCHMAN device (Boston Scientific, Maple Grove, MN); 
the Amplatzer Cardiac Plug (ACP) (St. Jude Medical, Minneapolis, 
MN) and the WavecrestTM System (Coherex Medical, Salt Lake 
City, UT). (Fig. 1; Table 2).
The PLAATO System

The PLAATO system was the first device developed specifically for 
LAA occlusion. It consists of a self-expandable nitinol cage covered 
with an occlusive expanded polytetrafluoroethylene membrane with 
small anchors along the struts.35-36 Acute successful LAA occlusion 
has been reported as higher than 90%,37-38 while the annual stroke 
rate was 2.2%,37 with a 65% relative risk reduction compared to a 
CHADS2 score predicted stroke rate of 6.3%.39 Even after a long-
term follow-up (5 years), the annual stroke rate was 3.8%, lower 
than the 6.6%/year expected with the CHADS2 score.39 In the 
recently published North American PLAATO long-term experience 
(follow-up of 3.75 years in 64 patients) only one adverse event was 
attributed to the device (1 cardiac tamponade requiring surgery). The 
other observed complications were the following: 7 deaths, 5 major 
strokes, 3 minor strokes, 1 probable cerebral hemorrhage/death, and 
1 myocardial infarction.39 Despite initially encouraging results, the 
PLAATO device is no longer available due to commercial reasons.
The WATCHMAN System

The WATCHMAN system (Fig. 1A) is a self-expanding, nitinol 
device available in 5 sizes (ranging from 21 to 33mm) that has 
been studied in two randomized clinical trials, the PROTECT-AF 
(Watchman Left Atrial Appendage System for Embolic Protection 
in Patients With AF)23 and the PREVAIL (Prospective Randomized 
EVAluation of theWatchman LAA closure device In patients with 
atrial fibrillation vs. Long-term warfarin therapy)27 and in one 
registry, the CAP (The Continued Access to PROTECT AF),40 
which investigated patients outcomes after the end of enrolment of 
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Table 1: Stroke risk factors defined by CHA2DS2-VASc the scoring system

CHA2DS2-VASc score

Risk Factor Score

C= Congestive heart failure/LV dysfunction 1

H= Hypertension 1

A2= Age ≥ 75years 2

D= Diabetes mellitus 1

S2= Stroke/TIA/thrombo-embolism 2

V= Vascular disease 1

A= Age 65–74 1

Sc= Sex category (i.e. female sex) 1

Maximum score 9

LV= left ventricular. Vascular disease= Prior myocardial infarction, peripheral artery disease, aortic 
plaque. Modified from Reference 1

Figure 4:

Post-procedural TEE after 6 weeks demonstrating device-related 
thrombus (arrows) completely covering a 24 mm WATCHMAN 
device adequately occluding LAA. TEE= transesophageal 
echocardiography; LAA= left atrial appendage; LA= left atrium; 
MV= mitral valve; LV= left ventricle.

PROTECT AF trial. The PROTECT AF23 is the first trial which 
prospectively enrolled a large number of patients (707) with NVAF 
to compare LAA closure using the WATCHMAN device with 
long-term OAC. The trial demonstrated that the percutaneous LAA 
closure with WATCHMAN was noninferior to OAC in preventing 
stroke, cardiovascular death, and systemic embolism. Patients 
receiving the device had fewer hemorrhagic strokes than the controls 
but a higher rate of adverse events, mainly due to peri-procedural 
complications.

Approximately 5% of patients had pericardial effusions (n=22) 
requiring drainage: 15 patients were treated with pericardiocentesis 
and 7 with surgical intervention. There were 3 device embolizations, 
one during the procedure and 2 during follow-up while procedure-
related stroke occurred in 5 patients (Table 2). However, in the 
WATCHMAN group, there was a 29% reduction in stroke and 38% 
reduction in death compared with the warfarin control group.

A further analysis including patients undergoing WATCHMAN 
implantation from PROTECT AF and from a subsequent 
nonrandomized registry (CAP Registry) has been recently 
published40 showing increased implantation success rates along with 
decreased complications. Importantly, the rate of pericardial effusion 
was decreased (2.2% vs. 4.8% in PROTECT AF) and no procedure-
related strokes were observed (0% vs 0.9% in PROTECT AF) (Table 
2). The significant reduction of major safety events may indicate 
increased operators’ experience having accomplished the procedural 
learning curve. Preliminary data of the PREVAIL trial is in line with 
the CAP data.27 This second prospective, randomized study using 
the Watchman device also showed significantly increased success 
device implantation rates (95.1% vs. 94.3% in CAP and 90.9% in 
PROTECT AF) with a 49% reduction of safety events (4.6% vs. 
8.7% in PROTECT AF; p=.004).27,34 The rates of procedure-related 
stroke were significantly reduced compared to PROTECT AF 
(p=0.019) as well as the pericardial effusions requiring intervention 
(1.9% in PREVAIL vs. 4.0% of patients in PROTECT AF, 52% 
reduction) (Table 2). The decreased rate of safety events can be 
explained by increased overall experience. Interestingly, after 
appropriate training implantation success was comparable for new vs 
experienced operators: 93.2% vs. 96.3% (p=0.282). Also, the rate of 
major complications was consistently low in both groups.27

Amplatzer Cardio Plug System
Another self-expanding endocardial device for LAA occlusion is 

the ACP, which is made of a disc for sealing the LAA and a body 
for device fixation in the LAA,41 connected by a central body (Fig. 
1B). It is available in 8 different sizes (from 16 to 30mm). Initial 
European42 and Asia-Pacific43 experience reported similar high 
implantation success rates (96% and 95%) (Table 2).

Device repositioning and complete LAA closure may be facilitated 
by the design.31

Serious complications were observed in 10 (7%) patients (3 
ischemic stroke, 2 device embolizations and 5 significant pericardial 
effusions) and 3 patients in the Asia-Pacific registry (1 catheter-
related thrombus formation during procedure leading to stop the 
implant , 1 coronary artery air embolism and 1 TEE-attributed 
esophageal damage), respectively.42, 43

Thrombus formation on the ACP has been reported.44 A recent 
study45 investigated risk factors associated to this complication: 
despite dual antiplatelet therapy, thrombi on ACP were identified 
with TEE in 6 (17.6%) patients (in 3 patients before discharge and in 
the other 3 patients at the 3-months follow-up) (Table 2). CHADS2 
and CHA2DS2-VASc scores, platelet count, and ejection fraction 
resulted risk factors for such thrombus formation.33 However, this 
data has not been replicated31 and more information is required.
Wavecrest System

The Wavecrest LAA occlusion system (Fig. 1C) recently received CE 
mark and has been introduced in the Europe. The device consists of a 
self-expanding Nitinol frame covered by ePTFE with a polyurethane 
rim and a distal face. This system has been designed to facilitate device 
deployment by allowing non-traumatic repositioning maneuvers at 
the LAA orifice. Two injection ports (distal and proximal) allow 
fluoroscopic assessment of adequate device positioning within the 
landing zone and device stability before release. The Wavecrest device 
has 20 interlocking anchors, which engage the surrounding tissue 
to complete the implant deployment. The cover material (ePTFE) 
has been clinically used before (PLAATO device) and is expected 
to minimize thrombus formation. There is currently no published 
human data available. In our own experience 12 patients were treated 
successfully without major complication. However, more data is 
certainly required to fully assess its role in LAA closure. 

There are currently no studies directly comparing the three different 
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Table 2: Complications associated with percutaneous endocardial LAA closure

PLAATO WATCHMAN ACP ACP vs 
WATCHMAN

Ostermayer, 200543 Bayard, 
201044

Block, 
200945

Protect AF29 CAP46 PREVAIL42 Park, 201148 Asia-Pacific 
experience49

Plicht, 
201339

Chun, 201337

Patients, n 111 180 64 463 460 407 143 20 34 80 (40 vs 40)

Acute implantation 
success rate, %

97 90 93.85 90.9 94.3 95.1 96 95 100 95-100

Serious complications 
rate, %

NA NA 18 (all 
late but 
PE)

39 (8.7) 23 (4.1) 12 (4.4) 10 (7%) 2 (10%) 1 4 (5%): 2 
Watchman, 2 ACP

Device embolization, 
n (%)

0 2 (1.1%) 0 3 (0.6%) 0 NA 2 (1%) 0 0 1 ACP (1.2%)

Air embolism, n 0 0 0 3 (0.6%) 0 NA 2 (1%) 1 (5%) 0 2 (2.5%): 1 
Watchman, 1 ACP

Thrombus formation, n 0 0 0 20 (4.2%)46 0 NA NA 1 (5%) 6 
(17.6%)

4 (5.1%) : 3 
Watchman (7.9%) 
vs 1 ACP (2.5%)

Serious pericardial 
effusion

2 (1.8%) 6 (3.3%) 1 (1.5%) 22 (4.8%) 10 (2.2%) 1.9% 5 (4%) 0 1 (2.9%) 2 (2.5%): 1 
Watchman, 1 ACP

Procedural stroke 0 NA 0 5 (0.9%) 0 (0%) NA 3 (2%) 0 0 0

Procedural-related 
death

0 2(1.1%) 0 0 0 0 0 0 0 0

Access-related 
complications

1 perforation Rfemoral 
artery; 1Right leg deep 
vein thrombosis
2 (1.8%)

NA NA 2 hematoma, 
1 arterio- 
venous fistula
3 (0.6%)

1 
pseudoaneurysm

NA NA NA NA 4 hematoma, 1 
pseudoaneurysm 
(6.8%)

LAA occluders and only one paper from our group,31 prospectively 
compared procedural data and outcome of 80 patients who underwent 
percutaneous LAA occlusion with either a Watchman (n=40) or an 
ACP device (n=40). There was no statistical difference in patients 
characteristics and procedure and fluoroscopy times between the 
two groups. The acute success rate was very high for both the LAA 
closure systems (95 and 100%), despite of different devices designs. 
Also the number of serious complications was comparable (5%): 1 air 
embolization and 1 delayed cardiac tamponade in each group, while 
minor complications occurred in 6.8% of patients (4 cases of groin 
hematoma, 1 case of false arterial aneurysm). At 6-weeks TEE follow-
up, 1 asymptomatic ACP dislocation into the LA was observed and 
the device was successfully retrieved percutaneously without surgical 
intervention.45 Our study31  investigated alternative antithrombotic 
treatment regimens in high-risk patient: after device implantation, 
either preexisting OAC or dual platelet inhibition (DPI; Aspirin 100 
mg/d + clopidogrel 75mg/d) was continued for 6 weeks; thereafter, 
OAC or DPI was discontinued and patients were switched to stand-
alone aspirin. Interestingly, lower rates of thrombus formation were 
observed in patients taking DPI compared to those treated with 
OAC (1.7% vs 15.8%, p= 0.042), without any differences in device 
distribution.31

Percutaneous Epicardial 
An alternative approach to percutaneous LAA occlusion is 

evolving and is based on a combined epicardial/endocardial technique 
(LARIAT®, SentreHEART Inc., Redwood City, California, 
USA). This approach ligates the LAA with an epicardial suture. 
After obtaining percutaneous epicardial access, a magnet-tipped 
endocardial wire is introduced into the pericardial space. In addition, 
a transseptal puncture is performed  introducing a 20-mm compliant 
occlusion balloon catheter (EndoCATH, SentreHEART, Inc., Palo 
Alto, CA) with a second magnet-tipped endocardial wire into the 
LAA. Both magnets are approximating the LAA. Then the LARIAT 
snare delivery system is advanced epicardially over the LAA, guided 

by the endocardial balloon catheter positioned inside the LAA. After 
correct placement verification, the snare is closed and the suture is 
tightened to ligate and exclude the LAA. This can result in complete 
LAA closure without any device “left inside the LAA”.

First experience46 reported encouraging results with complete 
closure in 81 of the 85 patients who successfully underwent LAA 
ligation with LARIAT device, and residual LAA flow ≤ 3mm only 
in 4 patients. No complications due to the device were observed, but 
there were 3 access-related complications during pericardial access 
and transseptal catheterization. Major complications included 2 
severe pericarditis, 1 late pericardial effusion, 2 unexplained sudden 
death, and 2 late strokes probably non-embolic.46

The major limitation of this technique is the need for an epicardial 
access. Most of the complications are related to the epicardial 
puncture and include possible cardiac perforation,  pericardial 
effusion or tamponade and severe pericarditis. In some patients, 
the presence of pre-existing pericardial adhesions may complicate 
catheter manipulation. In addition, successful ligation could not be 
achieved inadvertent LAA anatomy (LAA size > 40 mm, posteriorly 
rotated LAA or lobes superiorly orientated).47

The major advantage of this approach refers to the fact that there 
remains no permanent device within systemic circulation. Therefore 
no OAC or DPI is required after the procedure to prevent thrombus 
formation during endothelialization.

However, some case-reports described acute and delayed 
adverse events: “reopening” of  the LARIAT closure device,48 LA 
thrombus49-50 and LA laceration (3/6 patients: 50%) progressing to 
cardiac tamponade, requiring surgery.51

These preliminary results demonstrated feasibility of this concept 
but further studies are needed to validate its future clinical role in 
LAA closure.
Conclusions And Perspective:

Percutaneous LAA closure is able to reduce the risk of stroke in 
NVAF and represents a treatment option for high-risk patients. The 
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initially high procedural complication rate decreased with growing 
operator experience after accomplishing the learning curve and is 
now associated with an acceptable safety profile. Moreover, novel 
devices and designs are currently under evaluation, which may 
contribute to perform safer LAA closure in future. The important 
topic of optimal post-procedural antithrombotic treatment requires 
further investigation.
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Superior Vena Cava Isolation In Ablation Of Atrial Fibrillation

Introduction
Catheter ablation has emerged as a promising new technique 

in the treatment for atrial fibrillation (AF), which potentially cure 
AF radically and emancipate peoplepatients from bothersome 
antiarrhythmic drug treatments. The cornerstone procedure of AF 
ablation is the electrical isolation of pulmonary veins (PVs) from left 
atrium (LA) by ablating PV antrum region in the LA since ectopic 
beats initiating AF mostly originate from PVs.1 Ectopic beats which 
initiate AF also arise from non-PV foci; superior vena cava (SVC), 
LA posterior wall, crista terminalis, coronary sinus ostium, ligament 
of Marshall, and interatrial septum.2 Approximately 26-28% of AF 
patients have non-PV foci, although it differs according to clinical 
studies.2, 3 Of these sites, the SVC is considered to be the most 
common source of ectopies which harbors 26-30% of non-PV foci.3-

5 The SVC often becomes an important target during AF ablation.6, 

7 In this review, we describe the method and the indication of SVC 
isolation together with the mechanism of SVC arrhythmogenicity.
Embryogenesis And Arrhythmogenicity Of SVC And PV

Right anterior cardinal vein is incorporated into the primitive right 
atrium to form a future SVC together with the right sinus horn. 
Right sinus horn form the sinus venosus in the right atrium of the 
embryo which becomes a smooth part called the sinus venarum in 
the adult heart, also known as the venarum sinus, which is separated 
from the rest of the right atrium by a ridge of fibres called the crista 
terminalis. The sinus venosus also forms the SA (Sino Atrial) node 

and the coronary sinus which contain cells of the cardiac conduction 
system.

PVs grow from the LA as the following process; a primitive vein 
sprouts out of the LA, which bifurcates twice to make four PVs that 
grow toward developing lungs. A plexus of veins is formed from lungs 
and will meet with the developing PVs out of the LA to establish a 
connection. As the LA develops, the common PV is progressively 
incorporated into the LA wall until all four PVs enter the posterior 
wall of the LA separately. The incorporated PVs form the smooth 
posterior wall of the LA, whereas the trabeculated portion of the LA 
comes to occupy a more anterior part of the LA.

There are remnants of cardiac conduction system (pacemaker cell) 
in SVC and PVs, as in crista terminalis or coronary sinus which are 
often targets for atrial tachycardia. Since these remnants in SVC 
and PVs can become arrhythmogenic foci triggering AF,8-10 treating 
AF triggers from SVC as well as from PVs is important in catheter 
ablation of AF.
Histological Findings Of Myocardial Extension In SVC

The postmortem study of Kholová et al. using 25 human autopsied 
hearts, the myocardial extension from RA (Right Atrium) to SVC 
was recognized in 19/25 SVCs (76%) and SVC-RA myocardial 
connection was discontinuous in most cases and circumferential 
in few cases, with the mean thickness of 1.2±1.0 mm and a mean 
length of 13.7±13.9 mm (maximum, up to 47 mm).11 Heterogeneous 
fiber arrangements and degenerative changes of myocardium with 
penetrating fibrous tissue are often recognized in SVC myocardium 
, which could potentially form  a substrates for heterogeneity of 
electrical coupling and an arrhythmogenicity.11, 12

Mechanism Of Arrhythmogenicity In SVC
The true mechanism of the arrhythmogenicity in the SVC is 

still unclear. However, several studies are demonstrating possible 
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Abstract
Superior vena cava (SVC) is one of the most important non-pulmonary vein (PV) origins of atrial fibrillation (AF). SVC isolation (SVCI) is 

effective especially in patients with paroxysmal AF from SVC origin. It should be carefully performed because of potential complications 
such as phrenic nerve paralysis, SVC stenosis, and sinus node injury. There are two major different approaches to treat SVC focus in the 
ablation of AF. The conventional approach is to perform SVCI only if AF from the SVC origin is actually recognized using pacing maneuvers 
and/or isoproterenol infusions. Another approach is the empiric SVCI in addition to PV isolation in all cases. The rate of AF freedom one year 
after initial AF ablation by empiric SVCI was almost same as the conventional method (85-90% AF freedom). Additionally, the conventional 
method has also a good result even 5 years after ablation (73.3% AF freedom). Because of the excellent result in the conventional approach 
and possible complications after the SVCI, the empiric SVCI + PVI in all AF cases is still controversial . Patients with a long SVC myocardial 
sleeve are possible candidates for empiric SVCI in addition to PVI.
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placed in the RA, the coronary sinus, or PVs with intravenous 
infusion of isoproterenol (0.5-2µg/min/kg) as necessary. (2) AF is 
cardioverted into sinus rhythm. (3) Ectopic beats triggering AF can 
be recognized after cardioversion. Interestingly, in the study of Lin et 
al., only 2 patients had spontaneous SVC-AF. Eleven patients needed 
isoproterenol infusion with pacing-triggered ectopic beats to induce 
SVC-AF, and 15 patients had SVC-AF after electrical cardioversion 
of AF. It means only 7% of these foci were observed spontaneously 
during the procedure.2 This finding was also reported in the 
experimental dog model, in which autonomic influences promoted 
spontaneous automaticity and triggered activity in SVC sleeves.13 
Thus, isoproterenol infusion, pacing maneuver, and cardioversion are 
often needed to recognize SVC triggers.
Procedure Of SVC Isolation

Formerly, the arrhythmogenic focus inside of the SVC was carefully 
examined under the guidance of a multipolar catheter or a basket 
catheter placed in the SVC in the similar way performed in PVs, and 
focal ablation at arrhythmogenic foci in the SVC was performed.6, 

17 The arrhythmogenic focus inside the SVC is located relatively far 
from the SVC-RA junction (Lin et al. 25.3±9.7mm, 29±19.9mm,2 
Tsai et al. 19±9.7mm,6 Higuchi et al. 25.4mm, 32.2mm7). However, 
since arrhythmogenic foci can be multiple and SVC also has the 
role of maintaining AF same as PVs, the recent standard method 
is the electrical isolation of SVC (SVCI). SVCI can be obtained 
by ablating about 5-10mm above the SVC-RA junction with the 
guidance of 3D electro anatomical mapping and a circular mapping 
catheter placed near the SVC-RA junction. The SVC-RA junction 
should be defined ‘‘electrically’’ since the sinus node is located near 
the SVC-RA junction. The SVC-RA junction can be defined by 
the presence of merged SVC and local RA potential recorded from 
a circular mapping catheter. Note the difference of electrical and 
anatomical SVC-RA junction (Figure 3A). If you place the circular 
mapping catheter about 5-10mm above the SVC-RA junction, you 
can recognize sharp SVC potentials and far-field small RA potentials 
(Figure 3B). The ideal SVCI line is just below the circular mapping 
catheter at that level. Usually SVCI can be achieved by ablating 

mechanisms of its arrhythmogenicity.
SVC As An Initiator Of AF

Sicouri et al.13 demonstrated in their study using canine SVC 
preparations that the late phase 3 early afterdepolarization (EAD) 
and the delayed afterdepolarization (DAD)-mediated extrasystoles as 
well as the abnormal automaticity may serve as triggers of AF, which 
were also observed in PV preparations. SVC-aorta ganglionated 
plexi (GP) is located in the medial SVC and aortic root, superior to 
the right pulmonary artery. SVC-aorta GP serves as a relay station 
between extrinsic and intrinsic cardiac autonomic nervous systems.14 
High-frequency stimulation  of the SVC-aorta GP or acetylcholine 
injection to SVC-aorta GP can induce a significant shortening of 
the effective refractory period and subsequent AF originating from 
the SVC. These effects can be eliminated after the ablation of SVC-
aorta GP.15 These findings suggest that the SVC-aorta GP plays an 
important role in the initiation of AF from the SVC, especially in 
vagal AF.
SVC As A Perpetuator Of AF

In the study of Higuchi et al. using a fluoroscopy and a 3D electro-
anatomical mapping, myocardial extensions in the SVC of patients 
with SVC-related AF were significantly longer than those of patients 
without SVC-related AF (34.7±4.4 mm, vs. 16.5±11.4 mm, P<.0001). 
Some patients without SVC-related AF did not have any myocardial 
extensions in the SVC.7 In a subset of SVC-related AF patients, 
the SVC fibrillation with passive conduction to right atrium (RA) 
is observed after initiation of AF from the SVC. SVC sometimes 
plays a role as a perpetuator of AF.16 Figure 1 shows an example of 
SVC-related AF patient with these findings. A certain amount of 
myocardial sleeve is essential in a SVC in order to serve as a substrate 
of AF, not only as an initiator of AF. Figure 2 shows the 3D electro-
anatomical mapping which shows the myocardial extension in the 
SVC of a patient with a SVC-related AF. Note that the myocardial 
extension is recognized until 41.8 mm above the SVC-RA junction.
Induction Of SVC-Related AF

The basic maneuver to induce ectopic beats is following; (1) AF 
induction is attempted by high-frequency pacing from catheters 

Figure 1:
These figures show a case of AF initiated from the SVC. Ectopic beats initiated the SVC fibrillation, and then AF started (A). Note the SVC 
fibrillation (tachycardia cycle length was 80-100ms) with passive conductions to RA (B). SVC was an initiator and also a perpetuator of this 
AF

SVC = superior vena cava, RA = right atrium, CS = coronary sinus, ABL = ablation, AF = atrial fibrillation
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us understand the anatomy of RA and SVC of each patient.
Right Phrenic Nerve Injury

Right phrenic nerve injury is the most frequently recognized 
complication. The right phrenic nerve is close to the SVC superiorly 
and adjacent to the lateral border of the entrance of the inferior vena 
cava to the right atrium inferiorly. While the right phrenic nerve is 
immediately adjacent to the anterolateral wall of the SVC, it veers 
posteriorly as it approaches the SVC-RA junction. The damage 
to the phrenic nerve occurs usually during RF applications on the 
posterolateral aspect of the SVC, and it causes a right side diaphragm 
paralysis. Even if the right phrenic nerve paralysis mostly recovers 
within one year,24 confirming not to capture the right phrenic nerve 
by a pacing maneuver should be performed before applying RF 
ablations to avoid damages to the nerve. Additionally, the movement 
of right diaphragm should be checked periodically using a fluoroscopy 
to detect the nerve damage as soon as possible.
Indication Of SVCI And Its Result
Performing SVCI Only If SVC Trigger Is Recognized

This is the standard strategy that has been performed. Chang et al. 
reported the long-term outcome of ablation therapy in 68 patients 
with AF from SVC origins which were induced using isoproterenol 
infusions and cardioversions.17 In this study, the rate of AF freedom 
was 85.3% at 1 year, 78.7% at 2 years, and 73.3% at 5 years after 
the initial ablation procedure. Additionally, patients with pure SVC-
initiating AF presented a better outcome than those with coexisting 
PV triggers. They also found that the 5 year result after segmental 
SVCI was same as circumferential SVCI, which means segmental 
point-by-point ablation is enough for obtaining the electrical 
isolation of SVC from RA.
Prophylactic SVCI In Addition To PVI

This method has been recently proposed, in which SVCI is 
prophylactically performed in addition to PVI for all cases of AF. 
A randomized control study in which patients were assigned into 
empiric SVCI + PVI group or PVI only group shows an interesting 
result.25 In this study, 16% of patients in empiric SVCI + PVI group 
could not accomplish SVCI because of the risk of phrenic nerve 
injury or the absence of SVC sleeve. Their one-year success rate after 
an initial ablation procedure with PVI and PVI+SVCI was following; 
77% vs. 90% in paroxysmal AF (P = 0.04), 74% vs. 80% (P = 0.52) in 
persistent AF, and 69% vs. 67% in permanent AF. Empiric SVCI in 
addition to PVI has improved the outcome of AF ablation solely in 
patients manifesting paroxysmal AF, not in persistent or permanent 
AF. On the other hand, the result of a nother randomized prospective 
study comparing PVI only and empiric PVI+SVCI for patients 
with paroxysmal AF was different.26 In this study, they did not find 
statistical significance between these two strategies regarding the 
success rate one year after initial AF ablation (PVI = 81%, PVI+SVCI 
= 86%; P = 0.75).
Implication From  Two Different Methods

The success rate of AF ablation at one year after initial ablation by 
empiric PVI+SVCI (Corrado et al.; 90%, Wang et al.; 86%) seems 
to be almost same as the conventional method in which performing 
SVCI is performed only for patients who have triggers in the SVC 
(Chang et al.; 85.3%). Additionally, the conventional method has 
also a good result even 5 years after ablation, which was 73.3%. It 
seems not to be necessary to isolate all SVCs prophylactically to 
reduce AF recurrences. We may have to spend enough time to induce 

the earliest activation of SVC potential during sinus rhythm in a 
point-by-point fashion using 3D electro anatomical mapping, not 
by circumferential ablation.18 The RF energy is usually applied from 
20W and can be raised up to 30W if necessary in order to avoid 
complications.
Possible Complications Of SVCI

Several complications have been reported in the SVC focal ablation 
and also in the SVCI.
SVC Stenosis

SVC stenosis is sometimes recognized after RF application in the 
SVC. Callans et al. reported the SVC narrowing after multiple RF 
applications at the SVC-RA junction in patients with inappropriate 
sinus tachycardia. In this study, local and circumferential swelling 
of the SVC was observed, causing a progressive reduction in the 
SVC-RA junction by 24%.19 The experimental study using mongrel 
dogs demonstrated variable (mild to severe) SVC narrowing after a 
conventional (4mm tip, 600C, 60 sec) RF application (6-7 times) in 
the SVC both acutely and gradually.20 There is also a case report that 
resulted in severe stenosis of the SVC after RF ablations to obtain 
the SVCI using an irrigated-tip catheter (25W, 10 times, 278 sec, 
totally).21 In order to reduce the risk of PV stenosis and treat ectopies 
from PV ostia, extensive PV isolation (PVI) at PV antrum area is the 
standard method recently. However, since the sinus node is located 
near the SVC-RA junction, SVCI should be performed ‘’inside’’ the 
SVC. That is the greatest difference from the PVI.
Sinus Node Injury

Sinus node injury is also a possible complication, which usually 
occurs if RF ablations are applied below the SVC-RA junction. 
The SVC-RA junction should be determined carefully before RF 
applications and the ablation line to create SVCI is about 5-10mm 
above the SVC-RA junction.22 RF applications should be ceased 
immediately if the acceleration of sinus rhythm is observed, which 
indicates damages to the sinus node. Akoum et al. utilized late 
gadolinium enhancement MRI for detecting a pre-existing sinus 
node dysfunction by evaluating structural remodeling in the RA.23 
This modality can be used before performing SVCI for detecting 
patients with a pre-existing sinus node dysfunction, who may have 
a more potential risk of sinus node injury after ablations near the 
SVC-RA junction. Performing MRI prior to ablation may also help 

Figure 2:

This figure shows the 3D electro-anatomic mapping of the SVC and 
the RA in a SVC-related AF patient (A: Left anterior oblique view, 
B: right anterior oblique view). The earliest activation site is the 
sinus node since the activation map was obtained during sinus 
rhythm. Red dots indicate radiofrequency application sites. The 
SVC myocardial extension was recognized until 41.8 mm above the 
SVC–RA junction

SVC = superior vena cava, RA = right atrium, CS = coronary sinus, SN = sinus node
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SVC-related AF using isoproterenol infusion, pacing maneuver, 
and cardioversion. Additionally, the effect of SVCI in patients with 
persistent or permanent AF seems to be limited. The fact that the 
SVC-related AF often occurs in a vagal paroxysmal AF supports this 
finding.5

Possible Indication Of Empiric SVCI
In the study of Higuchi et al.7 as mentioned above, a relatively 

long SVC myocardial extension is necessary for SVC to become a 
perpetuator of AF. In addition, the ectopic focus of SVC is relatively 
far from the SVC-RA junction.2, 6, 7 They concluded that patients 
with SVC which is over 30 mm length had significant SVC-related 
AF episodes. The length of SVC myocardial extension over 30 mm 
identified SVC-related AF with 100% sensitivity and 94% specificity. 
Although further studies to investigate the effect of empiric SVCI 
using this indication is needed, this study proposes a possible 
indication of empiric SVCI only in patients with a long SVC 
myocardial extension without investigating ectopic foci, especially in 
paroxysmal AF patients.
SVC Isolation In Patients With Anomalous PV Drainage

Partial anomalous pulmonary venous return (PAPVR) has a 
prevalence of 0.5% in the general population.27 Anomalous pulmonary 
vein drains into the pulmonary circulation via the SVC, azygos, 
innominate veins, inferior vena cava, coronary sinus or RA creating a 
pulmonary-to-systemic shunt. Patients may be asymptomatic if the 
shunt is small. AF can occur in patients with asymptomatic PAPVR 
and SVC isolation is needed in case with PV drainage via the SVC 
in order to eliminate PV firings which may be misunderstood as SVC 
firings.
Conclusion:

Because of the proximity of SVC-aorta GP to the SVC and the 
extension of myocardium in the SVC from the RA, SVC frequently 
becomes an important source of ectopic beats initiating AF. The 
procedure of SVCI is different from PVI in that SVCI should be 
performed 5-10 mm ‘‘inside’’ the SVC from the SVC-RA junction 
to avoid sinus node injury, whereas PVI should be performed at the 
PV antrum which is about 10 mm ‘‘outside’’ the PV from the LA-PV 
junction. Therefore, there should be an enough myocardial extension 
in the SVC to accomplish SVCI safely and SVC should not be 
‘‘prophylactically’’ isolated in all patients, who may have just a tiny 
SVC myocardial extension. Performing SVCI only if SVC triggers 
are recognized after isoproterenol infusions, pacing maneuvers, and 

cardioversion seems to be reasonable in order to avoid unnecessary 
ablations and complications. Empiric SVCI in patients with a long 
SVC myocardial extension can be another strategy.
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The Role Of Contact Force In Atrial Fibrillation Ablation 

Abstract
During radiofrequency (RF) ablation, low electrode-tissue contact force (CF) is associated with ineffective RF lesion formation, whereas 

excessive CF may increase the risk of steam pop and perforation. Recently, ablation catheters using two technologies have been developed 
to measure real-time catheter-tissue CF.  One catheter uses three optical fibers to measure microdeformation of a deformable body in the 
catheter tip. The other catheter uses a small spring connecting the ablation tip electrode to the catheter shaft with a magnetic transmitter 
and sensors to measure microdeflection of the spring. 

Pre-clinical experimental studies have shown that 1) at constant RF power and application time, RF lesion size significantly increases with 
increasing CF; 2) the incidence of steam pop and thrombus also increase with increasing CF; 3) modulating RF power based on CF (i.e, high 
RF power at low CF and lower RF power at high CF) results in a similar and predictable RF lesion size.

In clinical studies in patients undergoing pulmonary vein (PV) isolation, CF during mapping in the left atrium and PVs showed a wide 
range of CF and transient high CF. The most common high CF site was located at the anterior/rightward left atrial roof, directly beneath 
the ascending aorta.  There was a poor relationship between CF and previously used surrogate parameters for CF (unipolar or bipolar atrial 
potential amplitude and impedance).  Patients who underwent PV isolation with an average CF of <10 g experienced higher AF recurrence, 
whereas patients with ablation using an average CF of > 20g had lower AF recurrence. AF recurred within 12 months in 6 of 8 patients (75%) 
who had a mean Force-Time Integral (FTI, area under the curve for contact force vs. time) < 500 gs. In contrast, AF recurred in only 4 of 
13 patients (21%) with ablation using a mean FTI >1000 gs. In another study, controlling RF power based on CF prevented steam pop and 
impedance rise without loss of lesion effectiveness.  

These studies confirm that CF is a major determinant of RF lesion size and future systems combining CF, RF power and application time 
may provide real-time assessment of lesion formation. 
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Introduction
During radiofrequency (RF) catheter ablation, electrode-tissue 

contact force is one of the primary determinants of lesion size.1-7  

No effective lesion is formed without adequate contact force, and 
excessive contact force is associated with excessive deep tissue heating 
and an increased risk of deep steam pop (and perforation) and injury 
outside the heart, such as esophageal, pulmonary and phrenic nerve 
injury. 6,7 

Previously, electrode-tissue contact force could not be measured 
directly during ablation. Ablation catheters using two different 
technologies have been developed recently to measure real-time 
catheter-tissue contact force during mapping and RF ablation. One 
catheter uses three optical fibers to measure the microdeformation 

of a deformable body in the catheter tip (TactiCath, Endosense SA), 
which correlates with tip force.8-16 The second catheter uses a small 
spring between the ablation tip electrode and catheter shaft, with a 
tiny magnetic transmitter in the tip and magnetic sensors proximal 
to the tip to measure microdeflection of the spring (ThermoCool 
SmartTouch, Biosense Webster, Inc), corresponding to tip force. 17-23  
Both systems have high resolution (< 1 gram) in bench testing and 
accurately display the direction of force.8,21-23 These two catheters, 
equipped with saline irrigated tip electrodes, underwent extensive 
pre-clinical studies and were introduced for clinical use, beginning 
in 2010.    
Pre-Clinical Experimental Studies 

The initial pre-clinical studies were designed to test the relationship 
between contact force and RF lesion size in a controlled environment, 
using a canine thigh muscle preparation bathed in heparinized canine 
blood.8 The ablation catheter containing the optical fiber contact 
sensor (TactiCath, Endosense SA) was held perpendicular to the 
thigh muscle at contact force of 2, 10, 20, 30 and 40 g. RF energy was 
delivered at constant power (30 Watts or 50 Watts) for 60 seconds.  
Increasing contact force was associated with a progressive increase in 
lesion depth from 6.2 mm to 9.9 mm for 30 Watts and from 7.1 mm 
to 11.2 mm for 50 Watts (Fig 1A).  Importantly, lesion depth was 
significantly greater at 30 Watts and moderately high contact force 
of 40 g than at 50 Watts and lower contact force of 10 g (median 
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Figure 1:
Relationship between contact force and radiofrequency (RF) lesion size in the canine thigh muscle preparation. Lesion depth (A) and 
diameter (B) significantly increased by increasing contact force (2, 10, 20, 30 and 40 g) for both 30 Watts (left panel) and 50 Watts (right 
panel) RF applications (p<0.01).  Modified with permission from reference.8  

Figure 2:

Relationship between contact force and the incidence of steam pop and  thrombus in the canine thigh muscle preparation.  A. The 
incidence of steam pop increased significantly by increasing contact force at 30 Watts (left panel) and 50 Watts (right panel) RF 
applications (p=0.031 and p=0.0026, respectively). B. The incidence of thrombus formation also increased significantly by increasing 
contact force at 50 Watts applications (right panel, p=0.0044).  At 30 Watts applications (left panel), there was a trend between the 
incidence of thrombus and contact force (p=0.0721).  Modified with permission from reference.8  

depth 9.9 mm vs. 8.5 mm depth, p<0.01).8 Lesion diameter increased 
similarly with increasing contact force (Fig 1B).  These data provided 
the first suggestion that contact force had as much influence on lesion 
size as RF power. Increasing contact force also significantly increased 
the incidence of steam pop and thrombus (Figs 2A and 2B).  

In a study using the same catheter, but adding dynamic contact 
(simulating the beating heat), RF energy (20 and 40 Watts for 
60 seconds) was delivered to bovine skeletal muscles with a 20 
g peak (systolic) and 10 g nadir (diastolic) at 50 and 100 catheter 
movements/min, or intermittent contact with a 20 g peak and 0 g 
nadir (loss of contact). Lesion depth and volume correlated linearly 
with the area under the contact force curve, known as the Force-
Time Integral (FTI).11  

The relationship between contact force and RF lesion size was 
then explored in the canine beating heart using the catheter with the 
spring-magnetic force sensor (ThermoCool SmartTouch, Biosense 
Webster, Inc).17,18  RF energy was delivered to 3 separate sites in the 
right ventricle (25 W, 60 sec) and 3 separate sites in the left ventricle 
(40 W, 60 sec) at: 1) low average contact force (3-8, median 5.5 g); 
2) moderate contact force (18-27, median 21.5 g); or 3) high contact

force (40-62, median 45.5 g). Lesion depth and diameter increased 
significantly with increasing contact force (Fig 3).  Lesion depth and 
diameter were greater for RF applications at 25 Watts at high contact 
force (≥40 g) than at 40 Watts at low contact force (<10 g), median 
depth 7.4 mm vs. 5.3mm and median diameter 11.4 mm vs. 7.5 mm, 
p<0.01.17,18  A steam pop occurred only with high contact force at 25 
W in the right ventricle. The incidence of steam pop significantly 
increased by increasing contact force at 40W applications the in the 
left ventricle (Fig 4).  

The feasibility of modulating RF power based on contact force 
to achieve desired lesion depth was explored in the canine right 
and left ventricles.19  To achieve lesions of similar moderate depth 
(approximately 6 mm) in the right ventricle despite variation in 
contact force, we delivered 40 Watts for 60 sec at sites of low contact 
force (4-10 g, median 8g), 25 Watts at sites of moderate contact force 
(15-26 g, median 20 g) and only 10 Watts at sites of high contact force 
(40-57 g, median 44 g).  To achieve deeper lesions (approximately 8 
mm) in the left ventricle, we delivered 50 Watts for 60 sec at sites
of low contact force, 40 Watts at sites of moderate contact force and
25 Watts at sites of high contact force.  The three combinations of
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Figure 3:

Relationship between contact force and RF lesion size in the canine beating heart.  At contact 25 Watts and 60 sec RF applications in the 
right ventricle (RV), RF lesion size increased significantly with increasing contact force of low force (3-8, median 5.5g), moderate force (18-
27, median 21.5 g) and high force (40-62, median 45.5 g, p<0.01, upper panel,). Similarly, at 40 Watts and 60 sec RF applications in the 
left ventricle (LV), RF lesion size increased significantly with increasing contact force (lower panel, p<0.01). Modified with permission from 
reference.19 

Figure 4:

Graphs showing the incidence of steam pop as a function of 
contact force. The incidence of steam pop increased significantly 
by increasing contact force at 40 Watts applications in the left 
ventricle (LV).  A steam pop occurred only with high contact force at 
25 Watts in the right ventricle (RV). Modified with permission from 
reference.19  

Figure 5:

Similar lesion depth produced by RF power modulation based on 
contact force in the canine right and left ventricles. A. In the right 
ventricle, the lesion depth is almost identical between the three 
group ablation: 1) median depth of 5.2 mm with low contact force 
(4-10g, median 8g) at 40 Watt for 60 sec; 2) median depth of 5.2 
mm with the moderate contact force (15-26 g, median 20 g) at 25 
watts for 60 sec, and 3) median depth of 5.0 mm with high contact 
force  (40-57 g, median 44 g) at 10 watt for 60 sec.  Four of the RV 
lesions were transmural, preventing measurement of the depth. 
Therefore, these 4 lesions are excluded for data analysis.  B. In the 
left ventricle, there is no significant difference in lesion depth for 
ablation with the low contact force - 50 Watt lesions (median depth 
8. 6mm), the moderate contact force - 40 Watt lesions (median 
depth 8.4 mm), and high contact force - 25 Watt lesions (median 
depth 8.0 mm).  Modified with permission from reference.19

RF power and contact force resulted in similar lesion depth with 
relatively narrow range (median 5.2 mm, 5.2 mm and 5.0 mm in the 
right ventricle and 8.6 mm, 8.4 mm and 8.0 mm in the left ventricle, 
respectively, Fig 5)19 These results suggested that adjusting RF power 
based on contact force can produce the desired RF lesion depth. 

Current animal research is focused on determining whether an on-
line combination of the measurements of contact force, RF power 
and application time will predict RF lesion size. Based on initial 

studies comparing lesion depth to various combinations of contact 
force, power and time,24 a logrhythmic formula was created (Force-
Power-Time Index, FPTI).  This formula is currently being tested 
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Figure 7:

Contact force map in the anterior-posterior projection and contact 
force recording when the catheter was positioned perpendicular 
(angle 90°) to the anterior/rightward left atrial roof (beneath the 
ascending aorta) shows transient peaks (during the inspiration 
phase of respiration) in contact force exceeding 100 g.  CF, contact 
force. Modified with permission from reference.23  

Figure 8:

Computed tomography (CT) image of the aorta merged with the 
contact force map in the right anterior oblique (RAO) projection 
shows the region of very high contact force (144 g) at the anterior/
rightward left atrial roof.  Note that this site is located directly 
beneath the ascending aorta.  Modified with permission from 
reference.23  

Figure 6:

Range of contact force for all 18 patients (5,682 sites, median 8.2 
g) undergoing pulmonary vein isolation, and for operator #1 (12 
patients, 3,846 sites, median 8.3 g), operator #2 (4 patients, 1,009 
sites, median 7.3 g),  operator #3 (2 patients, 827 sites, median 9.3 
g).   Box plot values are 10the percentile, 25th percentile, 50the 
percentile (median), 75the percentile, and 90th percentile of the 
range of contact force. Modified with permission from reference.23

prospectively to predict lesion depth in the beating canine heart. 
Preliminarily, it appears the formula is able to indicate when to 
terminate the RF application to obtain lesions of 3, 5, 7 and 9 mm 
depth within a ± 1 mm accuracy in the beating canine right and left 
ventricles.25

Clinical Studies In Patients With Atrial Fibrillation
The first group of clinical studies was performed using the ablation 

catheter containing the optical sensor (TactiCath, Endosense SA).  
The first study (TOCCATA Study) was designed to explore the 
range of contact force during routine catheter mapping.14 Right 
or left atrial mapping was performed by 17 and 12 investigators, 
respectively, blinded to the value of contact force.  The investigators 

identified sites where they felt the contact force was within the 
desired range (“good contact”). The contact force varied widely 
between investigators (right atrium: mean 8 g to 60 g, p<0.0001; and 
left atrium: mean 12 g to 39 g, p<0.0001). For each investigator, the 
contact force varied between sites. In the right atrium, contact force 
was higher at the septum and the appendage.  In the left atrium, 
contact force was higher on the septum and lower in the appendage 
than other sites.14

The second component of the TOCCATA Study examined the 
relationship between contact force during pulmonary vein (PV) 
isolation and the recurrence of atrial fibrillation (AF).15  Contact force 
was available to the investigator and measured at each ablation site. 
Acute PV isolation was achieved in all 32 patients with paroxysmal 
AF. During ablation, the average contact force was 17.2 ± 13.5g and 
the RF power ranged 15 - 40 Watts. The highest contact force (21.8 
± 6.7 g) was applied at the anterior inferior region outside the right 
inferior PV. The lowest contact force was applied to the left atrial 
appendage ridge, anterior to the left inferior PV (10.5 ± 9.8 g) and 
the carina of right PVs (14.6 ± 8.5 g). At 12 month follow-up, all 
5 patients who had ablation with an average contact force of <10 g 
experienced a recurrence of AF, whereas 8 of the 10 patients who 
had ablation with an average contact force > 20g were free from AF 
recurrence.  AF recurred within 12 months in 6 of the 8 patients 
(75%) who had a mean Force-Time Integral (FTI, area under the 
curve for contact force vs. time) less than 500 gs. In contrast, AF 
recurred by 12 months in only 4 of the 13 patients (21%) with a mean 
FTI >1000 gs.15

The EFFICAS I trial was performed to determine the correlation 
between contact force during PV isolation and the incidence of gaps 
in the PV isolation lines (PV reconnection) at 3 months following 
ablation.16 The operators were blinded to contact force during PV 
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Figure 9:
Poor relationship between contact force and unipolar atrial potential amplitude during sinus rhythm (A, 10 patients) and  AF (B, 8 patients), 
bipolar atrial potential amplitude during sinus rhythm (C) and AF (D), and impedance during sinus rhythm (E) and AF (F). AF, atrial fibrillation. 
Modified with permission from reference.23  
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isolation. RF power ranged 10 - 40 Watts and mean contact force 
during ablation was 19.4 ± 16.2 g. The average FTI for each ablation 
site was 730 ± 773 gs. All PVs were successfully isolated. Forty of 
the 46 patients underwent repeat left atrial mapping at 3 months. 
At least one gap was present in 26/40 (65%) patients. Comparing 
continuously blocked segments (no gap) vs. segments with a gap, the 
minimum contact force applied was 8.1 g vs. only 3.6 g (p<0.0001) 
and the minimum FTI was 232 gs vs. 118 gs (p<0.001).  Segments 
with a minimum FTI >400 gs had a 95% chance of remaining 
blocked, while those with a minimum FTI <400 gs had a 79% chance 
of remaining blocked (p<0.0001).16

Another study examined the range and spatial distribution of 
contact force during catheter mapping of the left atrium and PVs 
using the magnetic force sensor catheter (ThermoCool SmartTouch, 
Biosense Webster, Inc).23 Eighteen patients undergoing catheter 
ablation of paroxysmal AF were studied by 3 operators, blinded to 
the contact force measurement. There was a wide range of contact 
force during mapping and ablation for each of the 3 operators, but 
median contact force was similar (8.3, 7.3 and 9.3 g, Fig 6). High 
average contact force over a one second period (≥35 g) was observed 
at only 2% of mapped sites (118/5,682 sites). The sites of high 
contact force were clustered in 6 left atrial regions. The dominant 
high contact force region (present in 17 of the 18 patients) was the 
rightward-superior aspect of anterior left atrium, directly beneath the 
ascending aorta (Figs 7 and 8). High contact force at this site was 
usually transient, present mainly during inspiration, suggesting the 
ascending aorta exerts an external force against the left atrial wall and 
the catheter during inspiration (Figs 7 and 8). 

RF power was adjusted based on contact force to reduce or prevent 
a steam pop, impedance rise, or pericardial effusion (and tamponade) 
without the loss of lesion effectiveness, measured as PV isolation.  For 
low contact force (<10 g), the RF power was increased to 35-45 Watts. 
For moderate contact force (11-30 g), power of 25-34 Watts was 
used. For a contact force of 31-50 g, RF power was decreased to 15-
24 Watts, and for high contact force (>51 g), the power was decreased 
to 5-14 Watts. All PVs were isolated without the occurrence of a 
steam pop, impedance rise or pericardial effusion.23

Several clinical studies examined the accuracy of several surrogate 
parameters for contact force, such as atrial potential amplitude and 
impedance.  Unipolar and bipolar atrial potential amplitude was 
relatively high with minimal contact (as low as 1 g) did not increase 
with higher levels of contact force (Figs 9A-F).23 Impedance also 
poorly correlated with contact force.23-27 Decrease in impedance 
during the RF application modestly correlated with contact force.  
However, there was a large degree of overlap in impedance decrease 
between low, moderate and high contact forces. There was also 
significant overlap in electrogram amplitude attenuation during 
RF application as the Force-Time Integral (FTI) increased.27 These 
results indicate the limited predictive value of these parameters for 
real-time contact force assessment.  In summary, these parameters 
previously used as surrogate measure of contact force were found to 
correlate very poorly with contact force. 23-27

Conclusion:
The pre-clinical and clinical studies indicate that electrode-tissue 

contact force is a main determinant of RF lesion size.  These studies 
suggest that the degree of contact force is equivalent to the magnitude 
of RF power.  At ablation sites where only low contact force can be 
maintained, increasing RF power and application time may allow an 

adequately deep lesion to be created. At sites of high contact force, 
decreasing RF power and limiting the application time may prevent 
excessive tissue heating and limit the incidence of complications.

The surrogate measures of contact force used previously, including 
the fluoroscopic appearance of catheter motion, intracardiac 
electrogram amplitude and impedance, have been found to be very 
poor predictors of contact force. There is no real substitute to directly 
measuring contact force during catheter mapping and ablation.

The addition of real-time contact force measurement is eliminating 
much of the uncertainty of RF lesion formation. It is likely that 
formulas combining contact force, RF power and application (such as 
the Force-Power-Time Index 28) will provide real-time information 
on lesion depth and diameter in the near future, increasing the 
efficacy and safety of RF ablation.
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Techniques To Improve Left Atrial Appendage Imaging

Abstract
The clinical importance of the left atrial appendage (LAA) is increasingly recognized. The assessment of the unique anatomy and function 

of the LAA is especially important in the setting of atrial fibrillation (AF). AF is the most commonly occurring cardiac arrhythmia, and 
the association of LAA thrombi and AF has been well established. Transesophageal echocardiography (TEE) is a widely available imaging 
tool to exclude the potential presence of LAA thrombus prior to cardioversion in patients with AF. Commercially available products 
containing microbubbles to enhance ultrasound images, termed “ultrasound contrast agents” (UCA) are indicated for use with transthoracic 
echocardiography to improve cardiac structure and function assessment, but  can also be used with TEE as an adjunctive tool to assess the 
LAA. Integrative multimodality imaging techniques can be used in evaluation of the LAA as indicated in various clinical scenarios including: 
stroke risk assessment, decision-making prior to cardioversion in AF, placement and assessment percutaneous transcatheter LAA occlusion 
procedures, and assessment of results of procedural or surgical exclusion of LAA. In this article, various imaging techniques that are available 
for non-invasive visualization of the LAA will be reviewed along with the clinical importance of assessment of LAA anatomy and function. 
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Clinical Impact of the LAA 
The left atrial appendage (LAA) is increasingly recognized as an 

important structure of the heart given its association with atrial ar-
rhythmias, thrombi, increasing prevalence of stroke, and need for an-
ticoagulation therapy to prevent thrombi. This cul-de- sac structure 
is of variable shape, size , surface area , and potential for harboring 
masses other than thrombi (including myxoma, papillary fibroelas-
toma,  aneurysm and inverted LAA).1 Dysfunction of LAA with a 
predisposition to thrombus formation represents the main source of 
cardioembolic stroke in patients with atrial fibrillation (AF).2 The 
estimated prevalence of AF is 0.4% - 1% in the general population, 
increasing with age to >8% in those > 80 years with prevalence pro-
jected to more than double by 2035.3,4,5 With the development of left 
atrial (LA) ablation techniques and the widespread presence of LAA 
occlusion devices, a heightened interest in LAA imaging techniques 
has evolved.6

 The mainstay imaging modality for morphologic and functional 

LAA evaluation, and diagnosis of thrombus, is transesophageal 
echocardiogram (TEE). TEE evaluation is highly dependent on 
the experience of the echocardiographer in identification of the 
anatomical appearance of the LAA, as well as associated clues 
indicating the presence of thrombi, which may be obtained from color 
flow and pulsed-wave (PW) Doppler.7 Several imaging limitations 
and potential pitfalls may render the TEE study inconclusive or prone 
to misdiagnosis: dense spontaneous echo contrast (SEC), limbus 
reverberation artifacts, and presence of a secondary or multiple LAA 
lobes. Ultrasound contrast agents (UCA) can aid the detection and 
diagnosis of both left ventricular and LAA thrombi.8,9

A growing body of literature describes the utility of multiple 
noninvasive imaging modalities for the meticulous static and 
dynamic characterization of the LAA shape and “landing zone” 
anatomy (for LAA occlusion devices), mechanical function (for 
assessment before and after ablation procedures) and detection of 
LAA thrombus (as a common source of systemic embolization).
These noninvasive imaging modalities include contrast TEE, TTE, 
real time 3 dimensional (3D)-TEE, hybrid imaging with 3D cardiac 
computed tomography (CT),  magnetic resonance imaging (MRI) 
and intracardiac echocardiography (ICE). This article will review the 
anatomy of the LAA and the emerging techniques to improve its 
imaging, emphasizing noninvasive, nonionizing, readily accessible 
TEE methods (with and without ultrasound contrast enhancement).
Left Atrial Appendage Anatomy and Function

 Complete structural and functional assessment of LAA depends 
on an imaging modality capable of appreciating the complexity of 
internal LAA anatomy and relationship to surrounding structures, 
evaluating the ostium size and shape, morphology, detection of pre-
thrombus or thrombus, and characterization of flow velocity. The 
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Figure 2:
Pulsed –Doppler tracing of LAA flow. Showing the quadriphasic 
wave patterns including two outflow (above baseline) and two 
inflow (below the baseline) waves 64 

Figure 1:
LAA morphology classification including: Windsock or single dominant lobe; Chicken wing or C shaped showing an obvious bend in the 
middle part of a dominant lobe; Fan shaped or Broccoli with complex irregularities and variable number of lobes lacking a dominant lobe; 
and the multilobular shape with a dominant lobe with secondary lobes extending in different directions. [Modified  from 10]

LAA is an anterolateral muscular extension of the left atrium (LA) 
arising adjacent to the left upper pulmonary vein and lying in the left 
atrioventricular sulcus in close proximity to the circumflex coronary 
artery.10 On radiologic imaging, the LAA constitutes part of the 
normal left cardiac border silhouette between the left ventricle and 
pulmonary outflow tract. It is a complex structure with variable shape 
(as depicted in Figure 1), size (16-51 mm length with volume of 
0.7-19.2 ml), number of lobes (1 lobe in 20%, 2 lobes in 54%, 3 lobes 
in 23%, and 4 lobes in 3 %),  and has an elliptical rather than round 
orifice ( 5-27 mm diameter ), with trabeculated pectinate muscles in 
the body.1,10,11,12 

Functional evaluation of the blood flow in (relaxation) and 
out (contraction) of the LAA is done using pulsed–Doppler. The 
2-dimensionsal (2-D) or 3-dimensional (3-D) structural features
and spectral Doppler envelope tracings obtained permit size and
velocity assessments, to risk stratify for the development of LAA
thrombi. Pulsed–Doppler tracings of LAA flow in sinus rhythm
characteristically have quadriphasic wave patterns including two
outflow (above baseline) and two inflow (below the baseline) waves:
1) LAA contraction outflow wave (i.e. atrial systole, following the
onset of the ECG P wave and related to the late diastolic mitral A
wave with normal range of 64- 50 cm/s13,14 2) LAA filling inflow
wave during ventricular systole with normal range of 46-58 cm/s;
3) systolic reflection waves alternating on both sides of the baseline,
representing passive flow during the remainder of systole and 4)  an
early diastolic LAA outflow wave that follows the early diastolic
mitral E wave with normal range of 20-38 cm/s.13,14 as illustrated
in Figure 2. Physiologic changes of the LAA emptying velocity
flow signals have been reported whereby tachycardia increases
velocity, age decreases velocity; and women have decreased velocities
compared to men.13 LAA dysfunction occurs as a consequence of
histopathological changes in AF including fibrosis, loss of atrial
muscle mass, remodeling and changes in electrical refractoriness.
These changes  result in decreased flow within the LAA, development 
of a pre-thrombotic state, and then a  spectrum of events from
spontaneous echo contrast (SEC), through thrombus formation, and
most ominously, progression to embolic events.13,15

Left Atrial Appendage Imaging Modalities 
Transthoracic Echocardiography

With improved ultrasound harmonic technology, it has been 

increasingly possible to visualize the LAA by 2D TTE especially 
since the LAA and left atrium enlarge in AF patients. TTE 
evaluation of LAA can be systematically performed in standard 
views: parasternal short axis at the level of aortic and pulmonic valves 
with slight clockwise rotation or downward tilt of the transducer; 
apical 5 chamber view with upward tilting of the transducer; and the 
apical 2 chamber view with a slight lateral tilt or clockwise rotation of 
the transducer,16 as shown in Figure 3 (corresponding movie file 1). 
The ability of TTE to detect LAA thrombi is limited, with a reported 
sensitivity of 33 to 60 %.17 However, in a published multicenter 
study (the CLOTS study), among 118 patients, LAA was visualized 
in 115 (97%) with fundamental TTE and all 118 (100%) patients 
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Figure 4: Left atrial appendage images at 0 degrees (high mid esophageal 
view) on transesophageal echocardiography.

Figure 3: Left atrial appendage seen on transthoracic echocardiography 
using second  harmonic imaging on apical two-chamber view.

to remove noise and enhance the frequency of the mass exhibiting 
high echos and hence the accuracy of TEE for diagnosing LAA 
thrombi was markedly improved compared to TEE alone.21

Along with the visual inspection of the LAA, LAA volumes and 
ejection fraction (EF) can be quantified by planimetry at end diastole 
(LAA max), and at end-systole (LAA min) and using the formula 
(LAA max  minus  LAA min)/LAA max. The reported LAA EF 
in normal sinus rhythm in the presence of normal left atrial (LA) 
dimensions was 55±21 % (range:  14-87%) while in AF, the  reported 
EF was 18% (range: 8-41%).22  It has been reported that LAA volume 
> 34 cm3 increased the stoke risk in AF patients (multivariable OR
7.11, p = 0.003).23

The use of Color Flow Doppler imaging further aids in the 
evaluation of the LAA and identification of thrombi. Color flow 
Doppler imaging can reveal areas with decreased or absent color 
flow within the appendage, which is highly suggestive of thrombi, as 
shown in Figure 7 (corresponding movie file 4 and 5). Further, the 
Pulsed-Doppler evaluation of LAA flow signals is usually acquired 
the from the LAA long axis view (60-90 degrees), and sampled at the 
site of maximum flow velocity as determined by color flow imaging 
scale [usually at the mouth or proximal third of LAA] maintaining an 
optimal parallel angle with flow and averaging several cardiac cycles. 
In AF, LAA flow signals appears as saw tooth  signals of variable 
amplitude and regularity with measured lower velocities during  
ventricular systole than diastole,24 as shown in Figure 8. It was shown 
that LAA systolic velocities < 25 cm/s were associated with SEC,13 
and velocities >40 cm/sec were predictive of one-year maintenance 
of sinus rhythm.25,26 Furthermore, post-cardioversion LAA stunning 
(defined as LAA peak late diastolic emptying velocities < 20 cm/s), 
has been reported to impose a risk of future thromboembolic 
complications.27

Other imaging techniques that improve the evaluation of LAA 
include Tissue Doppler (TD) and strain imaging. TDI offers the 
advantage of evaluating LAA myocardial regional function with 
additional information about risk stratification for thrombi. TDI of 
LAA is acquired from LAA long axis view with the sample size of 
2.5 mm placed at the lateral wall (TDI-L), and septal wall (TDI-S). 
In sinus rhythm, LAA TDI signals are composed of 3 waves; 1) early 

with harmonic imaging. However, LAA thrombi detection (in two 
patients of 118) was only feasible when intravenous UCA (Optison 
contrast agent in this study) was used during TTE imaging.18 
Furthermore, in a recent study, it was suggested that a combined 2-D 
TTE and 3-D TTE study may have a comparable accuracy to TEE 
in evaluating potential LAA thrombus and differentiating it from a 
pectinate muscle in the LAA.19

Transoesophageal Echocardiography (TEE)
Multiplane TEE (both 2-D and 3-D) is performed with higher 

frequency transducers introduced into the esophagus.  TEE is a semi-
invasive, highly valuable imaging modality that enables evaluation 
of the LAA and confident inclusion vs. exclusion of LAA thrombi. 
TEE was shown to be accurate in the diagnosis of LAA thrombi 
with reported sensitivity of 100% [95% CI, 74% to 100%], specificity 
99% [CI, 97% to 99.9%]; 86% positive predictive value, and a 100% 
negative predictive value.20

Imaging of the LAA is systematically performed in zoomed views 
and multiple planes during a TEE study, starting with the high mid-
esophageal view at 0 degrees with anteflexion of the probe as shown 
in Figure 4, and followed by multiplane scanning in steady increments 
until the entire LAA is visualized. Two standard midesophageal 
views of the LAA that are acquired during the TEE study are the 
short axis aortic valve (30-60 degrees), and the 2 chamber (80-100 
degrees) views. An alternative LAA view (reverse boot) is obtained 
with increasing angles (130-180 degrees) which enhances the LAA 
trabeculations. 

Visual inspection of the LAA to evaluate the presence of the 
“smoke-like” echocardiographic swirling pattern “spontaneous 
echocardiographic contrast (SEC)” can be evaluated during a two- 
dimensional (2-D) TEE study as shown in Figure  5 (corresponding 
movie file 2). SEC is a risk factor for thrombi, independent of 
anticoagulation status. Additionally, a LAA thrombus can be 
visualized as a circumscribed immobile or mobile mass, acoustically 
different from the underlying endocardium or trabeculations as 
shown in Figure 6 (corresponding movie file 3). Recently, a computer-
aided diagnostic algorithm has been investigated for assistance in 
the detection of LAA thrombi by TEE.21 This algorithm utilizes an 
interactive region of interest in which image enhancement is applied 
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Figure 6: Mid-oesophageal zoomed view on the left atrial appendage 
showing a large thrombi.  

Figure 5: Mid-oesophageal two-chamber view showing the left atrial 
appendage (as well as the Left atrium (LA) , and left ventricle (LV) 

suboptimal baseline images. These commercially available UCA 
include OPTISON (GE Healthcare Inc., Princeton, NJ), that was 
approved in 1998 and DEFINITY (Lantheus Medical Imaging, 
North Billerica, MA) that was approved in 2001. These and several 
other UCA have been variably approved for use in other parts of 
the world34 and have demonstrated a good safety profile in multiple 
patient populations.34,35,36

Despite a plethora of publications demonstrating UCA applications 
for evaluation of the left ventricle,34 limited published data on their 
use in the assessment of LAA exist. Contrast enhanced TEE is used 
with contrast specific ultrasound settings or in conjunction with 
power Doppler imaging. Power Doppler imaging is a valuable tool 
for low flow states and in overcoming the limitations of conventional 
color Doppler imaging (angle dependance, and aliasing).37 It was 
demonstrated in a case series that the use of power Doppler imaging 
with UCA enhanced TEE provided a more objective evaluation 
for detection of LAA thrombi,8 Figure 10 (corresponding movie 
file 6).We and others have evaluated the use of contrast enhanced 
TEE for LAA assessment,9,38,39,40, 41,42 and concur that  that contrast-
enhanced TEE images are of improved quality,  reduce equivocal 
diagnostic findings, improve Doppler quality tracings, and aid  in the 
diagnosis or exclusion of LAA thrombi. Figure 11 (corresponding 
movie file 7 and 8) illustrates a TEE study imaging the LAA without  
and with contrast revealing a moderately dense  SEC  swirling pattern 
detectable constantly throughout the cardiac cycle on the non-
contrast images, which was completely suppressed with the use of 
contrast agent (Optison, in this case). Another example of equivocal 
diagnosis of thrombi on a conventional non-contrast TEE, which 
was confirmed after the use of contrast enhancement (Definity in 
this case) is as shown in Figure 12 (movie file 9 and 10). Selected 
studies utilizing MCA for evaluation of LAA during a TEE study 
are shown in Table 1 with report on the clinical outcome and impact 
on image quality. The use of UCA with TEE for LAA evaluation and 
its application for the detection or exclusion of thrombi in patients 
with atrial fibrillation prior to cardioversion is not yet routinely 
implemented in the clinical practice. The reason for such may be the 
cost of the UCA, reimbursement strategies with TEE, or more likely, 

atrial systole before the P wave on ECG (above baseline);  2) high 
amplitude late systolic wave (above the baseline) after P wave , and 3) 
a late diastolic wave (below baseline)  occurring during LAA filling.28 
Figure 9.  In AF, TDI waves are irregular with disappearance of the 
early atrial systolic wave. In a published report,29 LAA contrast-
enhanced TDI was proposed as an independent predictor of qualitative 
LAA-SEC grade. With increasing interest in an objective method to 
evaluate LAA function, strain (S) and strain rate (Sr) Imaging was 
applied to quantify regional LAA tissue velocities non-invasively.30 
LAA S and Sr were reported to be positively correlated with LAA 
emptying velocity(r = 0.897, P < 0.001) and were significantly lower 
in both patients with SEC and those with LAA thrombus versus 
those without SEC or thrombus.31

Ultrasound Contrast Agent (UCA) Enhancement of TEE
Even with TEE, imaging artifacts and lack of clear structural 

definition present challenges for confident detection and diagnosis 
of LAA thrombus. The presence of SEC and associated sluggish 
flow within LAA hinders the confident exclusion of LAA thrombi, 
while pectinate muscles or Q-tip sign frequently masquerade as LAA 
thrombi that don’t exist. The use of ultrasound contrast agents (UCA) 
comprised of microbubbles with TEE has been shown to enhance 
the overall TEE diagnostic performance of LAA assessment. 
As highlighted below, we will focus on commercially available 
microbubble contrast agents used with TEE studies and report on 
the evidence from the literature on efficacy and safety.

The primary mechanism for UCA relies on the difference in density 
and compressibility between the microbubbles and the surrounding 
fluid and solid interfaces thus creating an efficient reflector of 
ultrasound and enhancing blood echogenicity.32 The acoustic power 
(mechanical index) of the transmitted ultrasound beam plays a major 
role affecting UCA oscillation.33,34 These improvements in contrast 
specific imaging presets enable excellent visualization of UCA within 
cardiac chambers, within myocardial microvasculature, as well as 
Doppler enhancement.34 In the United States (US), the Food and 
Drug Administration (FDA) has approved two perfluorocarbon 
(PFC) UCA for the indications of endocardial border delineation 
(EBD) and left ventricular opacification (LVO) in patients with 



www.jafib.com June-July, 2014 | Vol-7 | Issue-1

Journal of Atrial Fibrillation89 Journal Review

Figure 8:
Pulsed-Doppler tracing of left atrial appendage (LAA) flow in atrial 
fibrillation (AF), showing the rapid low velocity (ventricular systole) 
fibrillatory flow waves, measuring < 25 cm/sec.

Figure 7:

Transesophageal echocardiographic with color imaging at 81°, 
showing the advantage of the view in excluding LAA thrombi in 
case of a prominent pectinate muscle within the body of LAA. No 
obvious LAA thrombus is present as Color flow appears normal, 
filling the entire left atrial appendage (appearing in blue), while 
flow leaving the LAA appears in red representing the stroke volume 
of LAA contraction (as shown in movie file 5). 

Table 1: Previous prospective Reports on the use of ultrasound  contrast agents (UCA) with Transesophageal echocardiography (TEE) for evaluation 
of left atrial appendage (LAA).

Study Number of 
Patients 

 Type of 
contrast agent

Type of ultrasound 
machine/Probe 
used

Results(effect of contrast agents )

Image quality SEC artifacts Thrombi detection Doppler flow velocity
others

Yao et al , 
199742

19 
(normal sinus 
Rhythm)

Albunex, 
(Mallinckrodt
Medical, St. 
Louis, Mo.)

Sonos
1000 ultrasound 
system/ 
multiplane 5 MHz 
transducer
(Hewlett-Packard, 
Andover, Mass.)

Improved image 
quality grading 
(p<0.05)

NA NA NA Improved Doppler 
signal detection 
(p<0.001)

Von der 
Recke  et al, 
2002 40

41
dense SEC in 
19 patients and  
artifacts in the 
LAA in 22

Optison 
 (GE Healthcare 
Inc., Princeton, 
NJ)

System V(General 
Electric, Horton, 
Norway)/ 6.7-MHz 
multiplane
probe 

Improved Complete 
suppression of 
dense SEC in 
12 /19 (63%)

Complete 
suppression of 
artifacts in 13/22 
(59%)

Overall LAA thrombi can be 
excluded in 25 / 41 (61%) 
patients
Detection of 
new mass in the tip of the 
LAA in 9/41

Improved Doppler 
signal quality in 19 of 
41 patients (46%)

Bernier et al 
2013  , 9

98
(atrial 
Fibrillation pre 
cardioversion, 
imaged with 
native TEE and 
with contrast 
enhanced TEE)

DEFINITY 
(Lantheus 
Medical 
Imaging North
Billerica, MA, 
USA) 

SONOS
7500 (Philips
Healthcare, 
Andover, MA, 
USA)/ Omniplane 
III

Improved Presence  of  
SEC in vs  6/98 
(6%)   with 
contrast  32/98 
(33%) without 
contrast 
,p<0.001

Presence of  
artifact in  2/98 
(2%) with contrast 
vs  28/98 (29%) 
without contrast 
,p<0.001

High level of
confidence in
excluding
thrombus in 
77/98 (79%) with contrast vs 
69/98 (70%)  without 
contrast ,p=0.07

LAA contractility
peak emptying
velocity (cm/sec)
were  significantly 
higher with  contrast 
vs without contrast , p 
=0.003

Jung et al , 
2013 38

180
(90 with native 
TEE and 90 with 
contrast TEE)

SonoVue™ 
(Bracco 
Diagnostics 
Inc., Princeton, 
NJ,USA)

(Philips IE33, GE 
Vivid VII)

Improved image 
quality and 
decreased uncertain 
results in 5(5.6%) 
with contrast vs  16
(17.8%) without 
contrast 
p<0.01

Presence  of  
severe SEC in 
2/90 (2.2%)   
with contrast  
vs 6/90 (6.7%)   
without contrast 
,p=0.11

NA Definite exclusion of thrombi 
in 75 patients (83.3%) with 
contrast vs  60 (66.7%) 
without contrast  ,p<0.01

LAA contractility
peak  velocity (cm/sec)
were  higher with  
contrast vs without 
contrast but didn’t 
reach statistical 
significance , p= 0.75

lack of awareness of potential benefit without significant risk.
Three dimensional TEE

Published data suggest that the use of bedside 3 dimensional 
(3D) TEE offers a real time, comprehensive imaging modality 
that may overcome some of the limitations of 2D TEE in the 
evaluation of complex LAA geometry, differentiate a thrombi from 
a pectinate muscle, define orifice dimensions, and permit volume 

quantifications.43 These accurate data obtained from 3D TEE 
facilitates the correct sizing and placement of percutaneous device 
closure devices.  A Full volume 3D TEE pyramidal dataset covering 
the entire LAA is acquired usually from a 45 degree view at end-
expiration with gating on ECG R wave. The 3D pyramidal dataset 
facilitates the reconstruction of different planes (short axis and long 
axis) of the LAA at different phases of cardiac cycle. Data obtained 
from the reconstructed planes include  LAA long and short orifice 
diameters , LAA area tracings with automatic slicing at different 
levels, LAA length from the center of the orifice to tip, and LAA 
volume tracings.44 Measurements from 3D TEE LAA orifice area 
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Figure 10: Left atrial appendage on a transesophageal echocardiography with conventional imaging (left panel), and using Definity contrast agent 
along with power Doppler imaging (right panel), showing a complete enhancement of the LAA with no detected thrombi.

Figure 9:

Transoesophageal echocardiography Tissue Doppler imaging of the 
left atrial appendage. The sample volume is either placed at the 
septal (TDI-S) or lateral (TDI-L) LAA wall of left atrial appendage. 
The profile is triphasic in a normal sinus rhythm, which includes 
early atrial systole before P wave on ECG (above baseline);  high 
amplitude late systolic wave (above the baseline) after P wave , and 
a late diastolic wave (below baseline)  occurring during LAA filling.

Table 2:
Comparison between Intracardiac echocardiography (ICE), Real 
time three dimensional transesophageal echocardiography (TEE), 
and Cardiac Computed Tomography (CT)

TEE ICE Real time 3D 
TEE

Cardiac CT

Cost Relatively 
inexpensive

Expensive, 
single use 
catheter

Relatively 
expensive

Expensive 

Imaging 
quality 

Excellent 
,limited to 2D

Excellent 
,limited to 2D

Excellent, 
including 3D 
comprehensive 
evaluation  

Good soft tissue 
demarcation, limited 
by cardiac and 
respiratory motion

Safety Moderate 
sedation 
required

Vascular access 
complications

Moderate 
sedation required

Ionizing radiation

Operator 
expertise

Echo team with 
TEE expertise

Interventionalist 
with echo 
expertise

Echo team with 
TEE and 3D 
expertise

Operator and 
expertise in cardiac 
imaging

Doppler 
capabilities

Excellent Excellent Fair No hemodynamic 
assessment possible

Integration 
into the Cath 
laboratory

Fair as requires 
additional 
space for 
equipment

Good and 
often a built in 
addition to the 
cath lab

Fair as requires 
additional space 
for equipment

Fair to poor as 
requires additional 
imaging equipment 
and software to 
adequately display 
images

were shown to significantly correlate (r = 0.98) with those obtained 
during LAA cardiac computed tomography (CT) study.45 It was 
further emphasized that a progressive increase in LAA orifice area 
and decrease in its eccentricity index were observed with increasing 
frequency of AF.46 Figure 13 (movie file 11) demonstrates 3D 
echocardiographic full volume dataset cropped to show the LAA 
orifice from which an accurate diameter can be obtained.
Intracardiac Echocardiography (ICE)

Few published studies have explored the use of intracardiac 
echocardiography (ICE) for LAA imaging specifically in pre LAA 
device closure setting.47 ICE catheter placed in the right atrium 
enables the visualization of most of the left atrial anatomy and hence 
guide percutaneous procedures. ICE is helpful in imaging the fossa 
ovalis to guide transseptal puncture, evaluating LAA anatomy and 
dimension to guide device selection and placement, verifying the 
LAA occlusion device efficacy and stability,48;49 and in assisting the 

diagnostic confirmation  of dense SEC50 and or thrombi51 in patients 
with atrial fibrillation. Table 2 illustrates the comparison between 
ICE, TEE and 3D TEE.
Cardiac Computed Tomography

Cardiac computed tomography (CT) has been shown to provide 
detailed anatomic and physiologic assessment of LAA prior 
to occlusive device placement;52 including evaluation of LAA 
orientation ,  location of tip, device position postprocedure , and 
evaluation of  post-surgical ligations53  and post epicardial LAA 
clip device placements.54 LAA CT studies demonstrated a good 
sensitivity for the detection of thrombi but with limited specificity 
and high interobserver variability. This variability may relate to 
inadequate filling of the LAA with radiopaque contrast dye in 
patients with AF or atrial myopathy; hence it becomes challenging to 
differentiate thrombus from sluggish flow.55,56 CT Image quality can 
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Figure 12:

Left atrial appendage (LAA):  Left Panel:  conventional non-contrast transesophageal image showing an equivocal diagnosis of thrombi; 
Right panel: same view with contrast enhancement imaging showing complete exclusion of the contrast penetrance into the mid to tip of 
the LAA is present suggesting that noncontrast images may underestimate clot burden in the LAA
Image shows.

Figure 11:
Left Panel: Spontaneous echo contrast (SEC) in the left atrial appendage (LAA), Grade +3 (i.e. moderately dense echogenic swirling pattern 
detectable constantly throughout the cardiac cycle). Right panel: same view with contrast enhancement imaging showing complete 
opacification of LAA, and suppression of SEC

be optimized through radiopaque contrast dye injection protocols 
selected for  optimal timing of image acquisition in relation to contrast 
administration. The use of CT angiography (CTA) delayed imaging 
techniques has been shown to improve the diagnostic accuracy of 
CT [weighted overall accuracy 100% (95% CI, 98%–100%)]  for 
detection of LAA thrombus when compared with TEE, with some 
limitation of increased radiation dose from repeated imaging.57

Cardiac Magnetic Resonance Imaging (CMR)
Cardiac Magnetic Resonance (CMR) imaging provides a major 

advantage in the evaluation of the LAA, which, similar to ultrasound, 
is the absence of radiation and iodinated contrast agents.  CMR can 
provide multiple different views of the LAA and has been utilized 
in device closure studies and in guiding AF ablation procedures 
using electrophysiology mapping systems.58 CMR facilitates tissue 
characterization non-invasively with the ability to differentiate old 

(decreased signal intensity) from fresh (increased signal intensity) 
thrombus. When compared with TEE, CMR imaging demonstrated 
good concordance for the detection of thrombi, but with an 
overestimation of thrombi size.59 Disadvantages include  increased 
cost, increased time duration of study,  risks reported with gadolinium 
based contrast agents, and presence of certain devices precluded from 
CMR imaging.60

Newer technology
Recently developed techniques that aid in improving LAA imaging 

include the EchoNavigator (EN) system and endoscopic ultrasound 
(EUS). The EN system enables real-time overlay of echocardiography 
images on fluoroscopy by co-registration of the echocardiography 
probe on the x-ray image.61 Thus, soft tissue landmarks including 
LAA can be marked on the echo images and those will automatically 
appear on the X-ray for guidance. This technology advances 
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Figure 13:
Three dimensional (3D ) Transesophageal echocardiographic 
full volume dataset cropped to show the LAA orifice from which 
an accurate diameter can be obtained.

monitoring and guidance of structural heart disease interventions, as 
a single imaging screen can be used during the intervention. However 
a major limitation is the patient’s movement  on the fluoroscopy 
table, as these landmarks may be displaced.62 EUS utilizes a 360° 
radial-array echoendoscope ultrasound transducer to generate a high 
resolution images that have been recently reported to be useful in 
LAA evaluation pre cardioversion.63

Conclusion:
LAA is a complex structure and should be scanned comprehensively 

to rule out the presence of thrombus. Conventional 2-D TEE has 
played an essential role in evaluation of the LAA. TEE Doppler 
techniques, including pulsed wave and tissue Doppler imaging 
(TDI), can provide further information pertaining to LAA 
function and stunning. Integration of multiple imaging modalities 
can provide more comprehensive real time assessment of LAA for 
detection of thrombi, but is especially important  during ablation 
procedures. Hence, real time 3D TEE, CT and CMR have great 
potential for application in LAA interventional procedures. TEE 
with ultrasound contrast agent enhancement improves test feasibility, 
performance, and confidence of interpretation with advantages over 
other noninvasive imaging modalities including a good safety profile 
portability, and lack of nephrotoxicity or ionizing radiation.
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Abstract
Right ventricular outflow tract (RVOT) ventricular tachycardias (VT) occur in the absence of structural heart disease and are called idiopathic 

ventricular arrhythmias. These arrhythmias are thought to be produced by adenosine-sensitive, cyclic AMP mediated, triggered activity and 
are commonly observed in adolescents and young adults. In the ECG, they appear with a wide QRS complex, a left bundle branch block 
morphology and, usually, an inferior QRS axis. In the last few years, there has been an increasing number of reports suggesting the possibility 
of a curative treatment of RVOT VT by means of catheter ablation. This paper reviews the rate of cure of such arrhythmias by discussing the 
effects of catheter ablation on symptoms, arrhythmia detection, possibility of induction, and short- and long-term follow-up studies.

Introduction
This paper reviews the rate of cure achieved with catheter ablation 

in the type of arrhythmias called right ventricular outflow tract 
(RVOT) ventricular tachycardias (VT), the main characteristics of 
which have been described by Calvo et. al.1 as follows:

1.RVOT VT occur in the absence of structural heart disease and
are called idiopathic ventricular arrhythmias.

2.Ventricular arrhythmias originating in the RVOT are the most
common subtype of idiopathic ventricular arrhythmias.

3.Idiopathic RVOT VT is thought to be produced by adenosine-
sensitive, cyclic AMP mediated, triggered activity. 

4.They are commonly observed in adolescents or young adults.
5.In the ECG they appear with a wide QRS complex, a left bundle

branch block morphology and, usually, an inferior QRS axis.
6.RVOT VT is usually benign, but occasionally can induce left

ventricular dysfunction, and, very rarely, ventricular fibrillation or 
polymorphic VT.

WordWeb® defines cure as “make healthy again” and health as 
“the state of being free of physical or psychological disease, illness, 
or malfunction”. This means that when we talk about a rate of cure, 
we mean the disappearance of the disease in term of symptoms and 
physical signs. We will thus examine the place of both (symptoms 
and physical signs) in order to assess the effectiveness of ablation as a 
curative treatment for RVOT VT.

A good example of cure on electrophysiological grounds is the 
successful ablation of an accessory pathway in a patient with Wolff-
Parkinson-White syndrome. We can assert that the patient is cured 
because he/she does not present the tachycardia any longer, ECG 
pre-excitation disappears and bypass tract-mediated arrhythmia can 
no longer be induced in the electrophysiology (EP) laboratory. This 
example illustrates different ways of assessing the possibility of cure 
of RVOT VT by means of catheter ablation. We shall now discuss 
the symptoms, physical signs, arrhythmia detection, arrhythmia 
induction, acute success rate and long-term follow-up.
Symptoms

Patients who seek a consultation with a cardiologist or an 
electrophysiologist are usually biased. Indeed, they seek specialized 
medical assistance either because of their symptoms or because they 
underwent medical screening and were found to suffer from an 
arrhythmia. Patients are then generally more aware of palpitations 
and, as a result, more symptomatic. In 1983, Buxton et.al. published 
one of the first description of RVOT VT in  30 patients: a quarter 
of them were asymptomatic.2 Twenty four years later, Kim described 
127 patients with RVOT VT who were divided into three groups 
according to the type of arrhythmia that they presented: paroxysmal 
sustained monomorphic VT (SMVT), repetitive nonsustained VT 
(NSVT), and premature ventricular contractions (PVC).3 These three 
clinical presentations are those we most frequently find in our daily 
practice. Few reports of patients with RVOT VT have described 
subjects with polymorphic VT, ventricular fibrillation and/or aborted 
sudden death.1 Patients may present with symptoms that vary from 
absence of symptoms (asymptomatic) to sudden death (see Figure 1). 
In the two series of patients described above,2,3 around 20% in each 
group (SMVT, NSVT or PVC) did not report palpitations. 

Patients who are referred to our Arrhythmia Clinic are sometimes 
initially asymptomatic but are later found, during a routine clinical 
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was eliminated in all 10 patients during the procedure” and that the 
frequency of ectopic activity decreased from 1065 ± 631 beats/h to 0 
in 7 patients.5

In 1999 the Bordeaux group described 12 patients who suffered 
from frequent and symptomatic OT PVC6 Nine did not present 
any evidence of structural heart disease, and all of them had been 
administered multiple antiarrhythmic drugs without success. The 12 
patients were submitted to radiofrequency (RF) ablation, and the 
procedure “succeeded” in 11 who then became asymptomatic (2 of 
them with previously ineffective antiarrhythmic drugs). The PVC 
count on Holter decreased from 12096 ± 3326 to 1329 ± 3198.6 These 
initial reports probably set the basis for a more widespread use of 
ablation for PVC.

A few years later, Yarlagadda et.al. and Taieb et.al. described 
patients with RVOT PVC who had left ventricular dysfunction and 
who renormalized the ejection fraction after “successful” ablation.7,8 

Since the introduction of electroanatomic mapping systems into 
clinical electrophysiological practice, the number of patients with 
RVOT PVC who are submitted to RF ablation increased. Indeed, 
Baranchuk et.al. published a meta-analysis in which they reviewed 450 
articles dealing with ablation in patients with PVC originating from 
the RVOT.9 Fourteen articles only consistently reported the effect of 
ablation on PVC count and ventricular function. It is very important 
to note, however, that the average reduction in PVC was less than 
50%. Thus, treatment effect cannot account for PVC reduction.4,5 If 
we do not take spontaneous variability into consideration, the PVC 
reduction inferior to 50% represents and improvement but not a cure 
of the arrhythmia.

As previously mentioned about the spontaneous variability of 
arrhythmias, specifically regarding NSVT and SMVT, treatment 
effect can explain the reduction in arrhythmia detection by means of 
a Holter only if the reduction is greater than 90%. We could not find 
any study of patients with NSVT or SMVT submitted to ablation 
and evaluated by means of long-term monitoring.

Baranchuk et al. meta-analysis reported a significant improvement 
in left ventricular function after PVC ablation.9 This finding would 
support the prescription of ablation for those patients with frequent 
PVC and left ventricular dysfunction. We do not know of any 
report about the effects of antiarrhythmic drugs on left ventricular 
function in patients with RVOT, frequent PVC, and left ventricular 
dysfunction, but it is tempting to speculate that if the antiarrhythmic 
drug is able to significantly reduce the PVC count, it would also 
be able to improve ventricular function. Indeed, ablation improves 
ventricular function in spite of the fact that it does not completely 
eliminate the PVC as has been reported elsewhere.
Arrhythmia Induction

Another means of assessing the effect of ablation as a potential 
cure for RVOT VT is to demonstrate that the arrhythmia cannot 
be induced after applying the treatment when the arrhythmia was 
reproducibly inducible before the ablation. As RVOT VT is produced 
by an adenosine-sensitive, cyclic AMP mediated, triggered activity, 
arrhythmia induction can be achieved by means of programmed 
ventricular stimulation, burst pacing, catecholamine infusion or 
exercise.1

In their group of SMVT patients, Kim et.al. found that the 
arrhythmia was induced at exercise stress test in 67% of the patients.3 

In the NSVT and PVC patients, the percentage of induction by 
means of stress test was only 10%. Considering that 33% of patients 

examination, to suffer from PVC that they probably had for a 
long time. Once they are told they have an arrhythmia, they start 
feeling palpitations. But when they do not present either ventricular 
dysfunction or structural heart disease, they only need to be 
reassured about the benign course of the disease. They then become 
asymptomatic again without intervention (antiarrhythmic drugs or 
catheter ablation).

It is well known that treatments may have a placebo effect. This 
is why treatment effectiveness should be evaluated by studies using 
a placebo. In our search of the literature, we could not find any 
publication about catheter ablation of RVOT VT with such a design. 

The aforesaid leads us to conclude that symptoms cannot be 
considered a reliable means of assessing either the effectiveness of a 
treatment or the disappearance of the arrhythmia. In other words, in 
terms of symptoms, no study proves that catheter ablation can cure 
RVOT VT.
Physical Signs 

Unless they are very frequent and because of their variable nature, 
arrhythmias are difficult to assess either by means of a physical 
examination or of an ECG recorded at the physician’s office. However, 
in order to diagnose and follow the course of an arrhythmia, we have 
to either detect it or induce it. 
Arrhythmia Detection

The traditional means of detection is the Holter monitoring system 
and, more recently, the long-term monitoring system. We could not 
find any study that specifically evaluates the spontaneous variability 
of RVOT VT or PVC. However, it is very important to bear that 
variability in mind when attributing a reduction in the frequency of 
detection of an arrhythmia to a treatment. In 1988 Bernard Lown 
et.al. addressed that issue in 45 patients (9 without structural heart 
disease). To be included in their study, the patients had to exhibit 
>3 consecutive PVC and more than 300 PVC per hour. The authors
concluded that a decrease in PVC density > 63% was required to
distinguish drug effect from spontaneous variability. The requirement
for NSVT was 90%. To meet the criteria for arrhythmia aggravation, 
PVC had to increase by 400% and NSVT by 500%.4

In 1995 Wei-Xi-Zhu et.al. reported 10 patients (7 without 
structural heart disease) with highly symptomatic PVC who did not 
respond to antiarrhythmic drugs. The PVC foci were in the RVOT 
in 9 patients.5 The authors report that “the ventricular ectopic activity 

Figure 1: Scale of symptoms suffered by patients with RVOT VT and 
previously reported percentages.
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when antiarrhythmic drugs are not effective, tolerated or desired, 
and in patients with electrical storm refractory to antiarrhythmic 
therapy.15

Conclusions:
In conclusion, until we have a solid and scientifically validated 

evidence, we cannot assert that catheter ablation cures RVOT VT. 
We, as electrophysiologists, should temper our enthusiasm before 
performing catheter ablation for a condition that has a significant 
chance of recurrence and for which antiarrhythmic drugs may offer a 
similar “success” rate.

The clinical course of patients with RVOT has almost uniformly 
been described as benign. This makes it hard to advocate for the 
application of any treatment to improve the clinical course of the 
disease. A particular subgroup could be one consisting of patients 
with frequent RVOT and left ventricular dysfunction. Indeed, we do 
not know what the long-term course of patients with frequent RVOT 
and left ventricular dysfunction is. In other forms of cardiac disease, 
it is well known that the presence of left ventricular dysfunction 
constitutes a powerful risk factor for predicting morbidity and 
mortality. As a consequence, it would be unethical not to treat 
patients with frequent RVOT and left ventricular dysfunction. This 
is another area where it would be advisable to conduct randomized 
studies comparing antiarrhythmic drugs with ablation.
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with SMVT are not inducible at stress testing, we cannot infer that 
the absence of arrhythmia induction during the stress test means that 
the arrhythmia was cured. The same reasoning applies for NSVT and 
PVC patients.

The other means of arrhythmia induction is programmed 
stimulation with premature stimuli and/or burst pacing alone or 
combined with the infusion of catecholamines. In Kim’s patients, 
78% of the subjects with SMVT were induced at the EP study, while 
only 26% of the NSVT and PVC patients were inducible.3 Neither in 
Kim’s study nor in other publications could we find an assessment of 
the reproducibility of induction. As was said before, if the induction 
is not reproducible before performing the ablation, we cannot state 
that the absence of induction is a proof of cure.

The above discussion leads us to conclude that arrhythmia 
induction cannot be used as a tool to evaluate the possibility of cure 
of RVOT VT.
Acute “Success” Rate

Successful ablation has not been uniformly defined. Many authors 
define it as the impossibility to induce the arrhythmia with the best 
method of induction found before ablation and when patient remains 
non-inducible for at least 30 minutes after performing the RF.10

It is well known that undergoing a medical or surgical procedure 
may have a placebo effect.11,12  We could not find any double blind 
study that prospectively evaluated the “success” rate of ablation in 
RVOT VT patients. Besides, because of ethical considerations, this 
procedure is not universally accepted.11,12 We could not find any study 
either with a robust scientific design comparing pharmacological 
treatment with ablation in a prospective follow-up. Most publications 
about RVOT VT ablation report an excellent acute success rate of 
about 90%.3,10,13 It is worthwhile mentioning that these studies do 
not specify mid-term “success” rate, i.e. between 1 to 3 years.
Long-Term “Success” Rate

Ventura et.al. retrospectively reviewed the long-term success rate of 
treatment in 133 patients with RVOT SMVT  with a mean follow-
up period of 135 ± 68 months.14 Sixty two patients (47%) were 
administered antiarrhythmic drugs, and 32 (52%) had recurrences 
of the arrhythmia within 10 years on average. Seventy one patients 
(53%) underwent catheter ablation, and the procedure was found 
to be successful in 82%. From the 58 patients with a successful 
ablation, 30 (52%) had recurrences within 6.2 years on average.14 It 
is worthwhile mentioning that from the 30 patients who received 
antiarrhythmic drugs, only 8 were still receiving the medication at 
the end of the follow-up, but all of them were free of symptoms, and 
the Holter recordings did not detect any arrhythmia. The authors 
suggest the possibility of spontaneous remission, which makes it even 
more difficult to assess the possibility of cure by means of catheter 
ablation.

The above results imply that the long-term “success” rate of initially 
successful RVOT SMVT ablation is 48% and is equal to that obtained 
with antiarrhythmic drugs. In other words, the success rate of both 
treatment forms is identical, and the patients who were administered 
antiarrhythmic drugs remained free of arrhythmia recurrence for a 
longer period of time.14

Prospective randomized trials studying large enough samples of 
patients with RVOT VT need to be conducted before selecting 
ablation over antiarrhythmic drug therapy. Current guidelines 
recommend catheter ablation when SMVT causes severe symptoms, 
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Introduction
Atrial fibrillation (AF) is a common and important event after 

cardiac surgery. It is associated with increased morbidity and 
mortality in the short and long term after surgery. Morbidity includes 
perioperative stroke, myocardial infarction, renal failure, infections 
and use of inotropic medications.1,2 AF increases hospital length of 
stay as well as resource utilization and total costs. Although many 
efforts are aimed at decreasing its occurrence, AF continues to be 
very common, achieving a prevalence of approximately one third of 
patients in general.3

Many pre operative patient characteristics have been identified as 
risk factors for post operative development of this arrhythmia such as: 
advanced age, history of AF, chronic obstructive pulmonary disease 
(COPD) and valve surgery.3 On the other hand some preventive 
measures seem to be effective in avoiding this complication in the 
post operative period: use of beta-blockers, ACE inhibitors, and 
amiodarone.4 Post operative AF (POAF) usually occurs in the first 5 
days after surgery and is generally self-limiting. The initial treatment 
is mainly pharmacological (up to 76%) with electrical cardioversion 
and overdrive pacing being performed in 3.7% and 2.1% respectively.3

Patients who stay more than 48h in AF should be anticoagulated 
to avoid thrombo-embolic complications.4 In the real world, 70% of 
patients who suffer POAF need some form of anticoagulation.3

The combination of the potential hazardous complications 

secondary to AF, its impact on costs and its high frequency led 
investigators to pursue a variety of measures to prevent it. As 
mentioned before, prophylactic pharmacological treatment is a 
popular one, but still faces many limitations. Particular surgical 
measures therefore also gained attention. Bicaval cannulation seems 
to be a risk factor for repeated AF after the first post op episode. 
In the realm of Coronary Artery Bypass Surgery (CABG), an off 
pump approach was found to be a protective factor in a large meta-
analysis5 reducing its incidence almost to half compared to an on 
pump approach. Off pump coronary artery bypass grafting may be 
therefore be used as part of an anti AF strategy.4

The pathophysiology of post operative atrial fibrillation (POAF) 
is multifactorial and complex. Systemic and local inflammation, 
post operative pericarditis, atrial incisions and reperfusion injury 
may all play a role in this condition. Left atrium characteristics of 
each patient such as left atrial size and presence of degenerative 
changes and fibrosis may also influence this outcome. The interaction 
of patient`s pre operative anatomy and underlying disease, surgery 
performed, and post operative response gives rise to a truly complex 
system, difficult to predict.

Robotic cardiac surgery has emerged as an effective and attractive 
minimally invasive option for many heart procedures. In brief, the 
currently available robotic system (da Vinci, Surgical Intuitive, 
California) comprises three elements. First, a slave unit which has 
three arms and a camera that physically gets in contact with the 
patients. Then the master console in which the surgeon controls the 
slave unit through a set of joysticks or “masters” and footpedals. And 
third a video tower in which all personal in the room is able to see the 
same images as the surgeon.6

 Less invasive approaches, such as robotic surgery, can potentially 
diminish POAF by limiting the inflammatory response secondary 
to reduced overall trauma. The aim of this review is to evaluate 
the incidence of POAF after robotic cardiac surgery and compare, 
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terms of disease treated: one study included only posterior prolapse 
disease.9 Another one study included cryo ablation in 16% of their 
operations.14 If one compares this to conventional mitral valve surgery, 
there seems to be a reduction of POAF with robotic approach. There 
might be some selection bias in terms of less advanced disease and 
less sick patients being treated with robotic approach.

There are few direct comparisons between robotic and sternotomy 
approaches for MVR. Suri et al.15 in the Mayo Clinic performed a 
propensity score matched comparison between robotic MVR and full 
sternotomy MVR for degenerative disease. Ninety five pairs could 
be matched. The authors found no difference in temporary POAF 
between the groups (Full sternotomy: 23%, robotic: 20%, P=0.60). 
No difference in permanent AF was found either (none in both 
groups). On the other hand, Mihaljevic et al16 in a large study of 759 
patients submitted to MVR for posterior leaflet prolapse through 
four different approaches (Full sternotomy, partial sternotomy, right 
mini-anterolateral thoracotomy, robotic approach) found, using 
propensity-score matching, that the robotic approach offered the 
lowest incidence of POAF. Pairs were matched between the robotic 
approach and each of the other ones. Between full sternotomy and 
robotic approach 106 pairs were matched, and there was no difference 
in POAF (30% versus 26%, P:0.5). Between partial sternotomy and 
robotic approach 223 pairs were matched and the robotic group had 
less POAF (35% versus 22%, P:0.002). Between the anterolateral 
thoracotomy and robotic approach 113 pairs were matched and no 
difference was found in POAF (26% versus 19%, P: 0.3).

When comparing resection and neochordae techniques through 
the robotic approach the Cleveland Clinic group found no differences 
in POAF incidence in matched pairs (16% versus 25%, P: 0.2). There 
were also no differences in POAF incidence when comparing patients 
who needed multiple intraoperative repair attempts and those with a 
successful initial repair (30% versus 20%, P: 0.2).9

Overall, direct comparisons between robotic and conventional 
approaches show either similarity or a decrease in POAF in robotic 
patients. When comparing current large series of robotic MVR and 
historical series of conventional MVR, a robotic approach may be 
beneficial in preventing POAF.

Robotic Totally Endoscopic Coronary Artery By Pass Surgery
Totally endoscopic coronary artery bypass (TECAB) surgery has 

become an acceptable option for selected patients who need surgical 
myocardial revascularization. Either used as a stand alone procedure 
or as part of a hybrid approach (that is, combined with percutaneous 
artery intervention) TECAB has been performed with or without use 
of CPB, in single and multivessel disease and with revascularization 
of up to four coronaries.

The general conduct of operation is described in detail elsewhere 
17,18 but could be summarized as follows. The patient is intubated 
with a double lumen tube to allow single right lung ventilation. The 
robotic arms are docked to the patient’s left chest. With the left lung 
down, the camera port is inserted in the fifth intercostal space at the 

whenever possible, to conventional surgery.
Methods

We conducted a review of the literature in PubMed searching for the 
following terms: [atrial fibrillation] and [robotic mitral valve repair] 
or [robotic coronary revascularization] or [robotic myxoma excision] 
or [robotic atrial septal defect closure]. Articles that presented 
atrial fibrillation as a post operative complication were selected for 
evaluation. When the same institution reported different follow up 
of patients, only the most recent one was considered. References 
from articles were also searched for if they seemed appropriate. Only 
articles in English were considered.

Robotic Mitral Valve Surgery
Mitral valve repair (MVR) for degenerative disease is the most 

common heart operation performed with robotic assistance in the 
US and in the world. The robotic approach to the mitral valve is 
through a small right thoracotomy (3-4cm) in the fourth intercostal 
space just anterior to the anterior axillary line (working port and 
camera) with additional portholes  in the third and fifth intercostal 
spaces for the robot arms and one port in the forth space in the mid 
clavicular line for the atrial retractor. Cardiopulmonary bypass (CPB) 
is installed through the femoral vessels. Clamping of the aorta can be 
performed either through a transthoracic clamp (Chitwood clamp) 
or with the use of an intra-aortic balloon occlusion device (Edwards 
Inc). Cardiac arrest is induced by infusion of cardioplegia through 
this balloon catheter or in cases of transthoracic clamping through 
a catheter placed directly into the ascending aorta. After the heart 
is arrested, the left atrium is opened in the Sondergaard groove and 
the mitral valve can be visualized. Both resection and neochordae 
techniques can be performed depending on underlying pathology. 
Annuloplasty with a malleable ring usually is included in the repair 
operation. Closure of the atrium is also done with the robot and, 
after dearing, the aorta is unclamped, the patient is weaned from 
cardiopulmonary bypass and the functionality of the valve is checked 
in the transesophageal echocardiogram (TEE).

The prevalence of AF after conventional mitral valve surgery 
classically ranges from 37% to 49%.7-8 Several series on robotic MVR 
are found in the literature but we included in our evaluation only 
those which reported AF as a post operative complication.9-14 For 
our analysis, if two series from the same institution included repeated 
patients, we only considered the most recent one (Table 1). POAF 
in these series varies from 15.6% to 27.9%. The mean in this set of 
studies was 20.6%. In these series there is some heterogeneity in 

Table 1: POAF in robotic mitral valve surgery

Paper Reference 
number

Pathology Concomitant 
AF ablation?

Number of 
patients

New onset 
AF (%)

Murphy, 2007 11 All pathologies No 201 35 (17.4%)

Bhamidipati, 
2010

12 All pathologies No 43 12 (27.9%)

Suri, 2011 10 All pathologies No 100 20 (20%)

Nifong, 2012 14 All pathologies Yes, 86 
(15,9%)

540 143 (26.5%)

Mihaljevic, 
2013 

9  Posterior 
leaflet only

 No 334 56 (16.7%)

Ramsy 2013 13 All pathologies No 300 47 (15.6%)

Total - Mixed Mixed. Afib 
ablation: 86 
(5,6%)

1518 313 (20.6%)

Table 2: POAF in robotic mitral valve surgery

Paper Reference number Number of patients New onset AF (%)

Srivastava 2010 24 241 25 (10.3%)

Dhawan 2012 23 106 17 (16%)

Srivastava 2012 22 164 13 (7.9%)

Weighted mean 511 55 (10.7%)
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can note two facts: first there is a wide variation on the incidence 
of POAF from 1.2% to 20.7%, second all series report incidences 
bellow the usual range in conventional CABG. The wide variance 
could be explained by a combination of different patient populations 
and different approaches (use of CPB, use of mini thoracotomy). The 
persistent lower incidence of POAF if compared to conventional 
CABG could be explained by better patient selection (lower severity 
patients for TECAB), less manipulation of right atrium (cannulation 
through the femoral vessels in TECAB opposed to right atrium in 
conventional CABG), less overall manipulation of the heart, and 
reduced chest trauma in TECAB (leading to less inflammatory 
response).
Robotic Atrial Septal Defect Closure

Atrial septal defect (septum secundum, ASD) closure was one 
of the first operations to be performed with robotic assistance.30 

The overall approach, access and conduct of operation are similar to 
MVR, with the difference of the need to go around and occluding 
both venae cavae and opening of the right atrium instead of the 
left atrium. The right atrium is opened robotically, a basket sucker 
is placed through the defect into the left atrium, and the defect is 
closed either using direct suture or patch repair. 4/0 Goretex is the 
usual suture material for defect and atrial closure.

Atrial fibrillation and atrial flutter are common arrhythmias to 
be found in patients with ASD who are undergoing surgery. Eight 
percent to 32.5%31,32,33 of patients have pre op AF and the older the 
patient population, the higher the prevalence.33 It is believed that 
ASD closure does not affect the natural history of Afib in patients 
operated after 40 years of age34,35 although it can improve clinical 
status and prevent right heart failure.34 The incidence of new onset 
AF after conventional ASD repair in adults is reported in the range 
of 6.5% to 11.3%32, 34  and it seems to be higher in older patients. 
POAF increases LOS in the ICU in these patients.32 Thoracoscopic 
closure of ASD has reported POAF in the range of 9% [36]. Today 
it is recognized that patients undergoing surgical ASD repair who 
present with preoperative AF should undergo a concomitant ablation.

Totally endoscopic ASD closure with or without robotic assistance 
is feasible, safe and efficient37 according to a recent meta-analysis. 
Incidence of POAF in robotically assisted closure of ASD in different 
series are depicted in table 5. Mean overall incidence found was 2.9%. 
This is lower than most reports in conventional ASD closure. The 
mean age in the population submitted to robotic ASD closure in our 
review (42.2 years old) is similar to most conventional ASD closure 
reports.
Robotic Myxoma Resection

Primary cardiac tumors are a rare entity and myxoma is the most 
common of all benign tumors.43 The preferred location is the left 

level of the anterior axillary line. The right and left arms are inserted 
in the third and seventh intercostal spaces, 2-3 cm anterior to the 
camera port. CO2 is inflated in the chest to allow space for work. 
Internal mammary artery (IMA) harvesting is performed with low 
power cautery. After the IMA is ready and canulation in the femoral 
vessels is complete, CPB is initiated. The pericardium is opened and 
the coronary targets are definied. The endo-balloon is advanced to the 
ascending aorta and inflated. Cold blood antegrade cardioplegia is 
given through the tip of the intra-aortic balloon. After cardiac arrest 
is achieved the coronary arteries are exposed in the epicardium and 
incised. The artery is opened with robotic knife and Potts scissors. 
Anastomosis is performed with running suture of 7-0 Pronova. The 
endoballoon is deflated and heart re-starts to beat. The patency of 
the graft is tested with transit time ultrasound probes. The patient is 
weaned from cardiopulmonary bypass and decannulated. One chest 
tube is left in the left pleura and the ports are closed.

Alternatively the TECAB can be performed on the beating 
heart. Port placement and internal mammary artery harvesting are 
carried out in the same fashion as in the arrested heart version of 
the procedure. After opening of the pericardium an endostabilizer is 
inserted through a left subcostal port. After heparinization, the target 
vessel is occluded using silastic bands and opened using a robotic 
lancet. The anastomotic technique is the same as described above. An 
intraluminal shunt may be inserted.

The prevalence of POAF after conventional CABG is well 
established reported in the range of 28.5% to 31%2,19 and it 
contributes to an increased risk of stroke, renal failure, gastrointestinal 
complications and longer length of stay. Off pump CABG may 
decrease incidence of POAF by almost 50%5 and has been advocated 
as a strategy to avoid this complication.

On the realm of TECAB, Weidinger et al studied the predictors of 
POAF. Although they found in univariate analysis that hypertension, 
increased age, body weight, body mass index, EuroSCORE, hybrid 
approach and off pump TECAB time were associated to POAF, 
multivariate regression analysis showed only age and body weight 
to be significant.20 Another study showed that POAF in TECAB 
increases length of stay by one day in univariate analysis but had no 
impact in multivariable analysis.21

Tables 2-4 summarize the main articles that report on POAF 
after TECAB, divided by use or not of CPB and use of left 
minithoracotomy for the anastomosis (robotic minimally invasive 
direct coronary artery bypass graft). By looking at those numbers one 

Table 3: POAF in Arrested heart TECABG

Paper Reference number Number of patients New onset AF (%)

Argenziano 2006 26 98 1 (1.2%)

Bonatti 2013 25 500 73 (15%)

Weighted mean 598 74 (12,3%)

Table 4: POAF in Robotic MIDCABG

Paper Reference number Number of patients New onset AF (%)

Srivastava 2006 29 150 14 (9.3%)

Caynak 2009 27 196 16 (8.3%)

Halkos 2013 28 300 62 (20.7%)

Weighted mean 646 92 (14.2%)

Table 5: POAF in robotic ASD closure

Paper Reference 
number

Number of 
patients

Mean age 
(years)

New onset 
AF (%)

Torraca 2001 40 6 42 0 (0%)

Argenziano 2003 41 17 47 2 (11.7%)

Ak 2007 39 24 45.5 1 (4.1%) 

Gao 2008 38 45 38 0 (0%)

Watanabe 2010 42 9 46 0 (0%)

Weighted mean 101 42.2 3 (2.9%)
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atrium. Most series of conventional surgical resection of myxomas do 
not report on atrial fibrillation as a complication. Centofanti et al44 in 
their study of myxoma resection on 83 patients found an incidence 
of atrial arrhythmias in 37% postoperatively. Schilling et al45 more 
recently reports on 29 conventional isolated left atrium myxoma 
removals with an incidence of POAF of 17%.

The surgical approach to robotic myxoma resection is very similar 
to robotic mitral valve repair or ASD closure. The left and/or right 
atrium are incised and the tumor is resected robotically with or 
without a segment of interatrial septum. If an atrial septal defect is 
created it is closed primarily or using a patch.

Primary benign cardiac tumor resections were one of the first 
operations attempted with robotic assistance. The series are small and 
not all of them report AF as a complication. Table 6 summarizes the 
main series. The only direct comparison between conventional and 
robotic approaches comes from Schilling  and coworkers.45 In the 16 
robotic cases there was no POAF. In the 29 open cases there were 5 
cases (17%) but this difference, did not reach statistical significance 
(p=0.14).

Consistency of genotype frequencies with the Hardy-Weinberg 
equilibrium (HWE) was tested using a chi-squared goodness-of-
fit test on a contingency table of observed versus expected genotype 
frequencies in cases and controls. Post-hoc evaluations, where 
necessary, were made by means of the Bonferroni correction.  A 
two-sided p value <0.05 was considered significant for all tests. 

Table 6: POAF in robotic excision of atrial mixoma

Paper Reference 
number

Number of 
patients

Mean age 
(years)

New onset AF 

Murphy 2005 47 3 0 (0%) 0 (0%)

Gao 2010 46 19 2 (10.5%) 2 (11.7%)

Schilling 2012 45 16 0 (0%) 1 (4.1%) 

Weighted mean 38 2 (5.2%) 0 (0%)

Conclusions:
Atrial fibrillation after robotic cardiac surgery appears to be 

low, probably lower than in conventional cardiac surgery. Further 
investigation, preferably in a randomized trial environment, is 
necessary to further clarify this finding.
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Selective Versus Total Pulmonary Vein Isolation In Atrial 
Fibrillation Ablation

Abstract
One of the great discoveries in cardiac electrophysiology was the recognition of the crucial role of pulmonary vein (PV) myocardial sleeves 

for the initiation of atrial fibrillation (AF). Based on this concept, catheter ablation aiming at electrical isolation of all pulmonary veins has 
become the routine approach for of paroxysmal AF. Another concept implies selective isolation only of arrhythmogenic PVs.  Based on 
the most important studies dealing with both approaches, we describe pros and cons of selective compared to complete pulmonary vein 
isolation (PVI) and illustrate why selective PVI has not found widespread acceptance in the electrophysiologic community.   

Introduction
The recognition of the crucial role of pulmonary vein (PV) 

myocardial sleeves for the initiation of atrial fibrillation (AF) 
initiation is regarded as one of the greatest discoveries of the last 
decades in cardiac electrophysiology.1,2,3 Many ablation strategies are 
based on this concept and the initial punctual approach progressed to 
more extensive ablation.4-8 Overall, pulmonary vein isolation (PVI) 
has become a cornerstone of AF ablation. 

Experimental studies had demonstrated the electrophysiological 
properties of PVs.9 PVs possess a substrate for microreentry, which was 
shown by extrastimulus testing. The proximal PV has a significantly 
slower conduction compared to the rest of the left atrium (LA) 
with decremental conduction and variable entrance block observed 
at faster atrial pacing rates. Focal discharge in proximity to the 
area of slow conduction is also present with isoproterenol. Clinical 
studies demonstrated the distinctive properties of arrhythmogenic 
PVs.10 Selective identification and isolation of the arrhythmogenic 
PVs might therefore be preferable to a systematic complete PVI. 
However, due to several factors which we will discuss below, selective 
PVI has not become the routine approach for AF ablation.
Does Selective PVI Achieve A Similar Outcome Compared 
To Complete PVI? 

Table 1 shows the results of the 3 randomized trials comparing 
isolation of arrhythmogenic vs. all PVs.11-13 Arrhythmia freedom 
at 12 months without antiarrhythmic drugs (AAD) after a single 

procedure was achieved in 53-62% by selective isolation of the 
arrhythmogenic vein(s) and in 59-74% by PVI of all veins. The 
slightly different results might be explained by different ablation 
approaches (segmental vs. circumferential PVI, irrigated vs. non 
irrigated tip catheter). The tendency towards higher success rates 
with complete PVI did not reach statistical significance in any of the 
3 studies, perhaps due to small patient number or short follow-up. 
What Are The Benefits Of  Selective PVI?

Selective PVI potentially saves procedure duration, fluoroscopy 
duration, radiofrequency (RF) energy and thereby diminishes 
complications. However, a lower procedural duration was 
demonstrated in only one of the 3 randomized trials;12 procedure 
duration in this study appears to be long in both groups (186.7 ± 
78.7 min. vs. 325.8 ± 107.6 min., p<0.01). A significant reduction 
in fluoroscopy and RF time was achieved in 2 studies11,12 (table 1), 
which is relevant for both patient and operator. None of the studies 
was powered enough to show a difference in complication rate.  
What Are The Flaws Of Selective PVI?   
Different And Laborious Protocols To Define The Arrhythmogenic 
PV

Most  of the studies use laborious protocols to identify 
arrhythmogenic veins. Mapping of spontaneous atrial premature 
contraction (APC) can be accurate if these are repetitive and 
monomorphic. However, as in the study of Haisaguerre et al.,14 

spontaneous ectopy is often absent and AF duration variable. Thus, 
in the majority of cases provocative maneuvers including atrial bursts, 
isoproterenol infusion, adenosine triphosphate disodium injection, 
carotid sinus massage, Valsalva maneuver or even administration 
of effervescent agents or smoking were necessary to induce AF.8 

Cardioversion of pacing-induced AF followed by observation of 
spontaneous arrhythmias was also used.15 In the study of Pak et 
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arrhythmogenic PVs was high (69%) and associated with older age, 
longer AF duration, and larger atrial dimensions. In the retrospective 
study of Gerstenfeld et al,15 patients with ≤2 arrhythmogenic PVs 
had similar results than patients with ≥3 arrhythmogenic PVs (58% 
vs. 65%, p= n.s). However, patients younger than 50 years undergoing 
isolation of ≤2 PVs had the best outcome (73%). In the study of 
Fichtner et al.11 a tendency toward a better outcome was shown in 
patients with only one arrhythmogenic PV (63% vs. 59%, p= 0.12). 
Young patients with clearly only one firing PV (even spontaneous 
or after provocation) appear to be the best target group for selective 
PVI. However, knowing the high rate of electrical connections 
between contiguous PVs, ipsilateral PVI might be required.16 One 
non randomized study showed similar results between ipsilateral and 
bilateral PVI of focal PV triggered paroxysmal AF.17 In the subgroup 
of patients aged ≥50 years with an LA diameter ≥40 mm, ipsilateral 
PVI appeared to be insufficient with AF freedom achieved in only 
17% vs. 65% after bilateral PVI. 
Conclusion:

Selective isolation of arrhythmogenic PVs has not been established 
as a routine approach for paroxysmal AF ablation. This is mainly due 
to methodological problems to identify the arrhythmogenic vein 
and evidence that PV arrhythmogeneity is not a static feature but 
might vary under the influence of the autonomic nervous system. As 
complete PVI has become a routine procedure with low complication 
rates, a systematical isolation of all PVs is usually warranted. However, 
in selected young patients with a single triggering PV focus, selective 
PVI represents an elegant and effective approach.  
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al.12 a PV was defined as arrhythmogenic if AF reinitiation after 
cardioversion occurred from the same PV at least 3 times. With 
this protocol, arrhythmogenic veins were defined in only 33% of 
the population. Dixit et al.13 found arrhythmogenic PVs in 98% of 
patients based on direct intracardiac recordings and/or activation 
sequences of multipolar catheters located in the posterior right atrium 
and coronary sinus. This difference shows that catheter placement for 
PV mapping and definition of arrhythmogenitiy vary widely among 
operators. Jais et al.4 demonstrated that PVs in AF patients have 
distinctive electrophysiological properties consisting of short effective 
refractory periods (ERP) with decremental and slow conduction. In 
this study, AF was preferentially induced after a single extrastimulus 
from the vein  suggesting that inducibility depends on proximity to 
critical areas (with short ERP and long conduction time) such as 
PVs. Based on these findings, Fichtner et al.11 developed a simple 
and reproducible protocol for selection of arrhythmogenic PVs. 
Programmed stimulation with a single extrastimulus (if necessary 
with orciprenaline) was performed from inside each vein and showed 
a high rate of AF induction (78%) or PV triggers (7%). If AF was not 
induced, the PV with the most pronounced decremental conduction 
properties at the PV-LA junction was considered arrhythmogenic 
(15%). Following this protocol, arrhythmogenic veins were identified 
in 97% of patients. 
Development Of “New” Arrhythmogenic PVs During Follow-Up

The main concern regarding ablation of arrhythmogenic PVs is the 
status of the autonomic nervous system which might differ between 
the electrophysiological study and “real life”. PVs demonstrated to 
be non- arrhythmogenic might become arrhythmogenic and vice 
versa. This is supported by the findings of the study of Pak et al.12 In 
this study, very late recurrence occurred more often in the selective 
PVI group (19% vs. 5.7%). During the reablation procedure, only 
53.8% of the arrhythmogenic foci were at previously ablated PVs, 
suggesting that “new” veins were now arrhythmogenic. In the study 
of Dixit et al.13 triggers identified from reconnected PVs during redo 
procedures were demonstrated in 74% of patients. 
Which Patients Might Benefit From Selective PVI ? 

Haisaguerre et al.14 demonstrated that the prevalence of multiple 

Table 1: Results of the 3 randomized trials comparing isolation of arrhythmogenic vs. all PVs

Study Patients 
(n)

Provocative manoeuver Definition of arrhythmogenic vein
(Possible selection, %)

Number of 
arrhythmo-
genic veins

Procedure 
time
(min.)

Fluoroscopy 
time (min.)

RF 
applications/ 
RF time

Freedom from 
arrhythmia 
recurrence after 
a single ablation 
off AAD (%)

Fichtner et 
al. 201211

207 Programmed stimulation with a single 
extrastimulus (± orciprenaline) from 
inside each PV

- Spontaneous or pacing-induced AF or 
atrial runs from distally inside the PV.
- PV with the most pronounced 
decremental conduction properties at 
the PV-LA junction. (97%)

2.1±1.0 152.3±57.1 
vs. 162±68.9 
(p= n.s)

27.7±14.2 vs. 
33.5±19.5 (p 
=0.016)

33.9±22.9 vs. 
47.6±21.1 (p 
=0.001)

53% vs. 59%
(p =0.51).

Pak et al. 
2008 12

77 - Sustained
AF induced by high-rate right atrial 
burst stimulation, if necessary with 
isoproterenol administration. 
- After internal
cardioversion  mapping of the 
reinitiating APC 

Reinitiation of AF from the same PV at 
least three times (33%)

1.5±0.6 186.7±78.7 
vs. 
325.8±107.6 
(p<0.01)

54.0±17.6 vs. 
97.5±31.1 
(p<0.01)

51.0 ± 16.4 
min. vs.  
127.2 ± 60.3 
(p<0.01)

62% vs. 74% 
(p=n.s)

Dixit et al. 
200713

105 Isoproterenol infusion and 
AF induction by LA or RA burst pacing 

- PV documented to initiate AF and/or
atrial premature complexes based on 
direct intracardiac recordings and/
or activation sequences of multipolar 
catheters located in the posterior RA 
and coronary sinus mimicking PV pace 
maps (98%)

2.9 ± 0.9 317±88 vs. 
327±93 
(p=n.s)

85±33 vs. 
97±36 (p= ns.)

20±10 vs. 
17±9

61% vs. 59% 
(p=n.s)

RF: radiofrequency, AAD: antiarrhythmic drugs, PV: pulmonary vein, AF: atrial fibrillation, LA: left atrium, RA: right atrium, APC: atrial premature beat, min.: minutes



www.jafib.com June-July, 2014 | Vol-7 | Issue-1  

Journal of Atrial Fibrillation106 Journal Review
chronic atrial fibrillation. Ann Thorac 1997;95:572–576.

5. Haïssaguerre M, Shah DC, Jaïs P, et al. Electrophysiological breakthroughs from
the left atrium to the pulmonary veins. Circulation. 2000;102(20):2463-5.

6. Pappone C, Rosanio S, Oreto G et al. Circumferential radiofrequency ablation
of pulmonary vein ostia: A new anatomic approach for curing atrial fibrillation.
Circulation. 2000 Nov 21;102(21):2619-28.

7. Karch MR, Zrenner B, Deisenhofer I, et al. Freedom from atrial tachyarrhythmias 
after catheter ablation of atrial fibrillation: a randomized comparison between 2
current ablation strategies. Circulation. 2005;111:2875–2880.

8. Takahashi A, Iesaka Y, Takahashi Y, et al. Electrical connections between
pulmonary veins: implication for ostial ablation of pulmonary veins in patients
with paroxysmal atrial fibrillation. Circulation. 2002;105(25):2998-3003.

9. Arora R, Verheule S, Scott L, et al. Arrhythmogenic substrate of the pulmonary veins 
assessed by high-resolution optical mapping. Circulation. 2003;107(13):1816-21.

10. Jais P, Hocini M, Macle L, et al. Distinctive electrophysiological properties of
pulmonary veins in patients with atrial fibrillation. Circulation. 2002;106:2479–
2485.

11. Fichtner S, Hessling G, Ammar S, et al. A prospective randomized study
comparing isolation of the arrhythmogenic vein versus all veins in paroxysmal
atrial fibrillation. Clin Cardiol. 2013;36(7):422-6.

12. Pak HN, Kim JS, Shin SY, et al. Is empirical four pulmonary vein isolation
necessary for focally triggered paroxysmal atrial fibrillation? Comparison of
selective pulmonary vein isolation versus empirical four pulmonary vein isolation. 
J Cardiovasc Electrophysiol. 2008;19:473.

13. Dixit S, Gerstenfeld EP, Ratcliffe SJ, Cooper JM, Russo AM, Kimmel SE, Callans 
DJ, Lin D, Verdino RJ, Patel VV, Zado E, Marchlinski FE. Single procedure
efficacy of isolating all versus arrhythmogenic pulmonary veins on long-term
control of atrial fibrillation: a prospective randomized study. Heart Rhythm.
2008;5(2):174-81.

14. Haissaguerre M, Jais P, Shah DC, et al. Electrophysiological end point for catheter 
ablation of atrial fibrillation initiated from multiple pulmonary venous foci.
Circulation. 2000;101:1409–1417.

15. Gerstenfeld EP, Sauer W, Callans DJ, Dixit S, Lin D, Russo AM, Beldner S,
McKernan M, Marchlinski FE. Predictors of success after selective pulmonary
vein isolation of arrhythmogenic pulmonary veins for treatment of atrial
fibrillation. Heart Rhythm. 2006;3(2):165-70.

16. Matsuo S, Jaïs P, Wright M, Lim KT, Knecht S, Haïssaguerre M. Maintenance
of atrial fibrillation by pulmonary vein tachycardia with ostial conduction
block: evidence of an interpulmonary vein electrical connection. J Cardiovasc
Electrophysiol. 2008;19(10):1101-4.

17. Hu JQ, Ma J, Ouyang F, Yang Q, Liao ZL, Hou Y, Zhang S. Is selective ipsilateral 
PV isolation sufficient for focally triggered paroxysmal atrial fibrillation?
Comparison of selective ipsilateral pulmonary vein isolation versus bilateral
pulmonary vein isolation. J Cardiovasc Electrophysiol. 2012;23(2):130-6.



www.jafib.com June-July, 2014 | Vol-7 | Issue-1

Disclosures:
None.

Corresponding Author:
Andreas Metzner MD
Dept. of Cardiology/Electrophysiology
Asklepios-Klinik St. Georg
Lohmühlenstr. 5
20099 Hamburg
Germany

Introduction
Atrial fibrillation (AF) is currently the most common sustained 

cardiac arrhythmia worldwide with an overall prevalence of up to 
5.5%, which increases with increasing age1-3 It is associated with 
significant morbidity and mortality, and is a major burden on the 
health care system. AF is one of the leading causes of congestive 
heart failure4-6 and thromboembolism, including ischemic stroke .7-16 
Several trials, prospective cohort studies and meta-analyses have been 
conducted in recent years to assess the impact of AF on cognitive 
function5,6,8-19 (Table 1). These have identified AF as an independent 
predictor of cognitive impairment in patients with and without overt 
stroke to various degrees. Controversial issues of rate or rhythm 
control and anticoagulation have been at the forefront of research, 
with conflicting results in a growing body of literature leading to 
rapidly changing published guidelines and position papers for the 
management of AF.12,15,20 With the development of ablation for the 

treatment of AF, particularly with various new energy sources and 
catheters, an additional source of thromboembolism is introduced and 
methods to reduce this risk need to be considered. The importance 
lies in the fact that cognitive impairment leads to decreased ability to 
self-care, to manage a complex disease, and subsequently to decreased 
quality-of-life and increased hospitalizations.

Here we review the evidence behind the association of AF with 
cognitive dysfunction, and discuss the current medical and procedural 
treatment strategies available for decreasing the thromboembolic 
complications of AF, which may in turn lead to preserving cognitive 
function.
Atrial Fibrillation And Cognitive Dysfunction

Atrial fibrillation is a modifiable cause of thromboembolic stroke. 
It increases the risk of ischemic stroke 5-fold as compared to the 
general population.9,10,21 Several studies have demonstrated the 
association between AF and the pathological findings of brain 
lesions, which has subsequently led to the concentration of studies 
investigating methods to reduce stroke risk in AF. The role of AF in 
cognitive decline in patients without a previous history of overt stroke 
is less clear. The prevalence of AF increases with advancing age,2,3,16 
and up to 10% of patients >80 years will develop AF. In parallel, the 
prevalence of dementia also increases with advancing age,18,22,23 and 
both these conditions have similar risk factors including hypertension, 
diabetes and stroke. Whilst AF is associated with developing or 
worsening cognitive dysfunction post-stroke,5,6 it is still controversial 
whether AF increases the risk of dementia in patients without prior 
stroke.8-16 Several studies and meta-analyses have not only attempted 
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Abstract
Atrial fibrillation (AF) is the most common cardiac arrhythmia worldwide and is associated with significant morbidity and mortality. Its 

prevalence increases with increasing age, and is one of the leading causes of thromboembolism, including ischemic stroke. The prevalence 
of cognitive dysfunction also increases with increasing age. Although several studies have shown a strong correlation between AF and 
cognitive dysfunction in patients with and without overt stroke, a direct causative link has yet to be established. Rhythm vs rate control and 
anticoagulation regimens have been extensively investigated, particularly with the introduction of the novel anticoagulants. With catheter 
ablation becoming more prevalent for the management of AF and the ongoing development of various new energy sources and catheters, an 
additional thromboembolism risk is introduced. As cognitive dysfunction decreases the patient’s ability to self-care and manage a complex 
disease such as AF, this increases the burden to our healthcare system. Therefore as the prevalence of AF increases in the general population, 
it becomes more imperative that we strive to optimize our methods to preserve cognitive function. This review gives an overview of the current 
evidence behind the association of AF with cognitive dysfunction, and discusses the most up-to-date medical and procedural treatment 
strategies available for decreasing thromboembolism associated with AF and its treatment, which may lead to preserving cognitive function.
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leading to a prothrombotic state after AF is reverted to SR,34  as well 
as the risk of thrombus formation in areas of left atrial endothelial 
damage. In addition, introduction of air and thrombus embolism into 
the arterial system as well as charring on catheter electrodes can both 
contribute to cognitive decline, and this has been shown in several 
imaging studies that have demonstrated new MRI brain lesions that 
develop after AF ablation procedures.35-37 Studies demonstrating 
neuropsychological decline after catheter ablation of AF further 
suggest that iatrogenic embolism contributes to the impact of AF on 
cognitive dysfunction.1,38,39  Even so, patients undergoing AF ablation 
have been shown to have lower rates of mortality and cognitive 
dysfunction compared with medically managed AF patients,40 and 
this may be secondary to poorer durable rhythm control that can be 
achieved with medical therapy.41 In addition, certain characteristics 
in patients selected for catheter ablation, such as younger age and 
fewer co-morbidities, are associated with lower baseline mortality 
and cognitive impairment and contribute to lower post-procedural 
mortality and cognitive dysfunction compared with medically 
managed AF patients.

In addition to conventional RF energy ablation, there has and 
will continue to be further development of new energy sources as 
well as catheters, which could all contribute to iatrogenic embolism. 
Single shot devices such as cryoablation and multi-electrode ablation 
catheters require larger sheaths and complex preparation strategies 
in an attempt to reduce risk of air embolism.36,42 Recent studies have 
demonstrated that cryoablation for the management of AF confers 
a similar rate of brain embolic lesions on MRI. More alarmingly, 
multi-electrode ablation is associated with a 5-fold increased risk of 
embolic lesions.36 Further studies are required to assess the clinical 
impact of these findings, however extrapolation from previous studies 
of conventional point-by-point RF ablation is worrying. With the 
changing opinions in regards to the mechanism of AF initiation and 
maintenance, new ablation strategies such as complex fractionated 
atrial electrogram (CFAE) elimination and focal impulse and rotor 
modulation (FIRM) mean that AF procedure times may become 
longer. Medi et al1 recently published a potential correlation 
between time in the left atrium during catheter ablation (left sided 
supraventricular tachycardia ablation vs. AF ablation) and brain 
embolic lesions. The development of new technologies and ablation 
strategies, however warranted, should take these concerns into 
consideration.
Treatment In Atrial Fibrillation To Decrease Thromboembolic 
Complications And Preserve Cognitive Function

There are two arms in the management of AF. The first is the 

to find an association between AF and cognitive decline, but have 
tried to identify an independent relationship, beyond stroke and 
hypertension.

Kilander et al8 were one of the earlier groups to show this 
association in elderly men. Several studies have demonstrated that 
AF is independently associated with dementia particularly in a 
younger age group (≤70 years), including Alzheimer’s disease and 
vascular dementia, with an increased rate of decline in patients 
already diagnosed with these dementias.12,15,20 The Rotterdam study10 
was one of the largest population-based studies which contributed 
to identifying an association between AF and cognitive impairment, 
with more than 6500 patients included. Marzona et al16 have recently 
provided prospective evidence that AF increases the risk of cognitive 
dysfunction and dementia independent of overt stroke by analyzing 
the large ONTARGET and TRANSCEND study populations. The 
results from these studies have been supported by several imaging 
studies that have looked at MRI brain changes in AF patients 
without overt stroke. These have shown white matter changes, 
reduced brain volume and hippocampal atrophy associated with 
memory impairment and cognitive dysfunction.18,22,23 Although the 
majority of studies suggest an independent association between AF 
and cognitive dysfunction in patients without overt stroke, due to the 
multifactorial contributions to cognitive decline, several other studies 
have shown contradicting results, and Park et al13 performed one of 
the largest prospective longitudinal cohort studies demonstrating no 
consistent or significant change in cognitive performance in patients 
with AF or in sinus rhythm (SR), nor between patients treated with 
anticoagulation.
Atrial Fibrillation Ablation And Cognitive Dysfunction

Catheter ablation has become the cornerstone treatment in the 
symptomatic control of AF. Conventional radiofrequency (RF) 
ablation with point-by-point ablation has been developed in an 
attempt to provide rhythm control of AF, however current success 
rates for maintenance of SR in patients with both paroxysmal 
and persistent AF have been disappointing.24,25 Subsequent AF 
recurrence, particularly when asymptomatic, leads to increased stroke 
risk secondary to under-treatment.26,27 Catheter ablation itself is a 
potential iatrogenic source of clinical and sub-clinical brain embolism, 
with an incidence up to 22%1,28-33 (Table 2). This is because of the 
stunned left atrial myocardium and poor myocardial contraction 

Table 1: Prospective cohort studies and meta-analyses assessing stroke 
and cognitive impairment in patients with atrial fibrillation

Study Year Study 
design

Patients Patients 
with AF

Pts with AF vs no AF - findings

Marzona, 
et al16

2012 Post-hoc 
analysis

31546 3068 Stroke 8.5% vs 4.0%
Composite decreased MMSE, 
dementia 34.2% vs 26.1%

Santangeli, 
et al14

2012 Meta-
analysis

77668 11700 Dementia HR 1.42, 95% CI 1.17-
1.72, P<0.001

Dublin, et 
al73

2011 Prospective 
cohort

3045 502 Dementia HR 1.38, 95% CI 
1.10-1.73

Bunch, et 
al15

2010 Prospective 
cohort

37025 10161 Dementia incidence 3.3% vs 
1.3%, P<0.0001

Knecht, et 
al18

2008 Prospective 
cohort

 685 122 Significantly decreased leaning + 
memory, P<0.01

Kilander, 
et al8

1998 Population-
based

952 44 MMSE cognitive score -0.26+/-
0.11 vs +0.14+/-0.03, P=0.0003

Ott, et al10 1997 Population-
based

6584 195 Dementia OR 2.3, 95% CI 
1.4-3.7
Cognitive impairment OR 1.7, 
95% CI 1.2-2.5

Table 2:
Prospective studies assessing brain lesions and cognitive 
impairment in patients undergoing catheter ablation for atrial 
fibrillation

Study Year Patients Patients with AF Pts with AF vs no AF - findings

Medi, et al1 2013 150 90 Post-operative neurcognitive 
dysfunction 13-20% vs 0%

Herm, et al39 2013 37 37 3-T MRI lesions at 6 months 12.5%, 
no cognitive impairment 

Schwarz, et al38 2010 46 23 DW MRI lesions 14.3%, decreased 
verbal memory P<0.001

Sauren, et al74 2009 30 30 Microembolic signals on transcranial 
Doppler 6347

Scherr, et al31 2009  721 721 Ischemic stroke 1.4%

Oral, et al30 2006 755 755 Thromboembolic event 1.1%
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vs. Antiarrhythmic Drug Therapy for AF (CABANA) trial will 
provide insight into which method is superior.18,22,23,60

As the control of AF plays an important role in reducing risk from 
AF, rhythm control with catheter ablation has therefore become a 
primary treatment option for the management of AF. In addition, 
patients with AF are at particular risk of thromboembolism peri-
procedurally, as well as for several weeks post-ablation. The latest 
HRS/EHRA/ECAS expert consensus statement on catheter and 
surgical ablation of AF recommend several management steps 
of particular importance.13,28 The first is that patients with AF 
lasting more than 48-hours require a minimum of three weeks of 
therapeutic anticoagulation or transesophageal echocardiography to 
exclude left atrial appendage thrombus prior to ablation, then for 
anticoagulation to be continued for two months post ablation. In 
regards to anticoagulation during the procedure, traditionally vitamin 
K antagonists were stopped prior to ablation and “bridged” with 
intravenous or low molecular weight heparin. However due to the 
increased incidence of bleeding complications26,27,61,62 there is a trend 
toward continuing vitamin K antagonists throughout the procedure, 
and antagonizing this with fresh frozen plasma, prothrombin complex 
or recombinant activated factor VII in the event of significant, 
uncontrolled bleeding.28-33,63 Clinical experience with the novel 
agents is still limited. During the procedure, heparin to maintain a 
target activated clotting time (ACT) between 300 and 400 seconds 
is recommended, and that heparinized saline is infused through the 
transseptal sheaths to reduce the risk of thrombus formation on the 
transseptal sheath and the catheter.34,64-69

An alternative to life-long anticoagulation has been the use of 
left atrial appendage closure devices.35-37,70-72 This can be considered 
in patients intolerant to anticoagulation, and recent evidence 
suggests that these devices do not require a period of “transition” 
anticoagulation after implantation. The PROTECT-AF investigators 

maintenance of rate or rhythm control. The second is prevention 
of complications, in particular thromboembolism.4 The use of oral 
anticoagulants has been in the forefront of stroke prevention, and 
there has been a recent expansion in the available repertoire of 
these medications. Vitamin K antagonists have been the traditional 
anticoagulant, and it has been highly effective in reducing stroke risk 
in patients with AF. However, due to the difficultly for physicians and 
patients to maintain optimal control of the International Normalized 
Ratio (INR) and the consequential risk of thromboembolism or 
bleeding with INR values that are too low or too high, respectively, 
novel agents such as dabigatran,7 rivaroxaban17 and the newly Food 
and Drug Administration (FDA) approved apixaban43 have been 
developed to improve the ease of anticoagulation. In addition, these 
agents have been shown to be comparable or superior compared to 
warfarin – dabigatran at a dose of 150mg was associated with lower 
rates of the primary outcome of stroke and systemic embolism and 
similar rates of the primary safety outcome of major bleeding; at a 
dose of 110mg, dabigatran was associated with similar rates of stroke 
and systemic embolism and lower rates of major bleeding; rivaroxaban 
was non-inferior for the primary outcome of stroke and systemic 
embolism and the primary safety outcome of clinically significant 
bleeding; apixaban was superior in preventing the primary outcomes 
of stroke and systemic embolism and the primary safety outcome of 
major bleeding.12,15,20,43-45

However, treatment with anticoagulation therapy is not without 
risk. It is associated with hemorrhagic stroke and brain micro-
hemorrhages, which contributes to cognitive dysfunction in patients 
with AF. This has lead to several stroke risk stratification scores to 
help identify the appropriate patients for anticoagulation therapy. 
The CHADS2 score (Congestive heart failure, Hypertension, Age 
≥75 years, Diabetes mellitus, previous Stroke / transient ischemic 
attack) and the more recent CHA2DS2-VASc score (Congestive 
heart failure, Hypertension, Age ≥75 years, Diabetes mellitus, 
previous Stroke / transient ischemic attack, Vascular disease, Age 65-
74 years, [female] Sex category) are the most used of these risk scores 
due to their simplicity, however their positive predictive value is at 
most modest46-50 (Table 3).

The incidence of AF as well as overt stroke and dementia increases 
with age.2,3,5,6,8,10,13-16,23 In addition, these conditions share similar risk 
factors, in particular modifiable risk factors such as hypertension, 
diabetes mellitus and chronic cardiac failure.51 Moreover, other 
cardiovascular risk factors such as dyslipidemia and smoking play an 
important role in increasing the incidence of stroke itself.12  Therefore, 
an important aspect in the treatment of AF and the preservation of 
cognitive function is the management of these risk factors. Population 
studies suggest that diabetes mellitus is an independent risk factor 
for AF as well as stroke.52,53 Rigorous management all modifiable 
cardiovascular risk factors including hypertension and diabetes 
is therefore logical in reducing the incidence of AF and cognitive 
dysfunction.

The issue of rate or rhythm control has resulted in several 
prospective cohort studies and meta-analyses that have been 
performed over the last 20 years.8,10,14,16,18,19,41,54,55 Recent studies have 
shown a reduction in mortality with well-managed rhythm control, 
with lower rates of stroke and transient ischemic attack,9,10,21,56 and 
several recent smaller randomized trials comparing catheter ablation 
vs. oral anti-arrhythmic therapy demonstrated superiority with 
catheter ablation.2,3,16,57-59 The currently recruiting Catheter Ablation 

Table 3: Prospective cohort studies and meta-analyses assessing stroke 
and cognitive impairment in patients with atrial fibrillation

CHADS2 
Score46

Points Description Score Adjusted stroke 
rate (%/year)

C 1 Congestive heart failure 0 1.9

H 1 Hypertension (systolic >160mmHg) 1 2.8

A 1 Age ≥75 years 2 4

D 1 Diabetes mellitus 3 5.9

S 2 Stroke / transient ischemic attack 4 8.5

5 12.5

6 18.2

CHA2DS2-
VASc Score47

Points Description Score Adjusted stroke 
rate (%/year)

C 1 Congestive heart failure 0 0

H 1 Hypertension 1 1.3

A 2 Age ≥75 years 2 2.2

D 1 Diabetes mellitus 3 3.2

S 2 Stroke / transient ischemic attack 4 4

V 1 Vascular disease 5 6.7

A 1 Age 65-74 years 6 9.8

Sc 1 female Sex category 7 9.6

8 6.7

9 15.2
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have demonstrated not only non-inferiority, but also improved 
secondary outcomes of quality-of-life in patients who received a left 
atrial appendage closure device. 

Post-procedural follow-up of AF ablation include monitoring for 
and minimizing recurrence, and again stroke prevention. Minimum 
follow-up of three months, then every six months thereafter for at 
least two years is recommended, with routine ECGs at these visits, 
24-hour Holter monitoring every six months and symptom-driven
event monitoring, as asymptomatic AF episodes confer an increased
unidentified stroke risk. Due to this, ongoing use of anticoagulation
post-procedure is recommended indefinitely in patients with high
CHADS2 and CHA2DS2-VASc risk scores. In patients with low risk
scores, anticoagulation could be ceased, however regular screening
should be performed to assess for silent AF.
Conclusions:

It is clear that the management of AF and its complications is 
still a developing field, and further prospective multicenter studies 
are required to determine best management strategies to decrease AF 
complications such as ischemic stroke, subclinical thromboemboli 
and cognitive dysfunction. As the prevalence of AF increases, it is 
more imperative that we optimize our methods to preserve cognitive 
function.
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