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Winter is Almost Here
Dhanunjaya (DJ) Lakkireddy, Andrea Natale

Dear Colleagues
Greetings from the editorial desk. Hope you had a wonderful 

Thanks Giving Weekend with your family. November brings a lot 
of wonderful things. Great beers of Ocktoberfest, pumpkin spice 
lattes, Black Friday and many other exciting preludes to the Holiday 
season. We assume each one of you had the chance to enjoy these 
little pleasures of life. 

This November edition also brings to a conclusion of the Venice 
Arrhythmia 2015. Attended by more than 1300 delegates it stands 
one of the best organized and well received heart rhythm symposium 
in Europe. Besides the grand setting of the canals of Venice, the 
quality of the program and the speakers makes it a truly popular 
meeting in the international space. Our special congratulations to 
the organizers. This also marks the completion of the Asia Pacific 
Heart Rhythm Symposium held in Melbourne, Australia. This 
annual regional meeting provides a great forum for the heart 
rhythm specialists in greater Asia Pacific. The abstract session was 
particularly more exciting. This is an area that seems to have made 
some significant strides. This relatively young society has been able to 
pull off a major show. 

Markus Stuhlinger and colleagues from Austria presented a 
first in man Cryoloop circular catheter ablation experience. This 
innovative study opens up new ideas and applications of variations 
of the existing catheter platforms and energy systems.  Tayebjee 
and colleagues presented the development of a novel scoring system 
that determines the success of Atrial Fibrillation ablation as part 
of cardiac surgery. This scoring system opens a new avenues for 
the assessment of success and better clinical care. This needs to be 
validated in larger cohorts of patients. EJ Davies etal presented on 
the late electrophysiologic consequences of posterior wall isolation 
during AF ablation. Even though a small cohort it presents a very 
clear view of the impact of completer posterior wall isolation on the 
inducibility of atrial arrhythmias. J Chung and group present their 
experience on variations in anticoagulation management after a 
successful MAZE procedure. This is an area of great ambiguity and 
we really have not arrived at a proper clinical recommendation or a 
guideline yet. 

We have some exciting science presented in this issue of the Journal. 
Lidia Papavasileiou and group present an interesting case series on 
sudden cardiac death in post transaortic valve replacement. This raises 

a lot of pathophysiologic issues that we currently don’t understand 
in this subset of patients. Rogers etal describe the potential use of 
a combination subcutaneous defibrillator with cardiac contractility 
modulation in patients with heart failure with reduced ejection 
fraction and a narrow QRS complex. Several nice and comprehensive 
review articles on a wide variety of topics including – better lesion 
creation during arrhythmia ablation, hemodynamic changes related 
to cardiac pacing, atrio esophageal fistula, coagulation testing for 
novel oral coagulants, discrepancies in ICD implantation, magnetic 
navigation system in AF ablation, using magnetic resonance imaging 
in AF ablation and lariat left atrial appendage closure system.

We wish you a great holiday season and a warm winter
Best regards
Dhanunjaya (DJ) Lakkireddy
Andrea Natale
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Introduction
Atrial fibrillation (AF) is the most common sustained arrhyth-

mia and is a major cause of impaired quality of life, hospitalizations, 
stroke and increased mortality.1, 2 In contrast preservation of sinus 
rhythm by either antiarrhythmic medication or catheter ablation sig-
nificantly improves quality of life of AF patients.3, 4

Pulmonary vein isolation (PVI) - demonstrated as elimination of 
pulmonary vein (PV) potentials recorded from a circular mapping 
catheter during sinus rhythm and during PV pacing - has been pro-
posed as the mainstay of catheter ablation in paroxysmal AF.5 Large 

lesions around the vein antrum rather than ablations within the PVs 
itself are recommended to avoid PV stenosis and to include more 
sites of AF initiation and maintenance.5 Indeed, one prospective ran-
domized study showed that isolation of a large circumferential area 
around both ipsilateral PVs with verification of conduction block is a 
more effective treatment of AF than ostial segmental isolation.6

Cryoablation catheters work by delivering liquid nitrous oxide un-
der pressure to a tip or balloon, where it turns into gaseous state, 
resulting in cooling of surrounding tissue. Local tissue injury results 
from freezing with creation of intracellular ice crystals that disrupt 
cell membranes and interrupt both intracellular metabolism and 
electrical activity. In addition, alteration of microvascular blood flow 
similarly produces cell death.7 PVI with cryoenergy has been shown 
to be effective in a large prospective multicenter study.8 However, 
complete PVI was found to be a critical procedural endpoint, since 
recurrence rates of AF are higher, if PVI was not achieved at the end 
of the procedure.9

Recently a novel cryoablation system has been developed to create 
large antral lesions around the PVs using a “single shot” device. The 
system consists of a cryoablation console, a steerable sheath and a cir-
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Abstract
Introduction: Pulmonary vein (PV) isolation is the mainstay of catheter treatment of paroxysmal atrial fibrillation (AF). The CoolLoop® 

cryoablation catheter (AFreeze® GmbH; Innsbruck, Austria) was developed to create wide and complete circular lesions around the PVs. In 
this study we evaluated feasibility and safety of this novel ablation system in humans.

Methods: 10 patients (6M/4F; 57.6±7.6y) with paroxysmal AF were included in 2 referral centers. The CoolLoop® catheter was positioned 
at each PV antrum using a steerable transseptal sheath. Subsequently, 2-6 double-freezes over 5min were performed at each vein and PV-
isolation was assessed thereafter using a circular mapping catheter. During cryoablation of the right PVs, pacing was used to monitor phrenic 
nerve function.

Results: The CoolLoop® catheter could be successfully positioned at each PV. A mean of 5.6±1.8 cryoablations were performed in the 
LSPV, 5.2±1.6 in the LIPV, 6.3±2.5 in the RSPV and 5.4±1.6 in the RIPV, respectively. Mean procedure time was 251±60min and mean 
fluoroscopy time was 44.0±13.2min. 6 / 10 LSPV, 6 / 10 LIPV, 5 / 10 RSPV and 6 / 10 RIPV could be isolated exclusively using the novel 
cryoablation system. One patient developed groin hematoma and a brief episode of ST-elevation due to air embolism was observed in 
another subject. No other clinical complications occurred during 3 months of follow up.

Conclusions: PV-isolation for paroxysmal atrial fibrillation using the CoolLoop® catheter is feasible and appears safe. Clinical long term 
efficacy still needs to be evaluated and will be compared with established catheters used for AF ablation.

Key Words: 
Ablation, Cryothermia, Pulmonary Vein Isolation, Antrum, Left 
Atrial Ablation.
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cular cryoablation catheter including a 30mm diameter loop shaped 
cryo-applicator (CoolLoop®; AFreeze® GmbH; Innsbruck, Austria). 
In this “first-in-man” study the CoolLoop® ablation system was test-
ed for the first time in patients with paroxysmal AF. In this clinical 
trial we sought to determine procedural feasibility and short term 
safety of PVI using the novel CoolLoop® cryocatheter.
Methods
Study Subjects

Patients were screened and recruited at 2 referral centers for AF 
ablations between September and December 2012. Only patients 
with two or more symptomatic, paroxysmal AF episodes despite 
treatment with at least one antiarrhythmic drug were included. At 
least one episode of AF within the last 3 months had to be docu-
mented by ECG. Exclusion criteria were: LA diameter >50 mm (as-
sessed by transthoracic echocardiography), cardioversion performed 
later than 7 days after onset of AF, significant structural heart disease 
(moderate or severe valvular heart disease, congenital heart disease, 
previous myocardial infarction or coronary artery bypass graft sur-
gery, left ventricular ejection fraction <45%), chronic obstructive pul-
monary disease or severe respiratory insufficiency, known bleeding 
diathesis or intolerance to heparin or oral anticoagulants, previous 
AF ablation, left atrial thrombus, severe other non-cardiac diseases, 
hyperthyreosis and pregnant or lactating females.

The study was approved by the Institutional Ethical Review Board 
of the Medical University of Innsbruck (AN-4701-312/4.7) and 
Linz General Hospital (B-28-12) as well as by the Federal Agency 
for Safety in Health Care (INS-621000-0338) and all participants 
gave their written informed consent prior to inclusion into the study.
Study Protocol

Upon admission to the hospital laboratory blood testing was per-
formed and an ECG was recorded. Left atrial thrombi were ruled out 
using transesophageal echocardiography and left atrial morphology 
was visualized by computed tomography and subsequent 3D recon-
struction on the day before the procedure.
CoolLoop® Catheter

The CoolLoop® cryoablation catheter consists of a grip, a shaft 
and a loop shaped cryoapplicator (diameter 30mm) with an eccen-
tric tip (Fig. 1). The catheter was positioned at the PV antrum using 
standard over the wire technique. Before introduction the catheter 
was flushed with heparinized saline for at least 60sec (flow: flushing 
lumen 6ml/min; positioning lumen 85ml/min), thereafter flow rate 
in both lumina was kept at 2ml/min during the entire procedure.

Cryoablation Procedure
Left atrial catheter ablation was performed under conscious seda-

tion using a combination of propofol and fentanyl. Continuous re-
cording of ECG, blood pressure using an arterial line, and peripheral 
oxygen saturation were mandatory.

After a single transseptal puncture the AFreeze® steerable trans-
septal sheath was advanced into the left atrium under fluoroscopic 
guidance. Before transseptal puncture 5000 IE of heparin were ad-
ministered, followed by another 5000 IE as soon as access to the left 
atrium had been achieved. Activated clotting time was assessed every 
30 min. and was maintained between 250 and 350 s using heparin 
boli. The tip of the CoolLoop® catheter was advanced over a guide 
wire towards the proximal part of the PV, where the loop-shape of 
the catheter was formed. By advancing both the steerable sheath and 
the ablation catheter to each PV sufficient contact with the left atrial 
wall was achieved. Two consecutive cryoablations for five minutes 
were performed at each PV and at least two distinct catheter posi-
tions had to be delivered by turning the CoolLoop® catheter clock-
wise for 90-120 degrees after the first ablation.

Before and up to 15 min after the last cryoablation a decapolar cir-
cular mapping catheter was placed at each PV ostium via the steerable 
sheath to assess PV isolation. To measure the degree of PV isolation 
the percentage of PV signal reduction on the decapolar catheter (sig-
nals on post-ablation bipoles / pre-ablation bipoles) was calculated. 
Furthermore pacing over each bipole of the circular mapping cathe-
ter was performed to verify exit block. If electrical isolation could not 
be demonstrated, additional cryo-applications using the CoolLoop® 
or another cryo-catheter were performed at the operator’s discretion. 
At the end of the procedure all catheters and sheaths were removed, 
sedation was stopped and pericardial effusion was excluded by echo-
cardiography.
Follow-Up

Following the procedure patients were monitored by continuous 
ECG and non-invasive blood pressure measurement for 12 hours. On 
the day after the catheter ablation phrenic nerve palsy was ruled out 
by X-ray and spirometry, and oral anticoagulation was started after 

Figure:1

The CoolLoop® cryoablation catheter: The tip of the catheter is 
shown including the loop-shaped cryo-applicator (diameter 30mm) 
and the inner lumen with the introduced guide wire. Please note 
the eccentric location of the catheter tip.

Figure:2

Visualisation of the CoolLoop® cryoablation catheter during a 
freeze cycle by 2-dimensional intracardiac echocardiography (ICE): 
the loop of the catheter was positioned at the antrum of the LIPV of 
patient #2 und visualized by ICE; during freezing the catheter could 
be visualized by color Doppler echocardiography (yellow arrow); 
note the peri-ostial location of the CoolLoop® catheter tip that 
even partially overlaps the ostium of the LSPV; LSPV – left superior 
pulmonary vein; LIPV - left inferior pulmonary vein (green lines 
indicating PV edges)
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pericardial effusion had been excluded. Antiarrhythmic drugs, except 
for ß-blockers, were discontinued following catheter ablation. In case 
of AF-recurrences antiarrhythmic drugs were re-started upon the 
operator`s discretion. Follow ups at discharge, as well as 2, 4, 8 and 12 
weeks after ablation included medical and clinical history, blood tests 
and 12-lead ECGs, respectively. Additionally 7-day Holter monitor-
ing and echocardiography were performed at 3-months of follow-up. 
Oral treatment with Pantoprazol 40 mg per day was continued until 
8 weeks after the procedure and oral anticoagulation was mandatory 
for at least 3 months after ablation.
Study Endpoints

The primary endpoint of the study was safety and tolerability of 
cryoablation using the CoolLoop® Cryoablation System. Specif-
ically the following parameters were analyzed: deformation of the 
catheter loop resulting in entrapment of the catheter in the heart, 
phrenic nerve palsy, death, pericardial effusion, cardiac tamponade, 
valve damage requiring surgery and hemorrhage requiring transfu-
sion, atrio-esophageal fistula, sepsis or endocarditis, stroke or tran-
sient ischemic attack and PV stenosis until the final visit 3 months 
after cryoablation.

Secondary endpoints were feasibility (defined by the ability to 
position the catheter in the proximal part of each PV, forming the 
cryo-applicator of the catheter to a loop by operating the catheter 
handle, positioning the loop at the wall of the PV antrum and de-
livering cryoenergy), immediate efficacy of cryoablation (defined as 
the percentage of electrodes within the PV without measureable sig-
nals), clinical efficacy of catheter ablation (defined by freedom of AF 
during follow up), procedure and fluoroscopy time (defined as time 
from introduction until removal of the catheter from the left atrium), 
cumulative cryoablation time, as well as minor procedural complica-
tions (pneumothorax, hematothorax, femoral pseudoaneurysm, arte-
riovenous fistulae, and hemorrhage not requiring transfusion).
Statistical Analysis

No hypothesis testing and no sample size estimation were per-
formed. Statistical analysis for safety and efficacy was performed ac-
cording to the intention-to-treat principle. All parameters were sum-
marized using descriptive statistics, i.e. number (n) and percentage 
of patients of the total cohort (%) for categorical variables and mean 
values or mean differences ± standard deviations (SD) for continuous 
variables.

All statistical analyses were performed using SPSS 16.0 statistical 
software (Chicago, Illinois, USA) and were supported by the Depart-
ment of Medical Statistics, Informatics and Health Economics at the 
Medical University of Innsbruck.  
Results

10 patients from two Austrian referral centers (6 male/4 female) 
with exclusively paroxysmal AF were included into the study.
Demographics

An overview of demographics is given in table 1. The cohort had a 
long lasting history of atrial fibrillation and a high number (5.4±4.3 
per week) of episodes lasting up to 30 hours in average. 5/10 pa-
tients had been hospitalized within 12 months prior to ablation, 
9/10 had been treated with betablockers and all of them with 1-2 
additional antiarrhythmic drugs. Patients’ LA was moderately dilat-
ed (42.2±4.0mm), 2 patients had clinically non-significant aortic or 
mitral regurgitation (table 1). In 2 patients ablation of the cavo-tri-
cuspid isthmus and in one ablation of an accessory pathway had been 

performed several years prior to the study, one participant suffered 
from Mb. Bechterew and psoriatric arthritis, one had prior stroke 
without any neurological residuals, four had hypertension and anoth-
er one bronchial asthma.

Three-dimensional reconstruction of CT scans prior to each abla-
tion did not show any PV anomaly, specifically all patients had 4 PVs 
and no common ostia or additional PVs could be detected. 
Procedural Outcomes

The CoolLoop® catheter could be successfully positioned at each 
PV ostium in all 10 patients. Furthermore circular contact to atrial 
tissue could be visualized by intracardiac echocardiography in all sub-
jects (Fig. 2) and cryothermal energy could be delivered at each PV 
antrum without complications. Moreover the CoolLoop® catheter 
could be directed to various positions and finally retracted from each 
atrium through the steerable sheath. An episode of air embolism 
developed in patient # 2 shortly after introduction of the catheter 
into the left atrium, leading to asymptomatic transient ST-segment 
elevations for 3 min on surface ECGs, but without occurrence of AV-
block or requirement of vasopressors. Physical examination, ECG 
and echocardiography after the procedure were unremarkable, thus 
the patient was not subjected to further cerebral or cardiac imaging. 
After this event the study protocol was slightly changed and both 
lumina of the CoolLoop® catheter were flushed with saline even 
more vigorously prior to insertion of the catheter into the steerable 
sheath (see methods). No further device related adverse events were 

Figure:3

Illustration of the extent of lesions around the right PVs induced 
by the CoolLoop® cryoablation catheter: Patient #10 underwent 
re-ablation using electro-anatomic mapping (CARTO® 3 system; 
Biosense Webster; USA) 12 months after the index-procedure 
due to recurrence of atrial fibrillation. A precise bipolar voltage 
map was performed to visualize the area around the PVs and 
to specifically measure the extent of lesions after CoolLoop® 
ablation. A posterior-anterior projection of the map is shown. 
Small isolation defects were found in all PVs 12 months after 
cryoablation, but a large area of scar (defined as bipolar voltage 
≤0.20mV; red area) was detected around the right PVs. Pink bullets 
indicate bipoles of the decapolar circular catheter.
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touchup ablations, suggesting a fast learning curve of the operators 
with the new device.
Clinical Outcome

No clinical adverse events were observed in follow ups 2, 4, 8 
and 12 weeks after ablation. Specifically no nerve palsy, no cardiac 
tamponade, no clinical sign of valve damage or PV stenosis, no atri-
al-esophageal fistula, no sepsis or endocarditis, no stroke or transient 
ischemic attack occurred until the final visit 3 months after cryoab-
lation. Additionally valve damage was excluded by echocardiography 
and PV stenosis was excluded in CT scans available from 5 patients. 
Patient # 10 required transfusion and surgical revision due to groin 
hematoma, but this complication was not found to be device related 
by the dedicated safety committee of the study and the local institu-
tional review board.

1 to 6 symptomatic episodes of AF were reported in each of the 
ablated patients, and 1 to 5 symptomatic or asymptomatic AF epi-
sodes (>30sec duration) were documented in 12-lead ECGs in each 
study participant over a follow up period of 3 months. 2 patients had 
to be hospitalized and underwent electrical cardioversion. The study 
protocol was not intended to search for asymptomatic episodes of 
AF, except during 7-day Holter ECG. AF was documented at the 
end of the study in 7-day Holter ECGs of 6/10 patients (AF-burden 
1-18%; cumulative AF 1hr 47min to 30hrs). Of these latter 6 pa-
tients, 2 were in stable sinus rhythm at 3 months of follow up under
antiarrhythmic medication that had been unsuccessful prior to abla-
tion (1 propafenone, 1 amiodarone), and the other 4 were scheduled
for re-ablation.
Redo-Procedures

Repeated ablations were performed due to AF recurrence in 4/10 
patients 1-3 months after the last follow-up of the study (3-6 months 
after cryoablation) and in another patient 9 months later. Electro-an-
atomic mapping in 3/4 patients demonstrated large scars around iso-
lated PVs (Fig. 3). However, segmental reconnections of 2-4 PVs 
per patient were noticed in each patient, suggesting PV reconnection 
as the mechanism of AF recurrence. No significant differences were 
found in locations of conduction gaps during redo procedures. This 
fact, however, might be due to the limited number of patients includ-
ed in the current study. These results provide evidence that cryoab-
lation with the CoolLoop® catheter leads to wide antral circumfer-
ential lesions, but PV reconnections were observed quite commonly.
Discussion

observed after these changes of the protocol. Specifically, no peri-in-
terventional stroke, no phrenic nerve palsy and no cardiac tamponade 
or pericardial effusion occurred during the study. One patient devel-
oped groin hematoma during the ablation procedure. The interven-
tion was prematurely stopped (after 4 ablations at each PV using 
the CoolLoop®) and PVI was not finalized. Surgical revision of the 
hematoma was performed on the day after ablation.

Inevitably long procedure durations and large amounts of fluo-
roscopy were necessary in this first-in-man study. Mean procedure 
duration was 251±60min, mean fluoroscopy time 44.0±13.2min and 
total area dose 13267±10163cGy cm2. However, procedure duration 
and amount of fluoroscopy could be significantly reduced throughout 
the study (table 2).

In total 225 ablations with the CoolLoop® were delivered in the 
10 study patients. 56 cryoablations were applied at the antrum of 
the LSPV, 52 at the LIPV, 63 at the RSPV and 54 at the RIPV, 
respectively. Thus, a mean of 5.6±0.8 cryoablations for 5min each 
were delivered per PV. 23/40 PVs (57.5%) could be isolated using 
the CoolLoop® catheter exclusively, whereas 13/40 PVs (32.5%) 
needed additional touchup-lesions with cryotip (Freezor Max®, 
Medtronic Cryocath, USA;  9/40) or cryoballoon catheters (Arctic 
Front Advance®, Medtronic Cryocath, USA; 4/40). The remaining 
4 PVs could not be isolated at the end of the procedure for reasons 
described above. No differences were found in distributions of PVs 
that could not be isolated (table 3). No early spontaneous PV recon-
nection within 15min after ablation was observed. Testing for PV 
reconnection with adenosine (2mg) was performed at the end of the 
procedure in 5/10 patients. However, no reconnection of PV conduc-
tion was recorded in any patient after adenosine testing. 

In 17 non-isolated PVs signals on the decapolar catheter could be 
reduced with the CoolLoop® alone by 80% (unaffected PV signal in 
1 bipole) in 5 PVs, and by 60% (unaffected PV signal in 2 bipoles) 
in 8 PVs, respectively. Accordingly PV isolation could be achieved 
in the majority of patients by additional focal ostial ablations using 
other cryo-catheters. Importantly all PVs of patient # 5 (of 6) in one 
center and patient # 3 (of 4) in the other center could be isolated 
using the CoolLoop® catheter exclusively without any additional 

Table 1: Demographics of patients (n=10)

Variable

gender (male/female) 6/4

age (years) 57.6±7.6

duration of AF prior to PVI (months) 82.8±84.5

number of AF episodes / month prior to PVI (n) 21.7±17.3

maximum duration of AF episodes (hours) 32.0±18.8

number of hospitalizations due to AF during previous 12 months (n) 0.7±0.7

left atrial size in echocardiography (mm) 42.2±4.0

LVEF on echocardiography (%) 62.0±5.0

BMI (kg/m2) 25.4±3.4

Hypertension (n) 4

patients treated with beta-blockers prior to PVI (n) 9

patients treated with class IC antiarrhythmic drugs prior to PVI (n) 3

patients treated with class III antiarrhythmic drugs prior to PVI (n) 9

patients with electrical cardioversion prior to PVI (n) 4

AF – atrial fibrillation; PVI – pulmonary vein isolation; LVEF – left ventricular ejection fraction; BMI 
– body mass index; values are given in mean ± SD

Table 2: Procedural parameters of the study patients

Patient Procedure time (min) Fluoroscopy time (min) Fluoroscopy dose (cGycm²)

1 231 53.43 14969

2 300 46.43 18127

3 219 53.00 16789

4 277 44.15 20829

5 249 40.15 5162

6 126 17.05 5742

7 320 59.00 5832

8 320 59.00 4165

9 204 34.00 1217

10 265 34.00 2243

mean ± SD 251 ± 60 44.0 ± 13.2 9508 ± 7318

patients 1 - 6 were treated in center #1, 7 - 10 in center # 2
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study (data not shown). Finally no phrenic nerve palsy was observed 
in the current study, whereas 13.5% of patients suffered from this 
complication in a larger cohort included into a prospective random-
ized trial analyzing the Medtronic/Cryocath cryoballoon.9 Although 
incidence of this most frequent complication of cryoablations in 
the left atrium varies10 and mainly depends on the size of the right 
pulmonary veins, the results of this small trial with the CoolLoop® 
catheter are promising.
Size And Durability Of Lesions Created By The CoolLoop® Cath-
eter

The CoolLoop® catheter tested in the current study creates large 
antral lesions around the PVs (Fig. 3), whereas lesions created by the 
the Medtronic/Cryocath cryoballoon do not include antral portions 
of the LA.14 Given the 30mm diameter of the cryo-applicator and 
the eccentric location of the catheter tip of the new device this be-
havior of the new catheter has been aimed for and was also visualized 
by intracardiac echocardiography (Fig. 2) as well as electro-anatomic 
voltage mapping during a repeat ablation (Fig. 3). If myocardial le-
sions created using the novel device are found to be complete and 
durable in future studies, it would be tempting to hypothesize that 
paroxysmal as well as persistent AF can be treated using the Cool-
Loop® catheter ablation system. 
Conclusion And Limitations

Utilization of the new CoolLoop® circular cryocatheter appears 
to be promising with regard to feasibility and short term safety in 
humans. PVI could be achieved in the majority of PVs, however a 
substantial number of recurrences of paroxysmal AF within the first 
3 months after ablation were observed. The small sample size and a 
short follow-up is a major limitation of the current study. This was a 
first in man study and no conclusions can be drawn concerning long-
term efficacy of the device. Thus a potentially more effective second 
generation CoolLoop® catheter was recently developed and a large 
multicenter clinical trial with a longer follow-up is currently ongoing 
to evaluate long term clinical utility and safety of this novel ablation 
system.

Acknowledgements

The CoolLoop® first trial reports our initial experience with left 
atrial catheter ablation using a novel circular cryoablation catheter in 
humans. Our results show that positioning, freezing and retraction 
of the CoolLoop® catheter is feasible and PVI can be achieved in 
the majority of subjects. Even more importantly the procedure with 
the novel circular cryocatheter system appears to be safe in this small 
cohort of patients with paroxysmal AF.
Feasibility Of Left Atrial Ablation Using CoolLoop®

The novel cryoablation catheter could be successfully introduced 
into the LA and positioned at the antrum of each PV of all patients. 
Subsequently 22.5±3.8 cryoablations were performed per patient. 
Finally the CoolLoop® catheter could be retracted from each LA 
through the steerable sheath without technical problems.

As expected due to the “first-in-man” design of the trial, extended 
procedural and fluoroscopy durations were needed in this study. Es-
pecially in the first 2-4 procedures at each center, procedure duration 
and fluoroscopy time were longer than those observed in a recent AF 
ablation registry in Germany.10 However, a steep learning curve was 
found, since fluoroscopy time could be reduced from 53 to 17min 
from the 1st to the 6th patient in center #1 and from 59 to 34min 
from the 1st to the 4th patient in center #2. Likewise total freezing 
time could be reduced by 12% and catheter handling time by 18%, 
when patients 1-5 were compared with patients 6-10 of the study 
(data not shown).

23/40 (57.5%) PVs could be isolated by the investigational device, 
which is comparable to the first PVI results of the Medtronic/Cryo-
cath Arctic Front cryoballoon.11 The majority (13/17; 76%) of PVs 
that were not successfully treated by the CoolLoop® catheter could 
be subsequently isolated using 2-3 focal cryoablations. Finally, PVI 
in 2 of the last 4 patients of the study could be achieved using the 
CoolLoop® catheter only, again suggesting a steep learning curve of 
the operators. Thus, results of PVI with the novel CoolLoop® device 
were found to be adequate in the first 10 treated patients and prom-
ising for the future as experience with the new device will grow and 
improvements of catheter design will follow.

AF recurrence rates in this trial need to be interpreted with caution. 
Existing evidence shows that early recurrences of AF are common 
after catheter ablation. However, only 50% of patients with episodes 
within 3 months after ablation also develop recurrent AF later on.12 
Therefore all occurrences of AF within 3 months after ablation in this 
study cannot be interpreted as PV reconnection and ablation failure. 
It still has to be mentioned that recurrences of AF were documented 
in 6/10 of patients after LA ablation with the new device, suggesting 
an increased rate of recurrences due to PV reconnections compared 
with prior larger multicenter studies using cryo-9 or RF-energy for 
PVI.13 However, this study was not designed to evaluate long-term 
recurrence rates of AF after LA ablation. A larger multicenter trial 
with a longer follow-up is currently ongoing to assess long-term per-
formance of an improved version of the device.
Safety Of Left Atrial CoolLoop® Ablation

Safety of the CoolLoop® ablation system, although derived from 
a small cohort, appears to be reassuring. We did not find evidence of 
any clinical neurologic complication or any other thromboembolic 
event and pericardial effusion, valve damage or PV stenosis could be 
ruled out clinically and by echocardiography. Furthermore narrow-
ing of the PV diameter or frank PV stenosis could be excluded in 5 
patients, who underwent repeat ablation after closure of the clinical 

Table 3: Pulmonary vein isolation exclusively using the CoolLoop® 
cryoablation catheter

Patient LSPV LIPV RSPV RIPV overall

1 1 1 0* 1 3

2 1 1 1 0* 3

3 0** 0** 0** 0** 0

4 1 1 0* 0* 2

5 0* 0* 1 1 2

6 1 1 0* 1 3

7 1 1 1 1 4

8 0* 0* 1 1 2

9 1 1 1 1 4

10 0 0 0 0 0

overall 6/10 6/10 5/10 6/10 23/40

ablation success in each pulmonary vein of each study patient is shown; 1 – PV isolation; 0 – 
failure of PV isolation; PV isolation was completed by cryo-tip touchup lesions(*) or cryoballoon 
applications (**) after cryoablation with the CoolLoop® catheter; LSPV – left superior pulmonary 
vein; LIPV – left inferior pulmonary vein; RSPV – right superior pulmonary vein; RIPV – right 
inferior pulmonary vein; 



www.jafib.com Oct-Nov 2015| Volume 8| Issue 3

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation11 Original Research
North American Arctic Front (STOP AF) pivotal trial. Journal of the American 
College of Cardiology; 61:1713-1723.

10. Schmidt M, Dorwarth U, Andresen D, Brachmann J, Kuck KH, Kuniss M,
Lewalter T, Spitzer S, Willems S, Senges J, Junger C, Hoffmann E: Cryoballoon
versus RF ablation in paroxysmal atrial fibrillation: results from the German
Ablation Registry. Journal of cardiovascular electrophysiology; 25:1-7.

11. Van Belle Y, Janse P, Rivero-Ayerza MJ, Thornton AS, Jessurun ER, Theuns
D, Jordaens L: Pulmonary vein isolation using an occluding cryoballoon for
circumferential ablation: feasibility, complications, and short-term outcome.
European heart journal 2007; 28:2231-2237.

12. Andrade JG, Khairy P, Macle L, Packer DL, Lehmann JW, Holcomb RG,
Ruskin JN, Dubuc M: Incidence and Significance of Early Recurrences of Atrial
Fibrillation After Cryoballoon Ablation: Insights From the Multicenter Sustained 
Treatment of Paroxysmal Atrial Fibrillation (STOP AF) Trial. Circulation; 7:69-
75.

13. Wilber DJ, Pappone C, Neuzil P, De Paola A, Marchlinski F, Natale A, Macle L, 
Daoud EG, Calkins H, Hall B, Reddy V, Augello G, Reynolds MR, Vinekar C, 
Liu CY, Berry SM, Berry DA: Comparison of antiarrhythmic drug therapy and
radiofrequency catheter ablation in patients with paroxysmal atrial fibrillation: a
randomized controlled trial. Jama; 303:333-340.

14. Reddy VY, Neuzil P, d’Avila A, Laragy M, Malchano ZJ, Kralovec S, Kim SJ,
Ruskin JN: Balloon catheter ablation to treat paroxysmal atrial fibrillation: what is 
the level of pulmonary venous isolation? Heart Rhythm 2008; 5:353-360.

This study was supported by the Austrian Research Promotion 
Agency (FFG), the K-Regio-Project of the Standortagentur Tirol 
(Innsbruck, Austria) and by the European Regional Development 
Fund (ERDF). The authors thank Dr. Florian Hintringer and Dr. 
Gerald Fischer for their help in the realization of the study and their 
technical support with the CoolLoop® catheter system.
References
1. Wolf PA, Abbott RD, Kannel WB: Atrial fibrillation as an independent risk factor 

for stroke: the Framingham Study. Stroke; a journal of cerebral circulation 1991;
22:983-988.

2. Wang TJ, Larson MG, Levy D, Vasan RS, Leip EP, Wolf PA, D’Agostino RB,
Murabito JM, Kannel WB, Benjamin EJ: Temporal relations of atrial fibrillation
and congestive heart failure and their joint influence on mortality: the Framingham 
Heart Study. Circulation 2003; 107:2920-2925.

3. Suman-Horduna I, Roy D, Frasure-Smith N, Talajic M, Lesperance F, Blondeau
L, Dorian P, Khairy P: Quality of life and functional capacity in patients with
atrial fibrillation and congestive heart failure. Journal of the American College of
Cardiology; 61:455-460.

4. Morillo CA, Verma A, Connolly SJ, Kuck KH, Nair GM, Champagne J, Sterns
LD, Beresh H, Healey JS, Natale A: Radiofrequency ablation vs antiarrhythmic
drugs as first-line treatment of paroxysmal atrial fibrillation (RAAFT-2): a
randomized trial. Jama; 311:692-700.

5. Calkins H, Kuck KH, Cappato R, Brugada J, Camm AJ, Chen SA, Crijns HJ,
Damiano RJ, Jr., Davies DW, DiMarco J, Edgerton J, Ellenbogen K, Ezekowitz
MD, Haines DE, Haissaguerre M, Hindricks G, Iesaka Y, Jackman W, Jalife J,
Jais P, Kalman J, Keane D, Kim YH, Kirchhof P, Klein G, Kottkamp H, Kumagai
K, Lindsay BD, Mansour M, Marchlinski FE, McCarthy PM, Mont JL, Morady
F, Nademanee K, Nakagawa H, Natale A, Nattel S, Packer DL, Pappone C,
Prystowsky E, Raviele A, Reddy V, Ruskin JN, Shemin RJ, Tsao HM, Wilber D: 
2012 HRS/EHRA/ECAS expert consensus statement on catheter and surgical
ablation of atrial fibrillation: recommendations for patient selection, procedural
techniques, patient management and follow-up, definitions, endpoints, and
research trial design: a report of the Heart Rhythm Society (HRS) Task Force on
Catheter and Surgical Ablation of Atrial Fibrillation. Developed in partnership
with the European Heart Rhythm Association (EHRA), a registered branch of the 
European Society of Cardiology (ESC) and the European Cardiac Arrhythmia
Society (ECAS); and in collaboration with the American College of Cardiology
(ACC), American Heart Association (AHA), the Asia Pacific Heart Rhythm
Society (APHRS), and the Society of Thoracic Surgeons (STS). Endorsed by
the governing bodies of the American College of Cardiology Foundation, the
American Heart Association, the European Cardiac Arrhythmia Society, the
European Heart Rhythm Association, the Society of Thoracic Surgeons, the Asia
Pacific Heart Rhythm Society, and the Heart Rhythm Society. Heart Rhythm;
9:632-696 e621.

6. Arentz T, Weber R, Burkle G, Herrera C, Blum T, Stockinger J, Minners J,
Neumann FJ, Kalusche D: Small or large isolation areas around the pulmonary
veins for the treatment of atrial fibrillation? Results from a prospective randomized 
study. Circulation 2007; 115:3057-3063.

7. Andrade JG, Dubuc M, Guerra PG, Macle L, Rivard L, Roy D, Talajic M,
Thibault B, Khairy P: Cryoballoon ablation for atrial fibrillation. Indian pacing
and electrophysiology journal; 12:39-53.

8. Packer DL, Keelan P, Munger TM, Breen JF, Asirvatham S, Peterson LA,
Monahan KH, Hauser MF, Chandrasekaran K, Sinak LJ, Holmes DR, Jr.:
Clinical presentation, investigation, and management of pulmonary vein stenosis
complicating ablation for atrial fibrillation. Circulation 2005; 111:546-554.

9. Packer DL, Kowal RC, Wheelan KR, Irwin JM, Champagne J, Guerra PG, Dubuc 
M, Reddy V, Nelson L, Holcomb RG, Lehmann JW, Ruskin JN: Cryoballoon
ablation of pulmonary veins for paroxysmal atrial fibrillation: first results of the



Variations in Anticoagulation Practices Following the Maze 
Procedure
Jennifer Chung, MD1, Magdi Sami, MD2, Carole Albert, RN1,Benoit De Varennes, MD, MSc1.

1Department of Cardiac Surgery, McGill University Health Centre, Montreal, QC, Canada
2Department of Cardiology, McGill University Health Centre, Montreal, QC, Canada

Disclosures:
None.

Corresponding Author:
Benoit de Varennes, MD, MSc, FRCS
Division of Cardiac Surgery
McGill University Health Centre 
1001 Decarie Boulevard
Montreal, Quebec H4A 3J1

Key Words: 
Cox-Maze Procedure, Anticoagulation, Atrial Fibrillation

Introduction
Embolism secondary to atrial fibrillation, which accounts for 25% 

of all ischemic strokes, has a 60% rate of death and severe disability.1, 

2 Unfortunately, due to its risks and inconveniences, anticoagulation 
therapy is underused in real-world practice.3 The surgical treatment of 
atrial fibrillation is the Cox-Maze procedure which produces trans-
mural scars to interfere with abnormal electrical circuits. It has an 
80% long-term success rate in maintaining patients in sinus rhythm 
and has been proposed as a method of avoiding anticoagulation.4 A 
component of this procedure is exclusion of the left atrial appendage 
(LAA), the main culprit in cardiogenic emboli. Thus many believe 
that the procedure may obviate the need for long-term anticoagu-

lation. Unfortunately, no randomized controlled trials exist to con-
firm the safety of stopping anticoagulation after the Maze procedure. 
Also, there are some conflicting reports regarding the efficacy of dif-
ferent techniques of surgical LAA exclusion on stroke risk, whether 
alone or as a component of the Maze procedure.5, 6 Therefore, the best 
anticoagulation practices following such procedures are unclear and 
the real-world prescribing patterns are unknown.

In our setting, it has usually been the referring cardiologist who 
makes long-term anticoagulation decisions with the patient.  By re-
viewing our centre’s experience, our primary aim is to characterize 
real-world post-operative anticoagulation practices. Our secondary 
goal is to review stroke rates among patients with and without anti-
coagulation.
Material And Methods

The study was approved by the McGill University Health Centre’s 
Institutional Review Board and need for patient consent was waived. 
This was an observational cohort study of a single centre, which is a 
major referral centre for mitral valve disease in an urban Canadian 
setting (Figure 1). A total of 123 patients who did not have an ob-
ligate reason to be on long-term oral anticoagulants underwent the 
Maze procedure from June 2005 to November 2012. After exclud-
ing 8 early post-operative deaths and 2 patients lost to follow-up, 
the remaining 113 patients were divided into two cohorts: 1) Group 
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Abstract
The current real-world anticoagulation practices following left atrial appendectomy in the context of the Maze procedure are unknown. This 

is a cohort study of all patients who underwent the Maze procedure with amputation of the left atrial appendage from June 2005 to November 
2012. Data was prospectively collected at regular intervals with an interview and Holter monitoring. All patients received anticoagulation for 
3 months. Those then kept on anticoagulation and those for whom anticoagulation was stopped were compared in terms of death, bleeding 
and incidence of stroke. In total, there were 113 patients, of whom 66 were treated with anticoagulation (Group A) and 47 were not (Group 
B). There were no significant baseline differences between the two groups, including the presence of atrial fibrillation (A:19.7%, B:10.6%, 
p=0.30), CHADS2 score (A:1.41±1.05, B:1.15±1.08, p=0.19), and left atrial size (A:48.3±7.1mm, B:47.6±7.8 mm, p=0.57). There were 275 
patient-years of follow-up, with an average of 2.43 years per patient. Only two patients experienced strokes, both in Group A (p=0.27). Of the 
5 bleeding events, 4 occurred in the first 3 months while on anticoagulation and the remaining event occurred in Group A at 3 years post-
operatively (p=0.10). No standardized approach to anticoagulation after the Maze procedure is apparent in real-world practice in an urban 
Canadian setting. Patients who undergo the Maze procedure with amputation of the left atrial appendage are at a low risk of stroke, but the 
optimal anticoagulation strategy requires further investigation.
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A - those who were on anticoagulants at the 6 month visit (65 pa-
tients), and 2) Group B - those who were off anticoagulants at the 6 
month visit (48 patients). The 6 month time point was chosen as it is 
our practice to recommend anticoagulation for all patients following 
the Maze procedure for the first 3 months post-op. After 3 months, 
the decision for anticoagulation is based on the treating physician’s 
preference (usually the referring cardiologist). The primary endpoints 
were mortality, stroke, bleeding events and the composite endpoint of 
death, stroke and bleeding, termed “major adverse events”.
Surgical Technique 

The Maze procedure was always performed with concomitant car-
diac surgery, and in 111 of the 123 patients (90.2%), this included 
mitral valve surgery. The remaining patients underwent the following 
concomitant surgeries: 1 hemiarch repair, 1 tricuspid valve repair, 5 
aortic valve replacements (AVR), 2 coronary artery bypass graftings 
(CABG), 2 AVR/CABG/replacement of the ascending aortas, and 1 
AVR/replacement of the ascending aorta. Of note, the left atrial ap-
pendectomy was performed on cardiopulmonary bypass by complete 
amputation and oversewing in two layers. Obliteration of the stump 
was confirmed by direct visualization from within the left atrium 
and transesophageal echocardiography. The energy source used was 
radiofrequency in 89 patients and cryoablation in 8 patients. Laser 
ablation was used in 26 patients from the earliest part of this series.  
Sixty-eight patients (55.3%) underwent the full bi-atrial Maze pro-
cedure (Cox-Maze IV), while the remaining patients underwent the 
left atrial Maze.
Database

Data was prospectively collected by a research nurse at 3 months, 
6 months, 1 year, 2 years and 3 years after the surgery. At each vis-
it, an interview was conducted including a review of the patient’s 
medications, and a 12-lead electrocardiogram as well as a 24-hour 
Holter monitor was performed. If Holter monitoring was not pos-
sible, the patient’s rhythm status was extracted from the electrocar-
diogram, echocardiography or pacemaker interrogations. Strokes 
were defined as documented complications during hospitalization, or 
as self-reported events at time of follow-up. Major bleeding events 
were defined as events requiring hospitalization, blood transfusions 
or intracranial bleeds. The charts of all patients were reviewed with a 
focus on past medical history and left atrial parameters on echocar-
diography.

Data analysis
Incidence of stroke or bleeding events were represented as number 

of events per 100 patient-years. When comparing baseline patient 
characteristics, the Fischer’s exact test was used for dichotomous 
variables and the Wilcoxon rank sum tests used for continuous vari-
ables. The primary outcomes of freedom from death, stroke, bleeding 
and major adverse events were compared using the Log-rank test. 
All statistics were performed with GraphPad Prism 5.01 (GraphPad 
Software, Inc, CA, USA).
Results

Our results with the Maze procedure are comparable to reported 
literature with 72 to 86 % of patients converted to sinus rhythm at 
1 year post-op (Figure 2). The procedure appears to be safe and does 
not add to the operative risk. Of the 123 patients, 8 patients suffered 
early post-operative deaths and none were directly related to the ad-
dition of the Maze procedure. The causes of death were as follows: 
pulmonary embolism, ischemic bowel, uremia from dialysis refusal, 3 
respiratory failures, and 2 heart failures. The overall mortality rate for 
this cohort was 6.5%, which is lower than the mortality risk predicted 
by the average Parsonet score of 9.9%.

At the 6 month time point, 66 patients were continued on antico-
agulation (Group A) while 47 patients were taken off anticoagula-
tion (Group B). The average follow-up was 2.74 years per patient in 
Group A and 2.03 years per patient in Group B. Overall, this series 
represents 275 patient-years of follow-up, with an average of 2.43 
years per patient.

Many patient characteristics were compared between Group A and 
Group B, in an attempt to elucidate the real-world decision-making 
process with respect to anticoagulation following the Maze procedure 
(Table 1). Presence of atrial fibrillation at 6 months, the CHADS2 
and the CHA2DS2-Vasc scores (including their individual compo-
nents), and the HASBLED scores, were compared. Additionally, left 
atrial size and pre-operative duration of atrial fibrillation were exam-
ined. There were no statistically significant differences between the 
two groups in any of the patient characteristics.

When comparing outcomes, risk of death, stroke, major bleeding 
or major adverse events were not statistically different regardless of 
whether patients were treated with anticoagulation (Table 2). Inter-
estingly, both stroke events occurred in Group A. One stroke was 
fatal, occurring 2 years post-operatively. The other stroke was noted 
immediately post-operatively after awakening from anesthesia. Four 

Figure:1 Patient demographics.

Figure:2 Majority of rhythm established by 24-hour Holter monitoring.
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of the 5 bleeding events occurred in the first 3 months during which 
all patients were on oral anticoagulation. 

While the majority of patients taking oral anticoagulants were pre-
scribed warfarin, a handful of patients were prescribed dabigatran. 
One patient was switched from warfarin to dabigatran after 3 years, 
and 1 patient was taking dabigatran from the beginning and remains 
on the novel oral anticoagulant. Two patients who were not initially 
anticoagulated at 6 months were initiated on dabigatran at 2 years of 
follow up. Similar proportion of patients were taking aspirin (p=0.13) 
whether they were on oral anticoagulants (39.4%) or not (55.3%).

Patients’ anticoagulation status was tracked at each visit, and 
therefore our database captured the frequency with which patients 
switched anticoagulation strategies. Ten of the 47 patients not on 
anticoagulation at the 6 month visit (21%), were placed back on an-
ticoagulation according to their most recent follow up visit. On the 
other hand, 20 of the 66 patients on anticoagulation at the 6 month 
visit (30%), were taken off anticoagulation according to their most 
recent follow up visit. Our analysis was conducted using an “intent-
to-treat” strategy based on the anticoagulation strategy chosen at the 
6 month time point.
Discussion

Patients undergoing the Maze procedure with LAA exclusion, and 
without other indications for anticoagulation, experience variable an-
ticoagulation treatment. Interestingly, although surgeons may believe 
that long-term anticoagulation is unnecessary following the Maze 
procedure, we found that almost 60% of our patients were actually 
kept on long-term anticoagulation. Our study of over 100 patients, 
with a cumulative follow-up of 275 patient-years, found no patient 
factor that can identify post-Maze patients who are prescribed long-
term anticoagulation. Moreover, a significant proportion of patients 
in both groups crossed over during follow-up. These results suggest 
that in real-world practice, in an urban Canadian setting, prescribing 
patterns are somewhat arbitrary. With only 2 strokes in 113 patients, 
both occurring in anticoagulated patients, our study supports the no-
tion that optimal LAA exclusion technique and the Maze procedure 

can achieve low embolic rates regardless of anticoagulation strategy.
The arbitrary anticoagulation practices reflect a paucity of evi-

dence and guidance. Current Canadian guidelines suggest using the 
CHADS2 schematic to aid anticoagulation decision-making in this 
population of post-Maze patients.7 This is despite the prominence of 
valvular atrial fibrillation in Maze patients (90% of our cohort), to 
which the CHADS2 is not typically applied. Moreover, a previous 
study found no association between the CHADS2 score and embolic 
risk in this population.8

Confusion over the effectiveness of the Maze procedure leaves 
many clinicians wary of discontinuing oral anticoagulation in Maze 
patients who no longer have their LAA, limiting the usefulness of 
undergoing the procedure. In fact, the original Cox series did not ad-
vocate any long-term anticoagulation and demonstrated a remarkable 
0.8% stroke rate in long-term follow-up.9 A recent study from a ma-
jor American referral centre also reinforced this concept and demon-
strated low stroke rates (5.1 cases per 1,000 person-years) with a 
higher anticoagulation discontinuation rate than we have reported.10 
In that study the majority of those continuing on anticoagulation 
had other indications such as deep vein thrombosis. However, hesi-
tation remains amongst cardiologists due to the lack of widespread 
standardized follow-up protocols with respect to rhythm analysis and 
anticoagulation, and contradictory stroke protection data regarding 
surgical LAA exclusion. When deciding on anticoagulation, it is im-
portant to acknowledge that oral anticoagulation does not eliminate 
stroke risk, and carries a significant side-effect profile.

A major strength of our study is the consistent prospective proto-
colized follow-up provided by a dedicated research nurse who is able 
to enforce Holter studies and medication reviews. Our consistency 
extends to operative technique with respect to the left atrial appen-
dectomy: the amputation and oversewing technique. Although it is 
logical that excluding the LAA should provide powerful stroke pro-
tection (as seen in the PROTECT-AF trial), this has been difficult 
to prove in the surgical literature.11 This is likely due to data contam-
ination by combining results from a variety of surgical techniques. It 
is now known that high residual flow rates are associated with certain 
techniques, such as loop and snare or purse-stringing.12, 13 With ev-
idence that incomplete closure may increase thromboembolic risk, 
this can be quite dangerous.14, 15 By consistently using the amputation 
and oversewing technique, we eliminate the risk of residual flow.

Our study is limited by sample size. This is a prevailing difficulty in 
this area of surgical literature, where even the largest centres can take 
many years to amass one to two hundred patients.16, 17  The variability 
in follow-up and operative protocols as mentioned above hamper the 
ability to combine multiple centres.

Our research identifies a gap between guidelines and real-world 
practice, highlighting the need for rigorous study in anticoagulation 
practices following the Maze procedure. Standardization of opera-
tive and post-operative practices would move the field forward by 

Table 1: Comparison of patient characteristics for patients on and off 
of anticoagulation.

On 
Anticoagulation 
N=66 (%)

Off Anticoagulation
 N=47 (%)

 P-value

Presence of atrial 
fibrillation

13 (19.7) 5 (10.6) 0.30

CHADS2 score                                  
Score of 3 or greater

1.41  ± 1.05                  
5 (7.6)       

1.15 ± 1.08               5 
(10.6)

 0.19   0.74

CHA2DS2-Vasc score 2.53 ± 1.53 2.82 ± 1.47 0.40

Congestive HF 
(EF<35%)

5 (7.6) 4 (8.5) 1.0

Hypertension 41 (62.1) 28 (59.6) 0.85

Age > 65                                              
> 75          

47 (71.2)                    
15 (24.6)

32 (68.1)                  10 
(28.6)

0.83     0.83

Female sex 25 (37.9) 20 (42.6) 0.70

Diabetes 15 (22.7) 5 (10.6) 0.13

Previous stroke 8 (12.1) 2 (4.3) 0.19

Vascular disease 21 (31.8) 13 (27.7) 0.68

HASBLED score                           
Score of 3 or greater

2.11 ± 1.04                 
21 (31.8)

2.21 ± 1.21              18 
(38.3)

 0.68   0.55

Left atrial size (mm)                        
Left atrium  ≥ 5 cm

48.3 ± 7.1                  
19 (28.8)

47.6 ± 7.8               18 
(38.3)

 0.57  0.31

Duration of atrial 
fibrillation (months)

31± 5 64 ± 16 0.47

Table 2: Primary outcomes for patients on and off of anticoagulation

On Anticoagulation
N=66
(per 100 patient-
years)

Off Anticoagulation
N=47
(per 100 patient-
years)

 P-value

Death 4 (2.2) 1 (1.0) 0.51

Stroke 2 (1.1) 0 0.27

Major bleeding 2 (1.1) 3 (3.1) 0.36

Major Adverse Events 8 (4.5) 4 (4.1) 0.79



www.jafib.com Oct-Nov 2015| Volume 8| Issue 3

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation15 Original Research
17. Schaff HV, Dearani JA, Daly RC, Orszulak TA, Danielson GK. Cox-Maze

procedure for atrial fibrillation: Mayo Clinic experience. Semin Thorac Cardiovasc 
Surg. 2000; 12:30-7.

facilitating multicentre studies, and providing the groundwork for a 
randomized controlled trial.
Conclusion

Examination of anticoagulation practices following the Maze 
procedure found that majority of patients were kept on long-term 
anticoagulation. We found no consistent prescribing patterns by 
referring cardiologists, thus identifying a major gap between guide-
lines and real-world practice. Although we demonstrated a very 
low stroke rate, the optimal anticoagulation practice after the Maze 
procedure requires further investigation. 
References
1. Park JW, Leithauser B, Rittger H, Brachmann J. Treatment strategies for

prevention of cardioembolic stroke in atrial fibrillation. Clin Hemorheol and
Microcirc. 2010; 46:251-64.

2. Hylek EM, Go AS, Chang Y, Jensvold NG, Henault LE, Selby JV, et al. Effect
of intensity of oral anticoagulation on stroke severity and mortality in atrial
fibrillation. New Engl J Med. 2003; 349:1019-26.

3. Ogilvie IM, Newton N, Welner SA, Cowell W, Lip GY. Underuse of oral
anticoagulants in atrial fibrillation: a systematic review. Am J Med. 2010; 123:638-
45 e4.

4. Gillinov AM. Advances in surgical treatment of atrial fibrillation. Stroke. 2007;
38:618-23.

5. Almahameed ST, Khan M, Zuzek RW, Juratli N, Belden WA, Asher CR, et al.
Left atrial appendage exclusion and the risk of thromboembolic events following
mitral valve surgery. J Cardiovasc Electrophysiol. 2007; 18:364-6.

6. Raanani E, Albage A, David TE, Yau TM, Armstrong S. The efficacy of the Cox/
maze procedure combined with mitral valve surgery: a matched control study.
Euro J Cardiothorac Surg. 2001;19:438-42.

7. Page P, Committee CCSAFG. Canadian Cardiovascular Society atrial fibrillation 
guidelines 2010: surgical therapy. Can J Cardiol. 2011; 27:67-73.

8. Ad N, Henry L, Schlauch K, Holmes SD, Hunt S. The CHADS score role in
managing anticoagulation after surgical ablation for atrial fibrillation. Ann Thorac 
Surg. 2010; 90:1257-62.

9. Cox JL, Ad N, Palazzo T. Impact of the maze procedure on the stroke rate in
patients with atrial fibrillation. J Thorac Cardiovasc Surg. 1999; 118:833-40.

10. Ad N, Henry L, Shuman DJ, Holmes SD. A more specific anticoagulation
regimen is required for patients after the cox-maze procedure. Ann Thorac Surg. 
2014; 98:1331-8.

11. Holmes DR, Reddy VY, Turi ZG, Doshi SK, Sievert H, Buchbinder M, et al.
Percutaneous closure of the left atrial appendage versus warfarin therapy for
prevention of stroke in patients with atrial fibrillation: a randomised non-
inferiority trial. Lancet. 2009 ;374:534-42.

12. Healey JS, Crystal E, Lamy A, Teoh K, Semelhago L, Hohnloser SH, et al. Left
Atrial Appendage Occlusion Study (LAAOS): results of a randomized controlled 
pilot study of left atrial appendage occlusion during coronary bypass surgery in
patients at risk for stroke. Am Heart J. 2005 ;150:288-93.

13. Whitlock RP, Healey JS, Connolly SJ. Left atrial appendage occlusion does not
eliminate the need for warfarin. Circulation. 2009 ;120:1927-32; discussion 32. 

14. Chatterjee S, Alexander JC, Pearson PJ, Feldman T. Left atrial appendage
occlusion: lessons learned from surgical and transcatheter experiences. Ann Thorac 
Surg. 2011; 92:2283-92.

15. Dawson AG, Asopa S, Dunning J. Should patients undergoing cardiac surgery
with atrial fibrillation have left atrial appendage exclusion? Interact Cardiovasc
Thorac Surg. 2010; 10:306-11.

16. McCarthy PM, Gillinov AM, Castle L, Chung M, Cosgrove D, 3rd. The Cox-
Maze procedure: the Cleveland Clinic experience. Semin Thorac Cardiovasc Surg. 
2000; 12:25-9.



Development Of A Novel Scoring System That Determines The 
Success Of Atrial Fibrillation Ablation As Part Of Cardiac Surgery
Norton A1, Schlosshan D2, Ahmed I3, Tayebjee MH2

1Brighton and Sussex Medical School, Royal Sussex County Hospital, Eastern Road, Brighton. 2Department of Cardiology, 
Leeds General Infirmary. 3Royal Sussex County Hospital, Eastern Road, Brighton.

Disclosures:
None.

Corresponding Author:
Dr MH Tayebjee
Department of Cardiology,
Leeds General Infirmary,
Leeds
LS1 3EX

Key Words: 
AF, Concomitant, Surgical, Ablation, Score.

Introduction
Atrial Fibrillation (AF) is the most common sustained cardiac ar-

rhythmia in the western world and affects approximately 1-2% of the 
UK population. The number of patients admitted to NHS hospitals 
in AF has risen by 60% in the past 20 years, with an approximate 
healthcare expenditure of 2.2 billion pounds per annum.1

Surgical AF ablation by the creation of a ‘Maze’ of lines within the 
atria and around the pulmonary veins can be used to treat patients 
who have AF undergoing cardiac surgery. The rationale of this lesion 
set is to interrupt arrhythmogenic macro-reentry circuits.2  Howev-
er, surgical ablation is not appropriate for all patients as it carries a 
certain degree of risk. This is partially linked to an increase in bypass 
and crossclamp time.3 There is also a risk of damage to the sinoatri-
al node; retrospective studies have estimated a 7.2% median risk of 
pacemaker requirement following the procedure.4 Identifying pre-

dictive factors for procedural success can enable clinicians to iden-
tify subgroups where medium to longer-term maintenance of sinus 
rhythm (SR) is an achievable goal and prevent patients from being 
exposed to unnecessary risk. A number of previous publications have 
investigated individual preoperative variables that have an effect on 
predicting procedural success.2  However, few previous studies have 
proposed a scoring system combining these variables to predict res-
toration of SR following concomitant AF ablation. This study aimed 
to create a score system based on the results from previous literature 
and evaluate its efficacy on a small patient dataset.
Aims

i) To assess rates of return to sinus rhythm following concomitant
AF ablation alongside cardiac surgery 

ii) To evaluate a novel scoring system designed to predict medium
to longer term maintenance of sinus rhythm 
Material And Methods
Patient Population

A review of the Leeds General Infirmary surgical database was 
conducted to list all patients who had undergone valvular or coronary 
bypass surgery with concomitant AF ablation between Jan 2012 – 
Dec 2013 (n = 76). 

Patients with no prior ablative procedures and a preoperative diag-
nosis of AF ≥6 months prior to surgery were eligible to be included 
in the study. Follow up requirements were one or more documented 
rhythm checks at ≥3 months post procedure. Patients who died prior 
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Abstract
Background: Radiofrequency ablation therapy for the treatment of atrial fibrillation (AF) can be performed as a concomitant procedure 

alongside cardiac surgery, but carries the risks of increased bypass time and damage to the sinoatrial node. This study aims to assess the 
efficacy of concomitant surgical AF ablation and develop a novel scoring system to predict post-procedural return to sinus rhythm. 

Methods: A review of the Leeds General Infirmary surgical database was conducted to list all patients who had undergone valvular or 
coronary bypass surgery with concomitant AF ablation between Jan 2012 – Dec 2013 (n = 76).  Follow-up was obtained retrospectively using 
patient notes, clinic letters and echocardiographic data. Primary outcome was freedom from AF at median follow up (383 days). A novel 
scoring system was created through analysis of previous literature and evaluated using a receiver operating characteristic (ROC) curve.

Results: At median follow up 50.9% of patients undergoing the procedure were free from AF. The novel scoring system was shown to 
adequately predict post-procedural return to sinus rhythm (ROC AUC = 0.7708).

Conclusion: A novel scoring system was shown to predict procedural success in patients undergoing concomitant AF ablation alongside 
cardiac surgery. These results can be further validated using larger patient cohorts.
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to 3-month follow up were not included in data analysis (Fig. 1). 
All patients were classified according to HRS guidelines in Parox-

ysmal, Persistent or Longstanding Persistent AF; in further analysis 
the two latter categories were combined to form a binary result of 
‘Paroxysmal’ or ‘Nonparoxysmal’ AF.2 
Primary Outcomes

The primary endpoint was freedom from AF at median follow up 
post surgery (383 days). AF was defined as ≥1 documented episode of 
atrial fibrillation lasting for ≥30 seconds during the follow up period. 
A three-month ‘blanking’ period was maintained post surgery when 
any AF occurrences were not classified as treatment failure.2 

Surgical Procedure
Procedures were performed over a two-year period by two sepa-

rate surgeons. Radiofrequency lesions were created using an Atri-
cure Standard Jaw Isolator Synergy clamp at a frequency of 460kHz 
and amplitude of 0-30 Watts. An Atricure Isolator Linear pen was 
used to provide any additional lesions and test for entrance and exit 
block. The standard lesion set involved a left atrial incision followed 
by semilunar line of ablation around the right pulmonary ostia. The 
left pulmonary veins were identically ablated and a line was drawn 
to connect the 2 encircling lesions, the left atrial appendage and the 
mitral valve annulus. No right-sided lesions were performed.

A small subset of patients (n=2) underwent cryoablation of the 
isthmus line using an Atricure cryoICE ablation probe.  One surgeon 
consistently used an Atriclip Gillinov-Cosgrove device (n=10) for 
closure of the left atrial appendage. The other opted for complete 
amputation (n=43). 
Post Operative Care

Postoperative care was similar to that of routine heart surgery. All 
patients received prophylactic anti-arrhythmic therapy and constant 
rhythm monitoring. Intravenous amiodarone was introduced after 
weaning from cardiopulmonary bypass at 5 mg/kg up to a maximum 
of 1.2g in 24 hours. After discharge from intensive care, this was 
changed to a 200 mg/d oral dosage and adjusted according to heart 
rate.

Anti arrhythmic medication (mainly amiodarone) was continued 
for three months after surgery with the aim of stopping at the three 
month follow up appointment.

 Follow Up
Data was obtained from a combination of patient notes, clinic let-

ters and echocardiographic data.
All patients underwent a 12 lead ECG prior to discharge. This was 

followed by a minimum of one 24 ambulatory ECG (n=38) or 12 lead 
outpatient ECG (n=18). Median follow up time was 383 days.
Scoring System

Based on previous studies, a number of predictors for mainte-
nance of sinus rhythm were documented (Table 1). Parameters were 
weighted differentially according to their relative contribution to 
procedural success.  Increasing patient age has been identified as sig-
nificant predictor of ablation failure in three separate case series.5–7 

Patients were categorized into low (age <65 years), medium (age 65-
74 years) or high-risk (age > 74 years) categories. 

The presence of nonparoxysmal AF was given a higher weighting 
as patients are at a higher risk of treatment failure due to well estab-
lished and self perpetuating macro-reentry circuits.8–10  A number of 
studies have demonstrated increasing left atrial size to be a negative 
predictor for return to sinus rhythm.11,12 Weighting of this variable 
was defined in accordance to results from Chen et al. who reported 
that every 1mm increase in left atrial diameter corresponded to a 
12.7% increase in risk of postoperative recurrence of AF.13 

Two previous studies have shown that surgical ablation for AF 
is less effective in patients with a decreased left ventricular ejection 
fraction (LVEF).6,14 Patients were again categorized into low (LVEF 
≥50%), medium (LVEF 30-49%) or high (LVEF < 30%) risk. Lastly 
the presence of mitral stenosis was deemed to be a significant but 
lower risk variable and therefore was assigned a reduced weighting.14 

The score system was evaluated on a subgroup of 46 patients who 
had undergone surgical ablation. Seven patients were excluded from 
the initial cohort due to incomplete echocardiographic data.
The novel predictive score was compared against two risk strati-
fication scores commonly used in cardiac surgery for predicting 
mortality; Euroscore and Parsonnet Score.15,16

Statistical Analysis
Continuous data is presented as mean ± standard deviation and 

categorical data is presented as frequency and percentage unless oth-
erwise stated. Univariate analysis of continuous data was performed 

Figure:1

a) Surface ECG of a patient in sinus rhythm with activated CCM. 
The corresponding CCM algorithm is pictured at the bottom of the 
figure.
Abbreviations: RA= right atrial, RV= right ventricular.
b) Illustration of the CCM device Optimizer IV with the external 
charging system. (The illustration was provided from Impulse 
Dynamics).

Figure:2 Receiver operating characteristic (ROC) curve for a novel predictive 
scoring system for concomitant surgical ablation. 
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using either Students two-sample t test or Wilcoxon Rank Sum. 
Normality was tested using the Shapiro Wilk test. Group compar-
isons for categorical variables were conducted using Chi square or 
Fisher’s exact test. Statistical significance was set at P<0.05. 

Scoring systems shown to be significant on univariate analysis 
were analysed using a receiver operating characteristic (ROC) curve.  
This was used to determine cutoff points that yield the highest com-
bined sensitivity and specificity for distinguishing procedural success 
and failure. Area under the graph was used to represent predictive 
power of the test.
Statistical analysis was performed using Stata SE version 12.1.
Ethical Approval

This study is in compliance with the Declaration of Helsinki. All 
data was collected as part of service evaluation.
Results
Rate Of Return To Sinus Rhythm

A total of 50.9% (n = 27) of patients were recorded to be free from 
AF at median follow up. Twenty-six patients did not reach the pri-
mary endpoint as ≥1 episode(s) of atrial fibrillation lasting for ≥30 
seconds were documented during the follow up period.
Success Vs. Failure Characteristics 

A greater proportion of patients who failed to reach the primary 
outcome were in nonparoxysmal AF (80.8% vs. 40.7% respectively, 
p=0.009). No other predictors of success in reaching the primary end 
point were statistically significant (Table 2).
Scoring Systems

Results show both the novel predictive score (p=0.002) and the 
Parsonnet score (p=0.02) predict success in reaching the prima-
ry outcome. Euroscore was not shown to be a significant predictor 
(p=0.134) (Table 3).

ROC curve analysis is shown in figure 3. Area under curve (AUC) 
values show that the novel predictive scoring system has a predic-
tive power of 0.7708. This was shown to be superior to Parsonnet 
score (0.6998). From this curve, a score of 8 points has the highest 
combined sensitivity and specificity and could potentially be used to 
distinguish between high and low risk of procedural failure.
Discussion

Of 53 patients who received concomitant ablation therapy, 27 
(50.9%) were recorded to be in sinus rhythm at a median follow 
up time of 12.6 months. This is consistent with randomised con-
trolled trial data from Doukas et al. who found a 44.4% return at 12 
months.18 However, a 2006 meta analysis by Barnett et al. (3225 pa-
tients) assessing the efficacy of concomitant surgical ablation found a 
higher mean of 84.5% freedom from AF at 1-year follow up.3 

Lower rates of procedural success in this study could be linked 
to use of a restricted lesion set.  All patients underwent pulmonary 
vein isolation with left atrial ablation and removal of the left atrial 
appendage. This is a safe and widely used method, as it requires only 
a single atriotomy, minimizing a patient’s time on bypass. Meta anal-
ysis has shown more complex biatrial ablation strategies are more 
effective in achieving long-term freedom from AF. Barnett et al. 
compared the results of 24 studies showing mean freedom from AF 
at one year post procedure was 88.9% in patients who had received 
biatrial ablation compared to 75.9% in those with left only.3 

There was no difference in reduction of NYHA score between pa-
tients who succeeded or failed in reaching the primary endpoint. This 
may indicate that any symptomatic improvement is related to the 
primary procedure alone. It is however difficult to draw firm con-
clusions from NYHA score as it is a generalised score of functional 
capacity non-specific to AF. 

The principle goals of returning patients to sinus rhythm are reliev-
ing the symptoms of AF and the reduction of thromboembolic risk. 

Table 1: Outline of a novel scoring system to predict return to sinus 
rhythm following concomitant AF ablation

Score Weighting (points)

Patient Age 
(Years)

65-74→ 1 
≥75 →2 

Type of AF Non Paroxysmal → 3

Left Atrial Diameter (mm) 40-44 → 1 
45-49 → 2 
50-54 → 3 
55-59 → 4 
60-65 → 5 
≥65 → 6 

Ejection Fraction 30-49% → 1 
>30% → 2 

Mitral Stenosis Present → 1 

Table 2:
Preoperative characteristics and perioperative results in 
patients who have succeeded vs. patients who have failed 
in meeting the primary outcome.

Demographic Primary Outcome: 
Success (n=27)

Primary Outcome:
Failure (n=26)

P Value

Mean Age 64.2 ± 10.3 68.3 ± 9.2 0.165

Female 11 (40.7%) 10 (38.5%) 0.865

BMI 28.7 ± 3.6 28.6 ± 3.7 0.957

*Left Atrial Diameter 
(mm)

49.1 ± 6.7
(n=18)

52.3 ± 6.5
(n=17)

0.098

Type of AF Paroxysmal: 16 
(59.3%)
Persistent: 4 (14.8%)
Longstanding 
Persistent: 7 (25.9%)

Paroxysmal: 5 (19.2%)
Persistent: 6 (23.1%)
Longstanding Persistent: 
15 (57.7%)

0.009

NYHA Score 2.4 ± 0.7 2.7 ± 0.6 0.094

Ejection Fraction >50%: 22 (81.5%)
30-49%: 4 (14.8%)
<30%: 1 (3.7%)

>50%: 15 (57.7%)
30-49%: 10 (38.5%)
<30%: 1 (3.8%)

0.112

Valve Disease 25 (92.6%) 26 (100%) 0.236

Haemodynamic Pathology Stenosis: 2 (8.0%)
Regurgitation: 14 
(56.0%)
Mixed: 9(36.0%)

Stenosis: 6 (23.1%)
Regurgitation: 18 
(69.2%)
Mixed: 2(76.9%)

0.270

Hypercholesterolemia 5 (18.5%) 3 (11.5%) 0.704

Diabetes Insulin Controlled: 4 
(14.8%)
Total: 4 (14.8%)

0 0.111

Hypertension 8 (29.6%) 10 (38.5%) 0.497

Procedure Mitral Valve: 23 
(85.2%)
Aortic Valve: 1 (3.7%)
CABG: 2 (7.4%)
Combination: 1 
(3.7%)

Mitral Valve: 23 (88.5%)
Aortic Valve: 3 (11.5%)
CABG: 0
Combination: 0

0.356

Mean Bypass Time (min) 114.0 ± 41.9 116.8 ± 24.2 0.124

Mean Cross Clamp Time 
(min)

91.0 ± 45.3 88.1 ± 16.6 0.091

Mean Post Op Stay (days) 7.8 ± 3.9 8.9 ± 4.7 0.118

Post Op. Stroke/TIA Stroke: 1 (3.7%)
TIA: 0
Total: 1 (3.7%)

Stroke: 0
TIA: 1 (3.8%)
Total: 1 (3.8%)

1.00

*Mean left atrial diameter was calculated from a smaller cohort (n=46) due to a lack of 
echocardiographic data. Left ventricular failure (LVF), New York Heart Association (NYHA), 
Myocardial Infarction (MI), transient ischaemic attack (TIA), estimated glomerular filtration rate 
(EGFR), deep vein thrombosis (DVT).
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From the limited evidence presented here it could be suggested that 
the outcome of concomitant ablation has no effect on patient symp-
toms. In order to draw firm conclusions in future studies it would 
be necessary to use a more thorough score system with emphasis on 
symptoms related to AF. 

Univariate analysis demonstrated that a larger proportion of pa-
tients who remained in sinus rhythm after a concomitant ablation 
procedure were originally suffering from paroxysmal AF. The reason 
for this is likely to be two-fold. Firstly it has been established that 
patients in nonparoxysmal AF are more treatment resistant due to 
more extensive changes in the electrophysiological substrate of the 
atria. Secondly due to the nature of paroxysmal AF, it is far more 
difficult to detect during follow up. Without the use of long term 
rhythm monitoring it is not possible to prove that paroxysms of AF 
are not present. 

The novel scoring system proved to be superior to two well-estab-
lished operative risk scores commonly used prior to cardiac surgery. 
It has the advantage of being based on a set simple criteria and can 
be applied to all patients in whom medical records and results of a 
preoperative echocardiogram are available.

Both univariate and receiver operating statistic analysis demon-
strated the predictive power of our novel score system to be adequate. 
The next step in the evaluation of this system would be to test its use 
either prospectively, or in a larger retrospective cohort. 
Limitations

Levels of postoperative freedom from AF are likely to be over-
estimated. Due to poor attendance, only 27% of the total patients 
enrolled in the study received a 24-hour ECG or pacemaker rhythm 
check at their latest follow up. The remaining 73% were assessed using 
12 or 3-lead ECG’s. A study by Ad et al. found that 12 lead ECG’s 
overestimated rates of procedural success by 12% when compared to 
5 day rhythm monitoring. In the same trial 24-hour ECG’s were also 
shown to overestimate success by 7%. Long term rhythm monitor-
ing (≥5 days) is the recommended strategy for accurately detecting 
paroxysms of AF.19 Some authors have suggested that internal loop 
recorders are the most accurate tool to assess AF burden.20 In a future 
prospective study longer term monitoring would be required to form 
a precise estimation of freedom from AF.
Conclusions

A novel scoring system was shown to predict procedural success 
in this small dataset. These results can be further validated through 
cooperation with other surgical centres and application of this score 
to larger patient cohorts.
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Introduction
The mechanism by which atrial fibrillation (AF) is initiated and 

sustained is complex and incompletely understood. It is clear that the 
majority of triggers for AF reside within the pulmonary veins (PV) 

but there are also influential non-pulmonary areas. These triggers 
are especially important for paroxysmal AF (PAF).  For persistent 
forms of AF, a number of different mechanistic theories have been 
proposed involving rotors, complex fractionated atrial electrograms 
(CFAE) and multiple wavelets. Regardless of the mechanism under-
lying persistent AF (PsAF), evidence suggests that the bulk of the 
substrate for these mechanisms resides in the posterior wall (PW) of 
the left atrium (LA).1,2  

Consistent with these different theories, a wide variety of different 
ablation techniques are currently being practiced across international 
centres.  The majority of operators rely on a stepwise approach in-
volving pulmonary vein isolation (PVI) followed by further substrate 
modification. These techniques are sometimes personalised to the 
individual case.  

Alternative ablation techniques rely on the identification and 
successful ablation of CFAEs, ganglionic plexi (GP), or more novel 
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Abstract
Introduction
There are many different lesion sets that are used for the surgical ablation of atrial fibrillation (AF). One such pattern is the ‘box set’, a 

single ring of scar delivered anterior to the pulmonary veins, which aims to electrically isolate the posterior wall from the rest of the heart. 
However it remains unclear whether posterior wall isolation (PWI) is an effective lesion set for maintenance of sinus rhythm and whether it 
is necessary to achieve complete bidirectional block. We investigated the long-term integrity of the ‘box set’ lesion created during surgical AF 
ablation by epicardial High Intensity Focussed Ultrasound (HIFU). All patients had documented persistent or recurrent paroxysmal AF prior to 
surgery. We correlated this with subsequent success or failure in the abolition of atrial fibrillation.

Methods
With regional ethical and R&D approval, 101 patients who had previously undergone HIFU AF ablation greater than 4 years ago were 

screened for inclusion in the study.  17 patients agreed to late electrophysiological study: 11 with on-going AF and 6 in normal sinus rhythm. 
Clinical history and 7-day holters were used to define the NSR group. We performed a diagnostic EP study using a transseptal approach 

in fully anticoagulated patients (INR>2.0 and ACT maintained at >300s). A catheter was placed in the coronary sinus (CS) and a circular 
multipolar mapping catheter was used to map the left atrium and pulmonary veins. Patients in atrial fibrillation were cardioverted. We 
recorded whether posterior wall (PW) and pulmonary vein (PV) isolation had been achieved at the surgical procedure. In selected cases we 
recorded a voltage map using either CARTO (Biosense- Webster) or NavX (St Jude Medical) to identify areas of ablation scar.

Results
All 11 patients with AF had absence of PW+PV isolation with fractionated electrograms recorded across the PW. In the 6 patients with 

long-term freedom from AF, PW+PV isolation was confirmed in 4 (67%) and in 1 there was prolonged conduction across the box-set lesion 
with CS to PW activation time of around 200ms versus 45ms from mid-CS to left atrial appendage. Of the 4 patients with confirmed PW+PV 
isolation, 1 had dissociated spontaneous atrial potentials within the box set area and the other 3 had electrical silence throughout with 
inability to capture the posterior wall pacing at 10mA at multiple sites. 

Conclusions
There appears to be a clear correlation between the successful restoration of long-term sinus rhythm and isolation / delayed conduction 

from the pulmonary veins and posterior wall. Given the advent of hybrid atrial fibrillation ablation techniques designed to deliver this lesion 
set, these findings are timely and highly relevant. 
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techniques involved the mapping and ablation of putative rotors.3 
These techniques are all highly complex and rely on the skill of the 
operator to be able to identify all appropriate electrophysiological 
landmarks. 

  An entirely different strategy is to accept the assumption that the 
bulk of the substrate on which AF propagates resides within the pos-
terior left atrium. Several groups are investigating the applicability of 
an empirical ablation strategy that results in posterior wall isolation.4 
There is evidence to suggest that such an end-point may be sufficient 
in maintaining sinus rhythm in the majority of patients without the 
complexities involved in other approaches.5 Such techniques are al-
ready being utilised; one such involves a single ring of ablation scar 
being delivered anterior to the pulmonary veins with the intention of 
electrically isolating this entire posterior wall/ pulmonary vein area. 
This is commonly referred to as the ‘box-set’ and may be delivered 
epicardially6 and/or endocardially.7 

It is unclear whether freedom from AF in patients who have un-
dergone AF ablation using the box-set pattern results from extensive 
debulking of the LA muscle; GP alteration / destruction; pulmonary 
vein isolation or from isolation of the entire PW and PV substrate. 

We wished to determine whether the success of the box-set pat-
tern was due to complete electrical isolation of the PW. One possible 
model to investigate this was to study the group of patients who had 
previously undergone AF ablation using epicardial box-set lesions 
delivered using High Intensity Focussed Ultrasound (HIFU).8 The 
aim of this study was to characterise the very-late electrical prop-
erties of patients in whom the ablation procedure had been a suc-
cess and compare them to others with on-going AF. We sought 
to recruit 10 patients from each group for a diagnostic transseptal 
electrophysiological study. This study was performed in accordance 
with the Declaration of Helsinki and with the approval of the insti-
tutional research and development department and of the West of 
Scotland Regional Ethics Committee. This permission extended to 

the diagnostic study only; any subsequent ablation procedures were 
performed as ‘usual care’ with fully informed written consent being 
gained prior to the study.  
Methods
The Patients

Figure:1 Flow diagram illustrating the recruitment process.

Figure:2

(A) With the circular mapping catheter (PV) placed flat on the 
posterior wall, an isolated premature atrial beat is seen showing 
electrical isolation of this region during sinus rhythm. (B) Circular 
mapping catheter (PV) in the right upper pulmonary vein and 
capture pacing from the coronary sinus, there is no evidence of 
conduction into the vein. Also seen is a non-conducted pulmonary 
vein potential (case 9).

Figure:3

In a patient with preoperative paroxysmal AF and freedom from any 
recurrent atrial arrhythmia. Pacing from CS distal demonstrates 
intact conduction between the coronary sinus and the posterior 
wall with a conduction time of 78ms (case 5). 
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From the original cohort of 110, 101 patients who had previously 
undergone HIFU AF ablation greater than 4 years ago were screened 
for inclusion in the study. 17 patients agreed to late electrophysiolog-
ical study, Electrophysiological data from a further 2 patients who 
were previously ablated for on-going AF were also included. The 
studies were conducted at a mean of 65 months post-surgical HIFU 
isolation procedure. 14 underwent HIFU concomitantly with cardiac 
surgery, 3 had surgical AF ablation for lone AF and have previously 
been described in full.8 
Recruitment

At routine follow up, patients were introduced to the study and 
invited to participate (EJD). Those who expressed an interest were 
given a patient information sheet (PIS) and were contacted by tele-
phone to confirm willingness to participate 2-days later. Normal si-
nus rhythm (NSR) was confirmed by the absence of symptoms, a 
7-day full disclosure ambulatory electrocardiogram (ECG) confirm-
ing absence of AF and a 12-lead ECG at time of recruitment. The
AF group contained those patients having any documented recur-
rence of AF following a 3-month blanking-period post ablation. Pa-
tients with recurrences solely of atrial flutter (AFl) were included in
the NSR group but described separately. The patient demographics
(as at time of epicardial AF ablation) are shown in Table 1. 
The Diagnostic Study

A transseptal electrophysiological study was performed in all pa-
tients. Patients with a CHA2DS2-VASc of >1 and on-going atrial ar-
rhythmia were anticoagulated with either warfarin (target INR 2.0-
3.0) or dabigatran (110mg bd) for a minimum of 3 weeks prior to the 
study. All diagnostic studies were performed as a day-case using IV 
sedation (diazemuls and diamorphine titrated to response). Access 
was gained via the right femoral and subclavian/internal jugular vein. 
A decapolar catheter was placed in the coronary sinus (CS) and a 
quadripolar catheter in the right ventricle. Using a standard Brock-
enbrough needle, a transseptal puncture was performed to allow 
passage of a steerable sheath - Channel, (BARD Electrophysiology) 
or Agilis® (St. Jude Medical) into the LA. Puncture was facilitated 
using a combination of contrast injection and pressure monitoring. 
IV heparin was administered to maintain the activated clotting time 

(ACT) at >300s for the duration of LA instrumentation. Pulmonary 
venography was performed for all PVs. A circular mapping catheter 
(Expandable Lasso or AFocus II, St. Jude Medical) was sequential-
ly placed in all four PVs and flat on the PW. For patients in sinus 
rhythm at the time of the study, we tested for exit and entry block 
and recorded the conduction times between CS and PV. Those in 
AF at the time of the study were cardioverted (200J biphasic AP pad 
position) on a maximum of two occasions to allow for conduction to 
be assessed. 

In selected cases of apparent PW isolation (defined as the absence 
of electrical activity, or evidence of spontaneous isolated atrial com-
plexes), we tested for pace/detect within the PW. We passed a sec-
ond catheter alongside the steerable sheath and used it alongside the 
mapping catheter to test for conduction contained within the isolat-
ed posterior wall. 
Additional Ablation

In 7 patients with symptomatic drug refractory atrial arrhythmia, 
further ablation was performed, 5 cases for AF and 2 for AFl. A volt-
age map was produced using either CARTO (Biosense- Webster) 

Figure:4

In a patient with recurrence of paroxysmal left atrial flutter but 
freedom from atrial fibrillation. (A) Pacing from9-10 has a conduction 
time to CS of 230ms (B) whereas6-7 to CS is 260ms. (C) Earliest 
signal from CS pacing is seen in.9-10 (D) Fluoroscopy showing 
the circular mapping catheter on the posterior wall. The gap is 
therefore localised to the roof of the LA (case 4).

Figure:5

Mitral valve replacement, pre-operative longstanding persistent 
atrial fibrillation with symptomatic paroxysms of an atypical atrial 
flutter. (A) NavX voltage map illustrates the border of the scar 
delivered by the HIFU device and the electrically silent posterior 
wall. (B) Surface marking show density of recordings over the 
posterior wall. (C) A peri-mitral flutter was entrainment and ablated 
back to sinus rhythm by joining the mitral annulus to the adjacent 
inferior border of the HIFU scar. At 6-month follow-up, the patient 
has experienced no further arrhythmia (case 16). 
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In cases 6&9, there was no conduction into or out of the PW during 
capture pacing from the CS together with isolated atrial potentials 
throughout the pulmonary veins and the posterior wall (Figure 2). 

In the patient with prior pre-operative infrequent PAF (case 5), 
there was no evidence of either exit or entry block from the posterior 
region (Figure 3).
Free From Atrial Fibrillation – Atrial Flutter

Of the 6 patients with freedom from AF, 3 have experienced doc-
umented recurrences of atypical paroxysmal atrial flutter. In 2 cases, 
the PW was found to be silent with intact block throughout the veins 
and posterior LA. The other one case had very delayed conduction 
between the PW and the CS (case 4). The area of conduction gap is 
identified near the RUPV (Figure 4)

In one of the cases of post-operative AFl, the patients remained 
symptomatic and we proceeded on to ablate a peri-mitral flutter cir-
cuit (case 16).
Atrial Fibrillation

We studied a total of eleven participants with AF following the 
ablation procedure. 

In all instances, persistent atrial electrograms were present through-
out the PW and pulmonary veins, ranging from grade 1 to 5 in de-
gree of fractionation.9 Cardioversion was performed to restore NSR 
and allow for the conduction between the CS and the PW/PV to be 
assessed; rapid reversion back to AF limited assessment in 7 cases.7, 

10- 15 Where tested, the conduction times between the PW/PVs and
the CS are shown in Table 2. There were no instances of conduction

or NavX (St Jude Medical). Using a contact force ablation catheter, 
additional lesions were delivered either around the pulmonary vein 
ostia and/or to complete the existing roof and floor lines created by 
the HIFU procedure. The ablation goal was validated PWI in the 
cases of AF recurrence.
Results
The Patients

Of the original 110 patients who underwent surgical AF ablation, 
101 were still alive at screening follow-up. Nine had died in the in-
terval: 4 from post-operative complications unrelated to the AF abla-
tion procedure or use of the Epicore device, two died from malignant 
disease, one suffered an embolic stroke, one a traumatic intracerebral 
bleed and one from end-stage heart failure. 
Free From Atrial Fibrillation – NSR

Of the six patients who had an absence of AF, only 3 were com-
pletely free from any atrial arrhythmia recurrence the remaining 3 had 
experienced episodes of documented atrial flutter. Of the 3 patients 
where no atrial arrhythmia had occurred since surgical ablation, two 
had originally experienced PsAF pre-operatively (cases 6&9) and the 
other infrequent PAF pre-operatively only (case 5). 

Figure:6

Aortic valve replacement and pre-operative long-standing 
persistent atrial fibrillation, on-going symptomatic paroxysms 
of atrial fibrillation. The circular mapping catheter is on the 
posterior wall. Capture pacing from the coronary sinus shows rapid 
conduction to the posterior wall around 40ms.   

Figure:7

Coronary artery bypass grafting and pre-operative longstanding 
persistent atrial fibrillation; failed HIFU ablation with persistent 
atrial fibrillation. NavX voltage map shows minimal evidence of the 
transmural scar delivered by the HIFU apparatus and an electrically 
active posterior wall. In this image, the additional endocardial 
ablation points delivered to complete the box are shown as red 
dots and the CS catheter is shown in red (case 17).  

Figure:8

(A) Completion of the WACA lesion encircling the right sided 
veins to join the roof line resulted in reversion to sinus rhythm. (B) 
Following completion of the bilateral PV-encircling lesions joining 
to the HIFU roof and floor lines, sinus rhythm is seen on the surface 
electrodes while the PW (here demonstrated through the ablation 
catheter, Map 1-2) shows the PW to persist in flutter (case 13).
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Example 1 (case 13).

During instrumentation of the LA, patient 13 developed AF with 
organised (grade 5) fractionated electrograms throughout the PW. 
Voltage mapping showed established transmural scar line along 
the left atrial roof and floor. We proceeded to isolate the right PV 
pair using a standard wide area circumferential ablation (WACA) 
approach resulting in rhythm organization (cycle length of 250ms). 
Following completion of the left PV-encircling lesion set continu-
ous with the roof-line, spontaneous resolution of SR occurred (Fig-
ure 8A). The PW is shown to contain a flutter circuit while surface 
ECGs show NSR (Figure 8B). This PW block persisted during the 
administration of 15mg of adenosine, sufficient to caused AV block.
Example 2 (case 7). 

DC cardioversion resulted in non-sustained sinus rhythm; no con-
duction intervals were obtained during this short window but the 
circular mapping catheter showed fractionated signals (Figure 9A). 
A voltage map was constructed using CARTO 3 (Figure 9B); estab-
lished transmural scar is evident along the floor of the left atrium but 
was incomplete on the roof and anterior to both pairs of pulmonary 
veins. Bilateral PV-encircling lesions were delivered together with 
the completion of a roof-line (Figure 9C) resulting in spontaneous 
return of sinus rhythm (Figure 9D). 
Outcome From Additional Ablation Cases

All cases who had additional ablation performed for post-opera-
tive AF are now in sinus rhythm (one on a class 3 antiarrhythmic) 
except one (case 17) in whom the posterior wall was not successfully 
isolated due to poorly tolerating the catheter ablation under sedation.
Discussion

Although several groups have reported on the invasive electrophys-
iological findings following ablation, to the best of our knowledge, 
this is the first study aiming to investigate the association between 
PW isolation and long-term (>4 years) freedom from AF. A summa-
ry of the previous knowledge gained from such studies is provided in 
Table 3, most of which is obtained from studies involving redo pro-
cedures. As such, there is a skew against reporting what constitutes a 
successful outcome. 
Previous Studies On The Box Set. 

Possibly the first group to attempt a box pattern using catheters 
was Ernst et al. in 1999. The limited technology available at that 
time resulted in failure to achieve PWI in all of their cases.10 Todd 
et al. describes the initial 2003 experience following the combined 
open-chest surgical and catheter cryoablation box pattern for AF.11 
At 6-days post procedure, all cases had persistently intact posterior 
wall isolation, determined through epicardial wires. Late recurrent of 
atrial arrhythmias in one patient resulted in EP restudy - a gap was 
found in the posterior wall isolation, closure of which restored sinus 
rhythm.  Todd demonstrated that the isolated PW was able to sustain 
atrial arrhythmia independent of the remaining atria; this finding has 
been replicated in our study. 

Lim et al. provides a comprehensive assessment of the mechanisms 
of arrhythmia recurrence following single ring ablation delivered by 
catheter.12 In 100 patients with an end-point of validated PWI, 69% 
experienced recurrence of an atrial arrhythmia (35% AF and 34% 
flutter). In those patients that underwent a redo procedure for recur-
rent AF, all had gaps in the ablation ring with conduction in and out 
of this region. In six of the patients, a flutter circuit was established 
through two gaps in the ring. Four patients had atrial flutter without 

bock in any of the persisting AF cases.
In summary, of the 11 patients with post-operative AF, none 

showed any evidence of PW isolation. Conversely, of the 6 patients 
with absence of post-operative AF, 4 had electrically isolated PW, 
one had delayed conduction between PW and CS and one (post-op-
erative infrequent PAF only) had intact conduction. 
Additional Findings During AF Ablation

Figure:9

(A) Circular mapping catheter (marked as PV) on the posterior wall 
showing widespread fractionated atrial electrograms. (B) Initial 
voltage map showing the external view of the left atrium with the 
left pulmonary vein pair to the right of the image. The HIFU scar 
(red) is demonstrated running along the floor of the left atrium. (C) 
Additional ablation using a SmartTouch catheter (here depicted 
as pink dots) to encircle the left and right pulmonary vein pairs 
together with a roof line is successful in restoring normal sinus 
rhythm. (D) The posterior wall is seen to contain a flutter circuit 
(through mapping catheter, PV) in the presence of sinus rhythm on 
the surface electrograms (case 7).
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of 63-months.
Tamborero et al.13 randomised patients undergoing AF ablation 

to receive PV-encircling lesions and roof-line alone or supplemented 
with a floor line to complete PWI. A redo procedure was performed 

evidence of atrial fibrillation and were found to have intact isolation 
of the posterior wall. The authors conclude that “electrically isolating 
the posterior LA may thus prevent the initiation and perpetuation of 
AF”. This agrees with the findings in our patients to mean follow-up 

Table 1: Study participant demographics and operative data

Participant 
Number

Pre-op AF 
category

Pre-op AF 
duration (months)

Pre-op 
DCCV

Pre-op AAD failed Operation Op to EP duration 
(months)

LA size (AP) 
/ (cm)

EF (%) NTH CAD Post-op 
rhythm

01 LSP 14 1 Nil CABG 60 4.0 20 - Yes NSR

02 LSP >36 0 Nil MVR 54 4.6 60 - - NSR

03 LSP 30 0 Flecanide MV Repair 96 5.2 70 - - AF

04 LSP 30 1 Nil AVR/MVR 82 2.8 60 - - NSR

05 PAF 24 0 Nil CABG 84 4.6 45 Yes Yes PAF 

06 PsAF 6 1 Nil CABG/ AVR 52 3.8 45 - Yes NSR

07 LSP 50 0 Flecanide, Sotalol, Amiodarone Lone 56 4.2 58 - - NSR

08 LSP 14 1 Nil MV Repair 70 5.3 52 - - NSR

09 PsAF 5 0 Nil CABG 63 5.1 35 - Yes NSR

10 LSP 15 1 Amio CABG 71 5.1 50 Yes Yes AF

11 LSP 60 1 Nil MV Repair 51 6.2 60 Yes Yes AF

12 LSP 54 1 Nil Lone 17 5.1 60 - - AF

13 LSP 10 0 Nil AVR 98 3.8 45 - - NSR

14 LSP 48 2 Amio Lone 13 5.4 30 - - AF

15 LSP 144 0 Nil MVR 83 5.2 55 - - AF

16 LSP 18 0 Nil MVR 60 3.8 60 - - NSR

17 LSP 24 3 Sotalol CABG 43 4.2 60 Yes Yes NSR

Pre-op = Preoperative; AF = Atrial Fibrillation; LSP = Longstanding Persistent Atrial Fibrillation’ PsAF = Persistent Atrial Fibrillation; AAD = Antiarrhythmic drug; LA = Left Atrial, AP = Anterioposterior; 
cm = centimetre; EF = Ejection Fraction; DM = Diabetes Melltus; HTN = Hypertension; CVE = Cerebrovascular Event; BMI = Body Mass Index; CAD = Coronary Artery Disease; CTI = Carvotricuspid Isthmus 
Ablation; DCCV = DC Cardioversion

Table 2: Conduction times expressed as exit and entry between the pulmonary veins / posterior wall and coronary sinus

CASE LUPV LLPV RUPV RLPV PW Arrhythmia 
fo l lowing 

HIFU

Additional 
Ablation at 
EP study?

Endocardial ablation 
strategy

    PWI 
achieved?

Exit Entry Exit Entry Exit Entry Exit Entry Exit Entry

01 192 194 200 190 168 166 166 172 190 226 AF No N/A N/A

02 Blocked Blocked Blocked Blocked Blocked Blocked Blocked Blocked Blocked Blocked Paroxysmal 
Flutter

No N/A N/A

03 80 128 No capture 54 152 126 106 132 108 106 AF Yes Linear ablation to PW No

04 270 226 196 192 272 304 220 284 260 252 Flutter No N/A N/A

05 102 92 No capture (no muscle) 176 118 No capture (no muscle) 98 98 NSR No N/A N/A

06 Blocked Blocked Blocked Blocked Blocked Blocked Blocked Blocked Blocked Blocked NSR No N/A N/A

07 Rapid reversion to AF following DCCV – proceeded onto additional ablation AF Yes Bilateral WACA and 
roof line to join scar 
on floor

Yes

08 No capture (no muscle) 136 104 AF Yes Roof and floor line 
and linear to PW 

Yes

09 Blocked Blocked Blocked Blocked Blocked Blocked Blocked Blocked Blocked Blocked NSR No N/A N/A

10 Reversion to AF 118 106 Reversion to AF AF No N/A N/A

11 Reversion to AF following PW testing 145 152 Reversion to AF 120 118 AF No N/A N/A

12 Rapid reversion to AF following DCCV – proceeded onto additional ablation AF Yes Linear ablation to 
posterior wall.

No

13 Reversion to AF following PW testing – proceeded onto additional ablation 42 40 AF Yes Bilateral WACA to join 
HIFU roof and floor.

Yes

14 Rapid reversion to AF following DCCV – proceeded onto additional ablation AF Yes Linear ablation to 
posterior wall

No

15 Unsuccessful DC Cardioversion – CFAE throughout PW and PVs AF No N/A N/A

16 Blocked Blocked Blocked Blocked Blocked Blocked Blocked Blocked Blocked Blocked Flutter Yes Yes – mitral isthmus N/A

17 160 138 194 204 148 200 190 186 158 154 AF Yes Attempted 
completion of box set. 

No

shaded cases indicate absence of post-operative AF). (AF = Atrial Fibrillation; DCCV = Direct Current Cardioversion; PW = Posterior wall; PV = Pulmonary Veins; CFAE = Complex Fractionated Atrial 
Electrogram, HIFU = High Intensity Focussed Ultrasound; WACA = Wide Area Circumfrential Ablation
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with catheter-based endocardial ablation. This has resulted in report-
ed outcomes in the region of 90%. These studies have the potential 
to offer some further insight into the electrical consequences of a 
single ring approach.5 To date, little has been published on the asso-
ciation between on-going AF prior to the second (catheter) stage of 
the hybrid pathway and the subsequent EP findings. As technology 
matures, this is a key opportunity to gaining a greater appreciation 
into the mechanisms of PsAF. 
Comments On The Box Set. 

While it is clear that many features of the posterior LA wall mark 
it out as a key area of substrate for the propagation and perpetuation 
of AF, other areas of the atria may also be involved. Such sites as the 
superior vena cava, LA appendage base, interatrial septum and the 
anterior LA wall have all been implicated in AF propagation to a 
lesser extent.16 In addition, CFAEs,17 rotors and right atrial auto-
nomic ganglia18 have also been shown to reside in the non-isolated 
area.

Oesophageal injury and fistulae formation is a rare but potentially 

in 20% of their patients, and in 67% of initial PWI group, conduc-
tion across the roof-line was seen, suggesting that failure of the PWI 
model was in part due to reconnection. They found no advantage 
to PWI attempted through the addition of a floor line compared 
to PV-encircling lesions and roof-line only. Sanders et al. provide a 
rare example of AF recurrence in one of 27 patients following box 
isolation in whom the PWI remained intact at restudy.14 That index 
patient required additional “substrate modification” to restore sinus 
rhythm.    

Kumagi et al.15 studied a purely paroxysmal group who, at mean 
follow-up of 13 months following catheter box-set ablation, showed 
a 95% rate of freedom from AF. Six of these patients required a redo 
procedure, three for recurrences of AF and the others from organ-
ised/focal arrhythmia. In all cases of recurrence, gaps in the lesions 
lines were seen. In none of these cases of recurrence was the PW 
isolated.

A recent resurgence in interest in the box set pattern has come 
about as a result of the development of hybrid AF ablation tech-
niques, combining epicardial ablation using a variety of platforms 

Table 3: Summary of the previous studies reporting invasive electrophysiological findings following ablation strategies intending to achieve 
posterior wall isolation

Study Number Lesion pattern / 
Energy

Validated PWI? Follow-up findings Conclusions Complications

Catheter Based

Ernst et al.10
Case series

13 RF; Box, MI. 0% 100% AF recurrence but no prior PWI. Failure to deliver intended lesion set 
resulted in 100% AF recurrence.

Nil reported.

Tamborero et al13
RCT 

60: 35 PAF, 13 
PsAF and 12 
LSP AF

RF; BiWACA, roof 
and floor line.

100% 67% of initial PWI group with recurrent 
arrhythmia had reconnected roof-line and 
electrical activity on PW.

“LA posterior wall isolation does not 
improve the outcome of CPVA”

• 1 TIA 
• 1 inf. STEMI.

Kumagai et al15 91 PAF RF; Box. 90% 6 redo cases (3 AFl/AT, 3 AF); all had 
reconnection – none had intact PWI

“86 (95%) of the 91 patients were free 
of AF, including six patients after the 
second procedure without antiarrhythmic 
drugs. The remaining five patients were 
arrhythmia-free but required drugs.”

Nil reported.

Lim et al.12 
Case series

100: 66 PAF, 
18 PsAF, 16 
LSP AF.

RF; Box ± MI 
± CTI.

96% “30 of 34 patients had breaches in 
the single ring of lesions that led to 
resumption of electrical activity in the 
previously isolated PLA.” “… none of the 
4 patients who still had intact isolation of 
the PLA had recurrence of AF after their 
first procedure…”

“Recurrence of atrial arrhythmias after 
single-ring isolation of the PLA and 
pulmonary veins is usually associated with 
reconnection across the ring of ablation 
lesions…”

Nil reported.

Sanders et al.14
Case series

27 “chronic” AF RF; BiWACA, roof 
and floor line, CTI.

Yes One case of PWI with AF recurrence. “Isolation of the posterior-LA in patients 
with chronic AF is associated with 
prolongation of the AFCL, incremental to 
the effect of PV isolation, and termination 
of AF in ≈20%.”

• 1 tamponade 
• 1 temporary 
phrenic nerve 
injury.

Chen et al.21
Case series

42: 18 PAF, 14 
PsAF and 10 
LSP AF

BiWACA, roof and 
floor line.

100% 6 cases of redo for AF; all had 
reconnection of PW.

“Silencing electrical activity in the PIA is 
feasible, and capable of decreasing the 
rate of AF recurrence.”

Nil reported.

Surgical based

Todd et al.11
Case series

14; 11 PAF, 3 
PsAF/LSP AF

Incision and cryo; 
Box, MI, CTI.

100% isolated at 6-day EP study. One late 
recurrence of AF – gap in cryo line.

“The unique data collected from these 
patients support the principle of isolation 
of the pulmonary veins and posterior LA 
as a curative therapy, regardless of the 
method used”

• 1 pleural
effusion

Sueda et al.22
Case series

49 LSP AF Incision and cryo/
RF;

Not stated 30% AF recurrence. No EP findings 
provided.

Nil relevant. Nil

Hybrid Based

Pison et al.23 23; 1 LSP AF, 9 
PsAF, 13 PAF

RF; BiWACA , roof 
and floor line  

100% 2 patients redo: one with flutter and one 
AF (gap in ring)

“A combined transvenous endocardial 
and thoracoscopic epicardial ablation 
procedure for paroxysmal and recent 
persistent AF resistant to AADs has a 
single-procedure success rate of 83% at 
1 year.”

• 1 pleural
effusion 
• 1 hospitalized 
for 13 days 
-chest pain at the 
insertion sites

Bisleri et al.5 
Case series

45 LSP AF Epicardial RF; Box 100% exit block 
91.1% entrance 
block

No correlation made between rhythm and 
EP findings at time of second stage.

92.6% freedom from AF  in those with 
documented PW isolation at 28-month 
follow-up.

Nil

PAF = Paroxysmal Atrial Fibrillation; PsAF = Persistent Atrial Fibrillation; LSP AF; Long-standing Persistent Atrial Fibrillation; WACA = Wide Area Circumferential Ablation; PWI = Posterior Wall Isolation; 
RF = Radiofrequency; Cryo = Cryoablation; EP = Electrophysiology; Box = Box-set lesion; MI = Mitral Isthmus; CTI = Carvotricuspid Isthmus; AFl = Atrial Flutter; AT = Atrial Tachycardia
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fatal complication arising from ablation delivered onto the posterior 
wall.19 There is no instance of oesophageal complication in any of the 
reported literature on the box-set, but given the relatively low report-
ed numbers, it is difficult to derive many conclusions from this given 
that the overall rate is estimated at 0.1%.20 
Findings Of This Study

Although the EP findings in patients with recurrent atrial arrhyth-
mia following box isolation have previously been described, much less 
is known about long term invasive findings, especially in the group of 
patients with no recurrent arrhythmia. The bulk of the previous data 
comes from reports of patients undergoing transseptal procedures for 
organised atria arrhythmias. In the six patients free from AF in this 
present study, 4 had complete isolation of the PW, one had very de-
layed conduction through one gap near the right upper PV and one 
(who had experienced very little AF prior to surgery) had a non-iso-
lated PW. The only patient who was AF free and was found to have 
a non-isolated PW was the only patient in the study with infrequent 
paroxysmal AF prior to surgery. This is maybe the reason for the clin-
ical success despite the apparent electrophysiological failure. It may 
be that in such patients it is sufficient to modify the epicardial GP 
without necessarily achieving complete PWI for successful outcome. 

Perhaps more interesting is our observation that in none of the pa-
tients with post-operative AF was the posterior wall isolation found 
to be intact. It can thus be hypothesised that the primary reason for 
failure to secure sinus rhythm is the failure of the technology used to 
deliver a complete transmural ablation ring, rather than the inappro-
priateness of the lesion pattern itself. 
Limitations Of Study

The aim of this study was to correlate the late clinical outcome with 
the electrical properties of the PW. The study achieved this endpoint. 
However, there are several limitations. Most significant is the low 
numbers included; a total of 17 patients of which only 6 had freedom 
from AF. This is in part due to the reluctance of patients with a clini-
cally excellent outcome to undertake a further invasive procedure for 
no personal gain. The patient information provided was necessarily 
very comprehensive in describing potential adverse outcomes from 
what was on their part an entirely altruistic agreement to be studied.  
We observed a significant attrition rate during the waiting period 
between agreeing to enter the study and planned study date. All 31 
patients who were contactable and eligible for inclusion in the sinus 
rhythm group were approached. Secondly, we would have hoped to 
gain an appreciation of the role of the ganglionic plexi (GP) in AF 
propagation post epicardial HIFU ablation. GP stimulation was ex-
cluded from the present study protocol. No initial ‘roadmap’ of their 
location had been made at time of surgery to guide which sites to 
address with high frequency stimulation. To attempt to stimulate all 
potential areas to would have prolonged the procedure beyond what 
was reasonable for these patients who had agreed to be studied under 
conscious sedation. 
Conclusions

At long term follow-up, the decisive feature determining whether 
posterior wall isolation results in freedom from recurrence of atrial 
fibrillation appears to be either intact isolation of the area or extreme 
functional delay of conduction into and out of the box set.
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Introduction
In the U.S., approval of generic congeners of branded drugs 

requires bioequivalence.1 Bioequivalence is determined by 
serum concentration parameters (e.g., area under the curve, peak 
concentrations) within a defined range of those obtained with the 
parent proprietary compound.  No clinical testing of outcomes, 
tolerance, etc. are necessary.  

Moreover, in the recent past, plasma concentration assessments 
were all that were apparently needed for the approval of dabigatran 
75 mg bid in patients with significantly reduced creatinine clearance 
(15-30 ml/min) and for apixaban 5 mg bid in patients on dialysis.  
For these two agents in these two circumstances, large scale clinical 
outcomes trials were not required.  Only pharmacokinetic (pk) 
studies in very small numbers of individuals were used.
Why, Then, Was A Similar Approach Not Taken In The 
Following Three Circumstances?

When approval of sustained-release propafenone was being sought 
in the U.S., and under circumstances where generic congeners of 
immediate-release propafenone had already been approved under 
the process noted above, the FDA mandated two, large-scale, 
prospective, placebo-controlled, double-blind outcomes trials in atrial 
fibrillation.2, 3  Is there any reason to believe that if pk studies had 
shown plasma concentrations of the sustained-release compounds 
to fall within the same parameters as occur with the immediate-
release proprietary and generic compounds that should not have been 
sufficient for approval?  The requirement for the large prospective 

trials rather than just pk studies as are used for approval of generics 
added significant cost to the development of this drug and no doubt 
to its pricing in the marketplace.

When dabigatran was approved for the prevention of stroke 
and systemic embolism (SSE) in patients with non-valvular atrial 
fibrillation (NVAF) in the U.S., only one of the two doses studied 
in the pivotal RE-LY trial4 was approved: 150 mg bid.  This dose 
was superior to warfarin in reducing SSE while having similar rates 
of overall bleeding.  Notably, fatal and intracranial bleeding were 
lower with dabigatran 150 mg bid than with warfarin.  However, also 
studied but not approved by the FDA was a dose of 110 mg bid.  This 
dose was non-inferior to warfarin for prevention of SSE but had a 
lower incidence of bleeding.  The 110 mg bid dose has been approved 
in multiple other countries based upon this profile, but was turned 
down by the FDA largely because the 150 mg bid dose was superior 
not only to warfarin in preventing SSE but also to the 110 mg bid 
dose.  Yet, rivaroxaban was subsequently approved after its pivotal 
trial against warfarin based upon non-inferiority to warfarin in both 
SSE prevention and bleeding.5  

Notably, there are circumstances in clinical practice where there 
are bleeding concerns with the 150 mg bid dose, such as in patients 
with moderate renal impairment (e.g., creatinine clearance of 30-60 
ml/min) who are also taking concomitant drugs that can modestly 
impair the clearance of dabigatran (e.g., amiodarone and others).  It 
would seem prudent to have approved the 110 mg bid dose for such 
occasions and a pk study to define such circumstances could have 
been requested.  At least with dabigatran, plasma concentrations 
correlate reasonably well with anticoagulant activity and a potentially 
useful target range is known.6,7 This is the major role ex-U.S.  If the 
FDA was concerned about physicians not using the more effective 
150 mg bid dose in most patients, as was suggested in a report by 
some review committee members,8 then a down-titration algorithm 
as is required for dofetilide could have been mandated, in which case, 
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for most patients, the 150 mg bid dose would be the required starting 
dose with down titration to the 110 mg bid dose requiring specific 
parameters to be present (such as renal dysfunction plus concomitant 
p-gp inhibitory medications plus elevated plasma dabigatran 
concentration).  It is not too late for the FDA to pursue such a path.

Finally, the HARMONY trial results were recently reported,9 in 
which reduced doses of ranolazine combined with reduced doses 
of dronedarone were found to be more effective in suppressing 
paroxysmal atrial fibrillation than either of the drugs used individually 
in the same doses as were used in the combination. The combination 
was well tolerated and had no serious adverse safety signal. Notably, 
both ranolazine and dronedarone are available in the U.S. in higher 
doses than were used in HARMONY, and both had completed 
large-scale efficacy and mortality trials with their higher doses. The 
HARMONY results were sufficiently enticing that a larger-scale 
phase 3 trial was being planned. Reportedly, when discussions were 
held with the FDA about further development of this combination, 
the FDA requested that a substantial mortality trial also be 
performed – thus raising the development costs significantly.  This 
raises memories of the sustained-release propafenone issue.  Absent 
any pk data to suggest that the combination of drugs produces higher 
serum concentrations than does either drug alone, is there any reason 
to expect that the combination of reduced doses of these two agents 
would produce an additive adverse mortality outcome?  I know of 
no evidence to suggest that would be the case.  Moreover, could the 
FDA not have required a series of pk studies to determine if any 
such concern were realistically likely? Additionally, with both agents 
individually available for use in full dose now, physicians are already 
free to prescribe them together in doses that have not been tested in 
combination. 

Importantly, I am not criticizing the FDA for its admirable attempt 
to protect the American public.  They have an incredible responsibility 
and have done a remarkable job overall – especially considering 
their underfunding.  However, I do believe that more consistency in 
approach and more transparency in the process should be considered, 
such that pharmaceutical manufactures and medication prescribers 
are better informed about the process and have clearer expectations 
during drug development, and such that cost containment may be 
better accomplished.
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Introduction
Vitamin K Antagonists (VKA) such as Warfarin have long been 

the agents of choice for oral anticoagulation in different clinical 
settings. However, warfarin poses problems of its own in terms of 
a narrow therapeutic range, need for regular INR monitoring and 
interactions with several drugs and food.1 Risk of major bleeding 
is another limiting factor while using warfarin. Almost 50 years 
after the approval of warfarin, novel oral anticoagulants (NOACs)  
such as the direct thrombin inhibitor Dabigatran, and Factor Xa 
inhibitors - Rivaroxaban, Apixaban and Edoxaban have been de-
veloped. These NOACs have a more predictable pharmacokinet-
ic profile than warfa¬rin, fewer dietary and drug interactions, and 

do not require routine monitoring.2,3 NOACs are increasingly be-
ing considered to replace VKAs for indications  such as thrombo-
prophylaxis during orthopedic surgery, prevention of thromboem-
bolic complications in patients with atrial fibrillation, treatment 
of pulmonary embolism (PE) and deep vein thrombosis (DVT).4

Gastrointestinal Bleeding still remains one of the most dreaded 
complications of anticoagulation therapy and recent studies have sug-
gested that  NOACs carry an increased risk of GI bleeding compared 
to standard therapy.5 Prothrombin Complex Concentrates (PCC)  ad-
ministered for rapid reversal of effects of warfarin has been introduced 
fairly recently. However,,  no specific antidote is available which can 
rapidly reverse the anti-coagulant action of NOACs raising concern 
that gastrointestinal bleeding with NOACs could carry a worse prog-
nosis than that associated with conventional agents such as VKAs.6

We present a case of GI Bleeding in the setting of using a 
NOAC , followed by a brief review of literature on the topic.

Case Report
A 72 year old female patient with a past medical history of dia-

stolic heart failure with an ejection fraction (EF) of 60 % , recently 
diagnosed Atrial Fibrillation on renally dosed  Rivaroxaban of 15 
mg PO daily, Chronic Kidney Disease (CKD) with a baseline cre-
atinine of 1.3  and Hypertension , was transferred to the Intensive 
Care Unit for worsening shortness of breath and a 12 hour history 

www.jafib.com Oct-Nov 2015| Volume 8| Issue 3

Abstract
Novel Oral Anticoagulants (NOACs) such as Dabigatran, Rivaroxaban, Apixaban and Edoxaban are becoming increasingly popular choices 

for anticoagulation in place of oral Vitamin K Antagonists in various clinical settings. However, they are thought to be associated with an 
increased risk of gastrointestinal  bleeding. Moreover, no specific antidote is available which can rapidly reverse the anti-coagulant action 
of NOACs raising concern that gastrointestinal bleeding with NOACs could carry a worse prognosis than that associated with conventional 
agents.

In this review, we describe a case of gastrointestinal bleeding in the setting of NOAC use, followed by a brief overview of the pivotal trials 
involving NOACs. Clinical issues such as pathophysiology, diagnosis and management of NOAC induced GI bleeding have been described. 
Future trials will help elucidate the true incidence, risk factors and preventive strategies for NOAC associated gastrointestinal bleeding.



www.jafib.com Oct-Nov 2015| Volume 8| Issue 3

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation33 Case Report
of 2 episodes of passing bright red blood per rectum. She had re-
cently returned home from a rehabilitation facility where she had 
spent 2 weeks following a successful right knee replacement surgery. 
On presentation, her vitals were as follows: T- 36 C,  BP- 86/54, 
Pulse- 120 bpm , RR- 24, O2 saturation- 94 % on Room Air. Her 
H/H was 7.4/22 ( her baseline H/H is 10/30, probably secondary to 
CKD). Platelet count was 180,000/ul and coagulation profile was 
unremarkable with a PT of  14 s, PTT of 32 s and INR of 1.1 . 
Serum creatinine was 1.42, which was close to her baseline and esti-
mated creatinine clearance was 35 ml/min.  On examination, lungs 
were clear to auscultation and there was no jugular venous distention 
( JVD) or pedal edema. Cardiovascular examination was unremark-
able apart from tachycardia with a normal rhythm. Her abdomen 
appeared soft and non tender with normoactive bowel sounds and no 
organomegaly. Rectal examination was positive for bright red blood 
with no evidence of hemorrhoids. Chest X Ray was unremarkable 
and EKG revealed sinus tachycardia. She was kept NPO and start-
ed on aggressive IV fluid replacement. Group and Cross Match was 
taken and patient was transfused 3 units of Packed Red Blood Cells 
(PRBC).  She was monitored closely and she responded well to ther-
apy. Her blood pressure improved to 122/76 and she was saturating 
at 98 % on room air with symptomatic improvement of her dyspnea.

Once she was stable for imaging, a CT scan of her abdomen was 
performed which did not reveal any overt pathology. Of note, her 
last upper GI endoscopy was done 2 months ago and was normal 
with no evidence of ulceration or gastritis. She was kept under close 
observation and there were no further episodes of bleeding per rec-
tum. Post transfusion H/H was 10.3/30.8, indicating  an appropri-
ate response. The following morning, she was  taken for colonos-
copy which  turned out to be completely normal with no areas of 
active bleeding. Repeat upper GI endoscopy was again unremark-
able. As the patient was no longer actively bleeding, it was decided 
not to proceed with further imaging studies such as video capsule 
endoscopy to evaluate the small bowel. With the exclusion of any 
obvious gastrointestinal pathology, it was concluded that her GI 
bleed was likely an adverse effect of her daily rivaroxaban therapy 
and this was subsequently discontinued. She was eventually stable 
for discharge and went home. On follow up a week later, she de-
nied any further episodes of bleeding and her H/H appeared stable 
at 10.1/30. She was later started on warfarin therapy with serial INR 
checks and  dose adjustments. She was followed closely as an out-
patient and no further events of major GI bleeding were observed.
Discussion

Gastrointestinal bleeding is one of the most serious adverse ef-
fects and a major limitation in the use of new oral anticoagulants. 
However, the exact risk of gastrointestinal bleeding with NO-
ACs is still unknown and precise risk related to individual NO-
ACs remains inconclusive.  A brief overview of the NOAC’s used 
in clinical practice, as well as  a review of results from the ma-
jor trials exploring their efficacy and safety are described below.

Dabigatran
Dabigatran is a direct thrombin inhibitor that is FDA approved 

for  prevention of stroke in non valvular atrial fibrillation as well as 
for treatment and reduction in risk of recurrence of DVT/PE. 

The RE-COVER trial showed that dabigatran 150 mg twice 
daily was as effective as dose adjusted warfarin for the treat-
ment of acute venous thromboembolism. Major bleeding ep-

isodes occurred in 1.6 % patients  assigned to dabigatran and 1.9 
% patients assigned to warfarin (HR 0.82; 95% CI, 0.45 to 1.48) 
while  episodes of any bleeding were observed in 16.1 %  patients 
assigned to dabigatran  and 21.9 % patients assigned to warfarin 
(HR 0.71; 95% CI, 0.59 to 0.85). Gastrointestinal bleeding oc-
curred in 53/1274 subjects in the dabigatran group and 35/1265 
subjects in the warfarin group (OR 1.52; 95 % CI, 0.99 to 2.32).7

The  RE-LY (Randomized Evaluation of Long-Term Anticoagu-
lation Therapy) trial compared the efficacy and safety of dabigatran  
110 mg or 150 mg twice a day with dose adjusted warfarin for pre-
vention of stroke in atrial fibrillation.  Dabigatran 150 mg twice daily 
was superior to warfarin (P=0.001) for reduction of the risk of stroke 
or systemic embolism, while dabigatran 110 mg twice daily dosage 
was non inferior to warfarin in reducing the risk of stroke or systemic 
embolism (P=0.001). However, dabigatran 110 mg twice a day was 
associated with a lower risk of major bleeding compared to Warfarin 
(2.87 % versus 3.57 % ; P= 0.002), whereas dabigatran 150 mg twice a 
day was associated with a similar risk of major bleeding (3.31 % ver-
sus 3.57 %; P = 0.32). Bleeding rates were higher among patients who 
received treatment with dual antiplatelet agents than those who did 
not. The risk of bleeding was progressively higher with increasing age, 
possibly due to higher drug concentrations from age related decline in 
renal function and drug clearance. The risk of gastrointestinal bleed-
ing was higher with dabigatran 150 mg twice daily than with war-
farin (1.85% vs 1.25 %; P<0.001), but was similar in the dabigatran 
110 mg twice daily and warfarin groups ( 1.36 % vs 1.25 % ;P=0.43).8

In the dabigatran group, 53% had bleeding from the upper gastro-
intestinal tract, and 47% had bleeding from the lower gastrointesti-
nal tract. In the warfarin group, 75% had bleeding from the upper 
gastrointestinal tract, and 25% had bleeding from the lower gastro-
intestinal tract. Metabolism of the pro-drug dabigatran etexilate by 
esterases in the gut flora may lead to progressively higher concen-
trations of the active drug during transit through the gastrointes-
tinal tract. In contrast, warfarin has a high bioavailability and first 
requires hepatic biotransformation to exert its anticoagulant effect, 
which is why unabsorbed warfarin the lower gut would not be ex-
pected to cause significantly higher localized bleeding. With advanc-
ing age, there is also an increase in gastrointestinal tract pathology 
such as diverticulosis and angiodysplasia.9 The risk of bleeding from 
affected areas may increase due to direct exposure to dabigatran. 
Thus, local effects of dabigatran on diseased mucosa could account 
for the relative increase in lower gastrointestinal bleeding seen with 
dabigatran compared with warfarin patients in the RE-LY trial.8

Rivaroxaban
Rivaroxaban is an oxazolidinone derivative capable of inhibiting 

both free Factor Xa and Factor Xa bound in the prothrombinase 
complex.10 This highly selective direct Factor Xa inhibitor has high 
oral bioavailability , a rapid onset of action and a predictable phar-
macokinetic profile across a wide spectrum of patients with respect 
to age, gender, weight and race.11

Rivaroxaban is FDA approved for both  DVT/PE Prophylaxis in 
adults undergoing hip/ knee replacement surgery and for prevention 
of stroke in patients with non valvular atrial fibrillation.

The ROCKET AF (Rivaroxaban Once Daily Oral Direct Factor Xa 
Inhibition Compared with Vitamin K Antagonism for Prevention of 
Stroke and Embolism Trial in Atrial Fibrillation) Trial showed that 
rivaroxaban  20 mg daily was non inferior to dose adjusted warfarin for 
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prevention of stroke or systemic embolism in patients with non valvu-
lar atrial fibrillation (HR 0.79; 95 % CI  0.66 to 0.96; P<0.001 for non 
inferiority). However, superiority was not shown in the intention to 
treat analysis (HR  0.88; 95% CI, 0.74 - 1.03;P = 0.12 for superiority).12

The rate of major and  clinically relevant non major bleeding 
was 14.9% per year in the rivaroxaban group and 14.5% per year in 
the warfarin group.  (HR, 1.03; 95% CI, 0.96 - 1.11;P = 0.44). The 
composite principal safety endpoint for GI bleeding events (upper, 
lower, rectal) occurred more frequently in patients receiving rivar-
oxaban  than warfarin (HR 1.39; 95% CI 1.19-1.61). Despite the 
increased rate of major GI bleeding with rivaroxaban, the incidence 
of life-threatening GI bleeding (i.e. requiring transfusion of >3  
units of red blood cells) was similar with rivaroxaban and warfarin 
(n= 52 and 47, respectively) and there were fewer fatal GI bleed-
ing events with rivaroxaban than warfarin (n= 1 and 5, respectively).

The following clinical characteristics were associated with an 
increased risk for major GI bleeding in patients receiving rivarox-
aban: concurrent aspirin or NSAID use; concomitant use of H2 
receptor antagonist or proton pump inhibitors ; prior vitamin K 
antagonist use; decreased creatinine clearance; transient ischemic 
attack or systemic embolism ;cigarette smoking; male gender; prior 
stroke,; chronic obstructive pulmonary disease, and prior upper and 
lower GI bleeding. The majority of major GI bleeding in the set-
ting of rivaroxaban (like dabigatran) was from the lower GI tract.13

The EINSTEIN study showed that Rivaroxaban (15 mg twice 
daily for 3 weeks, followed by 20 mg once daily)  was non inferior 
to standard therapy with enoxaparin followed by an adjusted-dose 
vitamin K antagonist for treatment of acute DVT and for prevention 
of recurrence. (HR 0.68; 95% CI 0.44 -1.04; P<0.001). First major 
or clinically relevant non major bleeding  rates were similar in both 
groups (HR 0.97; 95% CI 0.74-1.22; P = 0.77) . Rivaroxaban was 
associated with a lower risk of major bleeding (HR 0.65 ; 95 % CI 
0.33–1.30;P=0.21) in the acute DVT study. However, 4 patients in 
the rivaroxaban group had gastrointestinal bleeding in the Contin-
ued Treatment Study, compared to none in the comparator group.14

Apixaban
Apixaban is a direct and competitive inhibitor of factor Xa. which 

has about 50% bioavailability, and is approximately 25% excreted by 
the kidney.15

The AVERROES (Apixaban Versus Acetylsalicylic Acid to Pre-
vent Stroke in Atrial Fibrillation Patients who have Failed or are Un-
suitable for Vitamin K) trial showed that Apixaban 5mg twice dai-
ly lowered the risk of stroke or systemic embolism when compared 
to 81mg-324 mg Aspirin in patients with prior stroke /TIA ( HR 
0.29 ; 95% CI 0.15–0.60) as well as in patients with no prior stroke/
TIA ( HR 0.29; 95% CI 0.15–0.60).16  Major bleeding was more 
frequent in patients with history of stroke or TIA than in patients 
without this history (HR 2.88; 95% CI 1.77–4.55) but risk of this 
event did not differ between treatment groups. The rate of gastroin-
testinal bleeding with apixaban was similar to that of aspirin ( HR 
0.86; 95% CI 0.4-1.86, P=0.71). Overall, apixaban was well tolerated 
and showed a profile of adverse events similar to that of aspirin.17

The ARISTOTLE (Apixaban for Reduction in Stroke and Oth-
er Thromboembolic Events in Atrial Fibrillation) Trial showed that  
Apixaban 5 mg twice daily was superior to dose adjusted Warfarin 
for prevention of stroke or systemic embolism in patients with atrial 
fibrillation. (HR 0.79; 95% CI 0.66 -0.95; P = 0.01 for superiority).18 

The rate of major bleeding was 2.13% per year in the apixaban group, 
as compared with 3.09% per year in the warfarin group (HR 0.69; 95% 
CI, 0.60 - 0.80; P<0.001). In a modified intention-to-treat sensitivity 
analysis over the entire treatment period, there was a 27% relative re-
duction in  rate of major bleeding in the apixaban group, as compared 
with the warfarin group (P<0.001). The risk of gastrointestinal bleed-
ing was similar between both  apixaban and warfarin groups (OR 0.88, 
95 % CI 0.67-1.14). Apixaban had an acceptable side-effect profile 
with no unexpected events, and the rate of discontinuation of the study 
drug was lower in the apixaban group than in the warfarin group.18

Edoxaban
Edoxaban is a direct oral Factor Xa inhibitor that was approved 

by the FDA as recently as January 2015,  for the prevention of 
stroke and non–central-nervous-system (CNS) systemic embo-
lism in patients with nonvalvular atrial fibrillation. Pharmacoki-
netically, edoxaban has a 62 % bioavailability,19 achieves maximum 
concentrations within 1-2 hours and is 50% renally excreted.20

Most of the data on edoxaban comes from the ENGAGE AF-
TIMI 48 trial which showed that edoxaban (60 mg and 30 mg once 
daily) was non inferior to dose adjusted warfarin for reduction in the 
risk of stroke or systemic embolism (modified intent-to-treat popu-
lation, P=0.001 and P=0.005 for noninferiority, respectively; intent-
to-treat population, P=0.08 and P=0.10 for superiority, respective-
ly). The annualized rate of major bleeding was 3.43% with warfarin 
versus 2.75% with high dose edoxaban (HR, 0.80; 95% CI, 0.71 to 
0.91; P<0.001) and 1.61% with low-dose edoxaban (HR, 0.47; 95% 
CI, 0.41 to 0.55; P<0.001).  Compared with Warfarin, there were 
lower rates of major bleeding with both high dose edoxaban ( 3.43 
% vs 2.75 %; P<0.001) and low dose edoxaban.( 3.43 % vs  1.61 %; 
P<0.001). However, the risk of gastrointestinal bleeding was high-
er with high dose edoxaban  compared to warfarin ( 1.51% vs 1.23 
%; P=0.03) but lower with low dose edoxaban compared to war-
farin (0.82% vs 1.23%;P<0.01). Bleeding was more common from 
the Upper GI tract than the Lower GI tract in all 3 subgroups.21

Thus we see that the risk of GI Bleeding varied in dif-
ferent trials and with different NOAC’s,  but overall NO-
AC’s were associated with a higher risk of GI Bleeding.  

Comparison Of Different Agents For GI Bleeding Risk 
A number of meta-analyses have been performed comparing the 

risk of  GI  Bleeding with NOACs used for various indications, to 
that of standard therapy. A meta-analysis of 19 Randomized Con-
trol Trials (RCT)  showed that the overall Odds Ratio for Gastro-
intestinal Bleeding among patients taking NOAC was 1.45 (95% 
CI 1.07- 1.97).  Subgroup analyses showed that the OR for atrial 
fibrillation was 1.21 (95% CI  0.91- 1.61), for thromboprophylaxis 
after orthopedic surgery the OR was 0.78 (95% CI  0.31- 1.96), for 
treatment of venous thrombosis the OR was 1.59 (95% CI  1.03 - 
2.44), and for acute coronary syndrome the OR was 5.21 (95% CI 
2.58 - 10.53). Among the drugs studied, the OR for apixaban was 
1.23 (95% CI  0.56- 2.73), the OR for dabigatran was 1.58 (95% 
CI, 1.29- 1.93), the OR for edoxaban was 0.31 (95% CI  0.01-
7.69), and the OR for rivaroxaban was 1.48 (95% CI  1.21- 1.82).5 

Another meta-analysis evaluating 6 trials also suggested higher 
GI bleeding with NOACs. (RR, 1.30; 95 % CI 0.97 - 1.73).22

We performed a meta analysis of 17 RCTs including 91,933 pa-
tients  to evaluate the risk of gastrointestinal bleeding with NOACs 
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Factor  Xa , the anti factor Xa assay is the most sensitive method of 
monitoring their anticoagulant activity.29

Management
The incidence of NOAC associated GI bleeding can be significant-

ly reduced by successful preventive strategies. Adherence to appropri-
ate indications for NOAC use and proper drug dosing is imperative 
as usage of NOACs beyond their approved indications or at different 
doses can induce supra-therapeutic anticoagulation, and this may be 
associated with an increased risk of severe or even fatal GI bleeding.30 
Identification of modifiable and non-modifiable bleeding risk factors 
will help stratify patients at risk and also ascertain the degree of risk. 
Tools such as the HAS-BLED score can be used for this purpose.31

Management of GI Bleeding from use of NOACs is similar to the 
standard management of GI bleeding and  resuscitation takes pre-
cedence before anything else in the hemodynamically compromised 
patient.  Measurement and monitoring of the degree of anticoagula-
tion using the different tests described above should be initiated and 
administration of the NOAC should be stopped immediately. If the 
patient is also receiving anti platelet agents, these should be withheld 
as well. Unlike VKAs, there is no drug specific antidote to reverse the 
effect of NOACs. Administration of  Prothrombin Complex Concen-
trates have been suggested as a potential agent to reverse NOAC an-
ticoagulation , but data regarding their absolute efficacy is lacking.32,33

Recently however, Idarucizumab -  a monoclonal antibody frag-
ment that binds free and thrombin-bound dabigatran thereby neu-
tralizing its activity, was developed to reverse the anticoagulant ef-
fects of dabigatran. The Reversal Effects of Idarucizumab on Active 
Dabigatran (RE-VERSE AD) Study was a prospective cohort study 
undertaken to examine the efficacy and safety of idarucizumab for 
the reversal of  anticoagulant effects of dabigatran in patients who 
presented with serious bleeding or who required urgent surgery 
or intervention. Results of this study were recently published and 
showed that 5g intravenous idarucizumab rapidly and complete-
ly reversed the anticoagulant effect of dabigatran in 88 to 98% of 
the patients who had had elevated clotting times at baseline.34

In current clinical practice however , reduction of  NOAC expo-
sure mostly depends on the short half lives of these novel agents ( 
5-17 h), causing rapid reductions in anticoagulant levels with time 
in patients without renal or hepatic dysfunction. In contrast, it takes 
a much longer time to reverse the effects of warfarin as it causes 
a biologic reduction of active clotting factors. This temporal advan-
tage over warfarin is important in the setting of bleeding into the 
GI tract lumen because intra-luminal bleeding over time can occur 
without creating high local pressure and its sequelae, unlike bleed-
ing into a closed space such as the skull which can quickly develop 
catastrophic consequences. Therefore, if after resuscitation, the pa-
tient is hemodynamically stable, it is reasonable to postpone endo-
scopic evaluation , while providing supportive care and close obser-
vation.24 If the patient experiences rapid GI  bleeding and remains 
hemodynamically unstable despite resuscitation efforts, urgent inter-
vention is necessary in the form of emergency upper GI endosco-
py and colonoscopy, followed as required by other studies such as 
small bowel enteroscopy, computed tomography- or catheter-based 
angiography and nuclear scintigraphy. These interventions entail 
numerous strategies for control of GI bleeding, including thermal 
modalities, mechanical tamponade, and embolization.24 If these 
interventions are unsuccessful, surgery remains the final option.

compared with conventional anticoagulants.23 We found that  NO-
ACs were associated with a significantly higher GI bleeding com-
pared with conventional anticoagulants [Peto’s odds ratio (POR) 
1.23, 95% CI 1.10 to 1.36; number needed to harm (NNH)=295 
patients]. Trial sequential analysis (TSA) showed a 20% relative 
risk increase  of any GI bleeding with NOACs versus  conventional 
agents.. Compared with controls, the risk of GI bleeding was signifi-
cantly higher with dabigatran (POR 1.31, 1.10 to 1.57; NNH=205) 
and rivaroxaban (POR 1.35, 1.16 to 1.57; NNH=139) but not with 
apixaban (POR 0.85, 0.67 to 1.08). TSA showed a relative risk in-
crease of 20% for dabigatran and rivaroxaban but showed insuffi-
cient data for apixaban. NOACs caused significantly higher risk of 
any GI bleeding compared with warfarin (NNH=212) and LMWH 
followed by warfarin (NNH=134), but not against low molecular 
weight heparin alone.23 Thus we saw  heterogeneity in risk - while 
there was a statistically significant excess risk of GI bleeding with 
dabigatran and rivaroxaban, the risk of GI bleeding remained incon-
clusive for apixaban, when compared with controls. Although this 
suggests that apixaban may be safer than other NOACs, further trials 
are needed to exclude true bleeding risks associated with apixaban . 

Pathophysiology
Gastrointestinal bleeding in the anticoagulated patient may occur 

at any level along the GI tract . The mucosa of the GI tract has a 
rich blood supply that can be sensitive to bleeding by various en-
dogenous or exogenous insults. Orally administered anticoagulants 
may cause bleeding by different mechanisms such as (a) systemic an-
ticoagulant effect; (b) topical anticoagulant effect; (c) topical direct 
caustic action; (d) topical biological action of the drug unrelated to 
coagulation (e.g. inhibition of mucosal healing). These mechanisms 
may occur alone or in combination.24 As Warfarin requires systemic 
absorption and activation prior to exerting its anticoagulant effect, 
the increase in GI Bleeding with warfarin is not a topical effect and 
is likely a manifestation of its systemic anticoagulation action. In 
contrast, NOACs have variable absorption and active anticoagulant 
is present within the lumen of the GI Tract which could, in theory, 
cause topical anticoagulation effects in addition to systemic action.

Diagnosis
Warfarin has a narrow therapeutic window and monitoring of its 

anticoagulant activity by measuring the INR range is necessary to 
reduce the risk of bleeding. However, INR is not an useful test to 
gauge the anticoagulant effect of NOACs because INR is calibrated 
for use with vitamin K antagonists only.25 Although NOAC use may 
be associated with an increase in INR, this increase does not relate to 
the effectiveness of therapy or provide a linear correlation of concen-
tration and effect that is seen when measuring warfarin levels.26 As 
dabigatran directly inhibits Thrombin, measurement of Prothrombin 
Time [PT] lacks the sensitivity to detect therapeutic levels and often 
a sub-therapeutic level is noted, regardless of the concentration of 
dabigatran.27 Other appropriate tests include partial thromboplastin 
time (aPTT), and diluted thrombin time (dTT). aPTT however, is 
not very sensitive for low doses of dabigatran. A very sensitive test 
for measurement of dabigatran activity is the Ecarin Clotting Time 
(ECT) as a close linear relationship has been shown between pro¬lon-
gation of ecarin clotting time and plasma concentrations of dabiga-
tran.28 However, ECT  assay is not widely used in the United States. 

As rivaroxaban, apixaban and edoxaban are direct inhibitors of 
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Conclusion
The convenience of no routine monitoring and a wide 

therapeutic window make the NOACs desirable first-line options 
for anticoagulation. In addition, all NOACs have been associated 
with lower risk of  intracranial hemorrhage compared to standard 
antithrombotic therapy.35  However, NOAC use may be related to 
higher rates of GI bleeding and this notion has been supported by 
many meta-analyses which have compared NOACs to conventional 
VKAs. Analysis from our group showed that GI bleeding risk is 
definitely higher with dabigatran and rivaroxaban, but we lacked 
sufficient evidence for apixaban.23  Further trials are  needed to 
test whether the risks of GI bleeding associated with dabigatran 
and rivaroxaban is dose dependent  and  can be overcome by using  
low dose dabigatran or rivaroxaban, provided that such doses show 
superiority or equivalence to conventional anticoagulants regarding 
thromboembolic complications.

There is a paucity of recommendations on how to transition 
patients from one NOAC to another in the setting of adverse effects 
such as GI bleeding and care should be taken to ensure continuous 
anticoagula¬tion when stopping, interrupting, or switching between 
NOACs to avoid an increased risk of stroke.  Thus, increased risk of 
GI bleeding should be kept in mind prior to starting therapy with 
NOACs. It is fortunate that the majority of the GI bleeds associated 
with NOAC use is not life threatening. Future trials will help 
elucidate the true incidence, risk factors and appropriate preventive 
strategies for NOAC associated gastrointestinal bleeding.
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Introduction
Transcatheter Aortic-Valve Implantation (TAVI) is considered 

to be highly effective in the treatment of patients with severe aortic 
stenosis who are inoperable. After TAVI, the rate of pacemaker im-
plantation is 6.5%-40%.1-3 Some reports of sudden death after TAVI 
are mostly attributed to bradyarrhythmias. Nevertheless, ventricular 
arrhythmias should always be taken in to consideration in patients 
with borderline ejection fraction.
Case Presentation

Patients with severe aortic stenosis at increased risk for surgical 
aortic valve replacement who underwent TAVI to our institution 
from October 2010 to May 2013 were retrospectively analyzed. Pa-

tients qualified for TAVI in the presence of an indication for aortic 
valve replacement according to current guidelines4 but unsuitable for 
surgical procedure due to high risk of morbidity and mortality as 
calculated with STScore and logistic Euroscore5-7

TAVI was performed either with the Medtronic Core Valve or 
the Edwards-SAPIENXT bioprosthesis with standard retrograde 
technique.1 Vascular access was obtained either percutaneous trans-
femoral or surgical transaortic. As required, a temporary pacemaker 
was inserted before the procedure in all patients and kept in site for 
a minimum of 48 hr. Prior to the procedure all patients performed 
screening by coronary angiogram and/or (in rare cases) stress test if 
considered necessary and ECG-gated multidetector computed to-
mography. 
Data Analysis

From each patient, different parameters were collected with respect 
to patients’ characteristics, demographic and echocardiographic pa-
rameters as well as clinical and procedural data. 

A 12-lead electrocardiogram (ECG) was recorded before the pro-
cedure, immediately after, every day until discharge and during every 
follow-up (FU) visit. Electrocardiographic characteristics of pre and 
postprocedural ECGs were analyzed by 2 independent investigators 
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Abstract
Transcatheter Aortic-Valve Implantation (TAVI) is considered to be highly effective in the treatment of high-risk patients with severe aortic 

stenosis. After TAVI, the rate of pacemaker implantation is 6.5%-40%. Some reports of sudden death after TAVI are mostly attributed to 
bradyarrhythmias. 

We report the case of three patients who experienced sudden cardiac death or aborted sudden cardiac death after TAVI. All patients were 
affected from ischemic heart disease with an ejection fraction of approximately 40% and underwent pacemaker implantation (PM) after the 
procedure due to 1rst degree atrioventricular block (AV) and left bundle branch block (LBBB). One of the patients died suddenly 30 days after 
the procedure. The PM interrogation  revealed many episodes of non sustain ventricular tachycardias (NSVT) and one episode of ventricular 
fibrillation (VF) that led to death. The other two patients had syncope and during PM interrogation episodes of ventricular tachycardia >12 
sec were recorded. Patients affected by ischemic heart disease undergoing TAVI, especially with borderline coronary lesions should receive 
particular attention in order to avoid potentially lethal ventricular arrhythmias. In addition, the physiopathologic mechanism of sudden 
arrhythmic death in these patients needs to be clarified. 

Key Words: 
TAVI, Sudden Death.
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(MC, AC) in order to assess ECG changes.  Follow-up visits were 
scheduled at 1, 3, 6 and 12 months after discharge. 

In patients with prior pacemaker implantation complete device in-
terrogation was performed before the procedure and all arrhythmic 
events were recorded. 

All data were collected in a database that was updated after every 
FU visit; causes and timing of syncope or sudden death were also 
recorded. 

For the purpose of this study we retrospectively analyzed the re-
corded data in order to access the incidence, time occurrence, predic-
tive factors and causes of sudden cardiac death in patients after TAVI.
Results
Overall

A total of 146 consecutive patients were enrolled, (mean age 
79±9y.o., 59% male, mean EUROSCORE 26,12±11,9, mean ST-
Score 6,54±3,1). Seventeen patients (12%) had a previous pacemak-
er implantation. Ninety-one (62,3%) patients had coronary artery 
disease; in seventy (77%) of them revascularization was performed 
before o during the procedure. Baseline demographic and clinical, 
characteristics of the study population are reported in Table 1. Base-
line ECG characteristics are reported in table 2. 
Electrocardiographic Characteristics And Permanent Pace-
maker Implantation (PPM) 

Immediately after the procedure new onset left bandle branch block 
(LBBB) was observed in 39 (27%) patients. Complete atrio-ventric-
ular block (AVB) was present in 14 patients (9,6%). Detailed electro-
cardiographic characteristics are reported in Table 2. Twenty five pa-
tients underwent permanent pacemaker implantation (17,1%) before 
discharge (11% in the Edward Sapien group and 21% in the Cor-
valve group); due to 3rd degree AV block (56%), right bandle branch 
block (RBBB) and LBBB alternans (8%), 2nd degree AV block with 
2: 1 conduction (4%) and 1rst degree AV block and LBBB (32%). 
No syncope was recorded during hospitalization.  In all patients with 

complete AV block  immediately after TAVI or during hospitaliza-
tion a pacemaker was implanted. Regarding 1rst degree AV block 
associated with new onset LBBB, only patients who presented pro-
gression of the conduction disturbance (progressive prolongation of 
the PR interval and increase of the duration of the QRS), recorder 
during hospital stay by ECG, received a pacemaker. 
Syncope, Mortality And Ventricular Arrhythmias

In hospital mortality related to procedural complications, heart 
failure or multi organ failure was 4%, 30 day mortality was 2%. One 
sudden death occurred and 3 patients experienced syncope (exclud-
ing in hospital mortality). 

Syncope was present in three patients, in one (with new onset 
LBBB after the procedure) due 3rd degree AV block so a PPM was 
implanted while in two other patients, with previous PPM, syncope 
was related to ventricular tachyarrhythmia’s. [fig 1,2] Sudden death 
(during sleep) due to ventricular fibrillation occurred in one patient 
implanted with PPM after TAVI due to 1rst degree AV block and 
LBBB. Intracavitary eletrogram (IEGM) and coronary angiogram 
of the patient is available in figure 3 A, B. All patients were affect-
ed by coronary artery disease and all procedures were performed by 
transfemoral approach. As reported in table 3 patients were assessed 
prior to the TAVI procedure and treated if necessary after adequate 
evaluation with coronary angiogram and/or stress test. Demographic 
and clinical characteristics of patients are reported in table 3. 

All events were recorded in less than 30 days after the procedure. 
Sudden cardiac death was at day 21, 3rd degree AV block at day 19, 
and NSVT with syncope at 25 and day 29 respectively. 
Discussion

Transcatheter aortic valve implantation (TAVI) for severe aortic 
stenosis (AS) has become a valid alternative for the treatment of 
older patients with severe co-morbidities.2,3,8-11 Despite the obvious 
benefits of the procedure, the experience acquired overtime revealed 
several intra and post procedural complications that can neutralize 
the potential benefits of valve replacement.2 Other than possible vas-
cular, kidney, coronary complications, stroke and paravalvular regur-
gitation12 major interest is the occurrence of post-operative conduc-

Table 2: Baseline ECG characteristics before and after TAVI.

Before TAVI After TAVI

Sinus Rhythm 112/146 (77%) 99/146 (68%)

Atrial fibrillation 17/146 (12%) 16/146 (11%)

1rst degree AV block 21/146 (14%) 30/146 (20,5%)

RBBB 11/146 (7,5%) 9/146 (6%)

LBBB 8/146 (5,5%) 39/146 (27%)

LAH 32/146 (22%) 19/146 (13%)

Total AV block 0 14/146 (9,6%)

Previous PPM 17/146 (12%)

Table 1: Baseline demographic and clinical, characteristics of the 
study population.

Mean age 79±9 Ejection fraction (%) 51,9±12,14

Gender (male)  59% Euroscore 26,12±11,9

Atrial fibrillation 45% STScore mortality 6,54±3,1

Hypertension 66,4% NYHA 3,12±0,56

Diabetes 47% Corvalve 82,9%

Coronary artery 
disease

62,3% In hospital stay (days) 5,4±2,2

PPM before 12% PPM post 25/146 (17,1%)

Figure:1 IEGM recorded in patient with syncope, 20 sec of ventricular 
tachycardia.
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tion disorders that require permanent pacemaker implantation and 
the occurrence of new left bundle branch block. Several studies have 
reported rates of new PPM up to 40% of cases2,3,13-14 with the occur-
rence being 6-7 times higher in case of the Medtronic CoreValve 
system (MCV; Medtronic) implantation.15 The variations of rate im-
plantation most probably depends on different practice and threshold 
among physicians.12 

The new onset LBBB is a common complication after both surgi-
cal aortic valve replacement (SAVR) and TAVI procedure. Regarding 
LBBB after SAVR this is known to be associated with higher rates 
of complete AV block, syncope and cardiac arrest at long term and it 
is mostly related to surgical trauma of the conduction system during 
debridement of the calcified annulus.16-19 Less is known about the 
potential effects of new LBBB in the TAVI population. The course 
of post TAVI-LBBB is not well known, and several cases of sponta-
neous resolution have been described.20-23 Recent reports correlate 
new LBBB with increased mortality24 mostly related to progression 
to high-degree atrioventicular conduction disorders, progression of 
heart failure due to left ventricular remodeling induced by abnormal 
activation contraction pattern.24-25 In such causes some benefit may 
be provided by cardiac resynchronization therapy (CRT-D).20

A gray zone of the TAVI population regards sudden cardiac death 
(SCD). The rate of SCD varies between 4% and 17%.26-28 but in most 
cases is related to bradyarrhythmias. Potential proarrhythmic effect of 
the procedure may be correlated more than complete heart block. In 
fact, as reported ventricular arrhythmias occurred in patients without 
elevated risk of sudden death according to current knowledge. The 
potential mechanism is not clear, QT dispersion or alterated ven-
tricular activation sequence as reported in patients with CRT-D30-31  

and PPM32 cannot be implicated in such patients. Potential increase 
of adrenergic tone due to improvement of functional class or myo-
cardial ischemia due to increased demand or potential coronary ostia 
obstruction by the frame may be implicated. 

In our cohort three patients experienced ventricular tachycardia/
ventricular fibrillation after transcatheter aortic valve implantation. 
All patients were affected by ischemic heart disease with border-
line ejection fraction. A probable proarrhythmic effect of new onset 
LBBB or aggressive left ventricular remodelling after TAVI can be 

assumed to be the trigger of ventricular arrhythmias in these patients 
with borderline left ventricular function. In addition, the time of oc-
currence of events in less than 30 days after the procedure collo-
cates these events as procedural mortality, thus directly related to the 
procedure. In such scenario the reports of sudden death, reported 
to be up to 17%,26-28 should be reconsidered. The exact mechanism 
of such event cannot be clearly identified as, by definition is sudden 
and abrupt and in most cases there is no clear documentation of the 
event, only the result is assessed, but is clearly related to the new 
hemodynamics created in the left ventricle after the procedure. Re-
garding late occurrence of complete AV block this event is also less 
predictable as the TAVI population is older and most likely to receive 
a pacemaker for degenerative conduction disturbance irrelevant with 
the TAVI and the occurrence of such event shortly after the proce-
dure might be circumstantial.

In any case, the occurrence of SCD in the TAVI population is a 
devastating event especially after the high expectations regarding 
lower rate of morbidity and mortality related to the procedure. Ap-
propriate selection of patients, adequate medical treatment and more 
studies are necessary in order to completely understand such mecha-
nism and potentially reduce its occurrence. 
Conclusions

The TAVI is a valid alternative to SAVR in high risk or inopera-
ble patients. Nevertheless, potential post procedural complications, 
especially arrhythmic, may reduce its potential benefit. Permanent 
pacemaker implantation is a frequently reported complication and 
even if many risk factors are reported none of them is currently con-
sidered to be a gold standard. Less is known about sudden cardiac 
death related to ventricular arrhythmias after TAVI. More research 
is necessary in order to improve outcomes of the TAVI population. 
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Introduction
Atrial fibrillation (AF), an abnormal heart rhythm characterized 

by uncoordinated atrial activation due to multiple reentry circuits 
with consequent deterioration of atrial mechanical function, is the 
most common type of sustained arrhythmia.1 In 2010, AF had an 
estimated prevalence of between 2.7 to 6.1 million, a frequency 
that is projected to increase to between 5.6 to 12 million by the 
year 2050.2 Its prevalence increases with age, rising from 0.1% in 
individuals younger than 50 years old, to 5.9% in those older than 
65 years, and reaching to 10% after age 75.3,4,5 Stagnation of blood 
in upper chambers during AF increases the propensity of thrombus 
formation and makes a person 4-5 times more likely to have a 
ischemic stroke.2 Patients with paroxysmal AF should be considered 
as having a stroke risk similar to individuals with persistent or 
permanent AF.6 Left atrial appendage (LAA) is the main site of 
clot formation, and more than 90% of thrombus are related to left 
atrial appendage dysfunction.7 AF is associated with increased risk 
of stroke severity, and patients with AF-related stroke have twofold 
the risk of mortality and threefold the risk of recurrent stroke within 
1 year compared with patients without AF.8  The annual rate of 
ischemic stroke in patients with AF is approximately 5%, which is 
responsible for about 15% of strokes in the United States.9 AF-related 
stroke is a substantial economic burden and costs Medicare about $8 
billion annually.10 Oral anticoagulation (OAC), with warfarin or new 
alternative antithrombotic agents (e.g.: apixaban, dabigatran, and 
rivaroxaban), is the current standard therapy for stroke prevention in 
patients with AF.11 

Nevertheless, many patients (up to 40%) with AF do not receive 
appropriate preventive therapy for stroke.12,13 The drug–drug and 
drug–food interactions, variable drug metabolism and the difficulty of 
keeping patients in therapeutic range, the hardship of need for regular 
monitoring, and increasing risk of bleeding are serious concerns in 
using OAC. When using OAC, the rate of major bleeding is around 
3% per year, and there is no major difference between warfarin or 
new OAC.14,15 In patients with AF at high risk of stroke, who either 
had contraindications to OAC therapy or previous failure of OAC 
therapy, utilizing a percutaneous LAA closure device (LARIAT snare 
device; SentreHEART, Inc., Palo Alto, California) is an alternative 
approach in order to prevent stroke.16

Percutaneous Suture Ligation For LAA Closure
LARIAT Suture Delivery Device (SentreHEART, Redwood City, 

California) is a new approach to LAA exclusion in patients who are 
high risk for stroke and contraindicated to or intolerant of standard 
oral anticoagulation therapy. The LARIAT procedure is performed 
under general anesthesia and the device consists of 3 components: 1) 
a 20-mm compliant balloon catheter (EndoCATH®), 2) 0.025” and 
0.035” opposite-pole magnet-tipped guide wires (FindrWIRZ), and 
3) a 12F suture delivery device.16

A 0.025-inch magnet-tipped guide wire (FindrWIRZ;
SentreHEART, Inc.), is placed in the apex of the LAA through the 
transseptal sheath. A 0.035-inch magnet-tipped guide wire is then 
directed to the LAA via the pericardial space through the epicardial 
guide cannula (SentreHEART, Inc.) and is manipulated until its 
magnetic tip binds to the 0.025-inch magnet-tipped endocardial 
guide wire. After connecting the two magnetic wires, the LARIAT 
snare is advanced over the epicardial magnet-tipped wire and placed 
on the proximal portion of the LAA. The LARIAT suture delivery 
device places and tightens a loop stich around the base of the LAA 
with a pre-tied suture loop. The suture is released and tightened after 
confirmation of complete closure by the LAA Doppler (flow less 
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Abstract
The risk of embolic stroke is 5 times higher among patients with atrial fibrillation (AF) compared with those without AF. More than 90% 

of thrombi form in the left atrial appendage (LAA) in AF. The purpose of this review is to determine the efficacy and safety of the left atrial 
appendage (LAA) closure via a percutaneous LAA ligation approach, thus preventing a stroke among patients with AF and contraindication 
to oral anticoagulant therapy
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than 5 mm on cross section) and the LARIAT snare is removed from 
the pericardial space.  The surgical suture permanently seals the LAA 
off from the rest of the heart and the excluded LAAs will shrink 
thereafter.16

Selection Criteria For Lariat Procedure Among Patients 
With Atrial Fibrillation
The Inclusion Criteria Included:17

1) CHADS2 score ≥ 2 or CHADS2VASc score ≥ 3,
2) Contraindicated to or intolerant of standard oral anticoagulation 

(OAC) therapy (due to history of internal or external bleeding, or 
high risk for bleeding),  

3) Failure of OAC (embolic event despite OAC), 
4) Intolerance or difficulty in using OAC.

The Exclusion Criteria Included:11

1) History of cardiac surgery, 
2) Myocardial infarction within the previous 3 months, 
3) Embolic events within the past 30 days, 
4) New York Heart Association class IV heart failure symptoms, 
5) History of thoracic radiation therapy, 
6) A superior oriented LAA or one larger than 40 mm.

Procedure Outcomes
Our initial experience at Texas Heart Institute of LAA exclusion 

by LARIAT in a cohort of patients with high risk of embolic events 
and contraindicated to or intolerant of standard oral anticoagulation 
demonstrated > 90% acute success rate. Transesophageal 
echocardiography (TEE) at 2 to 3 months follow-up showed 100% 
LAA occlusion.

In addition to our experiment, two other studies have been 
published.16, 18,19 The safety and efficacy trends of the LARIAT 
continue to be maintained in these two independent studies. Both 
patient groups were at high risk of stroke and contraindicated to 
OAC therapy. This appears to be the real-world compatibility of the 
LARIAT in treating patients with limited options for protection. 
(Table I)

In these studies, there were no device related complications using 
the LARIAT. Access related complications tended to be related to 
pericardial access, and the majority of them were not major and self-
resolved during or shortly after the procedure.  Furthermore, in these 
studies, only three deaths occurred during the follow-up, which were 
unrelated to the procedure.

Meanwhile, preliminary data analysis showed promising results 
at our center’s one-year follow-up. Among 40 patients, at 3 months 
follow-up with TEE, we observed 2 leaks (one <1 mm and the other 
around 2-3 mm) and one blood clot, which resolved by OAC therapy. 
No CVA detected at 12 months follow-up with Questionnaire for 
Verifying Stroke-Free Status (QVSFS)20 and only one patient had 
stroke at 18 months after the procedure with no evidence of blood 
clot in afterward follow-up TEE. We are submitting a multi-centric 
follow-up study, which will provide us with profound insight into 
the long-term effectiveness of the LARIAT procedure in preventing 
strokes.
Proposed Multi-Centric Cohort Studies
Sentreheart Stroke Study

The purpose of this prospective, multi-center, randomized (1:1) 
trial study is to assess the effectiveness of the LARIAT Suture De-
livery Device to reduce the risk of stroke and thromboembolic com-

plications in patients with non-valvular atrial fibrillation who are at 
risk for embolic events and are unable to use standard oral anticoag-
ulation therapy.

Primary Efficacy Outcome: To assess time to the composite 
endpoint (first event of ischemic/hemorrhagic stroke or system-
ic embolism) in participants randomized to the LAA exclusion 
procedure using the LARIAT Suture Delivery Device compared to 
participants in the Control Group.

Primary Safety Outcome: To assess the incidence of major 
bleeding events in participants randomized to the LAA exclusion 
procedure using the LARIAT Suture Delivery Device compared to 
participants in the Control Group.
Sentreheart Feasibility IDE (Investigational Device Exemptions).

This is a feasibility study to demonstrate the technical ability of 
the LARIAT device to electrically isolate left atrial appendage as an 
initial step in the treatment of patients with persistent or longstand-
ing persistent atrial fibrillation.

Technical Success:  The ability of the LARIAT device to be suc-
cessfully placed around the left atrial appendage to achieve electrical 
isolation defined as a reduction in LAA voltage amplitude of at 
least 50% of baseline voltage.

Procedural Success:  The ability to achieve technical success with-
out any device related serious adverse events through 30 days post

Af Success:  AF Burden shall be evaluated at 1, 3, 6, 12 months 
post Pulmonary Vein Isolation (PVI) procedure.

Is It Possible To Increase The Efficacy Rates Of AF Ablation 
With Concomitant LAA Exclusion?

Two studies examine the possibility of this hypothesis. In one 
study, Han et al. reported that, there was a significant reduction in 
the mean LAA voltage after successful LAA ligation procedure 
(64 out of 68 patients). Unipolar and bipolar pre-ligation voltage 
reported 1.1 ± 0.53 mV and 4.7 ± 2.83 mV respectively comparing 
to unipolar (0.3 ± 0.38 mV) and bipolar (0.6 ± 0.27 mV) post-liga-
tion voltage.21

Table 1: Published procedure outcomes: Acute success rate, Complications 
and efficacy to prevent stroke.

Randall Lee, 
et al (19)

Rasekh , et al(16) Pershad, et al (18)

Patients population 89 21 27

Intent-to-Treat 85 (96%) 20 (95%) 25 (93%)

Procedural Closure 82 (95%) 19 (95%) 25 (100%)

>90day Closure w TEE 81 (97%) 17 (94%) 22 (100%)

Mean CHADS2 Score 1.9+0.95 3.2+1.2 3.5+1.4

Patients follow-up One year An average of 352 ±143 
days (range 50 to 600)

An average of 4.0±3.4 
months (range 0.1-12.7 
months)

Device Related 
Complications

0 0 0

Access Related 
Complications 

3 (3%) 1 (5%) 1 (3.7%)

All Death 2 (2%)  1 (5%) 0

All Stroke 2 (2%) 0 1 (3.7%)

Major Bleeding 0 0 1 (3.7%)

Pericardial/Pleural 
Effusion

1 (1%) 3 (15%) 2 (7.4%)

Device Replacement 0 0 0
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Afshar-Kharaghan, Mohammad Saeed, Mehdi Razavi, Abdi Rasekh, Initial 
Experience With a Novel Percutaneous Left Atrial Appendage Exclusion Device 
in Patients With Atrial Fibrillation, Increased Stroke Risk, and Contraindications 
to Anticoagulation, The American Journal of Cardiology, Volume 111, Issue 6, 
15 March 2013, Pages 869-873, ISSN 0002-9149, http://dx.doi.org/10.1016/j.
amjcard.2012.11.061.(http://www.sciencedirect.com/science/article/pii/
S0002914912024964)

17. LAA ligation using the LARIAT suture delivery device: Tips and tricks for a 
successful procedure Jayanthi N. Koneru, Nitish Badhwar, Kenneth A. Ellenbogen, 
Randall J. Lee  Heart rhythm : the official journal of the Heart Rhythm Society 23 
January 2014 (Article in Press doi: 10.1016/j.hrthm.2014.01.022

18. Stone D, Byrne T, Pershad A. Early results with the LARIAT device for left atrial 
appendage exclusion in patients with atrial fibrillation at high risk for stroke and 
anticoagulation. Catheter Cardiovasc Interv. 2013 doi: 10.1002/ccd.25065. 

19. Krzysztof Bartus, Frederick T. Han, Jacek Bednarek, Jacek Myc, Boguslaw 
Kapelak, Jerzy Sadowski, Jacek Lelakowski, Stanislaw Bartus, Steven J. Yakubov, 
Randall J. Lee, Percutaneous Left Atrial Appendage Suture Ligation Using the 
LARIAT Device in Patients With Atrial Fibrillation: Initial Clinical Experience, 
Journal of the American College of Cardiology, Volume 62, Issue 2, 9 July 2013, 
Pages 108-118, ISSN 0735-1097, http://dx.doi.org/10.1016/j.jacc.2012.06.046. 
(http://www.sciencedirect.com/science/article/pii/S0735109712030355)

20. William J. Jones, Linda S. Williams, and James F. Meschia . Validating the 
Questionnaire for Verifying Stroke-Free Status (QVSFS) by Neurological History 
and Examination. Stroke. 2001;32:2232-2236, doi:10.1161/ hs1001.096191

21. Frederick T. Han, Krzysztof Bartus, Dhanunjaya Lakkireddy, Francia Rojas, 
Jacek Bednarek, Boguslaw Kapelak, Magdalena Bartus, Jerzy Sadowski, Nitish 
Badhwar, Mathew Earnest, Miguel Valderrabano, Randall J. Lee, The effects of 
LAA ligation on LAA electrical activity, Heart Rhythm, Volume 11, Issue 5, May 
2014, Pages 864-870, ISSN 1547-5271.

22. Lakkireddy DR, Earnest M, Janga P, et al. Effect of Endo-epicardial Percutaneous 
Left Atrial Appendage Ligation (LARIAT) on Arrhythmia Burden in Patients 
with Atrial Fibrillation. J Am Coll Cardiol. 2013; 61(10_S). doi:10.1016/S0735-
1097(13)60385-X.

The other study showed that the atrial arrhythmia burden de-
creased from 81% to 47% (p<0.01) at 3 months follow-up among 18 
patients with AF and a cardiac device, who had the LARIAT pro-
cedure.22  A new multi-center FDA approved clinical trial (AMAZE 
Trial) was just initiated to evaluate the possible role of LAA closure 
by lariat to increase the success rate of AF ablation in patients with 
persistent or longstanding persistent AF.
Discussion

Prevention of atrial fibrillation-related stroke has a great role in 
AF treatment.  

The promising acute success rate of the LAA closure with LAR-
IAT (> 90%), and low incidence of embolic events in high risk pa-
tients following the LAA ligation, suggests that LAA ligation with 
LARIAT device may be a protective option in preventing strokes in 
patients who have contraindications to oral anticoagulation.

The results of aforementioned proposed trials will extend our 
knowledge about the efficacy of LARIAT to prevent strokes or the 
possible role of concurrent LARIAT to increase the success rate of 
AF ablation.
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Introduction
Atrial fibrillation (AF) is the most common sustained arrhythmia 

in clinical practice and is associated with impaired quality of life, 
increased morbidity and mortality, and socioeconomic burden, espe-
cially because of its association with a high rate of hospitalizations, 
heart failure, and thromboembolic events.1-3 Catheter ablation of AF 
has become a first-line treatment for symptomatic drug-refractory 
AF, and could be considered a first-line therapy for symptomatic 
paroxysmal AF.4 As technologies, techniques, and experience have 
improved, the popularity of catheter ablation continues to escalate. 
However, AF ablation is a complex and time-consuming procedure, 
and reported success rates remain suboptimal.4 Therefore, both in-
dustry and electrophysiologists engage in continuous development 
efforts to improve AF ablation results. In this setting, cardiac mag-
netic resonance (CMR) emerges as a useful tool. It can improve pa-
tient selection, guide the ablation procedure, and assess post-ablation 
left atrial (LA) remodeling.
Role Of Pre-Procedural CMR In Risk Stratification 

Pulmonary vein isolation (PVI) is the most common technique 
in catheter ablation of AF and aims to electrically isolate the pul-

monary veins (PVs), the major source of ectopic beats that can ini-
tiate AF.5 However, despite the enormous development in this field, 
the long-term efficacy of PVI remains limited. Several studies have 
demonstrated clinical variables that may predict long-term PVI suc-
cess, such as paroxysmal AF compared to persistent or permanent 
AF.6 However, clinical features seem not to be enough to identify 
patients who will remain in sinus rhythm at long-term follow-up. 
Therefore, alternative tools to predict long-term procedural success 
are desirable.   
Left Atrial Fibrosis

Late gadolinium enhancement CMR (LGE-CMR) has demon-
strated accuracy in detecting fibrosis in the left ventricular myocar-
dium in ischemic and non-ischemic cardiomyopathies.7-9 Over the 
past few years, improved LGE-CMR spatial resolution has allowed 
the identification of fibrosis (scar) around PVs and at the left atrial 
(LA) wall after PVI procedures.10 However, the current challenge of 
LGE-CMR studies is to identify the native fibrosis of the LA, which 
represents the potential substrate for AF and could predict ablation 
results. Recently, results from a single-center study11 showed that ex-
tensive LGE predicts poor response to catheter ablation therapy for 
AF. The study included 386 patients and quantified LA LGE before 
a first PVI procedure using the previously defined Utah structural 
remodeling (SRM) stages of LA wall LGE: stage I (<10%), stage II 
(10%–20%), stage III (21%–30%), and stage IV (>30%) (Figure 1). 
Patients with Utah stage IV had higher chances of recurrent AF at 1 
year (71%) than patients with Utah stages I, II and III (21%, 29% and 
34%, respectively). After adjusting for several clinical variables, stage 
IV was associated with the highest risk of recurrence (HR, 4.89 com-
pared with SRM stage I; p<0.0001). These results seem to be consis-
tent across centers, according to the reported data of a multicenter, 
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international study.12 Marrouche et al12 found that for recurrent ar-
rhythmia, the unadjusted risk of recurrence per each 1% increase in 
LA fibrosis was 6% (HR 1.06 [95% CI, 1.03-1.08]; p<0.001) and the 
estimated unadjusted cumulative incidence of recurrent arrhythmia 
by day 325 was 15.3% for stage 1, 32.6% for stage 2, 45.9% for stage 
3, and 51.1% for stage 4, with similar results after adjusting for clin-
ical covariates. However, one important limitation was that all image 
post-processing and fibrosis quantification was performed in a single 
core laboratory. Further multicenter studies in which recruitment, 
image acquisition, and post-processing are performed at each site 
are needed to confirm these promising results. Despite these find-
ings, there are several limitations in the application of LGE-CMR 
to characterize the tissue of the LA wall and pulmonary veins: lim-
ited spatial resolution, the difficulty to avoid motion-related artifact, 
and the complex quantitative analysis of LA LGE. Future research 
may help to overcome these limitations and permit the use of LGE-
CMR to identify patients at high risk of procedural failure. 
Left Atrial Geometry

The use of CMR angiography allows the assessment of LA di-
mensions and shape: LA enlargement is associated with AF6 and LA 
diameter and LA volumes are common methods to determine LA 
size; however, these measurements have limited value when assessing 
the remodeling process in patients with AF. Recently, LA spherici-
ty has been proposed as a new shape-based parameter to assess LA 

remodeling.13 This new approach quantifies the similarity of the LA 
geometry to a perfect sphere, a parameter that has shown indepen-
dent predictive value for AF recurrence after ablation, exceeding that 
of LA size. Patients with a spherical LA had 11-fold higher proba-
bility of recurrence at one-year follow-up, compared to patients with 
a normal (discoid) LA shape (Figure 2). LA sphericity had better 
sensitivity and specificity values than LA volume, as determined by 
ROC analysis, and was the only remodeling parameter that remained 
significant in the multivariate analysis, suggesting that LA sphericity 
might be an earlier marker of adverse remodeling. The application 
of this parameter to pre-procedural risk stratification could help to 
identify those patients unlikely to respond to ablation, improving the 
risk-benefit ratio.  
Role Of CMR During Af Ablation Procedure: Usefulness To 
Guide The Procedure

Pre-procedure CMR angiography and computed tomography 
of the LA are often used to define the LA anatomy and to assess 
the location and anatomy of the PV antra. These imaging modali-
ties facilitate the interpretation of LA anatomy during mapping and 
are often used for image integration. The goal of AF ablation is to 
achieve permanent PVI. Additional testing to determine complete 
and durable isolation includes adenosine administration and pacing 
on ablated tissue; however, recurrences are still frequent. Recovery of 
conduction between the PVs and the LA has been postulated as the 
main mechanism for AF recurrence14 and this reconnection seems to 
be related to gaps in the previous encircling lesions around the PVs.15 
LGE-CMR allows the identification of LA scarring after PVI and, 
therefore, the identification of ablation gaps. We recently reported 
our first experience with a CMR-guided ablation of gaps in repeat 
AF ablation procedures. The study showed the feasibility of CMR to 
identify previous ablation lines and gaps, but most importantly, this 
was the first study showing that LGE-CMR can successfully guide 
repeated ablation procedures by targeting the anatomical gaps of cir-
cumferential antral lesions and additional linear lesions.16 We evalu-
ated 15 patients undergoing repeated AF ablation. A pre-procedure 
LGE-CMR was performed to create a 3D reconstruction where a 
pixel signal intensity map was projected and color-coded, generating 
a CMR model that was imported into the navigation system and 
merged with the LA electroanatomic map to guide the ablation of 
CMR gaps, defined as any discontinuity of previous ablation lesions 
(scar zone). All of the electrically reconnected PVs had CMR gaps. 
The CMR-guided ablation led to re-isolation of 95.6% of reconnect-
ed PVs and conduction block through the roof line in all patients 
(Figure 3). In light of this pilot study, CMR seems to be useful in 
planning repeated ablation procedures by assessing the number, 
length, and location of gaps, as well as successfully guiding catheter 
positioning to target them without the need of circular multipolar 
catheters. Because of its clinical implications, further research to as-
sess the utility of CMR guidance for targeting of gaps is warranted. 

The role of CMR to guide ablation of supraventricular arrhythmias 
might not be confined to repeat AF ablation procedures. We recently 
reported the usefulness of CMR to characterize the substrate and 
guide ablation of complex left atrial arrhythmias, such as left atri-
al macroreentrant tachycardias.17,18 CMR permitted pre-procedural 
identification of the anatomical isthmus, which allowed procedural 
planning, limited mapping to the area of interest, and limited energy 
delivery (Figure 4). 

Figure 1:

(A) DE-CMR axial slice with the segmented LA wall (left panel) 
and the resulting three-dimensional reconstruction of the LA wall 
(Coreview, Marrek Inc, Salt Lake City, Utah, USA) (right panel). (B) 
Utah classification of the LA remodeling based on the percentage 
of enhancement of the LA wall volume: <10% (Utah I), 10–20% 
(Utah II), 20–30% (Utah III), and >30% (Utah IV). DE-CMR, delayed 
enhancement cardiac CMR; LA, left atrium. Reproduced from 
Bisbal F et al. Heart 2014;100:1975-1984 with permission of BMJ 
Publishing Group Ltd.
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Real-Time CMR: The Future Of The Electrophysiology 
Lab?

Integration of CMR into the EP lab has recently been introduced. 
The purpose of the MRI-EP suite is to avoid radiation exposure by 
both patient and operator. Further, accurate definition of cardiac 
structures and arrhythmic substrates such as scar and fibrosis, vi-
sualization of catheter position, and the possibility to monitor the 
efficiency of radiofrequency applications by observing the lesion for-
mation makes this technology very attractive.

Initial experiences with ablation of arrhythmias using real-time 
CMR guidance indicate that it seems to be feasible and safe.19, 20 The 
development of this technology would address some of the current 
limitations of ablation procedures, such as procedural radiation ex-
posure and therapeutic efficacy.21 Radiation exposure has been sig-
nificantly reduced with the use of electroanatomic mapping systems; 
however, the use of interventional CMR would completely eliminate 

radiation exposure. Efficacy could be improved by identifying areas 
of edema with incomplete isolation; advances and improvements in 
real-time CMR guidance might be useful to detect gaps during the 
index procedure despite transient electrical isolation due to edema or 
non-transmural lesions. This would be a very important step toward 
improving the long-term outcome of AF ablation. However, despite 
these potential improvements, the implementation of a CMR suite is 
still a challenge. Several limitations must be overcome: the need for 
compatible equipment (12-lead ECG, catheters, wires, and ablation 
systems) and improved signal filtering to allow reliable signal inter-
pretation, as well as the guarantee of patient safety: current defibril-
lation systems are not safe inside the CMR.
Role Of CMR After Af Ablation: Reverse Remodeling And 
Assessment Of Lesion Formation
Post-Procedural Remodeling

CMR and computed tomography are often used post-ablation 
when complications, such as pulmonary vein stenosis, are suspected. 
CMR provides additional information about LA remodeling after 
the ablation. Several studies have shown a decrease in LA size, di-

Figure 2:

(A) Right lateral projection of the LA three-dimensional 
reconstruction (pulmonary veins and LA appendage shown in 
transparency) and the integrated sphere that best fitted the LA 
(shown as a mesh) of a patient with discoid LA (upper panel) and 
another with spherical LA (lower panel). (B) Kaplan-Meier curves 
displaying the cumulative arrhythmia-free survival of patients 
with discoid, intermediate, and spherical LA. LA, left atrium. 
Reproduced from Bisbal F et al. Heart 2014;100:1975-1984 with 
permission of BMJ Publishing Group Ltd.

Figure 3:

Example of a CMR imaging-guided ablation of gaps leading to 
left superior pulmonary vein reisolation. A. Left atrial lateral 
projection of the DE-CMR model showing a gap at the carina 
(white arrow). B. Lasso catheter into left superior pulmonary vein 
and ablation catheter located in the gap (white circle shows D-2 
Lasso dipole position). C. ThermoCool Smart Touch and Lasso 
catheter (Biosense Webster) electrograms before ablation show 
PV potentials. The gap in CMR correlates with D-2 Lasso dipole 
position (white circle), showing earliest PV potential (dotted line). 
D. Lasso catheter electrograms after radiofrequency application. 
Reproduced with permission of Elsevier from Bisbal F et al. J Am 
Coll Cardiol Img;2014;7:653-663
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in ablation lesions. Recently, Harrison et al25 reported the inabili-
ty of LGE-CMR to reliably predict sites of electrical conduction 
after PVI. They found a weak point-by-point relationship between 
LGE-CMR and endocardial voltage in patients undergoing repeat 
AF ablation. In contrast, our group reported high rates of PV re-iso-
lation (95.6%) when targeting the gaps identified by LGE-CMR, 
which ultimately implies good agreement between techniques.16 
These conflicting results might be explained by several differences in 
the CMR image acquisition, image post-processing, and procedural 
technique. Compared to our study, Harrison et al created maps with a 
significantly lower density of points, mean 338 ± 210 (range 51-901), 
compared to 808 ± 159 (range 520-1004) in our study (p<0.001). 
This fact could limit the voltage information in areas of interest. Ad-
ditionally, in their study, LGE-CMR was acquired with a greater 
voxel size (1.25x1.25x4mm) than has been reported by other groups 
(1.25x1.25x2.5mm),16,26 which could limit the assessment of smaller 
anatomical gaps.
Residual Fibrosis

LGE-CMR can identify LA fibrosis and ablation-induced scar-
ring. Akoum et al27   reported a subanalysis of the DECAAF trial 
that studied the effect of residual LA fibrosis and scarring on AF 
catheter ablation outcomes. They found that the overall pre-abla-
tion fibrosis was 18.7 ± 8.7%. The overall ablation-induced scar after 
PVI averaged 10.6 ± 4.4%. The calculated residual fibrosis, defined 
as pre-ablation fibrosis not covered by ablation scar, was 15.8 ± 8%. 
Baseline LA fibrosis and residual fibrosis and residual fibrosis were 
independently associated with AF recurrence (HR 1.09, 95% CI 
1.06-1.12, p<0.001 and HR 1.09, 95% CI 1.05-1.13, p<0.001, re-
spectively), while PV encirclement and overall scar were not. There-
fore, native LA fibrosis, identified by CMR, could represent a target 
for ablation in AF patients; further research is needed to confirm this 
hypothesis.
Future Prospects
Pre-Procedural Assessment Of Left Atrial Structural Remodeling

Two features of LA remodeling assessed by CMR have been as-
sociated with AF ablation procedure failure: native LA fibrosis 
and geometry (sphericity). Pre-procedural quantification of both 
MRI-derived remodeling parameters may identify patients with 
more advanced atrial disease and help to select optimal candidates 
for AF ablation.11,12,26 However, both technologies have limitations. 
Quantification of LA fibrosis lacks a validated protocol for LGE-
CMR sequence acquisition. Segmentation and quantification tools 
tend to be self-customized and no external validation has been re-
ported in the majority of institutions.12,16,25 Regarding LA sphericity, 
only a single-center study has been performed to date. A multicenter 
study is needed to confirm the reproducibility and applicability of 
the technique across centers, as well as to validate its predictive value. 
Further research must address these issues to ensure the future of this 
imaging modality in this context. Additionally, external validation is 
mandatory to ensure reproducibility and allow its implementation in 
the clinical setting. 

The staging of LA disease by means of LA fibrosis or spherical 
deformation might also be applied to patients with cardiovascular 
risk factors to identify those patients at high risk of developing AF, 
for whom close follow-up and extended ECG monitoring might be 
cost-effective. 
CMR As A Guide For Ablation 

ameter, and/or volume after AF ablation.22, 23 We recently published 
the effect of PVI on LA reverse remodeling evaluated by LA sphe-
ricity.24 LA reverse remodeling was defined as the improvement in 
LA sphericity (spherical reverse remodeling) or volume reduction 
(volumetric reverse remodeling). The study evaluated 102 patients, 
of which 42% presented spherical reverse remodeling and 69% vol-
umetric reverse remodeling. A trend towards a higher proportion of 
spherical reverse remodeling was observed in patients with no recur-
rence, compared to those with recurrences (46.2% vs 32.4%, respec-
tively). A significantly greater proportion of patients with paroxysmal 
AF had spherical reverse remodeling, compared to those with per-
sistent AF (50.8% vs 29.3%, p=0.03). Indeed, patients with persistent 
AF showed post-procedural worsening of LA sphericity (81.9% vs 
82.9%, p=0.018). Reverse spherical remodeling was found in a lower 
proportion of patients, compared to volumetric remodeling. The re-
duction of volume could be related to both scarring and LA function 
recovery, while LA sphericity could be more related to LA structur-
al recovery. These findings suggest LA reverse spherical remodeling 
may be more sensitive to identify favorable remodeling after ablation 
than is LA volumetric remodeling. 
Lesion Formation And Gap Identification

Studies about lesion formation after AF ablation have shown con-
troversial results regarding the ability of LGE-CMR to identify gaps 

Figure 4:

Panel A. Activation map showing a counterclockwise perimitral 
activation sequence. Panel B. Substrate characterization with 
voltage map (upper part) and LGE-CMR (lower part). LGE-CMR, 
but not voltage mapping, identified an anatomical isthmus at the 
inferior aspect of the left atrium, between a large, scarred area at 
the posterior wall (asterisk) and the inferior mitral annulus (black 
arrowheads). The integrated CMR allowed catheter positioning 
and limited mapping at this site; a continuous, fractionated signal 
–highly suggestive of a protected, slow-conducting isthmus– 
was identified. Radiofrequency application at this site (red dots 
in panels A, B and C; 120 seconds) led to termination of the 
arrhythmia. Reproduced with permission of Oxford Journals from 
Bisbal F et al. Europace 2015;17:186
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2014; 7:653-663.
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Tachycardia After Atrial Fibrillation Ablation: Can MRI Assist the Ablation?
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LGE-CMR has demonstrated its capacity to identify gaps after 
AF ablation and to guide redo procedures.16 However, the potential 
benefit over the conventional approach is yet to be elucidated. A ran-
domized trial of CMR-guided vs conventional repeat AF ablation 
procedures is warranted. 

Currently, PVI is the most common endpoint for AF ablation. 
However, in persistent and longstanding AF, PVI may be insuffi-
cient to reach comparable results as in paroxysmal AF and to prevent 
long-term recurrences. Recently, the randomized, controlled STAR 
AF II trial28 found no benefit of additional substrate modification 
(mitral and roof lines or ablation of complex fractionated activity) 
over PVI alone in patients with persistent AF. The authors suggest 
that more selective targets are needed to better characterize the spe-
cific arrhythmic substrate of a given patient. Along this line, Jadidi 
et al29 reported an inverse relationship between complex fractionated 
electrograms and the presence of fibrosis assessed by LGE-CMR. 
They found that CFAEs were most frequently located at the edge 
of fibrotic areas of the LA wall; hence, its role could be passive acti-
vation rather than an active mechanism of AF perpetuation. In fact, 
electrograms within the dense scar were less fractionated and had 
longer cycle length. In this regard, several studies have shown that 
a more extensive ablation based on debulking of the septal and pos-
terior wall30 or isolation of low-voltage areas in the LA31 in addition 
to PVI might have a beneficial effect. However, no study to date has 
evaluated the effect of ablating fibrotic areas identified by CMR. Fu-
ture research must address this intriguing question to elucidate if an 
CMR-guided ablation of arrhythmogenic substrate (fibrosis) offers 
some benefit over PVI alone in patients with advanced atrial disease. 
Conclusions

Cardiac CMR can be a useful tool to select the best candidates for 
AF ablation, to guide the ablation procedure, and to evaluate LA re-
modeling after the ablation. The rapid growth of CMR in the setting 
of catheter ablation over the past few years has yielded promising 
results. Future research is needed to overcome its current limitations 
and allow its implementation in the standard work-up of patients 
referred for AF ablation. 
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Introduction
AF is a major cardiovascular challenge in modern society and its 

medical, social and economic aspects are all set to worsen over the 
coming decades. It is associated with a five-fold risk of stroke and a 
three-fold incidence of congestive heart failure, and higher mortality. 
Hospitalization of patients with AF is also very common.

RF catheter ablation is an established therapeutic alternative in 
symptomatic AF patients, resistant to anti-arrhythmic medications, 
as it has been proved more effective than antiarrhythmic drug ther-
apy in maintaining sinus rhythm.1 The procedure is technically chal-
lenging and the operators must be experienced, especially in manip-
ulating catheters in difficult clinical situations, which may lead to 
long, tiring and potentially risky procedures. It requires catheter ma-
neuverability to access target regions and catheter stability in difficult 
anatomical regions and reproducibility of the catheter location.2 

A major limitation of conventional method is caused by the man-
ual catheters that are limited in their freedom of movement by their 
predefined curve. In certain anatomic situations, this will make ma-
neuvering within the heart extremely difficult, and anatomic regions 
of interest cannot be reached at all. In addition, manipulation of a 
stiff manual catheter can have a high risk of complications. When 
moving the catheter, high contact force (CF) is often applied and can 
be at risk of perforating the atrial wall.3 Operators are not always able 
to make an adequate estimation on the CF, which is applied during 
ablation with manual method, thus causing different forces to be ap-
plied between target areas in the PVs and left atrium (LA). Since 
good CF is related to effective ablation lesions, lower forces will result 
in fewer transmural lesions.4 These inadequate ablation lines will be 
predominant sites of reconduction or occurrence of new macro-reen-
trant arrhythmias.5 Length of the procedure (at times more than 4 
hours) may lead to a loss of concentration. This decreased concentra-
tion that is associated with large amount of fluoroscopy exposure for 
both operator and patient, along with complication rates has always 
been a concern. 

MNS was introduced to limit some of the drawbacks of manual 
catheter navigation during ablation of AF and improve the safety 
and efficacy of the procedures.MNS (Niobe ES, Stereotaxis Inc., 
MO, USA) is a remote catheter control technology that has several 
advantages such as fine controlling of small movements, increased 
precision in reaching the target area, possibility of standardizing the 
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Abstract
Atrial fibrillation (AF) ablation targeting the circumferential isolation of pulmonary veins (PVI) is an established therapeutic alternative in 

symptomatic AF patients resistant to anti-arrhythmic medications. The procedure is technically challenging and multiple difficulties must be 
overcome in order to achieve a successful outcome. The magnetic navigation system (MNS) is a remote catheter control technology which 
has advantages such as a traumatic catheter design improving the procedural safety, a reduced amount of radiation exposure to both the 
patient and physician, unrestricted and reproducible catheter maneuverability that allows the access to difficult anatomical situations, and 
an improved catheter stability leading to better energy delivery. Due to these advantages, MNS is increasingly being used for AF ablation 
and both acute and chronic success rates are comparable with the conventional technique. The new developments in navigation systems, 
catheters and new three-dimensional mapping systems are very promising to obviate these concerns. However, MNS is related to longer 
radiofrequency (RF) application duration and procedure time. 
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catheter position inside the heart cavities and need of lower forces to 
maintain stable tissue contact during ablation to prevent complica-
tions and improve lesion formation. This system has been used for 10 
years and widespread using for AF ablation began in 2008 with the 
availability of irrigated magnetic catheters. Data consistently show 
that MNS using either non-irrigated or irrigated catheters results in 
remarkably low complication rates, along with satisfying short and 
mid-term success rates.6-9

On the other hand, there are some limitations related to the MNS 
as compared with conventional catheter ablation. It needs longer 
time to set up. The operator must commute frequently between the 
remote control room and operation room to change the circular map-
ping catheter position when it is unstable and the sheath position 
to facilitate accessing the target with the magnetic catheter. These 
processes would lead to longer total procedural duration. The limited 
CF may limit the lesion size, which might lead to more-frequent PV 
reconnection after PVI. The necessities of the expensive hardware, 
specially designed ablation catheters and a second long sheath for 
the ablation catheter lead to a higher procedural cost. Observation 
and evaluation of the patient’s state are relatively difficult since the 
operator stays in the remote room. During conventional ablation 
procedure, the operator can estimate the force of the tissue contact 
by the tactile feedback during catheter manipulation. In contrast, no 
tactile feedback of the catheter tip contacting the atrial wall can be 
perceived by the operator using it. Besides, manipulating the mag-
netic ablation catheter may be slower as compared with manually 
controlled catheters resulting in longer procedure times.10  

As expected for a new developing technology, there are major dif-
ferences in magnetic navigation systems, catheters and sheaths, a new 
three-dimensional mapping system and these advancements have 
improved the procedure related outcomes. We conducted a systemat-
ic review of the available published literature on the effectiveness and 
safety of AF ablation using magnetic navigation comparison with 
conventional approach during long-term follow-up.
MNS With Open-Irrigated Catheter

It has been demonstrated that the use of a solid-tip (non-irrigated) 
magnetic catheter for AF ablation resulted in thrombus formation 
leading embolic events due to char formation at the catheter tip. In 
addition, AF ablation has been limited by the inability to achieve 
efficacious ablative lesions with these catheters.6,7 The report by Di 
Biase et al clarified that electric PVI was not completed in most of 
the PVs when using the non-irrigated tip 4-mm CARTO RMT 
catheter and needed additional manual ablation even with high RF 
delivery settings (55°C with a maximum power of 50 W). Further-
more, the charring of the catheter tip was observed in 33% of the 
patients.6 Since 2008, a first generation open-irrigated magnetic 
catheter (ThermoCool RMT; Biosense Webster) has been utilized, 
improving catheter efficacy and safety. Miyazaki et al evaluated the 
feasibility and efficacy of irrigated tip ablation catheter and no tip 
charring and related embolic events reported during Lasso-guided 
electric PVI using MNS, which stands as a substantial improvement 
in non-irrigated catheter.10

The first-generation open-irrigated magnetic catheter was re-
vised and a study was undertaken by Chun et al by comparing the 
first-generation irrigated magnetic catheter with a second-genera-
tion irrigated catheter. Modifications included increasing the internal 
luminal diameter to improve uniformity of flow of irrigation fluid, 

adjusting the irrigation port location, and reducing internal clearanc-
es to maximize thermal conductivity, whereas inter-electrode spacing 
and RF settings were identical to the original catheter. The initial ab-
lation success rate was 93% in the second-generation catheter group. 
During global follow-up, 70% of patients were in sinus rhythm and 
no complications were observed with the second-generation catheter. 
In addition, no ‘char’ formation was detected in this group of pa-
tients. Although first-generation irrigated MNS catheters improved 
catheter performance, two thromboembolic events associated with 
catheter tip char formation occurred.11 A recent meta-analysis of six 
non-randomized and one randomized clinical trials including 349 
patients reported the outcomes of AF ablation with MNS when us-
ing open-irrigated catheter. Major complications, including deaths, 
PV stenosis, embolic events, and/or pericardial tamponade, were rare 
events and occurred in 7 patients (2.2%) and only one thromboem-
bolic event was reported.12  
Remote Magnetic Catheter And Sheath Manipulation 
Systems

Circumferential continuous ablation lines aim to electrically dis-
connect the PV antrum from the body of the LA and are considered 
the cornerstone of the ablation procedure. A concrete ablation line 
necessitates lesion continuity and transmurality.MNS was lacking ef-
ficacy in creating continuous linear ablation lesions outside the PVs 
due to reduced maximal force applied, making patients more prone 
to AF recurrence. Maximal CF provided by magnetic catheters was 
inferior to that obtained with conventional catheters in experimental 
studies (26.8 vs. 45.4 g).10 CF in magnetic catheters is limited by the 
maximum force resulting from the interaction of the magnetic fields 
of the catheter and the external magnets. Also, the flexibility of the 
magnetic catheter shaft results in deterioration of the maximal force 
applied to the tissue. When a circular mapping catheter is used in the 
PVs, the operator needs to leave the control room in order to man-
ually manipulate this mapping catheter. Although some groups per-
form catheter ablation of AF without the use of a circular mapping 
catheter, it can be used to evaluate complete PVI at the end of the 
ablation procedure. Given that manipulation of the catheter needs to 
be performed several times, it could be more time consuming than 
during a manual ablation procedure.

The mentioned disadvantages concern the catheter-only advance-
ment system (CAS) with a fixed curve sheath. Since 2012, the Vdrive 
system (Stereotaxis Inc.) has been introduced that it allows the phy-
sicians to maneuver both a magnetic ablation catheter as well as an 
otherwise manual circular mapping catheter (V-Loop, Stereotaxis) 
remotely from a radiation shielded control room.13 The catheter can 
be advanced, retracted, rotated and deflected. The loop size of the 
circular mapping catheter can be modified as well. The Vdrive can 
be used for navigation between PVs, mapping of the chambers and 
identifying gaps with segmental isolation. Nölker et al reported that 
the first human clinical experience of Vdrive system in 94 patients 
demonstrated that the use of this system is feasible and safe for the 
ablation of atrial arrhythmias. 100% of the patients achieved the clin-
ical end point of complete PVI and there were no adverse events 
related to the use of the system. Only three patients (3.2%) required 
crossover due to deeper placement of the sheath not allowing to reach 
to the vein, a suboptimal initial setup of the Vdrive and impossibility 
for counter-clockwise rotation due to safety limits of the system.13

MNS can be demanding in some cases, especially on the subject 
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of the right inferior PV, because of anatomical complexities and the 
relationship of the ostium of the right inferior PV to the insertion of 
the transseptal sheath to the LA.10 Mapping on the right side of the 
LA was proved more complex and caused prolongation of ablation 
and procedure times. It is considered that for the mapping and abla-
tion especially of the right inferior PV, the proximal ablation catheter 
magnets may remain withdrawn inside the transseptal sheath even if 
the latter is kept back into the right atrium.11 To overcome this diffi-
culty, Choi et al. retracted the sheath in the lower inferior vena cava 
after a more anterior transseptal puncture in manual catheter navi-
gation patients in an effort to ease accessibility to the anterior-septal 
parts of the LA and the right PVs.14

Steerable sheath technology has emerged as a measure to optimize 
catheter-tissue contact and improve catheter guidance into all cardiac 
structures. The use of this technology has been reported to increase 
catheter stability, tissue contact, and improve ablation outcome. Pi-
orkowski et al. demonstrated that steerable sheath technology has 
a significant impact on clinical outcome after AF ablation, without 
compromises regarding safety. In particular, they reported on a sig-
nificantly higher single procedure success in patients ablated with a 
steerable sheath (76% vs. 53% in those ablated with a non-steerable 
sheath after 6 months follow-up). After stepwise multivariable lo-
gistic regression analysis, only steerable sheath utilization emerged 
as independent predictor of treatment success, providing more suffi-
cient and stable catheter-to-tissue contact in all ablation target sites, 
the latter leading to the formation of broader and deeper tissue le-
sions.15

The latest generation of MNS system can be coupled with a new 
advancement system that fully controls both the catheter and a ro-
botic deflectable sheath. The V-CAS deflect system (Stereotaxis Inc.) 
is a remote navigation platform that consists of a robotic drive unit, 
a remote controller, and a catheter-specific disposable set that inter-
faces the drive unit with both the robotic sheath and the magnetic 
catheter. The operator controls both deflectable sheath and catheter 
motion by manipulating the remote controller. The drive unit then 
transmits these commands directly to the catheter handle. Opera-
tions governed by the remote controller include advancement, re-
traction, rotation, deflection, looping, and unlooping movements. The 
first experience on remotely controlled steerable sheath coupled with 
magnetic navigation in the setting of AF ablation was reported by 
Errahmouni et al. They reported that V-CAS deflect fastens right 
pulmonary vein isolation with significant reduction of the procedure 
duration and radiofrequency delivery time compared to standard 
magnetic navigation (catheter-only advancement).They used the 
sheath to provide an anchoring point for the magnetic catheter inside 
the LA, in a region opposite to the ablation target site. Thus, a longer 
length of the magnetic catheter is available for alignment with the 
magnetic field, improving navigation and tissue contact.16

Efficacy Of The Magnetic Navigation Systems 
The several studies have demonstrated equal clinical efficacy of AF 

ablation procedure performed with MNS when compared with con-
ventional method. Shurrab et al in their meta-analysis of 1647 pa-
tients in fifteen studies demonstrated that MNS has similar rates of 
success outcomes when compared to manual catheter ablation for AF. 
In comparison between MNS and conventional groups, a tendency 
towards higher acute success was noted with the conventional group 
but with similar long-term freedom from AF (95% vs. 97%, OR 0.25 

(95% confidence interval [CI] 0.06; 1.04, p = 0.057); 73% vs. 75%, 
OR 0.92 (95% CI 0.69; 1.24, p = 0.59), respectively). A significantly 
shorter fluoroscopic time was achieved with MNS (57 vs. 86 min, 
standardized difference in means (SDM)−0.90 (95% CI−1.68;−0.12, 
p = 0.024)). On the other hand, longer total procedure and ablation 
times were noted with MNS (286 vs. 228 min, SDM 0.7 (95% CI 
0.28; 1.12, p = 0.001); 67 vs. 47 min, SDM 0.79 (95% CI 0.18; 1.4, p 
= 0.012), respectively).17A reasonable fraction of the procedure time 
was utilized during the ablation.8,18 To realize equally effective abla-
tion lesions, more RF current needs to be delivered as compared with 
the conventional approach. In prior studies, it was suggested that the 
MNS was not sufficiently effective in making ablation lines.6,19 This 
statement was based on using a 4 or 8-mm non-irrigated MNS ab-
lation catheter. However, these results were partially confirmed based 
on longer RF application times while using an irrigated MNS cathe-
ter.9 Data suggest that MNS requires a longer total application time 
than manual procedures and is therefore less effective at creating lin-
ear lesions; however, the long- term outcome is equivalent.8,9 

Catheter based CF sensing technology gives detailed informa-
tion regarding contact between the catheter tip and myocardium. 
CF-guided CPVI improves long-term outcome of manual PVI. The 
TOCCATA study investigated a new force-sensing RF ablation 
catheter to measure the real-time CF within ablation. The authors 
stated that the CF during PVI predicts AF recurrence at 1-year fol-
low-up. The patients treated with an average CF of 10 g had AF 
recurrences and the patients treated with a CF of >20 g had no AF 
recurrences.20 The CF applied by the MNS on the endocardial sur-
face is substantially lower than when using conventional ablation 
catheters.3 The study by Solheim et al. looked at Troponin T (TnT) 
level as a sensitive measure for myocardial injury, comparing MNS 
utilizing either an irrigated or non-irrigated catheter to conventional 
manual-irrigated catheters in AF ablation procedures. They demon-
strated a significant correlation between total ablation time and 
post-ablation levels of TnT. Lower number of TnT and longer total 
ablation times were noted with MNS. Remote magnetic catheters 
may create more discrete and predictable ablation lesions measured 
by myocardial enzymes and may require longer total ablation time 
to reach the procedural endpoints in contrast to manual catheters 
that are likely to be less stable as suggested by the study with higher 
number of TnT as the catheters are sliding; brushing the endocardi-
um during ablation causing more myocardial damage. There were no 
differences in success rates between groups, suggesting that MNS is 
still effective with less myocardial damage.18 Conversely, we found 
that cryobaloon ablation for paroxysmal AF resulted in an greater in-
crease in TnI levels and TnI level was the only independent predictor 
of AF recurrence in multivariate analysis.21 As a better control of RF 
energy delivery optimizes the ablation procedure, a CF sensor should 
be included in the next generation of magnetic catheters.

The lower CF is compensated by the better catheter stability pro-
vided by the MNS.22-24 The magnetic catheter remains stable despite 
complex atrial anatomy or cardiorespiratory movement. Because of 
the constant magnetic vector, the location of the ablation catheter 
will not change during an application. Besides, the MNS allows bet-
ter perpendicular alignment of the catheter tip which improves ener-
gy delivery.25,26 It has been shown that stability combined with lower 
CF can produce efficacious lesions.27 The magnetic stability of the 
catheter provides constant wall contact of the catheter tip with less 
variation in CFs, whereas, conventional techniques show intermit-
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fluoroscopy time was 7.5 (3-14) min. They were able to reduce the 
procedure time by 100 minutes, reduce fluoro time by 11 minutes, 
while achieving 100% acute isolation. Compared to the 2.generation 
magnetic navigation system, using of the EPOCH system resulted in 
a dramatic reduction in procedure duration.29

Electroanatomical mapping systems  (Carto XP, Cartomerge, Car-
to 3; Biosense Webster, Diamond Bar, CA, USA  and NavX; St. Jude 
Medical, Inc., St. Paul, MN, USA) and the integration of 3D cardi-
ac images (magnetic resonance  imaging or computed tomography 
scan) show great potential for reducing both procedure and X-ray ex-
posure times. Manipulation of the catheter does not need continuous 
fluoroscopy and it is generally used only to confirm tip localization 
prior to application.  The main progress was made over the past years 
with the Carto 3 mapping system. In Carto XP mapping system vi-
sualization was possible only for the ablation catheter tip by means of 
electromagnetic technology. The inability to visualize multiple cath-
eters required routine validation of the Lasso catheter position by 
means of fluoroscopy, thereby prolonging radiation exposure.29-32 The 
Carto 3 system combines the electromagnetic technology with new 
advanced catheter location technology that enables visualization of 
multiple catheters without fluoroscopy.33 The data showed that the 
combination of MNS and Carto 3 system significantly reduced the 
both patient and operator X-ray exposure.34

Since MNS is so well implemented into modern electrophysiology, 
understanding of the usefulness for repeat catheter ablation is very 
important for clinical practice. For repeat AF ablation procedures, 
MNS has been related to fewer recurrences when compared with 
manual conventional technique. The study by Akca et al investigated 
the effectiveness of MNS in repeat catheter ablation and they stated 
that the use of MNS leads to similar acute and long-term success 
as manual ablation, independent of what technique has been used 
during the initial procedure. When procedural parameters were ana-
lyzed MNS was associated with longer fluoroscopy times (59.5+19.3 
vs. 41.1+ 18.3 min, P, 0.001) and longer procedures (257+72 vs. 
185+64 min, P ¼ 0.001). MNS is comparable with manual ablation 
in acute success of repeat catheter ablation and may reduce recurrenc-
es on the long term. Therefore, it may be considered as an alternative 
technique although it has the potential to prolong procedure times.35

Safety Of The Magnetic Navigation Systems 
Catheter ablation as a treatment for AF is often associated with 

a substantial risk of major complications that are major limitations 
of these techniques, as shown by Cappato et al. in their registry of 
AF ablation procedures undertaken in 521 centers in 24 countries. 
Although AF ablation was shown to be efficacious in approximately 
80% of cases, with an average of 1.3—1.7 procedures per patient, 
the rate of reported major complications was 4.5% of cases, with 1% 
vascular accidents and 1.3% tamponade.36 Tamponade is the most 
commonly reported major complication.36–38 When moving the cath-
eter, high CFs are often applied and can be at risk of perforating the 
atrial wall. The safety concerns including pericardial effusion/tam-
ponade, stroke/TIA, radiation exposure and the atrial–esophageal 
fistulae (AEF) have been increased considerably by the introduction 
of MNS. To date, this issue has been evaluated and the overall com-
plication rate was found similar between MNS and conventional 
groups. Proietti et al. in their meta-analysis of 941 patients in seven 
trials demonstrated an odds ratio (OR) of 0.41[95% CI 0.19–0.88, P 
¼ 0.02] in favour of MNS regarding major complications.12 

tent or variable CFs. This decreased variation of CF will create more 
transmural and larger volume lesions at comparable forces.  Magnetic 
catheters also deliver RF energy with a lower mean temperature and 
with less variability of temperature during ablation, thus enhancing 
tissue energy transfers.28 In studies to date, MNS was compared only 
to conventional manual ablation without CF guidance. One may hy-
pothesize that manual-PVI guided by contact force is probably more 
effective than MNS.

Until 2012, the workflow of MNS was made difficult by the need 
for the operator to commute frequently between the control room 
and the procedure room in order to manipulate each class of cathe-
ter. This introduced inefficiencies into the procedures as it would be 
necessary for the operator to repeatedly relocate and rescrub, or to 
require the assistance of another operator at the patient’s tableside. 
In addition to lengthening procedures, this exposed the operator to 
additional radiation, thereby undermining an important advantage 
of the MNS. The authors of previously published studies point out 
that their long procedure times may be due to the need to frequently 
move between the control room and the patient bedside in order 
to manually navigate the circular mapping catheter.8,10 The study by 
Nolker et al showed that using of Vdrive system minimizes the time 
consumed during the procedure for relocating a circular catheter. 
Mean fluoroscopy time was higher than has been reported for mag-
netic PVI procedures, but lower than previous manual data.8,10 How-
ever, this study incorporated the initial experience of the new Vdrive 
technology, both procedure and fluoroscopy times may be expected 
to shorten as the operators become more familiar with the system 
following the initial learning curve. 

There are difficult regions where the MNS cannot provide suf-
ficient CF, resulting in lower energy delivery. These are exactly the 
most difficult regions to use manual ablation catheters. In these cas-
es, switching to a manually controlled ablation catheter is common. 
Especially, mapping and ablation of the right inferior PV due to an-
atomical complexities was proved more complex and caused prolon-
gation of ablation and procedure times.10,11 V-CAS Deflect system 
allows looping the robotic deflectable sheath inside the LA and this 
fastens right pulmonary vein isolation with significant reduction of 
the procedure duration and radiofrequency delivery time compared 
to standard magnetic navigation (fixed curve sheath and a cathe-
ter-only advancement system).16

Longer procedure time can also be explained by a slower naviga-
tion speed of the LA and other chambers using MNS compared with 
experienced manual navigators. The separate movements of changing 
the magnetic vector, movements of the magnets and subsequently 
catheter movement, will increase the time spent on navigating the 
catheter and thus the procedure and ablation time. On this road, a 
significant improvement was made with Niobe ES (Epoch) system 
(Stereotaxis, Inc., St. Louis, MO, USA), which increases the speed 
of the magnetic catheter with respect to the earlier version, can be 
coupled with the V-drive system. This system advances soft cathe-
ter control to a new level, dramatically improving catheter response 
times, providing responsive real-time control and offering new com-
puter-assisted catheter movements that allow physicians to master 
difficult techniques with the click of a mouse. Fast 125 ms response 
to navigator commands potentially enabling shorter procedure times. 
Wissner et al compared procedural data using the EPOCH system 
with using the 2.generation system for catheter ablation of AF.  Me-
dian procedure duration was 142 (105-170) min and median total 
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who underwent catheter ablation for AF by cryoballoon or RF and 
defined the risk factors for gastroparesis.41 Totally 104 patients were 
treated with PVI with 2 different technologies: cryoballoon in 58 
patients (group 1) and open-irrigated tip RF catheter in 46 patients 
(group 2). Gastroparesis was seen in 7 cases (6 cases in group 1 and 1 
case in group 2, respectively).  Management was conservative, and the 
patients have no residual symptoms at 6-month follow-up.

The presence of implantable cardiac devices makes the operator 
unwilling to carry out a MNS procedure. Electromagnetic interfer-
ence with pacemaker (PM) or implantable cardioverter defibrillator 
(ICD) systems may cause temporary or permanent system malfunc-
tion of implanted devices. A study involving 121 devices (77 PMs, 44 
ICDs) were exposed to an activated MNS at the maximal magnetic 
field strength of 0.1 Tesla, showed that the risk of interference was 
very small, as 95% of devices did not show any interference with 
the programme variables, battery status or registered data.42 Another 
study involving 31 patients with devices (5 PMs, 26 ICDs) demon-
strated that MNS system can be performed safely in patients with 
implanted devices with no significant effects on device system integ-
rity. After the procedure, no statistically significant difference either 
in atrial or right ventricular sensing and impedance were observed.43 
In another study, 18 patients with implanted devices [12 PM, 3 
ICD, 1 CRT-P, 2CRT-D] were evaluated and no relevant changes 
in lead parameters or device programming were observed after the 
MNS procedure. No interference was noted in ICD/CRT-D devices 
(tachycardia detection off ) and in 2 PMs, whereas 10 PMs and 1 
CRT-P switched to asynchronous stimulation for 1.8 ± 0.3 h (63 ± 
13% of RMN duration) without clinical adverse effects.44 The use of 
MNS is generally safe in patients with implanted devices, however, 
risks and benefits of the utilization of the MNS system should care-
fully be weighed for every single patient. the safety of this technology 
in patients with PMs and ICDs and the effect on the integrity of 
these implanted devices and le

Conclusions
MNS offers an equivalent efficacy to the manual technique for AF 

ablation with better safety profile associated with a significant reduc-
tion in fluoroscopy time and radiation exposure, but also with longer 
procedure time. However, the new  developments with the release of 
the latest version of the Niobe ES (Epoch) system with its robot-
ic arms (Vdrive system), the later versions of 3D mapping systems  
might decrease the procedure time to a level closer to manual cathe-
ter ablation procedures and resolve the concern about the high cost of 
installing the system. As a different ablation modality, conventional 
cryoballoon ablation by single-shot technique, easier for the operator 
and shorten procedure time beyond the learning curve. Finally, the 
system provides a special benefit for the operator by reducing the 
level of physical constraint during the long procedure and fatigue at 
the end of the day.
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Introduction
Cardiac pacing may induce haemodynamic alterations. RV pacing 

may have deleterious effects including a decrease of LV function as 
well as an increase of heart failure hospitalizations and mortality. 
Biventricular pacing is established in patients with heart failure 
and left bundle branch block or chronic AV block to improve 
haemodynamics. In the future, device optimization employing 
quadripolar leads or multisite pacing may further increase the rate 
of responders. However, cinical evaluation represents the most 
important tool to recognize the necessity for device optimization. 
Device algorithms are not yet successfully established to replace 
clinical and echocardiographic evaluation.
Right Ventricular Pacing

Permanent cardiac pacing is the treatment of choice for patients with 
chronic high-degree atrio-ventricular (AV) block or symptomatic 
sick sinus syndrome (SSS).1 Most regularly the right ventricular 
(RV) pacing electrode is placed in the RV apex (RVA). However, 
various clinical studies have suggested that electrode placement in 
the RVA may induce a dyssynchronous contraction. This may further 

result in a reduction of left ventricular (LV) function, myocardial 
perfusion defects and severe heart failure. A negative effect of 
RV pacing was proven in a large cohort study of 11.426 patient 
who underwent pacemaker implantation.2 The authors reported a 
significant increase of heart failure events such as hospitalization or 
death due to heart failure.2 In a cohort of 304 patients permanent RV 
pacing was associated with heart failure in 26% of these patients.3 
In a small group of 43 patients who were chronically paced due to 
complete AV block exercise myocardial scintigraphy was performed 
to assess myocardial perfusion in combination with radionuclide 
ventriculography to assess left ventricular function.4 This study 
revealed a relevant incidence of myocardial perfusion defects that 
were associated with apical wall motion abnormalities and a reduced 
global LV function.4 Apart from an increased risk of heart failure 
hospitalizations an increased occurrence of atrial fibrillation in the 
presence of ventricular desynchronization due to RV pacing has also 
been observed.5 In the DAVID-trial which included a total of 506 
patients with implantable cardioverter-defibrillator (ICD) dual-
chamber pacing was associated with an increased occurrence of the 
combined end point of death or hospitalization for heart failure 
as compared with patients who received a single-chamber ICD 
for backup pacing.6 The benefits of atrial pacing as compared with 
ventricular pacing in patients with SSS have already been confirmed 
in a study of 225 patients with a follow-up over 8 years.7 In this 
study, the authors described a significantly higher survival, less atrial 
fibrillation, fewer thromboembolic complications and less heart 
failure in patients who underwent atrial pacing as compared with 
patients who were paced in the RV.7

The negative effects described in these studies are the result of 
several mechanisms. RVA pacing induces an abnormal electrical 
and mechanical activation of the ventricles.8 The conduction of the 
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electric wave front moves through the myocardium and does not use 
the HIS-Purkinje conduction system. As a result, the excitation is 
conducted slowly. This leads to a heterogeneous electrical activation of 
the myocardium and can be compared to the pathological condition 
of left bundle branch block.9 Mechanistically, this condition is 
characterized by a breakthrough of the electrical activation at the 
interventricular septum. The inferoposterior base of the LV is the 
region with the latest activation.10-12 Apart from the electrical 
activation pattern, the mechanical activation pattern of the LV is also 
altered by RVA pacing.8 The abnormal contraction pattern leads to 
less effective contractions with haemodynamic consequences.13

The described deleterious effect of RVA pacing led to investigations 
on different sites of pacing that are accompanied by more beneficial 
effects on LV contraction.14 The RV septum has been identified as 
a possible pacing site with improved haemodynamics as compared 
with RVA pacing.15 

A large meta-analysis of 9 prospective studies suggested superior 
haemodynamic effects of pacing sites in the right ventricular outflow 
tract (RVOT) as compared with electrode position in the RVA. 
Midterm or longterm effects were only seen in two of the 9 studies 
included in this analysis.16 Another systematic review and meta-
analysis of randomized controlled trials suggested beneficial effects 
of non-apical vs. RVA pacing leading to an increased LV ejection 
fraction. However, the trials included in this meta-analysis provided 
inconclusive results regarding exercise capacity, functional New York 
Heart Association (NYHA) class, quality of life and survival.17

His-bundle pacing may also be considered as another alternative 
and may be the most physiologic option. In a crossover design 
comparison his-bundle pacing and biventricular pacing led to an 
equivalent response to cardiac resynchronization therapy. Of note, 
his-bundle pacing induced a narrowing of the QRS-complex despite 
the presence of left bundle branch block.18

Biventricular Pacing
Biventricular pacing is generally recognized to improve clinical 

outcomes and to reduce heart failure hospitalizations and mortality in 
patients with chronic and symptomatic heart failure despite optimal 
medical therapy. In a large meta-analysis, cardiac resynchronization 
therapy (CRT) with biventricular pacing led to a decrease in 
hospitalizations by 37% and a decrease of mortality by 22% as 
compared with controls.19  The underlying mechanisms for the 
haemodynamic amelioration induced by CRT are attributed to the 
correction of electrical and mechanical dyssynchrony. Various clinical 
studies have underlined the beneficial effects of CRT in patients with 
severe heart failure and left bundle branch block. In addition, single 
left ventricular pacing has also been evaluated as a potential beneficial 
therapy in patients with heart failure. Auricchio et al. reported an 
increased aortic pulse pressure in patients with severe heart failure 
and wide left bundle branch block in the presence of left ventricular 
pacing employing an epicardial left ventricular lead.20 An enhanced 
contractile function by left ventricular pacing at the site of the greatest 
electrical delay was also described in other small cohorts of heart failure 
patients.21, 22 In a recent meta-analysis of randomized controlled trials 
which compared  biventricular to LV pacing a similar improvement 
of the clinical status was described. However, the authors reported a 
trend toward superiority of biventricular pacing over LV pacing for 
reverse remodeling and LV function.23 In another systematic review 
including 630 patients of randomized controlled trials biventricular 

and LV pacing appeared to achieve similar effects regarding all-cause 
mortality and hospitalizations.24 Of note, biventricular pacing was 
superior to conventional right ventricular pacing in patients with AV 
block and LV systolic dysfunction regarding death from any cause, 
urgent visit for heart failure or intravenous therapy. Furthermore, the 
LV end-systolic volume index was increased.25

Potential Of Quadripolar Leads For Haemodynamic Device 
Optimization

Pacing the LV at the latest activated site is predictive of a most 
optimal increase in contractility.26 Standard haemodynamic device 
optimization involves optimization of the atrioventricular delay as 
well as the interventricular delay. Some devices present algorithms 
for atrioventricular or interventricular delay optimization albeit 
echocardiographic optimization is commonly recognized to 
be superior for haemodynamic outcome.27 The development of 
multipolar pacing leads for placement in the coronary venous system 
can be regarded as one of the most important advancements of the 
last years. These leads have been evaluated in various clinical studies. 
An improved haemodynamic response associated with higher 
responder rates of biventricular pacing was reported for quadripolar 
leads as compared with unipolar or bipolar leads in a cohort of 27 
patients.28 Tools for non-invasive haemodynamic analysis to assess 
haemodynamic response are measurement of cardiac output, blood 
pressure, total periphery resistance, LV diameters and volumes as well 
as stroke volume.29 A large multicenter study including 418 patients 
showed significantly lower rates of lead-related problems as well as 
reduced procedural and fluoroscopic times for system implantation.30 

In addition, a trend to a lower risk of surgical LV lead revision and 
a lower incidence of dislodgment was desciribed.31 A lower rate 
of hospilatizations for heart failure and LV surgical lead revision 
for quadripolar leads as has also been reported in a cohort of 193 
patients.31  Furthermore, the employment of quadripolar leads enables 
the clinician to perform haemodynamic vector personalization and 
thereby increase the rate of responders of cardiac resynchronization 
therapy.32 In single-center studies, echocardiographic optimization 
in the presence of quadripolar leads resulted in a significant 
improvement of functional NYHA class and LV ejection fraction 
over a period of 6 months.33

Apart from quadripolar leads, multisite pacing also represents a 
promising perspective to increase the rate of responders. A significant 
reduction of echocardiographic dyssynchrony by multisite pacing has 
been described in a population of 52 patients.34 Multisite pacing 
can be achieved by placement of multiple pacing leads within the 
coronary sinus and its tributaries or by employing a quadripolar (or 
multipolar) lead to deliver pacing stimuli at different sites of the same 
vein.35

Conclusions
Cardiac pacing regularly induces haemodynamic alterations. RV 

pacing is associated with deleterious effects including a decrease 
of LV function and an increase of hospitalizations and mortality. 
Biventricular pacing is an established therapy in patients with heart 
failure and left bundle branch block or chronic AV block to improve 
haemodynamics. In the future, device optimization employing 
quadripolar leads or multisite pacing may further increase the rate 
of responders. However, clinical evaluation represents the most 
important tool to recognize the necessity for device optimization. 
Device algorithms are not yet successfully established to replace 
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clinical and echocardiographic evaluation.
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Introduction
Catheter ablation forms an essential part of the management 

of cardiac arrhythmias including supraventricular tachycardia 
(SVT), atrial flutter (AFL), atrial fibrillation (AF) and ventricular 
tachycardia (VT).1-4 Catheter ablation has demonstrable superiority 
over anti-arrhythmic drugs in improving arrhythmia burden and 
quality of life in patients with atrial arrhythmias and SVT.5-12 When 
the arrhythmia has a well-defined electrophysiologic mechanism 
and the target region is localized such as in SVT or typical AFL, 
arrhythmia-free survival approaching 90 to 95% can be achieved.13 

However with more complex arrhythmia mechanisms such as AF, 
arrhythmia recurrence is observed in 50-70% of patients.14, 15 This 

lower efficacy is likely due to limitations in mapping, incomplete 
understanding of the driving mechanisms of arrhythmia (as is the 
case in persistent AF), and perhaps most importantly, our inability to 
create transmural and durable lesions in a linear fashion. 

Successful catheter ablation requires not only precise localization 
of the arrhythmogenic substrate but complete and permanent 
elimination of that substrate without producing collateral injury. 
Despite over 30 years of intensive research focusing on novel energy 
sources, the reliable creation of effective and permanent lesions 
remains challenging. This review will examine the role of existing 
and emerging technologies in catheter ablation designed to improve 
lesion quality during catheter ablation of AF. First, however, it is 
important to revisit some key concepts in ablation biophysics, which 
help to define  the barriers to better lesion creation, and to explore 
current  methods of assessing an effective lesion.
Ablation Biophysics

Radiofrequency (RF) current  is the most common and widely 
employed source used energy source in catheter-based ablation, 
mainly due to a  well-understood safety profile. RF ablation transfers 
electromagnetic energy into thermal energy by a process called 
resistive heating at the surface of tissue. Lethal heating destroys 
deeper tissue by conduction. The RF current is delivered in unipolar 
fashion between the catheter tip and the indifferent electrode patch 
placed on skin. In bipolar RF systems, the current flows between two 
closely apposed small electrodes.

Some important concepts of RF ablation are worthy of review. 
First, a rise of tissue temperature to above 50°C is required to produce 
irreversible thermal injury.16-19 and loss of cellular depolarization; 
with lower tissue temperatures (eg 45-50°C), there may be reversible 
loss of cellular excitability19 Second, lesion size is proportional to 
the electrode-tissue interface temperature with higher temperature 
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at the source resulting in deeper heating.19 Third, increasing current 
flow through the tissue increases resistive heating and thereby lesion 
size.  This third fact is relevant for RF systems that are limited by 
calculated power (Watts).  Because power = current2  x resistance, 
the lower the resistance the greater the current must be to achieve 
the same power. One consequence is that the size of the dispersive 
electrode has an impact. Increasing electrode surface area leads to 
lower impedance through an ablation circuit, resulting in higher 
current delivery for a specified power, increased tissue temperature 
and thus deeper conductive tissue heating. The addition of a second 
dispersive electrode or optimizing skin preparation between the 
dispersive electrode and the skin can thereby improve energy delivery 
when the system impedance is >100Ω.19,20  Fourth, tissue temperature 
decreases predictably with increasing distance from the temperature 
source.21 Approximately 90% of the power delivered to the tissue is 
absorbed within the first 1-1.5 mm from the electrode surface, hence 
only a narrow rim of tissue in close contact with the catheter (2-3 
mm)experiences resistive heating. Fixed level energy application 
results in a mono-exponential increase in electrode-tissue interface 
temperature within 7-10 seconds.22 A thermal gradient of conduction 
created in which the tissue further from the ablation electrode may 
not reach its stable maximum (thermal equilibrium) until up to 2 
minutes later.22 Because of this thermal decay, small increases in 
distance from the ablation target may result in large increases in RF 
current requirements. Larger current delivery will result in deeper 
heating of the tissue layers passively through conduction of a hotter 
surface temperature. 

Fifth, lesion size is also directly proportional to the radius of the 
heat source. Larger electrode diameter (i.e. with larger tip electrodes), 
length and contact area all result in a larger source radius and larger 

lesion size for the same current density, which is maintained by 
increasing power settings when a larger electrode is used.23 It is 
important to note that lesion size is proportional to electrode-tissue 
interface temperature in conventional ablation catheters. With cooled 
tip catheters it is proportional to power delivered. 

Although heat transfer into tissue should be a predictable biophysical 
phenomenon, in vivo, other factors (including the cooling effect of 
regional blood flow, and blood flow through the tissue) alter the heat 
transfer to tissue, making it less predictable. Once tissue temperature 
reaches or exceeds 70°C, coagulum can form at the electrode tissue 
interface and a sudden rise in electrical impedance can occur, that 
limits energy delivery. There is evidence that protein denaturation 
may start at temperatures around 55°C,22 which is probably the first 
step in the cascade that leads to coagulation formation. Reaching 
temperatures of 100°C also can results in  “steam pops”, that may 
lead to perforation and cardiac tamponade.24 Convective cooling is a 
major thermodynamic factor opposing the transfer of thermal energy 
to deeper tissue layers by limiting surface temperature, however it 
is exploited because cooling the catheter tip allows greater energy 
delivery without boiling or coagulum formation at the electrode tip; 
thus, increasing the amount of current that produces direct resistive 
heating increases the radius of the effective heat source. For these 
reasons, greater depth and increased diameter of lesions can be 
produced with cooled-tip catheters.24 Electrode tip cooling can be 
achieved passively with large tip ablation electrode or actively with 
closed or open-tip irrigated catheters. Electrode tip cooling, however 
limits the value of temperature monitoring during irrigated catheter 
ablation, as there is a larger disparity between electrode and tissue 
temperature.19 

Factors that influence passive cooling at the electrode-tissue 
interface include the magnitude of regional blood flow and stability 
of the electrode catheter on the tissue surface.25 The tricuspid and 
mitral valve annuli have high volume of regional blood flow. When 
endocardium is smooth, catheter stability may be difficult. Both 
of these factors can decrease lesion size. In contrast, ablation in 
trabeculated myocardium or under valve leaflets can result in highly 
efficient heat transfer and risk of excessive tissue heating. Other 
factors such as electrode-tissue contact force (CF) can directly affects 
lesion size, depth and volume and this will be reviewed in detail 
in subsequent sections.20 Because of the variability of these factors 
in vivo, applied energy, power and current are poor indicators of 
the extent of lesion formation during RF ablation.19,20,22 However, 
as tissue is heated, there is a temperature-dependent fall in tissue 
impedance.26 that is a useful surrogate for lesion formation. The 
availability of contact force measurements has also improved the 
ability to  create reliable lesion size.
In summary there are multiple factors that effect RF ablation 

lesion size including power, ablation electrode temperature, duration 
of energy delivery, ablation circuit impedance, catheter-tissue CF, 
electrode size and myocardial blood flow. It is important to note 
that although larger RF ablation lesions can increase the success of 
ablation, they can also increase the risk of collateral tissue injury, for 
example, to the esophagus during pulmonary vein isolation (PVI). 
It is thus critical to revisit our motivation for attempting to create 
larger, more permanent  RF lesions.
The Need For Better Lesion Creation

It is now well accepted that the pulmonary veins (PVs) play 

Figure 1:

Relationship between maximal impedance fall and average CF 
or FTI. Definitions of low, intermediate and high CF were ≤20 
g, 21–60 g and >60g respectively and for FTI were (≤500 g*s), 
501–1000 g*s and >1000 g*s, respectively. There was a moderate 
correlation between maximal impedance fall, average CF (A) and 
FTI (B) during ablation. Note, however that there is a wide variation 
in CF or FTI( vertical scatter of dots) at any 1 particular impedance 
fall value. Maximal impedance fall was significantly greater with 
each increment in CF category (C) or FTI category (D). Note, 
however that there is a large degree of overlap in the magnitude of 
impedance fall between different CF or FTI categories. From Kumar 
et al48  permissions obtained
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a critical role in the initiation and maintenance of AF.27 and that 
complete electrical disconnection of the PVs from the left atrium 
(LA) is an important electrophysiological endpoint.28-30 Although 
electrical disconnection can be achieved almost universally by the 
end of the procedure, long term efficacy of catheter ablation remains 
soberingly modest, with single and multiple procedure success rates 
of 54% and 79% recently reported for paroxysmal AF over long 
term follow up (≥ 3 years).14 The time-dependent inevitability of 
PV reconnection and its relationship to future AF recurrence has 
been demonstrated in many studies showing that, prior to the 
use of contact force for guiding ablation lesions, up to 50-64% of 
PVs reconnect during an intra-procedural waiting period of up to 
60 minutes post acute PV isolation.31-33 It is well appreciated that  
AF recurrence post catheter ablation is usually associated with 
resumption of PV-LA conduction.28,29,34 Gaps in lines that allow 
PV to LA reconnection allow PV triggers to also serves as a triggers 
for other macro-reentrant atrial arrhythmias and as the substrate for 
some macroreentrant atrial tachycardias after circumferential antral 
PVI.28,29,31,34,35 In a histopathologic study in patients undergoing 
MAZE for recurrent AF after initially successful catheter ablation 
for AF, Kowalski et al performed intraoperative assessment of PV-LA 
junction conduction during the procedure and took biopsies from the 
PV antrum at sites of endocardial scar. They found that PVs showing 
electrical reconnection after catheter-based RF ablation frequently 
exhibited either anatomic gaps or non-transmural lesions at sites of 
ablation. However, non-transmural lesions in some PVs had evidence 
of persistent PV-LA block suggesting that fact that lesion geometry 
may influence PV conduction.36 Indeed, gap geometry plays a critical 
influence on conduction through discontinuities in RF lesions such 
that bifurcated (“Y” shaped) or angled gaps (containing two right 
angles within the conduction path) were less likely to produce 
bidirectional conduction block but were more likely to produce 
unidirectional or rate dependent conduction block compared with 
straight gaps.37

 Ineffective lesion formation is the hallmark of PV-LA conduction 
recovery and recurrence of arrhythmia. Despite an apparently 
successful lesion, conduction recovery may occur. At such a site, there 
may be acute loss of electrical signals and electrical inexcitability 
as both reversible and irreversible cell injury have occurred, and 
in fact, acute PVI may be achieved by a combination of reversible 
and irreversible circumferential tissue injury.38 A broad anterograde 
wavefront of edema on the leading edge of each lesion may be present 
that is capable of producing conduction block. This possibility may 
explain why PVI can often be achieved without complete PV 
encirclement.39 With time, tissue at the boundary of the lesion 
recovers normal conduction over the course of 1-4 weeks.40 This 
allows gaps within an ablation line or boundary to remain undetected 
(i.e. electrically silent) during the index procedure. With time as tissue 
recovers, conduction occurs through gaps in the ablation lines.41

Aside from deficiencies in mapping and imprecise understanding 
of arrhythmia mechanism, it is clear that a permanent and effective 
energy source with efficient tissue specificity to permanently 
eliminate arrhythmogenic substrate, yet avoiding unnecessary 
collateral damage is of paramount importance in the goal to improve 
ablation efficacy and long term arrhythmia-free survival in patients 
with AF. These methods must be combined however, with means for 
acutely assessing creation of an effective lesion.
How Effectively Do We Identify A “Better” Lesion?

As discussed previously, RF ablation produces thermal injury. 
Permanent myocardial necrosis requires that a tissue temperature 
beyond 50° C is achieved.16-19 However, tissue temperature is not 
measurable in patients and is not indicated by the intraelectrode 
temperature measurement provided by irrigated RF ablation catheter 
electrodes. 

There are a limited number of intra-procedural methods for 
assessing completeness. Impedance at baseline and subsequent 
changes during ablation have been used as surrogates for catheter-
tissue contact and for predicting lesion efficacy in a number of 
experimental studies.42-47 Higher impedance with greater electrode-
tissue contact is thought to be due to larger interface area between 
the electrode and tissue. In contrast, lower impedance recorded 
with lower electrode-issue contact is due to lower resistivity of 

Figure 2:

Initial impedance decrease (within the first 20 seconds) is greater 
with higher average CF. Shown are the median values of absolute 
impedance decreases in ohms (Ω) within the first 5, 10, 15, and 
20 seconds during RF performed with the SmartTouch CF-sensing 
catheter (A) and the TactiCath CF-sensing catheter (B) according 
to the achieved CF for the groups o5g, 5–10 g, 10–20 g, and >20 
g. Adapted from Reichlin et al,51 permissions obtained.

Figure 3:
Tacticath CF-sensing display (From Wong et al,77 permission 
obtained).
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been noted with another type of CF-sensing catheter (Tacticath, St. 
Jude Medical, St. Paul, MN, USA) (Figure 2).51, 52 A major limitation 
of impedance monitoring is that it is useful only after ablation has 
begun. Furthermore, the relationship between impedance fall and 
lesion formation is imperfect. It is controversial whether impedance 
drop give reliable information about lesion formation. Many factors 
such as body surface characteristics (e.g. chest), indifferent electrode 
position, and hemodynamic conditions, make the correlation between 
impedance and CF imperfect.53 In addition, there is no fixed value of 
impedance drop that has shown to reliably predict transmural lesion 
formation.

The effectiveness of a lesion also may be assessed from a change in 
electrogram (EGM) amplitude or morphology or increase in pacing 
threshold at the site54,55 EGM changes have been described as a 
surrogate for lesion transmurality. A reduction in EGM amplitude 
of >80% is thought to indicate a transmural lesion.56 Changes in 
unipolar and bipolar EGM morphology post versus pre- ablation 
may also detect lesion transmurality.57 Elimination of the negative 
deflection on the unipolar EGM identified a transmural lesion 
with 100% sensitivity and specificity in an animal study.57 Indeed, 
continuing RF application until the creation of a completely positive 
unipolar signal at a particular site was associated with improved AF-
free survival compared to empiric 30 seconds of RF at each site alone 
during PVI in one non-randomized study.58 It is important to note 
that unipolar distal EGM amplitude changes are likely to provide 
more useful information than bipolar recordings as the signal from 
the ring electrode may dominate the EGM bipolar amplitude and 
wavefront of activation is less important.22

Although changes in EGM properties have been used to guide 
lesion effectiveness, the magnitude of change in pacing threshold 
with RF ablation has been shown to be substantially greater than the 
magnitude of decrease in bipolar or unipolar EGM. In the atrium, 
loss of bipolar capture post ablation predicts formation of a uniform 
transmural lesions.59 and is superior to EGM-based detection of gaps 
within ablation lines.60, 61 In the ventricle, change in pacing threshold 
correlates with and is a better marker of lesion size than change in 
unipolar or bipolar EGM amplitude.54  In human studies, RF ablation 
with the endpoint of electrical inexcitability along a circumferential 
line during a PVI has been shown to markedly enhance single 
procedure success of AF ablation compared with the aim of achieving 
bidirectional PV-LA conduction block alone.61 It may also reduce 
acute PV reconnection rates and dormant conduction.62

Real-time MRI, and MRI thermography, although not readily 
available, are promising methods for intra-procedural assessment of 
lesion completeness.41, 63, 64 Cardiac MR imaging appears capable of 
delineating areas of permanent tissue damage caused by ablation, and 
of identifying gaps in atrial ablation lesion lines in animal studies.41, 63

Important limitations exist when using methods to define a 
“better lesion”. The gold standard of transmural tissue necrosis 
by histopathology is highly relevant for animal models, but is not 
applicable clinically. Thus the effectiveness of any new technology in 
human studies is primarily assessed by acute and long term clinical 
outcomes, which are clearly the most clinically relevant goals. Further 
work is thus needed to validate simple intra-procedural parameters 
for assessing acute lesion efficacy that reliably translate to long-term 
procedural success.
Technologies For Better Lesion Creation

blood compared to myocardium and greater interface area between 
the electrode and blood. However, impedance varies at different 
sites in the heart, and the baseline impedance does not appear to 
be a reliable indicator of RF ablation lesion creation.48, 49 With RF 
application, tissue heating results in reduced myocardial resistivity 
and a fall in tissue impedance.44, 46, 47 Animal studies have shown that 
the magnitude of impedance fall early after the onset of RF ablation 
strongly correlates with lesion depth (correlation co-efficient squared, 
R2  = 0.6845), diameter (R2=0.66 45) and/or volume (R=0.7242-45, 47). 
Furthermore, CF influences the rate and duration of impedance 
decrease with “poor” contact lesions resulting in earlier plateau (≤13 
seconds) compared to “good” contact during which a continuous fall 
in impedance may reach a later plateau (eg plateau at 40 seconds).45 

In human studies, the extent of fall in impedance has been shown to 
correlate with the CF.48, 50 Kumar et al. showed that there was modest 
linear relationship between CF during ablation and the impedance 
fall (r=0.32, P<0.001). Similarly, de Bortoli et al. found a stronger 
association between contact force and maximum impedance fall (r 
= 0.54, P<0.01).50 An impedance fall of 10 ohms at 10 seconds was 
shown to correspond to a contact force > 20g. However there was a 
large degree of overlap between different ranges of CF and impedance 
fall was only able to roughly differentiate low, intermediate and high 
CF beyond 15 seconds of RF (Figure 1).48

These findings were confirmed by an independent study by 
Reichlin and colleagues.51 In that study, the impedance decrease in 
the first 20 seconds was larger with increasing average category of 
CF over the same time. CF <5 g, 5-10 g, 10-20 g, and >20 g was 
associated with a median fall in impedance at 20 seconds of 5 ohm 
(interquartile range [IQR].2-7 8 ohm.4-11 10 ohm.7-16 and 14 ohm.10-19 
with one commercially available CF sensing catheter (SmartTouch, 
Biosense-Webster, Diamond Bar, CA, USA). Similar findings have 

Figure 4: SmartTouch platform with the CARTO mapping system (Biosense 
Webster)
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to the tip of the catheter produces a microdeformation, causing the 
fiber Bragg gratings to either stretch or compress, thereby changing 
the wavelength of the reflected light. The change of wavelength 
is proportional to the CF applied to the tip. The system is able to 
calculate and display the vector of the CF (magnitude and angle) 
at a sampling rate of 100 milliseconds (ms). It has a resolution and 
sensitivity of about 1 gram in bench   testing.43, 70 During RF delivery, 
the force–time integral (FTI; measured in grams x seconds, g*s) is 
displayed (Figure 3).

The SmartTouch Thermocool catheter is a steerable, 3.5-mm six-
hole open-irrigated tip ablation catheter. The catheter tip electrode 
is mounted on a precision spring that permits a small amount of 
electrode deflection. A transmitter coil that is coupled to the tip 
electrode, distal to the spring, emits a location reference signal. 
Location sensor coils placed at the proximal end of the spring detect 
micromovement of the dRecently, there has been renewed interest 
in this technology and a novel irreversible electroporation (IRE) 
modality that can ablate myocardial tissue using DC energy level 
lower than the arcing threshold has been developed. IRE is capable 

There has been a rapid expansion of research aimed at improving 
the efficacy, simplicity and speed of catheter ablation. A number 
of “single shot” devices such as endoscopic ablation systems, 
multielectrode catheters, and balloons seek to provide a simpler and 
quicker approach to PVI. Whether these technologies will be more 
effective than traditional point-by-point RF ablation has not been 
established, and has been reviewed elsewhere.65-67 In this review we 
will discuss: (i) improvement in our ability to assess real-time catheter 
tissue contact with force sensing; (ii) variation of existing systems 
that allow creation of deep intramural lesions (bipolar ablation); (iii) 
catheters that allow extensive and deep myocardial lesions without 
significant damage to collateral structures (electroporation).
Contact Force Sensing

 Two new contact force (CF) sensing catheters are now available for 
clinical use in the USA: the TactiCath (St. Jude Medical, St. Paul, MN, 
USA) and SmartTouch Thermocool (Biosense Webster, Diamond 
Bar, CA, USA) catheters. These allow real-time measurement of the 
catheter tip-to-tissue CF during catheter ablation.43, 68-72

Tacticath is a 7 French (Fr) open irrigation catheter (6 holes 
at the distal tip) with a 3.5-mm tip electrode, and a force sensor 
incorporated into the distal part of the catheter between the second 
and third electrode. The force sensor has a deformable body (elastic 
polymer) and 3 optical fibers that measure micro-deformations 
correlating with force applied to the catheter tip. Infrared laser light is 
emitted through the proximal end of the 3 optical fibers. The light is 
reflected by fiber Bragg gratings on the deformable body at the distal 
end of the optical fibers, near the tip of the catheter. Applying CF 

Figure 5:

Graphs showing that pre-ablation CF and EGM characteristics 
such as EGM amplitude and width (A,B) had a modest positive and 
modest negative correlation respectively with increasing pre-
ablation CF; median EGM amplitude increased (C) and median
EGM width decreased (D) with increasing pre-ablation CF category 
but note the large degree of overlap in values with different CF 
categories. Adapted from Kumar et al,83 permission obtained.

Figure 6:

Range of CFs obtained during PVI performed by experienced 
operators using conventional methods of contact include EGM 
amplitude, tactile feedback, catheter motion on fluoroscopy and 
the mapping system and impedance fall. Operators were blinded to 
real-time CF readings. Note the wide variation in CF readings within 
each PV segment. For example at the left superior PV segment, 
the CF varied from 0-80 g. Also note that the lowest CFs was at the 
carina and anterior PV segment on the left and the carina of the 
right PVs. From Kumar et al,87 permissions obtained.
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of creating large myocardial lesions and interestingly, there seems 
to be a greater safety margin for achieving large myocardial lesions 
without damage to surrounding structures such as the epicardial 
coronary arteries. The impetus for this interest is derived from the 
fact that RF ablation near coronary arteries can lead to acute vessel 
injury, and also progressive vessel stenosis from tunica intima and 
media thickening.117-120 Tissue cooling by arterial flow can also 
lead ineffective lesion formation and unsuccessful ablation at sites 
adjacent to an arterial branch.121 

application between the catheter and an indifferent electrode patch at 
the PV ostia of swine (maximum 4 pulses/pig), resulted in acute PV 
EGM attenuation, increased PV stimulation threshold, and no PV 
stenosis with a 3.5 mm-deep lesions histologically at 3 weeks’ follow 
up.127 In a follow up study in pigs, IRE to PVs resulted in acute PV 
stenosis that reversed at 3 months; in comparison, RF application 
at equivalent sites resulted in acute PV stenosis that persisted at 3 
months.126 Epicardial IRE in pigs, caused extensive myocardial 
lesions whilst preserving coronary artery patency and wall integrity.122 
Lesion depth and width increased with energy of electroporation 
applications in swine epicardium with reproducible transmurality 
observed and, critically, no evidence of intimal hyperplasia of 
the coronary arteries located within the regions of myocardial 
damage.123,124 Further studies in pigs have shown epicardial IRE 
delivered intentionally overlying major epicardial coronaries resulted 
in short-lasting (<30 minutes) luminal narrowing in the targeted 
area with subsequent normalization, suggesting coronary spasm.125 
No injury to organs adjacent to the pericardium was noted.123 

Importantly, there was myocardial injury to tissue surrounding the 
arteries, as the presumed mechanism of injury was not related to 
tissue heating. This finding is of particular interest as myocardial 
sparing around an artery is not uncommon in RF or cryoablation as 
a result of tissue cooling (or warming) by arterial flow.128, 129 Overall, 
the findings from the intriguing animal work suggests that the 
myocardium may be more sensitive to electroporation injury than 
the coronary arteries, a property that could be potentially exploited 
in the future in epicardial ablation. However, important issues such 
as controlling lesion size (wide ranges of lesion depths were noted in 
some studies), effect on phrenic nerve injury, the prevention of acute 
coronary artery vasospasm, and long term effects on the coronary 
lumen are important issues that need to be addressed116 The catheter 
has not been tested in humans and is not available for use in the 
USA. It is likely to have important clinical applications if safety and 
efficacy can be demonstrated.

Figure 7:
Average CF is significantly higher during short RF ablation 
performed with short duration apnea compared with ventilation. 
From Kumar et al,89 permissions obtained.

Figure 8:

Real-time recordings of CF during ventilation compared with apnea 
at 2 anatomically adjacent sites on the cavotricuspid isthmus. 
With ventilation, there is an abrupt drop in contact force with 
each respiratory swing (marked with asterisk), which is absent 
during apnea. Swing in CF during cardiac motion is similar (~15 g). 
Adapted from Kumar et al,89 permissions obtained.

In pre-clinical work IRE catheters (7 French).115, 122-127 have been 
developed in varying shapes (circular, linear) and varying number of 
electrodes.8-10 Energy is applied between the electrodes and a remote 
indifferent electrode using a monophasic external defibrillator 
charged to delivery energy in a range of 50 and 360 J.122 In animal 
work, greater applied current through IRE resulted in a linear 
increase in median lesion depth. No signs of thermal damage to 
the electrode or ablation site (when examined histologically) were 
seen, suggesting that the putative mechanism of injury is likely non-
thermal,115 though tissue temperature was not examined specifically 
in those studies. Furthermore the region of IRE-induced injury did 
not have a sharp “cut off ” as is usually seen grossly with RF lesions , 
but often irregular borders were observed.115 

IRE, when used to deliver a single pulse, non-arching 200J 



www.jafib.com Oct-Nov 2015| Volume 8| Issue 3

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation68 Featured Review
Kirchhof P, Lip GY, Kuck KH, Mont L, Haines D, Indik J, Dimarco J, Exner D, 
Iesaka Y, Savelieva I. Ehra/hrs/aphrs expert consensus on ventricular arrhythmias. 
Heart rhythm : the official journal of the Heart Rhythm Society 2014;11:e166-
196.

2. January CT, Wann LS, Alpert JS, Calkins H, Cleveland JC, Jr., Cigarroa JE, Conti 
JB, Ellinor PT, Ezekowitz MD, Field ME, Murray KT, Sacco RL, Stevenson WG, 
Tchou PJ, Tracy CM, Yancy CW. 2014 aha/acc/hrs guideline for the management 
of patients with atrial fibrillation: Executive summary: A report of the american 
college of cardiology/american heart association task force on practice guidelines 
and the heart rhythm society. Circulation 2014.

3. Cohen MI, Triedman JK, Cannon BC, Davis AM, Drago F, Janousek J, Klein 
GJ, Law IH, Morady FJ, Paul T, Perry JC, Sanatani S, Tanel RE. Paces/hrs expert 
consensus statement on the management of the asymptomatic young patient with 
a wolff-parkinson-white (wpw, ventricular preexcitation) electrocardiographic 
pattern: Developed in partnership between the pediatric and congenital 
electrophysiology society (paces) and the heart rhythm society (hrs). Endorsed by 
the governing bodies of paces, hrs, the american college of cardiology foundation 
(accf ), the american heart association (aha), the american academy of pediatrics 
(aap), and the canadian heart rhythm society (chrs). Heart rhythm : the official 
journal of the Heart Rhythm Society 2012;9:1006-1024.

4. Blomstrom-Lundqvist C, Scheinman MM, Aliot EM, Alpert JS, Calkins H, 
Camm AJ, Campbell WB, Haines DE, Kuck KH, Lerman BB, Miller DD, 
Shaeffer CW, Jr., Stevenson WG, Tomaselli GF, Antman EM, Smith SC, Jr., 
Alpert JS, Faxon DP, Fuster V, Gibbons RJ, Gregoratos G, Hiratzka LF, Hunt SA, 
Jacobs AK, Russell RO, Jr., Priori SG, Blanc JJ, Budaj A, Burgos EF, Cowie M, 
Deckers JW, Garcia MA, Klein WW, Lekakis J, Lindahl B, Mazzotta G, Morais 
JC, Oto A, Smiseth O, Trappe HJ. Acc/aha/esc guidelines for the management 
of patients with supraventricular arrhythmias--executive summary: A report 
of the american college of cardiology/american heart association task force on 
practice guidelines and the european society of cardiology committee for practice 
guidelines (writing committee to develop guidelines for the management of 
patients with supraventricular arrhythmias). Circulation 2003;108:1871-1909.

5. Mallidi J, Nadkarni GN, Berger RD, Calkins H, Nazarian S. Meta-analysis of 
catheter ablation as an adjunct to medical therapy for treatment of ventricular 
tachycardia in patients with structural heart disease. Heart rhythm : the official 
journal of the Heart Rhythm Society 2011;8:503-510.

6. Piccini JP, Lopes RD, Kong MH, Hasselblad V, Jackson K, Al-Khatib SM. 
Pulmonary vein isolation for the maintenance of sinus rhythm in patients with 
atrial fibrillation: A meta-analysis of randomized, controlled trials. Circulation 
Arrhythmia and electrophysiology 2009;2:626-633.

7. Calkins H, Reynolds MR, Spector P, Sondhi M, Xu Y, Martin A, Williams 
CJ, Sledge I. Treatment of atrial fibrillation with antiarrhythmic drugs or 
radiofrequency ablation: Two systematic literature reviews and meta-analyses. 
Circulation Arrhythmia and electrophysiology 2009;2:349-361.

8. Natale A, Newby KH, Pisano E, Leonelli F, Fanelli R, Potenza D, Beheiry S, 
Tomassoni G. Prospective randomized comparison of antiarrhythmic therapy 
versus first-line radiofrequency ablation in patients with atrial flutter. Journal of 
the American College of Cardiology 2000;35:1898-1904.

9. Goldberg AS, Bathina MN, Mickelsen S, Nawman R, West G, Kusumoto FM. 
Long-term outcomes on quality-of-life and health care costs in patients with 
supraventricular tachycardia (radiofrequency catheter ablation versus medical 
therapy). The American journal of cardiology 2002;89:1120-1123.

10. Bubien RS, Knotts-Dolson SM, Plumb VJ, Kay GN. Effect of radiofrequency 
catheter ablation on health-related quality of life and activities of daily living in 
patients with recurrent arrhythmias. Circulation 1996;94:1585-1591.

11. Kuck KH, Schaumann A, Eckardt L, Willems S, Ventura R, Delacretaz E, 
Pitschner HF, Kautzner J, Schumacher B, Hansen PS. Catheter ablation of 
stable ventricular tachycardia before defibrillator implantation in patients with 

Other Technologies For Assessing RF Lesion Creation 
A number of other technologies have been tested that will be 

mentioned briefly. None are available for clinical use at this stage. 
Direct endocardial visualization (IRISTM Ablation Catheter, 
Voyage Medical, Redwood City, CA, USA) are catheters that allow 
direct visualization of tissue characteristics (for example dense scar 
versus border zone in infarcted ventricles),  to monitor catheter 
location and stability, lesion development and lesion contiguity.130,131 
In one study, this catheter created wider lesions at lower power 
compared to irrigated tip ablation but with comparable pacing and 
sensing efficacy.131 In an animal model, visually-guided RF ablation 
in the ventricle resulted in more reliable lesion creation as assessed 
on histopathology compared with standard open irrigated catheter 
guided by “traditional” markers of contact where only 78% of lesions 
delivered were identifiable histologically.132 This technology appears 
promising in improving the efficacy of ablation using currently 
available RF-methods.

Investigators have previously demonstrated that variable catheter 
tip sliding can lead to poor tissue contact, compromise lesion efficacy 
and create unpredictable lesion dimensions.79 Electrogram-gated 
pulsed RF ablation is a variation of currently available RF technology 
that aims to deliver the same average power as a conventional ablation 
but for a shorter duration based on the onset of the local electrogram. 
This method aims to counteracts the effects of sliding catheter 
movement that results in degradation of ablation efficiency. This 
system was shown to create consistently deeper lesions irrespective 
of the degree of catheter movement as well as reaching target lesion 
depths significantly faster than conventional ablation in one study 
carried out on a thermochromic gel myocardial phantom. Further 
work is needed to validate this technology in vivo.25 

Acoustic radiation force impulse (ARFI) imaging is an ultrasound-
based technique that allows quantification of tissue stiffness based on 
mechanical displacement of tissue in response to ultrasonic impulses 
and monitors the tissue response using conventional ultrasound 
methods. The technology can be utilized with intracardiac echo 
(ICE) and can visualize the relative elasticity difference between 
ablated and unablated myocardium and can accurately assess focal 
RFA lesion morphology in vitro.133,134 This technology has the 
potential for guiding lesion transmurality in the future.
Conclusions

A number of important developments have been made in catheter 
ablation aiming to improve lesion creation whilst minimizing 
collateral injury and improving long term arrhythmia free survival.  
With each new development, one must be wary of potential for 
harm not uncovered from small pre-clinical or clinical studies. 
Randomized controlled data is valuable in validating and accepting 
the superiority of new technology compared to traditional methods 
of catheter ablation, but the safety and efficacy of each technology 
must be tested in a systematic fashion. Rigorous surveillance of safety 
is  important  to prevent avoidable harm to patients. Progress has 
been made, but further work is needed on intra-procedural methods 
of identifying lesion completeness that reliably predict arrhythmia-
free survival in long term follow up.
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Introduction
Despite strong advances in diagnostic and treatment, heart failure 

(HF) remains the single largest cause of mortality in the western 
world.1,2

Cardiac resynchronization therapy (CRT) reduces hospitalizations 
and mortality in patients with advanced heart failure and prolonged 
electrical activation (i.e., increased QRS duration).3-6 However, about 
60% of patients with heart failure have a normal QRS duration and 
up to 30 % of patients receiving CRT do not respond to the therapy.7 

In patients with a narrow QRS complex, CRT has failed to reduce 
the rate of death or hospitalization for heart failure and may even 
increase mortality.8 Thus, there is a need for alternative device-based 
treatments for patients with persistent symptoms despite optimal 
medical therapy (OMT).

Cardiac contractility modulation (CCM) is a relatively new 

electrical device-based technique proposed for enhancing ventricular 
contractile strength of the failing myocardium independent of the 
synchrony of myocardial contraction.9-12 CCM signals are non-
excitatory electrical impulses of relatively high voltage that are 
applied during the absolute refractory period. 

One cellular defect that underlies myocardial contractile dysfunction 
in heart failure is a dysregulation of intracellular calcium homeostasis. 
Such abnormalities reflect heart failure-associated changes in 
expression of genes encoding calcium handling proteins and post- 
lational modification of their associated proteins. These include down-
regulation of genes encoding for the sarcoplasmic reticular adenosine 
triphosphate–dependent calcium pump, changes in expression and 
hypophosphorylation of phospholamban, altered regulation of 
the sodium-calcium exchanger, and hyperphosphorylation of the 
ryanodine release channel. Cardiac contractility modulation signal 
application is associated with normalization of phosphorylation of 
key proteins and expression of genes coding for proteins involved in 
regulation of calcium cycling and contraction. CCM experimental 
and clinical studies have shown a prolongation of the action 
potential, an increase of myocardial inotropy (also in remote areas 
of the myocardium) without an elevation of myocardial oxygen 
consumption and reverse remodeling.9-12 As the signals influence cell 
function without any effect on activation sequence, CCM therapy is 
not dependent on QRS duration and acts alongside CRT.13

Two prospective randomized multicenter studies have demonstrated 
improvements in NYHA functional classification: quality of life 
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Abstract
Cardiac contractility modulation (CCM) is a relatively new electrical therapy for heart failure patients with reduced ejection fraction. 

The majority of patients eligible for CCM will also need an implantable cardioverter-defibrillator (ICD). To-date, three pacing electrodes 
are mandatory for CCM therapy because the current CCM signal delivery algorithm requires sequential intracardiac sensing of a p-wave, 
followed by appropriately timed ventricular activation by the two ventricular septal leads. As there is no device combining CCM with ICD 
functions, most CCM patients will need multiple intracardiac electrodes, which increase the cumulative risk for complications such as 
systemic infections, thrombosis of central venous lines, insulation failures or lead fractures. The long-term complications associated with 
trans-venous ICD leads have led to the development of a totally subcutaneous implantable cardioverter-defibrillator (S-ICD). In this essay the 
two technologies CCM and S-ICD are reviewed. Additionally, we present their successful combination on the basis of a case report on the first 
patient receiving both devices.
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indexed by Minnesota living with heart failure questionnaire 
(MLWHFQ) and peak oxygen uptake (peak VO2) during cardio-
pulmonary exercise testing (CPX).14,15 In a retrospective study, Schau 
et al. demonstrated that CCM therapy is safe, as it has no adverse 
effect on long-term survival.16  To date CCM therapy is recommended 
for patients in sinus rhythm with a left ventricular ejection fraction 
(LVEF) ≥25-35%, NYHA class III and normal QRS duration, as 
this subgroup of patients seems to benefit most from the therapy.17,18 
According to the guideline-recommended selection criteria, the 
majority of patients eligible for CCM will also need an implantable 
cardioverter-defibrillator (ICD).2,19 

With the current device, three pacing electrodes are mandatory, 
because the current CCM signal- delivery algorithm requires 
sequential intracardiac sensing of a p-wave, followed by appropriately 
timed ventricular activation by the two ventricular septal leads. 
Currently there is no device combining CCM with ICD functions, 
therefore most CCM patients will need multiple electrodes.

There are significant co-morbidities associated with device 
therapy related to acute and chronic transvenous lead complications. 
These include systemic infections, acute and chronic displacement, 
pneumothorax, cardiac perforation, and tamponade as well as 
inappropriate shocks associated with insulation failure or lead 
fractures.20 Cumulative data suggest that there may be at least a 
20% risk of transvenous lead failure at 8–10 years post-implant.21 
Failed leads often require removal, a procedure that is associated with 
significant morbidity and mortality.22, 23 Complications are strongly 
associated with the number of implanted electrodes.24

The long-term complications associated with transvenous 
ICD leads have led to the development of a totally subcutaneous 
implantable cardioverter-defibrillator (S-ICD). The S-ICD 
System (former Cameron Health/ now Boston Scientific, Natick, 
Massachusetts, USA) senses, detects, and treats malignant 
ventricular arrhythmias (ventricular tachycardia /fibrillation) without 
intracardiac leads. The subcutaneous pulse generator and electrode 
are placed extrathoracically.25 In this report we describe the first 
successful combination of CCM therapy with a S-ICD device.
Cardiac Contractility Modulation (CCM)

Cardiac contractility modulation (CCM) involves the application 
of an electrical impulse to the cardiac muscle during the absolute 
refractory period of the ventricular action potential.10,11 The utilized 

waveform is a biphasic square wave pulse. In general, amplitudes 
between 10 and 20mA and durations of stimuli ranging from 
10 to 20msec per phase are used. CCM signals are delivered via 
an implantable pacing device similar to a pacemaker (duration 
of therapy being 7-12 hours per day). To date, the OptimizerTM 
system (Impulse Dynamics Inc., Orangeburg, New Jersey, USA) is 
the only clinically available system. The new version Optimizer IVs is 
significantly smaller than its predecessor Optimizer III (29cc vs. 64 
cc). The device is implanted into the pectoral region in a minimally 
invasive procedure and utilizes three pacemaker leads that are 
introduced into the right side of the heart via the subclavian vein. One 
of these leads is placed into the right atrium where it detects the right 
atrial electrical activity, which can be used to time CCM delivery. 
Cardiac contractility modulation signal delivery occurs through the 
remaining two leads positioned on the ventricular septum. 

The current CCM device contains a built-in algorithm that inhibits 
delivery of a CCM signal when irregular electrical activity is detected, 
such as premature atrial or ventricular complexes or sensing defects. 
This is designed to eliminate the possibility of CCM signal delivery 
during a T-wave, which has the potential to induce arrhythmias. 

Figure 1 a shows the surface ECG of a patient with active CCM. 
Figure 1 b shows the current device, Optimizer IVs, and the patient’s 
charging device. Patients are asked to recharge their device battery 
once a week (time to recharge a depleted battery is 45-60min).
The Subcutaneous Implantable Cardioverter-Defibrillator 
(S-ICD)

The S-ICD system25, 26 consists of a 3-mm tripolar parasternal 
electrode (polycarbonate urethane 55 D), which is connected to 
an electrically active defibrillator can (Figure 2). The electrode is 
positioned parallel to the sternum (1 to 2cm to the left) and the 

Figure:1

a) Surface ECG of a patient in sinus rhythm with activated CCM. 
The corresponding CCM algorithm is pictured at the bottom of the 
figure.
Abbreviations: RA= right atrial, RV= right ventricular.
b) Illustration of the CCM device Optimizer IV with the external 
charging system. (The illustration was provided from Impulse 
Dynamics).

Figure:2

Pictoral representation of electrode and can of an S-ICD implanted 
at the typical operative site. Three sensing vectors are analyzed 
automatically to detect the optimal parameter.  A-Can-Secondary 
vector; B-Can-Primary vector; AB-Alternate vector.
Figure modified from.27
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pulse generator is positioned over the sixth rib at the mid-axillary 
line. The electrode has an 8-cm shocking coil, flanked by two sensing 
electrodes. The distal sensing electrode is positioned adjacent to 
the manubriosternal junction, and the proximal sensing electrode 
is positioned adjacent to the xiphoid process. Cardiac rhythm is 
detected by the two sensing electrodes or by either of the sensing 
electrodes and the active can. Three sensing configurations are 
available. The S-ICD automatically selects an optimal vector for 
rhythm detection and for avoiding double QRS counting and 
T-wave over-sensing. Once signals have been validated as free of
noise and double detection, feature analysis and rate detection are
used to discern rhythm type and determine the need for therapy. A
conditional discrimination zone incorporating a feature-extraction
technique can be programmed between rates of 170 and 250 beats per 
minute to distinguish supraventricular tachycardia from ventricular
tachycardia and avoid inappropriate discharge. Testing of the device
during implantation is done with the use of 65-J shocks to ensure
a margin of safety. The fully deployed device delivers 80-J shocks.
Patients requiring ventricular pacing are not eligible for the S-ICD
as continuous pacing therapy is not possible. The device does provide
50 beat per minute post- shock pacing for 30 seconds, with the use of
a 200-mA biphasic transthoracic pulse.
The First Patient Receiving Combined S-ICD And CCM 
Therapy

A 44 year-old male Caucasian patient was first diagnosed with 

three-vessel coronary artery disease and heart failure with reduced 
left ventricular ejection fraction (LVEF 25%) in 1998.  He underwent 
three-vessel saphenous vein coronary artery bypass surgery in 
the same year. The patient’s coronary risk factors were arterial 
hypertension, hyperlipidemia, obesity grade 1 and an insufficiently 
controlled diabetes mellitus type 2. His heart failure medications 
included recommended doses of carvedilol, digitalis, angiotensin-
converting-enzyme inhibitor and diuretic. An aldosterone receptor 
antagonist could not be administered because of stage3 chronic renal 
failure.

As the left ventricular ejection fraction remained low on OMT, 
the patient received primary prophylactic with a transvenous 
single-chamber ICD in 2003. Because of persistent heart failure 
symptoms despite optimal medical treatment, an Optimizer device 
(in connection with the Fix-CHF-4 study) was implanted during 
the same operative procedure. In the following weeks the patient’s 
NYHA class improved from III to II, while the left ventricular 
ejection fraction remained at 25%. The patient was seen in the 
outpatient clinic at regular intervals and in 2006 was diagnosed 
with AV nodal reentry-tachycardia that was successfully ablated. No 
further hospitalizations occurred during these years. 

In April 2011 the patient was admitted to our hospital emergently 
with fever and rigors. Transesophageal echocardiography showed 
mobile densities adjacent to all intracardiac electrodes. The heart 
valves showed no pathology. Blood cultures were positive for 
staphylococcus aureus. Coronary arteriography showed open bypass 
grafts. The patient was transferred to the cardiac surgery unit the same 
day and both devices and all electrodes were successfully removed. 
The patient received intravenous antibiotic therapy for six weeks. 
Repeat transesophageal echocardiography showed no evidence of 
new masses and CRP levels, which had peaked at 247 mg/l, returned 
to normal.

In July 2011 a subcutaneous S-ICD was implanted without 
complications. In the following months the patient requested re-
implantation of a CCM device because of recurrent heart failure 
symptoms resulting in a functional state of NYHA III. A new CCM 
device (Optimizer III) was implanted in December 2011. 

The device was implanted into the right pectoral region, one 
pacemaker lead was placed at the right atrium and two pacemaker 
leads were placed at the right ventricular septum via the right 
subclavian vein. In the course of the operation a cross talk test with 
the activated CCM device was performed using the three sensing 

Figure:3

Crosstalk test between S-ICD and Optimizer:
a) Primary vector with an artifact of the CCM signal that is 
delivered during the QRS complex.  The S-ICD detection algorithm 
observes this pattern and classifies it as “noise” (depicted by “N” in 
the S-ICD printout).
b) Alternate vector with no substantially apparent CCM artifact. 
Alternate vector was programmed as permanent sensing vector.
N= noise, S= sensing

Figure:4 Chest X-ray from the first patient receiving combined S-ICD and CCM therapy. 4a: posterior-anterior view 4b: lateral view.
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configurations of the S-ICD. The primary vector recognized “noise” 
during CCM activation. The secondary vector was not eligible 
because of under-sensing of the ventricular signals. The alternate 
third vector demonstrated accurate sensing with minimal noise and 
absence of double detection of ventricular signals, despite active CCM 
stimulation (Figure 3). This sensing modality was programmed as the 
permanent sensing configuration. Subsequent ventricular fibrillation 
threshold testing was successfully performed with the induced 
arrhythmia terminated by a 65-Joule shock. Figures 4A and 4B show 
the patient’s chest x-ray. 

On an outpatient visit in March 2014 the patient’s cardiac condition 
was stable. There were no further hospitalizations for cardiac reasons. 
The patient is currently in NYHA class II and the LVEF remains 
unchanged at 25%. 

Conclusions
The two technologies S-ICD and CCM can be combined and 

administered successfully in patients with advanced heart failure with 
reduced ejection fraction. A careful intraoperative cross talk test is 
recommended to exclude interaction between the two devices and to 
avoid double counting or over-sensing. 

Furthermore, a postoperative ergometer testing and provocation 
maneuvers are recommended (with the CCM device active), with 
sensing vectors being monitored in real-time. This enables observing 
phenomena that might appear only during exercise or tachycardia.

The S-ICD might potentially show artifacts of the CCM as noise, 
and in this case the sensing vector is to be selected manually.

Major requirements for a successful combination of both techniques 
include relatively stable sinus rhythm and the absence of significant 
bradycardia or a high number of ventricular premature beats. In 
principle, CCM is contraindicated in patients with permanent atrial 
fibrillation as the signal delivery is inhibited. First results of a single 
center case series recently demonstrated that the application of CCM 
signals is feasible in selected patients with permanent/persistent atrial 
fibrillation in case of combined application with CRT therapy.28

The combination of the two techniques S-ICD and CCM might 
be considered for younger patients with advanced heart failure or for 
patients that suffered from lead complications in the past. Ultimately, 
a device combining ICD, pacemaker and CCM functions would be 
desirable. 
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Introduction
Non-pharmacologic therapy for atrial fibrillation (AF) is increas-

ing in popularity and can be performed with catheter based and 
surgical approaches.  The most commonly employed strategy for 
ablation of AF presently involves creation of circumferential lesions 
around the pulmonary vein ostia or antra with or without the place-
ment of additional ablation lesions within the left atrium (i.e. linear 
lesions in the left atrial roof, mitral isthmus, or ablation of sites with 
complex fractionated atrial electrograms).1, 2, 3

AF ablation carries a small risk of complications with the most 
serious being atrioesophageal fistula (AEF).  Although the incidence 
is less than 0.1%, it is usually fatal.4, 5, 6 Esophageal perforation or 
fistula was reported in 31 patients (0.016%) in the Global Survey of 
Esophageal and Gastric Injury in Atrial Fibrillation study.  Symptom 
onset for esophageal perforation or fistula was reported on average 

19.3 days after the ablation procedure but could appear as short as 
6 days and as long as 59 days post ablation.6  Esophageal injury has 
been observed most frequently with percutaneous radiofrequency 
ablation, although it has also been reported with other energy sourc-
es including cryoablation,7 high-intensity focused ultrasound,8 and 
even surgical ablation.9 
Pathophysiology

The esophagus lies in close proximity to the left atrium placing it 
at risk for injury during catheter ablation procedures (Figure1).  As 
AEF typically presents many days after ablation, direct mechanical 
insult during the index procedures is unlikely to be the primary cul-
prit for fistula formation. Current theories of esophageal injury and 
AEF formation implicate adverse healing secondary to thermal inju-
ry to the esophagus during the index ablation procedure. The insult is 
believed to start at the esophageal side and extend into the mediasti-
num, the pericardium and then the left atrium.10 Epithelial intestinal 
tissue is highly susceptible to radiofrequency (RF)-induced thermal 
injury.  Heat damage results from thermal conduction in the tissue 
rather than direct power application. Heat may affect esophageal en-
dothelial cells directly, or may damage anterior esophageal arteries 
causing ischemia and ulceration of the mucosal layers. Morpholog-
ical changes of periesophageal connective tissue and the posterior 
wall of the LA can be seen on endosonography after AF ablation, 
even in the absence of endoscopic epithelial damage.11 The delayed 
appearance of AEF favors esophageal artery ischemia as the primary 
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Abstract
Catheter ablation of atrial ablation (AF) has become an important therapy in recent years. As with all evolving techniques, unexpected 

complication may occur. Atrioesophageal fistula is a very rare complication of AF catheter ablation. Described for the first time in two very 
experienced centers in 2004, this complication is the most dreadful and lethal among all the others related to AF catheter ablation. Its 
clinical presentation is extremely variable. Rapid diagnosis and surgical therapy may prevent death. This review article will summarize the 
risk factors, diagnosis, treatment and possible preventive strategies for this condition.
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mechanism of injury.  In addition, pre-existing esophagitis due to 
gastroesophageal reflux may exacerbate esophageal injury perhaps 
by interfering with the usual repair mechanisms after esophageal 
injury.12 After esophageal tissue necrosis develops, mediastinitis and 
fistula formation occurs resulting in a communication between the 
esophageal lumen and the pericardium and subsequently with the 
left atrial blood pool via the oblique sinus.10

Risk Factors For Atrioesophageal Fistula
Owing to the low incidence of AEF, esophageal endoscopic stud-

ies have been used to screen for asymptomatic epithelial injuries after 
ablation, with esophageal ulcerations (ESULs) serving as potential 
precursors of fistula formation (Figure 2). Several studies have ex-
amined predisposing risk factors for esophageal injury. Patients with 

persistent AF may be at higher risk due to a larger left atrial size 
which makes the relationship between the left atrium and esopha-
gus more intimate.  Multivariate analysis of a cohort of 260 patients 
undergoing AF ablation highlighted that the distance between the 
left atrium and esophagus was an independent predictor of ESUL.13 
Patients with persistent AF were more likely to have LA enlarge-
ment with compression of the esophagus between the left atrium and 
the spinal cord, potentially decreasing the distance between the left 
atrium and esophagus and thus the risk for esophageal injury.  In-
terestingly, Yamasaki and colleagues14 highlighted that, the distance 
between the left atrium and esophagus may also be an issue in indi-
viduals with a low body mass.  Rather than direct compression of the 
left atrium to the esophagus seen in persistent AF patients, in this 
case the injury may be related to a shorter distance with less interven-
ing tissue between the left atrium and the esophagus.14 

Extensive ablation on the posterior wall, such as may occur during 
persistent AF ablation, may predispose to esophageal heating par-
ticularly when higher powers are administered in the vicinity of the 
posterior wall.   An increased incidence of ESUL was noted with 
higher power settings15 and the use of a deflectable sheath (which 
may improve contact and subsequent heat transfer to the esophagus) 
when ablating on the posterior wall of the left atrium.16  

General anesthesia may also increase the risk of esophageal inju-
ry.17 The mechanism of this is unclear but may be related to decreased 
esophageal peristalsis and swallowing during anesthesia which might 
prevent physiological cooling.  Additionally, it is possible that injury 
may be a result of the higher use of oro- or naso-gastric tubes in pro-
cedures performed under general anaesthesia.  It is possible that these 
tubes may result in mechanical fixation of the esophagus against the 
LA. As is apparent, multiple factors play a role in esophageal ulcer 
formation.  However, risk factors for the progression of an esophageal 
ulcer to AEF remain unknown and will be difficult to discern given 
the rarity of AEF.
Measures To Minimize The Risk Of Esophageal Injury
Gastric Acid Suppression

As it has been suggested that gastroesophageal reflux may play a 
role in aggravating the initial esophageal insult and hinder appropri-
ate healing thereby promoting the development of AEF, prophylactic 
proton-pump inhibitors (PPIs) have been recommended for patients 
undergoing AF ablation.12 Adequately powered clinical trials to es-

Figure:1

Proximity of the LA and Esophagus. A) Fluoroscopy demonstrating 
an esophageal temperature probe (LET).  As noted, the esophagus 
frequently lies immediately posterior to the LA.  B) Intra-cardiac 
Echocardiography demonstrating the relationship between the LA 
and esophagus.

Figure:2 Endoscopy demonstrating an esophageal ulcer, a possible 
precursor to AEF.



www.jafib.com Oct-Nov 2015| Volume 8| Issue 3

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation81 Journal Review
tablish the efficacy of proton pump inhibitors to reduce AEF may 
never be feasible given the low incidence of AEF.
Esophageal Temperature Monitoring

As it is difficult to predict the extent of heat transferred to the 
esophagus during catheter ablation procedures, it has been proposed 
that real-time luminal esophageal temperature monitoring may pro-
vide some assessment of the extent of heat transferred to the esopha-
gus during ablation. A temperature probe placed in the esophagus at 
the level of the ablation catheter may allow one to detect increases in 
luminal esophageal temperature and may alert the operator to exces-
sive heat transfer (Figure 1).

In a retrospective study of patients undergoing AF ablation Singh 
et al.18 demonstrated that patients were less likely to experience 
esophageal injury after catheter ablation when using luminal esoph-
ageal temperature monitoring. Their practice was to interrupt RF 
applications when the luminal esophageal temperature increased to 
38.5°C. In this series only 6% of patients with ablation guided by 
esophageal temperature monitoring developed ESUL as opposed to 
36% of those without monitoring. A more recent prospective study 
which employed a triple-thermocouple esophageal temperature 
monitor and limited esophageal temperature to 40°C also hinted at 
a low incidence of esophageal injury with only 1.6% of 184 patients 
showing signs of ESUL.19 

Leite et al20 attempted to define an acceptable esophageal tem-
perature rise prior to stopping RF applications.20 In this study power 
on the posterior wall was limited to 25 watts and terminated when 
the temperature increased more than 2°C from baseline. Using this 
strategy, no patients demonstrated esophageal thermal injury on fol-
low-up endoscopy. Based on the totality of this work it has been sug-
gested that careful esophageal temperature monitoring with inter-
rupting RF application when esophageal temperature increases may 
minimize the risk of esophageal injury and subsequent AEF.  How-
ever, limitations inherent to luminal esophageal temperature moni-
toring may not always prevent esophageal injury and AEF formation. 

Frequently reposition the esophageal temperature probe and mis-
match of the esophageal diameter relative to that of the temperature 
probe may result in incorrect positioning of the esophageal tempera-
ture probe thereby limiting its ability to provide accurate local tem-
perature readings.21 Moreover, due to the phenomenon of thermal 
latency, the esophageal temperature may continue to rise even after 
RF is interrupted, resulting in temperature overshoot in a significant 
number of patients. Finally, esophageal luminal temperature may be 
significantly lower than esophageal mural temperature and thereby 
not reflect the extent of heat transfer to the outer and mid walls of 
the esophagus.22 Consequently, injury may occur after ablation even 
when the luminal esophageal temperature is assiduously monitored.  
Operators must be aware of these limitations as AEF has been re-
ported when esophageal temperature did not rise during ablation23 
clearly highlighting that esophageal temperature monitoring alone is 
insufficient to completely prevent esophageal thermal injuries.  Other 
methods to actively protect the esophagus during AF ablation must 
be identified. 

In addition to the limitation of accurate esophageal monitoring, 
recent work has highlighted the effects of radiofrequency ablation 
near metallic devices. Nguyen et al.24 highlighted esophageal tem-
perature probes may function as “lightning rods”, attracting electrical 
current from the ablation catheter and potentiating heat transfer to 
the esophagus. Further research is needed to confirm whether esoph-

ageal temperature probes indeed exacerbate heat transfer and subse-
quent esophageal injury.  Consistency of this finding would call into 
question current practices of luminal esophageal temperature moni-
toring during AF ablation.
Mechanical Deflection Of Esophagus

Mechanical techniques to move the esophagus away from the tip 
of the ablation catheter have been devised with the hope of prevent-
ing thermal injury to the esophagus. This approach is possible as the 
thoracic esophagus is not fixed in position by true ligaments or other 
significant fibrous attachments to surrounding structures. Chugh et 
al.25 demonstrated the feasibility of displacing the esophagus by de-
flecting a transesophageal (TEE) probe placed within the esophagus 
during ablation. They found that it was possible to move the esopha-
gus on average 2 cm in 10 of 12 (83%) patients. To avoid mechanical 
complications and shunting of RF energy towards the TEE probe, 
the probe was removed in all patients after the esophagus was devi-
ated.  Unfortunately the esophagus remained displaced after removal 
of the endoscope in only 22% of patients making this approach sub-
optimal.  

A recent study by Koruth et al.26 utilized an endotracheal stylet 
within a thoracic chest tube to deflect the esophagus away from the 
area of energy delivery in 20 patients undergoing AF ablation (Fig-
ure 3). Unlike Chugh’s work,25 the stylet and chest tube remained 
in the esophagus to allow for sustained deviation during ablation.  
Leftward and rightward deflection averaged 2.8 cm each which was 
maintained during ablation at the posterior wall.  Post-procedural 
endoscopy demonstrated ulceration in one patient (5%) and evidence 
of trauma from esophageal instrumentation without clinical conse-
quence in 12 patients (63%). This technique did not require partici-
pation of an endoscopist during the ablation procedure as it was per-
formed by the anaesthesiologist participating in the AF procedure. It 
may well be that endoluminal esophageal displacement may become 
an effective method of protecting the esophagus during ablation of 
AF.
Thermal Insulation Of Esophagus

Instrumentation of the pericardial space and introduction of a bal-

Figure:3

Deviation of the esophagus. A) Fluoroscopy with barium contrast 
to highlight the baseline position of the esophagus posterior 
to the left atrium.  Of note is the presence of a multi-electrode 
temperature monitor.  B) Using a chest tube and stylet, the 
esophagus is deviated to the right and away from the left atrium 
and region where ablation is required.  Barium highlights the 
course of the esophagus.
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corrective surgical intervention is variable.

Available therapeutic options for AEF include surgical repair of 
the fistula (combined left atrial and esophageal repair) via thoracot-
omy, esophageal stenting and conservative management with ag-
gressive chest tube drainage and treatment of sepsis.  Of these three 
approaches, conservative treatment of esophageal fistula remains 
controversial, as it requires frequent radiologic assessments and is 
associated with very high mortality rate. Data on stenting versus sur-
gical treatment of AEF are conflicting and at the present there is no 
consensus on the most effective treatment strategy for AEF. In our 
opinion esophageal stenting may be useful only if esophageal perfo-
ration is present without fistula formation to the left atrium.33, 34  Our 
preference is, if possible, early aggressive surgical repair.  Our group 
reported on the outcomes of 29 patients undergoing AEF repair.34  
The report suggested that surgical esophageal repair with placement 
of tissue between the esophagus and left atrium may result in lower 
morbidity and mortality.34  Attention to proper left atrial and esoph-
ageal repair is critical and may be best achieved with the use of car-
diopulmonary bypass.  Furthermore, surgical and medical treatment 
of the associated mediastinitis is important.  We recommend a mul-
tidisciplinary approach to care including cardiac-thoracic surgeons, 
infectious disease, neurology, and critical care physicians as well as 
allied health care professionals such as dieticians, physiotherapists 
and occupational therapists.
Awareness

Due to the rarity of the complication, it is not clear if earlier de-
tection and earlier repair will result in improved clinical outcomes; 
however this strategy does make sense.  Given this, patient educa-
tion on the signs and symptoms of AEF is of paramount importance 
to allow patients to present to medical attention sooner to facilitate 
earlier repair prior to the onset of mediastinitis or stroke. Addition-
ally, education of primary care and emergency room physicians of 
this complication is also important to avoid misdiagnosis, and ensure 
esophageal manipulation is minimized. A recent approach by Ca-
nadian centers performing AF ablation is to provide patients who 
have undergone an AF ablation procedure a pocket card (Figure 5) 
which they present to their primary care physician with the onset of 
vague symptoms.  The interaction when the patient receives this card 
educates them on the symptoms of AEF with the hope of earlier pre-
sentation.  Furthermore, the instructions on the card ensure prima-
ry care physicians do not instrument the esophagus and encourages 
collaboration with the primary Electrophysiologist to ensure that the 
diagnosis is made as soon as possible.  It is hoped that this strategy 
may minimize the morbidity and mortality associated with this com-
plication. 
Conclusion

AEF is uncommon but has been reported with all approaches to 
AF ablation, without clearly identifiable predisposing factors.  De-
spite our knowledge of this complication, outcomes with AEF relat-
ed to AF ablation remain poor. Ongoing assessment of prevention 
strategies, as well as patient and physician education to recognize 
this complication should be encouraged as, given the growth in AF 
ablation procedures, AEF will continue to occur.
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Figure:4

Imaging to aid with the diagnosis of AEF.  A) CT chest 
demonstrating air in the LA, B) MRI of the brain demonstrating 
infarctions in multiple territories, c) Echocardiogram demonstrating 
air in the left heart.

Figure:5 Patient pocket card
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Introduction
Implantable cardioverter defibrillators (ICDs) have been associated 

with an improvement in survival due to a reduction in sudden cardiac 
death (SCD) rate in selected patients.1 In the early years of their 
development there have been great skepticism and opposition and 
nearly 4 decades have been needed for their current acceptance in 
various clinical settings. Randomized multicentre clinical trials in 
primary prevention (MADIT,2 MUSTT,3  MADIT 2,4 and SCD-
HeFT5) and in secondary prevention (AVID,6 CIDS,7 and CASH 8) 
patients have demonstrated high efficacy in terminating potentially 
life-threatening arrhythmias. The evidence favoring ICD therapy, 
coming from accumulated clinical experience, has moved the medical 
community to recognize the role of this device for prevention of 
SCD in at-risk patients. Current guidelines now recommend ICD 
implantation in patients at high risk of SCD with either ischemic 
or non-ischemic heart diseases, both for primary and secondary 
prevention,1,9,10 and most of the European countries officially adopted 
the  ‘global’  guidelines, or developed their own national guidelines 
(Figures 1-3).

Cost-effectiveness of this therapy has already been evaluated in 
the American health-care system,11-13 but information about the 

costs and benefits of prophylactic ICD implantation in Europe 
were lacking until a few years ago. Cowie et al.14 first showed that 
cost-effectiveness of ICD implantation is influenced most by device 
efficacy, time to replacement, utility, and age at implantation; the 
authors concluded that in European healthcare setting, prophylactic 
ICD implantation may be cost-effective when current guidelines are 
followed.

Despite a substantial increase in ICDs implantations and updates 
of guidelines for cardiac implantable electronic device (CIED) 
implantation and management, there are still limited data on how 
these indications are applied in clinical practice across Europe. 
It is noteworthy that ICD implantation rates vary significantly 
throughout European countries15 (Figure 4) although among them 
no major differences in cardiovascular morbility are observed.16

Economic Restrictions
ICD implantation rates in European countries may be influenced by 

economic factors, including the gross domestic product, its percentage 
devoted to health system, and organization of the health system. The 
recent economic crisis led to substantial healthcare budget cuts in 
the majority of European countries. At the same time, the elderly 
population, needing considerable medical and social assistance, is 
rapidly growing. Given these huge economical imbalances, it is not 
surprising that ICDs implantation rates vary significantly across 
different countries and that there is a trend towards higher ICD 
implantation rates with increasing gross domestic product (Figure 
4). Sometimes physicians are forced by administrators to decide 
when and in which patients to implant an expensive ICD. While the 
choice for patients in secondary prevention of SCD is mandatory, the 
clinical opinion could advise or discourage an ICD implantation for 
primary prevention despite guideline recommendations.17 National 
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Abstract
Implantable cardioverter defibrillators (ICD) offer the potential to prevent sudden cardiac death and demonstrated a survival benefit in 

high risk cardiac patients. ICD implantation rates vary significantly throughout the countries all over Europe although there are no major 
differences in cardiovascular morbidity among countries. ICD implantation rates in each European country may be influenced by economic 
factors, including the gross domestic product, its percentage devoted to public health, and organization of the health system. However, ICD 
implantation rates vary substantially also among countries with a high gross domestic product. Beyond economy, other important factors 
that may influence ICD implantation rates are lack of guidelines awareness and poor guidelines adherence especially when treating specific 
subgroup of patients (such as elderly and those with non ischemic cardiomyopathies).
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data on health expenditures and CIED implantation rates indicate 
that a reduced healthcare investment is associated with lower use 
of device therapy, and lack of refund for the procedure further 
contributes. Moreover, the number of hospitals and beds are not 
directly related to financial profile or healthcare funding of a given 
country, and sometimes infrastructures are insufficient to assure ICD 
implantation to all patients fulfilling guidelines criteria.15 In previous 
years, as reported in the European Heart Rhythm Association 
(EHRA) White Book that provides information about the status of 
cardiac electrophysiology, demographic, economic, and healthcare 
data,18 the mean CIED implantation rates were twice higher in 
Western Europe than in all other regions, and lowest rates were found 
in Eastern Europe and in non-European countries of the European 
Society of Cardiology. However, gross domestic product and other 
economic factors alone do not entirely explain the differences among 
countries. Some countries with similar economic status significantly 
differ for ICD implantation rates: for example, the UK has much 
lower implantation rates than Italy or France while Poland and 
Czech Republic are well above average (Figure 4).                                                                                                                      
Guidelines Awareness

Another important factor that may limit ICD implantation beyond 

economic restrictions is poor guidelines knowledge. This issue seems 
to be particularly important among general cardiologists and general 
practitioners, i.e. those who should refer their patients to implanting 
physicians. In 2008-2009, Sherazi et al.19 conducted a survey of 
United Kingdom (UK) primary care physicians and cardiologists 
regarding knowledge and attitudes towards ICD therapy. They found 
that a significant minority of physicians, particularly primary care 
physicians, were unaware of the ICD clinical guidelines and that 
more than 25% were unsure about benefits of ICDs in women and 
blacks. Another UK survey17 showed that complete awareness of 
ICD indications was present in only 45% of responders and that 
cardiologists that do not perform implantations have significantly 
lower guidelines knowledge than implanters. These findings are 
in agreement with USA and New Zealand data showing that a 
substantial number of physicians fail to refer their patients for ICD 
implantation even if they fulfill the guidelines.20,21

Guidelines Adherence
Guidelines knowledge does not necessarily mean that they are 

followed, especially in primary prevention patients. Current ICD 
guidelines do not identify a clear “age limit”, and exclude any implant 
indications only in patients with severe co-morbidities and expected 

Figure 1: Main indications for ICD implantation for secondary prevention according to European, American and British guidelines

Figure 2: Main indications for ICD implantation for primary prevention in ischemic cardiac disease according to European, American and British 
guidelines
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presence of non-sustained ventricular tachycardia on 24-hour Holter 
monitoring) to decide whether to implant an ICD, although these 
markers have limited prognostic value. In addition, 34% of Italian 
cardiology departments reported that age ≥ 80 years was deemed 
as a contraindication to ICD.23 According to a UK survey, patients 
age, presence of co-morbidities and impact of ICD on quality of life 
were important factors that affected the physician’s decision to refer 
patients for ICD implantation.19 Another UK study found that more 
than one quarter of those who were aware of guidelines chose an 
approach that was not guideline-recommended.17

2006 Nice Guidelines
Despite a gross domestic product above average, ICD implantation 

rate in the UK is below average and lower than countries such as Italy 
and Germany (Figure 4). It is of note that, unlike North American 
and European Guidelines, 2006 UK National Institute of Health and 
Care (NICE) guidelines considered ICD implantation for primary 
prevention only in patients with ischemic heart disease and restricted 
the application of MADIT II criteria to patients with a wide QRS.24 
Only recently those guidelines were amended to include also non-
ischemic cardiomyopathy patients and those with narrow QRS 
(Figures 2 and 3). Together with other factors, NICE guidelines may 
contribute to explain why UK implantation rates are lower than other 

survival of less than one year; moreover, they essentially consider only 
NYHA class and left ventricular ejection fraction (EF) to identify 
ICD candidates. However, daily clinical experience often suggests a 
different, more selective, approach. For example, the low predictive 
power of EF is well documented: depending on the presence of other 
risk factors, the mortality and sudden risk of death of some patients 
with EF from 30 to 40% may exceed those of patients with EF ≤ 
30%.22 As a consequence, many cardiologists use additional tools 
to stratify the arrhythmic risk of potential ICD candidates. On the 
other hand, attitudes towards implantation of elderly patients and of 
those with non-ischemic cardiomyopathy may be low as the scientific 
evidence for a net survival benefit is less strong in these populations.

An Italian study conducted in 2008-2009 among 220 cardiology 
departments showed that, in more than 90% of cases, patients 
fulfilling guidelines indication are considered for ICD implantation. 
However, in only 18% of centers an ICD was implanted in all 
patients with non-ischemic dilated cardiomyopathy and ejection 
fraction of 35% or less, and only 51% of centers answered that all 
patients with ischemic dilated cardiac disease and ejection fraction 
of 30% or less should have had an ICD. The majority of centers 
admitted to routinely use adjunctive risk stratification markers 
(wide QRS, heart rate variability, ventricular tachycardia inducibility, 

Figure 3: Main indications for ICD implantation for secondary prevention in non-ischemic dilated cardiomyopathy according to European, American 
and British guidelines

Figure 4:
Gross domestic product (GDP) pro capite and rate of ICD implantation per million of inhabitants among European countries. Countries are 
ordered according to increasing GDP. The mean rate of ICD implantation, corresponding to 108/million inhabitants, is indicated with a red 
line. Data from.15,18
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Western European countries.  

Conclusion
Economic restrictions can only partially justify the differences in 

ICD implantation rates across Europe. Other influent factors may be 
poor guidelines awareness, especially among referring cardiologists 
and general practitioners, and different guidelines adherence due to 
lack of strong evidence of a net clinical benefit, especially in specific 
subgroup of patients (such as the elderly and those with non ischemic 
cardiomyopathies). With this in mind, implanting physicians should 
make any effort to promote guidelines knowledge among their 
colleagues and offer shared management of more complex cases.
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Introduction
Atrial fibrillation (AF) is associated with an almost 5-fold increase 

in the risk of stroke.1 Oral anticoagulation reduces the incidence of 
stroke by over 60 % in patients with AF, and has been shown to be 
superior to antiplatelet therapies.2 Current guidelines recommend 
patient-focused risk stratification, and the risk of stroke of an 
individual patient has been estimated with the CHA2DS2VASc-
score.3 Guidelines recommend that oral anticoagulation should be 
used in all patients with CHA2DS2VASc ≥ 2, and should be also 
considered in patients with a score of 1.  This short review will focus 
on the role of cardioversion as an additional short-term risk factor 
of stroke.
Thromboembolic Risk During Elective Cardioversion Of AF

It is generally known that cardioversion of AF is associated with an 
increased risk of stroke and systemic embolism. In the early studies, 
the periprocedural risk ranged from 3 % to 7 % when cardioversion 
was performed without anticoagulation.4-5 Later, with the advent 
of effective anticoagulation therapy the risk of thromboembolic 
complications has decreased to 0.5% to 1.6% in elective cardioversion 
of AF.6-9  Recent data on novel oral anticoagulants have suggested 
that they are as safe and effective as treatment with vitamin K 
antagonists in this setting. In the only randomized trial (X-VerRT) 

comparing rivaroxaban to vitamin K antagonists the primary efficacy 
outcome ( composite of stroke, transient ischemic attack, peripheral 
embolism, myocardial infarction, and cardiovascular death) occurred 
in 5 (two strokes) of 978 patients (0.51%) in the rivaroxaban group 
and in 5 (two strokes) of 492 patients (1.02%) in the VKA group.10

For the comparison, the long-term thromboembolic risk in AF is 
approximately 0.3% per month depending on stroke risk factors, and 
oral anticoagulation with warfarin reduces this risk by over 60%.11 
Recently published large randomized multicenter studies confirm 
these findings showing that the risk of stroke has decreased to 0.1% to 
0.2% per month during long-term anticoagulation.12-14 In the light of 
these figures, it is evident that when a patient is referred to an elective 
cardioversion of AF we predispose the patient for an extra 4-6 -fold 
risk of thromboembolic events during the post-cardioversion month 
even when using the recommended effective anticoagulation.
Thromboembolic Risk During Acute Cardioversion Of AF

Until recent years, cardioversion of acute (< 48 hours) AF was 
considered safe even without anticoagulation. In 6 small retrospective 
studies on a total of 1 471 patients, the incidence of thromboembolic 
events was low (0-0.9%) and all definite events occurred in elderly 
(age above 75 years) women and after spontaneous restoration of sinus 
rhythm.15 In the FinCV Study reporting data on 5,116 successful 
acute cardioversions performed without anticoagulation the overall 
risk of thromboembolic events was 0.7%.14 Thus, the mean risk of 
stroke in acute cardioversion performed without anticoagulation is 
in the same range as the risk of elective cardioversion performed 
with optimal guideline-recommended anticoagulation.  Importantly, 
however, the risk of thromboembolic complications varied from a 
low risk of 0.2 % to a very high risk of 9.8 % depending on clustering 
of clinical stroke risk factors. The independent “traditional” predictors 
of thromboembolic events were old age, female sex, heart failure and 
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Abstract
The risk of thromboembolic events is a major concern in cardioversion of atrial fibrillation. The vast majority of these events occur in 

the first week following cardioversion. Processes promoting thrombus formation occur early and thrombus may appear in the left atrium 
within 48 hours of atrial fibrillation. The risk of thromboembolic events also increases with the presence of stroke risk factors. Thus, the 
current guidelines recommend that also patients with acute atrial fibrillation should undergo cardioversion under cover of unfractionated or 
low-molecular weight heparin followed by oral anticoagulation for at least 4 weeks in patients at moderate-to-high risk for stroke. Delay of 
cardioversion > 12 hours from the symptom onset seems to cause a marked increase in the risk of stroke. Thus, short term anticoagulation 
should be considered also for patients with a low CHA2DS2VASc score if the delay to cardioversion is 12-48 hours. 

Key Words: 
Cardioversion, Stroke, Bleeding, Thromboembolism, Atrial Fibrilla-
tion.
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diabetes which are all included in the CHA2DS2VASc score. 

Later, we observed that a delay of cardioversion exceeding 12 hours 
from the symptom onset caused a >3-fold increase in the risk of stroke 
when compared to cardioversions performed <12 hours after the 
symptom onset.16 This delay of cardioversion was the most significant 
independent predictor of thromboembolic complications in patients 
not using anticoagulation. Although the increase in risk was more 
pronounced in those patients with risk factors was stroke, the 
cardioversion was not without risk in patients with a CHA2DS2VASc 
score of one or less. Thus, when the delay from the symptoms to 
cardioversion was > 12 hours  the risk of thromboembolism was as 
high as 0.9% if no anticoagulation was used.16 
Background Of Thromboembolism After Cardioversion Of 
AF

Thrombus formation in the left atrial appendage is usually responsible 
for the thromboembolic complications. Most embolic events occur 
after successful cardioversion of AF and within one week of the 
procedure supporting the view that conversion of AF to sinus rhythm 
is responsible for embolization of thrombus and causing the clinical 
consequences.15 Local changes promoting thrombus formation start 
early. It was shown that platelet activation and increased thrombin 
generation in the left atrium are measurable as early as 15 minutes 
following induction of AF,17 and profound activation of platelets 
and coagulation factors has been observed within 12 hours of AF.18 
Thus, it is not surprising that transesophageal echocardiography has 
revealed left atrial thrombi - a clear contraindication to cardioversion 
- in 4% of the patients already < 48 hours of AF, and in 14% of
patients when the duration is < 72 hours when no anticoagulation
is used.19, 20 Importantly, however, the absence of thrombus before
cardioversion does not exclude thromboembolic complications, since
restoration of sinus rhythm often results in atrial stunning, and a
decrease of flow velocities in the left atrial appendage.21 It is known
that post-cardioversion atrial stunning promotes new thrombus
formation and predisposes to embolization. 
Anticoagulation And Bleeding Complications

Anticoagulation therapy exposes patients to bleeding events, but 
the rate of major bleeding events has been reported to vary from 
only 0.2% to 0.3% per month with long-term warfarin or new oral 
anticoagulants.12-14 Furthermore, It is obvious that the risk of major 
bleedings is even lower in the patients with a low CHA2DS2VASc  
score reflecting concomitant low bleeding scores.
Conclusions

The above reasoning supports the view that unnecessary delays in 
performing cardioversions of rhythm control strategy may increase 
the risk thromboembolic complications in spite of therapeutic oral 
anticoagulation. Early cardioversion in the acute phase of AF may 
not increase the risk of thromboembolic complications in patients 
already on therapeutic long-term oral anticoagulation. Because of the 
minor bleeding risk, short term anticoagulation should be considered 
also for patients with a low CHA2DS2VASc score if the delay to 
cardioversion is 12-48 hours. The overall rate of thromboembolic 
complications is low after failed cardioversion, which suggests 
that it is the conversion to sinus rhythm that results in elevated 
thromboembolic risk. Spontaneous conversion to sinus rhythm is, 
however, not uncommon after failed cardioversion of acute atrial 
fibrillation, and these patients are at high risk of stroke if adequate 
anticoagulation is not used.22-23 
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Introduction
A 57-year-old woman patient with prosthetic mechanical mitral 

valve was hospitalized for radiofrequency catheter ablation for symp-
tomatic atrial fibrillation. Before the electrophysiological study, two 

dimensional and three dimensional transthoracic echocardiography  
showed mildly spontaneous echo contrast. Subsequently, real-time 
two and three dimensional transoesophageal echocardiography (x7–
2t transducer on a Philips iE33 ultrasound system) was performed. 
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Abstract
Atrial fibrillation is the most common arrhythmia following valvular heart surgery. Radiofrequence catheter ablation of atrial fibrillation 

in patients with prothetic mechanical mitral valve is feasible and relatively safe in experienced center. Implementation of real-time three 
dimensional transoesophageal echocardiography in atrial fibrillation can demonstrate on-line left atrial and left atrial appendix spontaneous 
echo contrast and thrombus. This condition makes the electrophysiologist allerted for the expected complications.

Figure:1
(A, B, C):

Real-time two and three dimensional transoesophageal echocardiography showed dense spontaneous echo contrast in the left atrial cavity 
and thrombus in the left atrial appendage.
LA: Left atrium, SEK: Spontaneous echo contrast, MVR: Prosthetic mechanical mitral valve, LAA: Left atrial appendix, THR: Thrombus

It showed dense spontaneous echo contrast in the left atrial cavity 
and thrombus in the left atrial appendage (Figure 1A, 1B, 1C). Upon 
this the procedure of electrophysiological study and ablation droped 
out and we decided to follow up  the patient with optimised medical 
therapy.

Atrial fibrillation is the most common arrhythmia following val-
vular heart surgery. It is associated with an increased morbidity and 
mortality risk in patients with prosthetic mechanical mitral valve. 
Therefore, restoration and maintenance of sinus rhythm is main tar-
get in these patients. Radiofrequency catheter ablation is the most 
effective treatment to restore and maintain sinus rhythm in differ-
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ent conditions including atrioventricular reentrant tachycardia, atrial 
tachycardia and atrial flutter. Also, radiofrequence catheter ablation 
of atrial fibrillation in patients with prothetic mechanical mitral valve 
is feasible and relatively safe in experienced center.1 Recently, in par-
allel with improvement in the quality of echocardiographic imaging, 
real-time three dimensional transoesophageal echocardiography may 
facilitate electrophysiological procedures during atrial fibrillation.2 It 
is possible to obtain cross-sectional visualization of the left atrium, 
left atrial appendix, pulmonary veins, mitral valve annulus, and pros-
thetic valves. Finally, implementation of real-time three dimensional 
transoesophageal echocardiography in atrial fibrillation can demon-
strate on-line left atrial and left atrial appendix spontaneous echo 
contrast and thrombus. This condition makes the electrophysiologist 
allerted for the expected complications.
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Introduction
Atrial fibrillation (AF) is the most common cardiac rhythm 

disorder. The estimated prevalence of AF ranges from 0.4% to 2% in 
the general population and increases by age. AF is associated with a 
five-fold risk of stroke and a three-fold incidence of congestive heart 
failure, and higher mortality.1,2,3,4

New oral anticoagulants (NOACs) are an alternative for vitamin K 
antagonists (VKAs) to prevent stroke in patients with non-valvular 
AF.

The NOACs for stroke prevention in AF fall into two classes: the 
oral direct thrombin inhibitors (dabigatran) and oral direct factor Xa 
inhibitors (rivaroxaban, apixaban, edoxaban). In contrast to VKAs, 
which block the formation of multiple active vitamin K-dependent 
coagulation factors (factors II, VII, IX, and X), these drugs block the 
activity of one single step in coagulation.4 

The NOACs so far tested in clinical trials have all shown non- 
inferiority compared with VKAs, with better safety, consistently 
limiting the number of intracranial hemoraji. On this basis, ESC 
guideline recommends them as broadly preferable to VKA in the 
vast majority of patients with non-valvular AF.4

NOACs do not require routine monitoring of coagulation. 
However, the quantitative assessment of the anticoagulant effect  

drug levels may be needed in emergency situations, such as a serious 
bleeding and thrombotic events, need for urgent surgery, or in special 
clinical situations such as patients who present with renal or hepatic 
insufficiency, suspected overdosing because of drugs interactions. 

The maximum effect of the NOACs on the clotting test will occur 
at its maximal plasma concentration, which is approximately 2-3 h 
after intake of drugs. A coagulation assay obtained on a blood sample 
taken 2-3 h after the ingestion of the drugs.5

The activated partial thromboplastin time (aPTT) may provide 
a qualitative assessment of the presence of dabigatran and the 
pro- thrombin time (PT) for rivaroxaban (and likely other factor 
Xa inhibitors), but these respective tests are not sensitive for the 
quantitative assessment of the NOAC. Quantitative tests for direct 
thrombin inhibitors (DTIs) and FXa inhibitors do exist, but they 
may not be routinely available in most hospitals. Point of care tests 
should not be used to assess the international normalized ratio (INR) 
in patients on NOACs An overview of the inter- pretation of all the 
coagulation tests for different NOACs can be found in Table 1. 
Direct Thrombin Inhibitors (Dabigatran)

For dabigatran, the ecarin clotting time (ECT) and thrombin 
clotting time are useful tests, and directly reflect thrombin inhibition; 
however, an activated partial thromboplastin time (aPTT) can also 
be used (especially in an emergency setting).6  The aPTT may provide 
a qualitative assessment of dabigatran (direct thrombin inhibitor) 
level and activity. The relation between dabigatran and the aPTT 
is curvilinear.  Nevertheless, the sensitivity of the different aPTT 
reagents varies greatly. In patients receiving chronic therapy with 
dabigatran 150 mg twice daily (bid), the median peak aPTT was 
approximately two-fold that of control. Twelve hours after the last 
dose, the median aPTT was 1.5-fold that of control.

Therefore, if the aPTT level exceeds two times the upper limit of 
www.jafib.com Oct-Nov 2015| Volume 8| Issue 3

Abstract
Atrial fibrillation is the most common and important cardiac rhythm disorder, which increases the risk of stroke and mortality.New 

oral anticoagulants are an alternative for vitamin K antagonists to prevent stroke in patients with non-valvular atrial fibrillation.New oral 
anticoagulants do not require routine monitoring of coagulation. However, the quantitative assessment of the anticoagulant effect  drug 
levels may be needed in emergency situations, such as a serious bleeding or need for urgent surgery, or in patient with renal or hepatic 
insufficiency. In the paper we focus on the coagulation testing for new oral anticoagulants.

Key Words: 
New Oral Anticoagulants, Stroke, Atrial Fibrillation.
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normal, this may be associated with a higher risk of bleeding, and 
may warrant caution especially in patients with bleeding risk factors. 

Dabigatran has little effect on the PT and INR at clinically relevant 
plasma concentrations. Prolongation of the PT is related linearly 
and dose-dependently to the plasma dabigatran concentration, but 
the responsiveness is low. The INR is therefore unsuitable for the 
quantitative assessment of the anticoagulant activity of DTIs.7 

ECT prolongations above the basal value are related linearly and 
dose-dependently to the dabigatran concentration; responsiveness 
is also adequate. The ECT assay provides a direct measure of the 
activity of DTIs. ≥3 times elevated ECT at trough is associated with 
a higher risk of bleeding in patients taking dabigatran.8 

Thrombin time results depend on the coagulometer and the 
thrombin lot used. Unlike diluted thrombin time (dTT) test can 
more accurately predict the coagulation state. A dTT has been 
developed, with appropriate calibrators for interpretation in the 
context of dabigatran use (Hemoclotw). The dTT is suitable for the 
quantitative assessment of dabigatran concentrations. A normal dTT 
measurement indicates no clinically relevant anticoagulant effect 
of dabigatran. When dabigatran is used with twice daily dosing, 
a dTT measured at trough (≥12 h after the previous dose) with 
the Hemoclotw of >200 ng/ml dabigatran plasma concentration 
(dTT approximately >65 s), is associated with an increased risk of 
bleeding.13 still that there are no data on a cut-off dTT below which 
elective or urgent surgery is ‘safe’, and therefore its use in this respect 
cannot be recommended at this time.5

Factor XA Inhibitors (Rivaroxaban, Apixaban, Edoxaban) 
Factor Xa-inhibitors prolongs the prothrombin time (PT) and 

aPTT varying degree and this might be used as a rough estimate 
of an anticoagulation effect. But the aPTT cannot be used for 
evaluation of FXa inhibitory effect because of the weak corelation 
and variability of assays. 

The prolongation of the PT is related linearly and dose-dependently 
to the Factor Xa-inhibitor concentration, and the responsiveness is 

adequate. Nevertheless the effect on the PT depends both on the 
assay and on the FXa inhibitor. For rivaroxaban, the PT may provide 
some quantitative information, but the sensitivity of the different PT 
reagents varies greatly. 

The INR is unreliable for the evaluation of FXa inhibitory activity. 
A better estimate for an anticoagulant effect for the oral Factor Xa 
inhibitors is an anti-Xa assay.4,5,9

Anti-FXa ‘chromogenic assays’ have been developed to assess 
plasma concentrations of the FXa-inhibitors and are commercially 
available. However, there are currently no data that associate a 
coagulation parameter or a drug level at trough or at peak with 
bleeding risk or risk for thrombo-embolism.
Impact Of NOACs On Coagulation System Assessment 

The NOACs interfere with routine coagulation tests, thrombophilia 
tests or the measurement of coagulation factors. Abnormal coagulation 
tests should be interpreted with caution if the time window between 
blood sampling and NOAC intake is unknown. Therefore, a time 
window of at least 24 h is recommended between the last intake 
of a NOAC and blood sampling to assess coagulation parameters 
and this time window may be even longer for lupus anticoagulant 
measurements (≥48 h).10

Because NOACs may have an additional impact on the INR 
(especially the FXa inhibitors), influencing the measurement while 
on combined treatment during the overlap phase, it is important  
that the INR be measured just before the next intake of the NOAC 
during concomitant administration, and be retested 24 h after the 
last dose of the NOAC (during sole VKA therapy).
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Table 1: Coagulation assays for NOACs

Dabigatran Rivaroxaban Apixaban Edoxaban

Plasma peak/trough 
level (after ingestion)

2h/12-24h 2-4h/16-24h 1-4h/12-24h 1-2h/12-24h

PT Cannot be used
Advantage: linearity of dose-response curve, availabilty.
Disadvantage: standardization and responsiveness to 
drug concentration problem

Prolonged
Advantage: linearity of dose-response curve, 
availabilty and responsiveness to drug concentration
Disadvantage: standardization ? 

Cannot be used prolonged

INR Cannot be used Cannot be used Cannot be used Cannot be used

aPTT At trough:>2xULNSuggest bleeding risk
Advantage: responsiveness to drug concentration, 
availabilty.
Disadvantage: standardization and linearity of dose-
response curve problem

Cannot be used
Advantage: linearity of dose-response curve, 
availabilty and responsiveness to drug concentration
Disadvantage: standardization problem

Cannot be used Prolonged but bleeding risk?

dTT At trough:>200 ng/ml or >65s Suggest bleeding risk
Advantage: linearity of dose-response curve, availabilty 
and responsiveness to drug concentration
Disadvantage: standardization ?

Cannot be used Cannot be used Cannot be used

ECT At trough:>3xULN
Suggest bleeding risk
Advantage:responsiveness to drug concentration, 
linearity of dose-response curve

Not affected Not affected Not affected

Anti-FXa assay Not applicable Quantitative; threshold values for bleeding?
Advantage: linearity of dose-response curve, 
responsiveness to drug concentration
Disadvantage: standardization, availabity

Quantitative; threshold 
values for bleeding?

Quantitative; threshold values 
for bleeding?

PT, prothrombin time; INR, international normalized ratio; aPTT, activated partial thromboplastin time; dTT, diluted thrombin time; ULN, upper limit of normal.
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