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Happy Holidays
Dhanunjaya Lakkireddy MD, Andrea Natale MD

Dear colleagues
We welcome you to the Holiday edition of JAFIB. Hope you had 

a great Halloween. We just wrapped up Thanksgiving here in the 
United States. Everyone seems to be getting ready for the Holiday 
season. The Asia Pacific Heart Rhythm Symposium was hosted in 
New Delhi with great fanfare. Despite the ongoing Ebola scare there 
was great attendance from all parts of the world. Congratulations to 
the organizers on putting together an excellent meeting. As expected 
the faculty was fantastic and a great deal of electrophysiology was 
covered.  The AF-VT-VF Summit is ready to take off in Chicago in 
a week. This two day symposium provides a quick update on the core 
disease spectrum in the practice of clinical electrophysiology. 

Another exciting meeting is the third iteration of the International 
Symposium on Left Atrial Appendage (ISLAA 2015) to be held in 
Los Angeles from February 5-6, 2015. This meeting offers the state-
of-the-art in Left Atrial Appendage Exclusion. It is a very unique 
multi-specialty meeting that bring together the Electrophysiologists, 
Interventional cardiologists, Cardiac Surgeons, Neurologists and 
Neurosurgeons together to address the risk of stroke and bleeding 
in patients with Atrial Fibrillation. Several important aspects of 
the stroke prophylaxis in AF patients who are anticoagulation 
eligible, failed and ineligible will be addressed. Despite several large 
trials involving the endocardially placed exclusion devices like the 
Watchman, approval from FDA seems to be rather slow to come. 
The entire field of LAA is at an interesting stage where all further 
progress seems to be contingent on FDA’s decision on the Watchman 
device. A historical third panel on the clinical efficacy and safety of 
this device was convened in October with a close vote to decide 
its future. This state of uncertainty really leaves thousands of AF 
patients who are ineligible for oral anticoagulation in a precarious 
situation with continued risk of fatal bleeding or willful exposure 
to the risk of strokes. There is an interesting wave of disapprovals 
from individual state Medicare carriers declining coverage for LAA 
exclusion devices, which further pushes the advances back. It Is time 
we reconcile the issues at hand and move forward with an important 
technology and field of study that’s going to redefine our ability to 
provide appropriate care for many AF patients.

Happy Holidays
Best wishes for a Happy New Year 
Dhanunjaya Lakkireddy MD
Andrea Natale MD

Dhanunjaya (DJ)Lakkireddy
MD, FACC, FHRS

Associate-Editor
JAFIB

Andrea Natale
MD, FACC, FHRS, FESC

Editor-in-Chief
JAFIB
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Non-Invasive Estimation Of Left Atrial Dominant Frequency In 
Atrial Fibrillation From Different Electrode Sites: Insight From 
Body Surface Potential Mapping 
Marjan Bojarnejad, James R Blake, John Bourke, Ewan Shepherd, Alan Murray, Philip Langley

Marjan Bojarnejad, Institute of Cellular Medicine, Newcastle University, Medical School, Newcastle upon Tyne, NE2 
4HH.  James R Blake, Regional Medical Physics Department, Royal Victoria Infirmary, Newcastle upon Tyne, NE4 1LP.  
John Bourke, Cardiology Department, Freeman Hospital, Newcastle upon Tyne, NE7 7DN . Ewan Shepherd, Cardiology 
Department, Freeman Hospital, Newcastle upon Tyne, NE7 7DN . Alan Murray, Institute of Cellular Medicine, Newcastle 
University, Medical School, Newcastle upon Tyne, NE2 4HH . Philip Langley, School of Engineering, University of Hull, 
Hull, HU6 7RX.

Abstract
The dominant driving sources of atrial fibrillation are often found in the left atrium, but the expression of left atrial activation on the body 

surface is poorly understood. Using body surface potential mapping and simultaneous invasive measurements of left atrial activation our 
aim was to describe the expression of the left atrial dominant fibrillation frequency across the body surface.

20 patients in atrial fibrillation were studied. The spatial distributions of the dominant atrial fibrillation frequency across anterior and 
posterior sites on the body surface were quantified. Their relationship with invasive left atrial dominant fibrillation frequency was assessed 
by linear regression analysis, and the coefficient of determination was calculated for each body surface site.

The correlation between intracardiac and body surface dominant frequency was significantly higher with posterior compared with anterior 
sites (coefficient of determination 67±8% vs 48±2%, p<0.001). The site with largest coefficient of determination was 79.6% (p<0.001) and 
was a posterior site. In comparison with the site closest to lead V1 it had a coefficient of determination of 23.0% (p=0.033), and with the 
posterior body surface site closest to lead V9 had a coefficient of determination of 70.3% (p<0.001).

Left atrial dominant fibrillation frequency was more closely represented at posterior body surface sites.
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Introduction
Atrial fibrillation (AF) is distinguished by fast and irregular 

electrical activity of the atria. The prevalence of AF in the developed 
world is approximately 2% of the general population, with the 
average age of 75 years.1 Un-medicated patients in AF have a much 
higher risk of stroke and AF may be a common etiological factor for 
one quarter of strokes with unknown cause.2 Ablation has become 
a common treatment option for AF with the aim of restoring sinus 
rhythm by targeting atrial high dominant frequency (DF) fibrillation 
foci or drivers of AF. Clinical assessment of atrial DF foci is based on 
invasive electrophysiological (EP) studies. Such studies typically take 

several hours and it would be highly desirable to have a preliminary 
assessment of atrial DF drivers non-invasively prior to undertaking 
the invasive procedure. Several studies have shown that there is strong 
correlation between invasively measured intracardiac activation rates 
and DF measured from the body surface ECG.3 Typically, lead V1 
has been used for this assessment since it exhibits a high amplitude 
atrial signal compared to other ECG leads.4  However, the 12-lead 
ECG is not specifically designed to record atrial activity prompting 
a number of studies to assess more optimal lead configurations.5 Nor 
is it well understood how electrical activity from the LA contributes 
to the ECG. This is important since the high frequency drivers of the 
arrhythmia are predominantly found in the left atrium (LA).6 Studies 
have shown that additional information about the atrial activity can 
be obtained from adaptation of the 12-lead ECG by additional leads 
on the back (V7, V8 and V9).5,7,8 A technique using many additional 
leads to the 12-lead ECG known as body surface potential mapping 
(BSPM) allows greater spatial coverage of the torso for investigating 
optimal sites for observing atrial activity.9,10 The aim of this study was 
to investigate the spatial distribution of dominant atrial fibrillation 
frequency using body surface potential mapping and to determine 
the sites with dominant frequencies which are representative of 
the invasively recorded left atrial electrogram (EGM) dominant 
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in Figure 1.
Intracardiac recordings comprised 5 bipolar signals acquired by 

a decapolar pulmonary vein ablation catheter (PVAC) (Ablation 
Frontiers, CA, USA) and recorded on a Bard EP system (Figure 
1). The catheter was positioned inside the LA against one of the 
pulmonary veins.
Body Surface Dominant Frequency

The DF of BSPM recordings was derived according to a previously 
published procedure.11,12,13 Specifically, the BSPM recordings were 
down-sampled from the original sample rate of 2048 Hz to 512 Hz. 
This allowed reduction of computation time and memory requirement 
without loss of atrial spectral information since AF exhibits DF in 
the low frequency range, typically 3-9 Hz.14 The Wilson Central 
Terminal was computed and subtracted from the signals recorded 
at the 64 body surface sites to obtain 64 precordial leads. Baseline 
wander and high frequency noise were removed using a band-pass 
filter with bandwidth of 0.5 to 100 Hz (second order, infinite impulse 
response (IIR), elliptical filter). Automatic ventricular beat detection 
was carried out by means of a threshold-based QRS detector and 
all detected beats confirmed by visual inspection. Averaged-QRST 
template beat subtraction with morphology clustering was used to 
suppress the ventricular activity, leaving the residual AF signal for 
further analysis.13 Power spectral density (PSD) of the AF signal 
was computed with a resolution of 0.125 Hz using the Welch 
periodogram with a sliding Hamming window of 8 seconds and a 1 
second overlap. DF was calculated for each BSPM site as the PSD 
frequency component with the highest power in the AF frequency 
range of 3-9 Hz.
Intracardiac Dominant Frequency

DF of the LA recordings was derived using the technique of 
Botteron and Smith.15,16 Specifically, the bipolar recordings were 
down-sampled from the original sample rate of 1000 Hz to 512 Hz 
in accordance with the BSPMs. They were then band-pass filtered 
(40-250 Hz, second order, IIR, Butterworth) and any far-field 
ventricular activity cancelled. Following rectification and further 
low-pass filtering (20 Hz), PSD and DF were calculated in the same 
manner as for the BSPM recordings.

Data Analysis
Colour maps of body surface DF were plotted for each subject 

from which the structure of the spatial variation in body surface DF 
could be observed. Spatial variability in body surface DF was also 
quantified by statistical summary data presented as boxplots.

frequencies.
Methods
Study Group

20 patients admitted for AF catheter ablation to Freeman 
Hospital were analysed. Ethical approval for the study was granted 
and informed consent was obtained from all patients. There were 7 
cases of persistent AF and 13 cases of paroxysmal AF.  Subjects were 
predominantly male (17 male vs 3 female) and had a mean (sd) age 
of 60 (9) years and body mass index of 29 (5) kg/m2. Table 1 provides 
the individual patient characteristics.
Data Recordings

Two minute recordings of the heart electrical activity were obtained 
simultaneously from BSPM and intracardiac catheterisation in 
the EP lab prior to the ablation procedure. BSPM comprised 64 
monopolar leads and 3 bipolar limb leads acquired using the BioSemi 
ActiveTwo™ recording system (BioSemi, Amsterdam, Netherlands). 
The spatial arrangement of the body surface electrodes is illustrated 

Table 1: Patient characteristics  

Subject
        Gender

     Age (year)   BMI (kg/m2)
         AF classification

Male Female Paroxysmal Persistent

1 √ 55 26.3 √

2 √ 69 25.9 √ 

3 √ 61 24.0 √

4 √ 68 27.7 √

5 √ 72 28.1 √

6 √ 66 25.0 √

7 √ 61 38.5 √

8 √ 68 33.3 √

9 √ 56 24.3 √

10 √ 56 26.3 √

11 √ 52 33.7 √

12 √ 40 26.2 √ 

13 √ 64 28.4 √

14 √ 61 26.3 √

15 √ 59 27.2 √

16 √ 71 39.0 √

17 √ 63 34.8 √

18 √ 70 30.9 √

19 √ 47 27.9 √

20 √ 49 26.2 √

Figure 1:

Illustration of 64-lead BSPM positions on the body surface (top), and PVAC inside the LA (bottom).  The 64 leads from the body surface 
were arranged in 8 flexible rubber strips (length of 33 cm), with 8 electrodes on each strip (each 45 mm apart), 4 strips located on the 
anterior torso (32 anterior electrodes), and 4 strips located on the posterior torso (32 posterior electrodes). The intracardiac catheter was 
a 10-electrode catheter with 3 mm long electrodes and 3 mm spacing between each electrode (bottom left) and positioned within the left 
atrium (bottom right).  Intracardiac bipolar signals were derived from each adjacent pair (5 pairs) of electrodes. 
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We assessed the temporal stability of the recordings by analysing 
the differences in median DFs across sites between the first and 
second minute of the recordings for which no significant differences 
were found for either body surface (median (IQR) minute 1: 5.75 
(4.8 - 6.4) Hz vs minute 2: 5.8 (4.9 - 6.1) Hz) or intracardiac (minute 
1: 5.9 (4.9 - 6.2) Hz vs minute 2: 5.6 (5.1 - 6.1) Hz) recordings.
Relationship Between Body Surface And Left Atrial Dominant 
Frequencies

Figure 3 compares the DF from body surface and left atrial 
sites. The median values agreed within 1 Hz but there were large 
differences when considering individual leads. For example, for 
subject 10, although median body surface and LA DF agreed within 
0.07 Hz, differences in DF in some individual leads from median LA 
DF were more than 2 Hz. The DF map for this subject (Figure 2) 
showed a large area of low DF in the left anterior sites, much lower 
than median LA DF of 6 Hz. Note that for the subjects with no 
spatial variation in DF (subjects 3 and 8), there was no difference 
between the body surface and LA DF. 

Figure 4 shows the regression plots for the anterior site 22 
(equivalent to V1) and the posterior site 46 (equivalent to V9). 
V1 had R2=23.0%, p=0.033 and V9 had R2=70.3%, p< 0.001. The 
distribution of R2 across the body surface is illustrated in Figure 5. 
R2 was significantly higher on posterior compared with anterior sites 
(67±8% vs 48±2%, p<0.001). The greatest correlation across all sites 
was at posterior site 59 (R2=79.6%, p<0.001). Site 16 had the highest 
correlation of the anterior sites (R2=68.1%, p<0.001).
Discussion

It has previously been shown that frequency analysis of the 
surface ECG may prove useful for non-invasive assessment of the 
electrophysiological state of the atria in patients with AF.9,14 In this 
study the linear relationship between left atrial activations and body 
surface DF was investigated using BSPM. This has not previously 
been studied. Previous works have carried out similar studies, but 
they have been performed with different body surface resolution or to 
explore different sources of atrial activations. For example, in a study 
on 14 patients it was observed that body surface DFs were localised 
to the nearest atrium and were able to capture the regional differences 
in atrial activation rates.9 Also, it has been shown that there is good 
correlation between body surface and invasive atrial activity in AF 

The variability in DF across the 5 LA intracardiac bipoles was 
quantified by statistical summary data presented as boxplots.

Statistical differences of DF between subjects were assessed by the 
Friedman test for related samples.

Using DF measurements for all subjects the linear correlation 
between median LA DF (i.e. invasively measured DF) and DF at 
each body surface site was calculated using regression analysis and 
the agreement quantified by coefficient of determination (R2).

To compare specific anterior and posterior body surface positions, 
sites 22 and 46 were chosen. Site 22 was the closest to lead V1 
electrode position which is commonly used for analysis of AF on 
account of its high amplitude atrial signal. Site 46 was the closest 
to lead V9 electrode position, which has been suggested as a lead 
with good representation of the LA activity.5,7,8 For all tests the null 
hypothesis was rejected if the p-value was less than the significance 
level of 0.05.
Results
Body Surface Spatial Distribution Of DF And Its Variability 
Between Subjects 

The majority of subjects exhibited spatial variability of DF across 
the body surface as illustrated in Figure 2. However, two subjects 
had a constant DF across all body surface sites (subjects 3 and 8), 
although they did not have the same DF.

As expected there was a significant difference in body surface DF 
between subjects with subject median values ranging from 4.2 Hz 
(subject 12) to 7.5 Hz (subject 11) (p<0.001, Friedman test). Similarly, 
from the intracardiac recordings, the LA DF showed a significant 
difference between subjects with median values ranging from 4.4 Hz 
(subject 19) to 7.2 Hz (subject 7) (p<0.001, Friedman test). 

For each subject considering the median DF across sites, the DFs 
were significantly higher for persistent AF compared to paroxysmal 
AF cases for both body surface (mean (sd) 6.4 (0.5) Hz vs 5.4 (0.9) 
Hz, p = 0.02) and intracardiac recordings (6.1 (0.7) Hz vs 5.3 (0.7) 
Hz, p = 0.03).

Figure 2:

Spatial distribution of dominant frequencies from the body surface 
for each subject (identified as 1 to 20). Colours represent dominant 
frequencies and the maps are in accordance with the electrode 
positions illustrated in Figure 1 with the anterior sites shown 
on the left and posterior sites on the right for each subject.  The 
clinical AF classification for each patient is shown adjacent to the 
subject number.

Figure 3:

Dominant frequencies of body surface (light gray) and left atrium 
(dark gray) sites for each subject.  Asterisks give the median across 
all recording sites (64 body surface sites, 5 pairs of left atrial 
sites) for each subject. The box is the inter-quartile range (IQR), 
and whiskers extend to the smallest and largest non-outliers. Not 
shown are outlying values which are dominant frequencies 1.5 
x IQR above (below) the upper quartile (lower quartile). Subject 
numbers of persistent AF cases are underlined.
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It should be noted that the study has several limitations. Particularly, 
although comparable to other studies, a relatively small number of 
patients were studied.  This precluded an analysis of the correlation 
between body surface and intracardiac DF for subgroups of persistent 
and paroxysmal AF cases. Moreover, relatively small numbers of 
recording sites in the left atrium have been used to represent the 
left atrial activations. Extensive invasive mapping studies were 
not available, nor were invasive recordings in the RA available. 
Consequently, it was not possible to relate right atrial activations to 
the body surface recordings. However, this study was not designed to 
identify the driving source for AF in the individual patient. 
Conclusion:

Left atrial dominant fibrillation frequency is more closely 
represented by the dominant frequencies at posterior body surface 
sites.
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Figure 5:

Linear regression of body surface and LA median DF displayed as a 
spatial map to identify spatial differences in R2. Colours represent 
the correlation values. Posterior sites (right panel) exhibited the 
highest correlations with R2 values of up to almost 80%. 
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Left Atrial Diastolic Dysfunction And Pulmonary Venous 
Hypertension In Atrial Fibrillation:  Clinical, Hemodynamic And 
Echocardiographic Characteristics
J. Thomas Heywood, MD1, FACC, Srikanth Seethala, MD1, Tariq Khan, MD1, Allen Johnson MD, FACC1, Michael
Smith, MD1, David Rubenson, MD, FACC1, Eric Reynolds, RDCS
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Abstract
Background:  Left ventricular diastolic dysfunction has been well described; diastolic abnormalities of the LA are less frequently recognized 

and poorly understood.  
Objective: The purpose of this study was to investigate the clinical, hemodynamic and echocardiographic features of left atrial (LA) 

diastolic dysfunction.
Methods: Patients with atrial fibrillation (AF), severe LA enlargement, and pulmonary venous hypertension (PVH, Group 1) were compared 

to patients with pulmonary arterial hypertension (PAH), normal LA size and sinus rhythm (Group 2).  All underwent right heart catheterization 
and transthoracic echo to evaluate hemodynamics and LA function. Mitral regurgitation was evaluated by transesophageal echocardiography. 
LA diastolic function was measured by comparing filling fraction, pulmonary venous flow and compliance. 

Results: Right atrial, pulmonary artery systolic and mean pressures were similar.  Mean wedge pressure were increased in Group 1, 
20.8±2.6 versus 9.7±2.8 mm of Hg (p<0.0001). The most striking hemodynamic difference was large V wave in Group 1 without significant 
mitral regurgitation.  LA filling fraction was abnormal in Group 1, 11.4%±8.5 compared to Group 2, 111.5%±44 (p<0.0001). LA compliance 
was 0.39±0.27 ml/m2/mmHg in Group 1 versus 6.8±4.54 ml/m2/mmHg in Group 2 (p=0.001).  There was a strong negative correlation 
between the V wave and LA filling fraction (r= 0.756, p<0.001).  The ratio of the height of the transmitral E wave divided by the S/D ratio (the 
LA diastolic dysfunction index) correlated very strongly with the V wave (r=0.907, p<0.001).  

Conclusion:  LA diastolic dysfunction is present in some patients with long standing AF and PVH. LA diastolic dysfunction, in addition to left 
ventricular diastolic dysfunction, may contribute to the syndrome of heart failure with preserved left ventricular systolic function.  
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Introduction
There has been increased awareness on the association of left atrial 

size and prognosis.1 As the left atrium enlarges there is the attendant 
risk of the development of atrial fibrillation, which independently 
increases overall mortality and stroke.1,2 The left atrium plays a 
complex role in cardiac physiology; functioning as a booster pump, 
reservoir and conduit for blood entering the left ventricle.3 The 
contractile function of the left atrium has been extensively evaluated, 
and much effort and expense is deployed to maintain sinus rhythm, 
often with unclear benefit.4 There has been less consideration of the 
reservoir or diastolic function of this chamber, although models 
predict that impaired left atrial compliance could result in increased 
pulmonary venous pressures and an overall decrease in cardiac 
output.5, 6

In 1988, Pilote et al. reported a case of pulmonary hypertension 
and severe right ventricular failure in patient following mitral valve 

replacement. Invasive hemodynamics and ventriculography revealed 
normal prosthetic valve function without regurgitation or stenosis.7 

The most striking finding was a large V wave in the pulmonary artery 
wedge position, confirmed by a direct transeptal measurement.  They 
speculated that these findings were the result of impaired filling 
of a very noncompliant left atrium, naming it the stiff left atrial 
syndrome. Since that time there have been a few reports confirming 
their findings, most often in patients with prosthetic mitral valves or 
mitral stenosis. In these cases the patients had enlarged left atria and 
large V waves in the pulmonary artery wedge position.8, 9

Left atrial dysfunction and enlargement is common with mitral 
valve disease, especially in association with atrial fibrillation.10 Indeed, 
atrial fibrillation may play a key role in reducing left atrial compliance 
simply because with atrial fibrillation there is no active atrial emptying 
(no pump function) so that the chamber is by necessity more full when 
blood enters from the pulmonary veins.5 Hence, loss of pump function 
may significantly impair reservoir function. Left atrial dysfunction 
associated with atrial fibrillation may be associated with left atrial 
noncompliance even in the absence of mitral valve disease.  To test 
this hypothesis we evaluated hemodynamic and echocardiographic 
parameters of left atrial function in patients undergoing right heart 
catheterization for characterization of pulmonary hypertension. 
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pulmonary velocity during systole (S wave) and diastole (D wave) 
were measured in each patient.

In addition, a detailed analysis of the size and function of the 
left atrium (LA) was undertaken. Left atrial biplane volumes were 
derived from traced apical 4 chamber (Ap4C) and apical 2 chamber 
(Ap2C) areas at both end systole and end diastole.11 

LA volume index (LAVi) was calculated using the standard 
formula:

LAVi (ml/m2) = 0.85 (Ap4c area x Ap2c area)/shortest long-axis 
dimension/Body Surface Area

LA volume calculation was performed at both end atrial diastole 
and end atrial systole. End-atrial diastole was defined as the frame 
immediately before MV opening while end-systole corresponded to 
the frame immediately before MV closure. In Group 1 patients since 
all were in AF, “atrial systole” per se did not exist but defined as above. 
A minimum of three end-systolic and end-diastolic biplane volumes 
were performed and averaged. 

The resulting volumes were then used in the calculation of the LA 
filling fraction, or difference in indexed LA volume between atrial 
systole and diastole volume indexes divided by volume at end-atrial 
systole x100. In other words, the maximum LA volume-minimum 
LA volume/ minimum LA volume x100 was defined as the left atrial 
filling fraction.12

Transesophageal Echocardiography
Transesophageal echocardiography (TEE) was performed 

using an IE33 system with an X7-2T probe (Philips). A standard, 
comprehensive TEE was performed on each patient according to 
institutional protocol. Particular attention was paid to assessing the 
degree of mitral regurgitation, if present, and to rule out pulmonary 
venous pathology. Patients were excluded from the study that had 
greater than mild mitral regurgitation using accepted qualitative 
and quantitative criteria obtained during the transthoracic and 
transesophageal Doppler exams. These criteria included the mitral 
regurgitation color flow jet area, continuous wave jet density, vena 
contracta width and effective regurgitation orifice area based upon 
the proximal isovelocity surface area (PISA) method.13

Right Heart Catheterization
Right heart catheterization was performed in the standard fashion 

via right femoral vein access, using a Swan-Ganz catheter under 
direct fluoroscopic guidance. Intracardiac and pulmonary artery 

Methods
Consecutive patients scheduled for right heart catheterization 

for the evaluation of elevated pulmonary artery pressure were 
screened. Patients underwent transthoracic echocardiography and 
transesophageal echocardiography to assess hemodynamics and 
cardiac structure. They then underwent right heart catheterization 
on the same day.  Patients were subsequently divided into two groups. 
Group 1 consisted of patients with pulmonary venous hypertension 
with a mean pulmonary capillary wedge pressure >15 mmHg, and 
non-valvular atrial fibrillation.

Group 2 patients had pulmonary arterial hypertension by the 
standard criteria, with a mean pulmonary capillary wedge pressure 
<15 mmHg and a mean pulmonary artery pressure >25 mmHg.

All patients provided written informed consent, and the study was 
approved by the Institutional Review Board of the Scripps Office for 
the Protection of Research Subjects.
Transthoracic Echocardiography

Transthoracic echocardiography was performed using an IE33 
system (Philips Medical Systems, Bothell, Washington), with an 
S5-1 probe. This study included a comprehensive transthoracic 
echocardiogram utilizing 2D, Doppler, and M-mode imaging.  The 
data from three to six consecutive beats was averaged for all Doppler 
measurements. The pulmonary vein flow velocities were measured 
using a pulsed-wave Doppler sample volume placed approximately 1 
cm into the ostium of the right upper pulmonary vein.  The highest 

Table 1: Hemodynamic differences between groups

Group 1
(Pulmonary Venous 
Hypertension)

Group 2
(Pulmonary Arterial 
Hypertension)

p-value 

Right Atrial (mmHg) 13.8±4.9 12.3±6.8 NS

RV Systolic 58.8±9.4 67.7±23.9 NS

RV Diastolic 13.7±3.7 15.7±5.5 NS

Pulmonary Artery Systolic 58.8±9.5 67.7±21.4 NS

Pulmonary Artery Diastolic 24.4±5.2 36.3±14.8 0.043

Pulmonary Artery Mean 36.6±6.0 47.5±15.3 0.072

Mean PA Wedge 20.8±2.6 9.7±2.8 <0.0001

Peak V Wave Pressure 33.7±3.5 14.7±4.8 <0.0001

V Wave Height 14.6±4.3 2.2±0.7 <0.0001

Cardiac Index (L/min/m2) 2.1±0.6 1.8±0.4 NS

LVEF (%) 57.8±16 70.2±9.8 NS

LA Size (ml/m2) 55.7±15 24.8±10.8 0.001

TAPSE 1.5±0.4 1.7±0.8 NS

LA Filling Fraction (%) 11.4±8.5 111.5±44 <0.0001

LA Compliance (ml/m2/mmHg) 0.39±0.27 6.73±4.54 0.001

Pulmonary Vein (cm/sec)

S-Wave 26.2±7.0 58.8±10.8 <0.0001

D-Wave (cm/sec) 91.7±18.4 39.3±17.3 <0.00017

  S/D 0.29±0.06 1.8±0.99 <0.0001

Mitral E-Wave (cm/sec) 116±21 78±0.33 0.018

E-Wave/S/D (cm/sec) 415±94 58±41 <0.0001

Tricuspid Regurgitation 2.6±1.0 1.0±1.5 0.034

Figure 1:

Right atrial, systolic pulmonary artery and mean pulmonary 
artery pressure (mean and standard deviation) in Group 1 
(Pulmonary venous hypertension) and Group 2 (Pulmonary arterial 
hypertension).  
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Group 2 patients (n=6) had pulmonary arterial hypertension (PAH) 
with elevated mean pulmonary artery pressures, >25 mmHg with a 
pulmonary artery wedge pressure <15 mmHg.

Group 1 consisted of seven men and two women with an mean age 
of 81.1±4.4; all but one patient in Group 2 were women, average age 
64.8±15.5 years p=0.01. Whereas all patients in Group 1 had atrial 
fibrillation with an average duration of this rhythm of 5.3±4.7 years, 
all patients in Group 2 were in sinus rhythm. Eight of nine patients 
in Group 1 had been admitted for heart failure whereas only two 
patients in Group 2 had been, p=0.088. The left ventricular ejection 
fraction was not different between the groups, 57.8±16% versus 
70.2±9.8%, p=ns. However, the left atrial size differed significantly, 
55.7±15 ml/m2 in Group 1 and 24.8±10.8 ml/m2 in Group 2, 
p=0.001.
Hemodynamic Findings

The mean right atrial pressures was elevated in both groups 
indicating some degree of right ventricular failure, 13.8±4.9 mmHg 
for Group 1 and Group 2, 12.3±6.8 mmHg, p=ns. Similarly RV 
systolic, diastolic, pulmonary artery systolic and diastolic pressures 
were not statistically different between the two groups (Table 1 
and Figure 1). The mean pulmonary artery wedge pressures were 
significantly different however, 20.8±2.6 mmHg in Group 1 and 
9.7±2.8 mmHg for Group 2, p<0.0001. More strikingly in Group 
1 there was a V wave present, often quite large, despite the fact that 
no patient had more than mild mitral regurgitation. Large V waves 
(defined as an increase of ≥10 mmHg from nadir to peak) were 
present in eight patients in Group 1 versus none in Group 2 (Figure 
2). The absolute V wave pressure was 33.7±3.5 mmHg (Group 1) 
compared to 14.7 ± 4.8 mmHg in Group 2, p<0.0001 (Figure 3). The 
average change in wedge pressure from the beginning of the V wave 
to its peak was 14.6±4.3 mmHg in Group 1 and 2.2±0.7 mmHg in 
Group 2, p<0.0001. The V waves represented a greater proportion of 
pulmonary artery systolic pressure in Group 1, 59% versus 24% for 
Group 2, (p<0001). The cardiac index by estimated Fick was reduced 
in both the groups, 2.1 L/min/m2 in Group1 and 1.8 p=L/min/m2 
in Group 2, p=ns. 
Left Atrial Filling and Diastolic Function

The LA filling fraction (change in LA volume index from end 
atrial systole to end atrial diastole divide by end atrial systolic volume 
x100) was very low in Group 1, 11.4±8.5% whereas it was much 
larger in Group 2, 111.5±44%, p<0.0001. As would be expected 
pulmonary venous Doppler measures of inflow velocity were greatly 
reduced during atrial filling (ventricular systole) in Group 1.  The 
peak velocity of the S wave (ventricular systole, atrial diastole) was 
26±7.0 cm/sec compared to 59±10.8 cm/sec in Group 2, p<0.0001. 
Since atrial filling during diastole was so impaired in Group 1, inflow 
increased with the opening of the mitral valve with a corresponding 
increase in the D wave velocity, 91.7±18.4 cm/sec compared to only 
39.3±17.3 cm/sec in Group 2, p=0.00017 (Table 1).

Left atrial compliance, the change in diastolic volume/change 
in pressure during atrial diastole was greatly reduced in Group 1, 
0.39±0.27 ml/m2/mmHg as compared to 6.8±4.54 ml/m2/mmHg 
in Group 2, a 15-fold reduction in compliance, p=0.001. There was a 
good correlation between the size of the V wave (base to peak) and 
left atrial filling fraction, r=-0.756, p=0.001 (Figure 4) or the ratio 
of S/D, r=-0.699 p=0.004. Since a large V wave indicates increased 
LA pressure this should increase flow into the left ventricle in early 

pressures were documented. Pulmonary artery wedge pressures were 
measured and the height of the systolic pressure wave (V wave), 
when present, was measured. For patients in AF the pressures of 5 
consecutive beats were measured and averaged. Oxygen saturation in 
the pulmonary artery wedge position was obtained and used to verify 
that the pressures reflected a true wedge position (LA saturation 
>95%). The cardiac outputs were calculated using the estimated Fick
and thermodilution methods, but only the estimated Fick cardiac
outputs are reported because of the severity of tricuspid regurgitation
in many of the study patients.14

The change in pressure from between the beginning of the 
pulmonary capillary wedge pressure V wave to the maximum height 
of the V wave was then measured, and used to determine left atrial 
compliance. 

This was defined as the change in echocardiographically-derived 
LA volume index divided by difference in the catheter-derived 
pressure from the nadir to the peak of the V wave.15

Statistical Analysis
All data are presented as mean ± SD. The means for variables were 

compared by an unpaired Student’s t test.  The Fisher exact test was 
used to compare categorical data. Correlations between variables 
were determined by Pearson’s correlation. Data was analyzed using 
Statistics for Social Sciences (SPSS) version 17, Chicago, Illinois. A 
p-value <0 05 was considered statistically significant. 

Twenty-one patients were enrolled in the study, but six were
excluded because of prosthetic mitral valve disease (one), more than 
mild mitral regurgitation (four) or absence of atrial fibrillation (one) 
(in those with pulmonary venous hypertension). The remaining 
patients and were divided into two groups. Group 1 (n=9) patients 
had pulmonary hypertension with elevated pulmonary artery wedge 
pressure, >15 mmHG (termed pulmonary venous hypertension, 
PVH). In addition they had evidence of LA enlargement and AF. 

Figure 2:

Panel A. The right panel is a representative tracing from a patient 
in Group 1 with a prominent V wave.  The left panel is from a 
patient in Group 2 with normal and V waves.
Panel B.  The right panel shows the pulmonary vein flow from a 
patient in Group 1 demonstrating reduced systolic (S) velocity and 
proportionally increased diastolic velocity (D wave).  The left panel 
is the pulmonary vein tracing from a patient in Group 2 with more 
normal systolic velocity
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V waves (≥10 mmHg). In a study of patients with rheumatic mitral 
stenosis, the strongest predicator of the pulmonary artery systolic 
pressure was the height of V wave.9 Undoubtedly there is a complex 
interplay between LV and LA diastolic dysfunction. LV diastolic 
dysfunction begets left atrial enlargement and the predisposition to 
AF. Higher LV filling pressures increase LA pressure. Nonetheless 
poor left atrial compliance manifested by a large V wave further 
increases systolic loading of the right ventricle due to increased 
pulmonary venous hypertension. 

Echocardiography has been a powerful tool for evaluating both 
LV diastolic and LA function. Left atrial pumping function has been 
the major focus, but diastolic properties of this chamber have also 
been reported.5, 11 Indeed, they are intimately related because if the 
atrium loses pumping function and cannot empty then, by necessity, 
its volume will increase for the next diastolic filling period. Normal 
filling fraction for the left atrium has been reported by Shin et al to 
vary from 171% in normals to 95% in patients with hypertrophic 
cardiomyopathy.12 This value was somewhat higher than the range 
of 58 to 134% seen in Group 2 patients with pulmonary arterial 
hypertension and normal left atrial size and sinus rhythm. Group 
1 patients had a mean atrial filling fraction of 11% indicating very 
little change in volume during atrial diastole and very much less 
than the 95% filling fraction reported by Shin whose patients had 
hypertrophic cardiomyopathy but were in sinus rhythm.

Pulmonary venous flow is another means to evaluate atrial and 
ventricular diastolic function.20, 21 Up to four distinct waves may 
normally be seen. S1 which occurs in atrial systole, S2 later in atrial 
diastole and is thought to be produced blood moving into the LA 
from the pulmonary veins as a result of right ventricular contraction.18 
The D wave which begins with the opening of the mitral valve and 
the movement of blood passively from the pulmonary vein, through 
the LA and into the left ventricle. The D wave represents the conduit 
function of the LA. Finally, the AR wave (A reversal wave) which is 
the retrograde movement of blood backward into the pulmonary vein 
with atrial systole. In AF with the loss of atrial systolic function the 
S1 and the AR waves are not seen. Moreover, the S2 or just S wave is 
typically attenuated, although there was no difference in the D wave 

diastole, there should be a correlation between E wave peak velocity 
and the size of the V wave which was found, r=0.64, p=0.01. An 
improved relationship was found by dividing the peak E wave velocity 
by an index of impaired atrial filling, the ratio of the S/D waves. This 
parameter termed the “left atrial diastolic dysfunction index” clearly 
separated the two groups and produced a very strong correlation with 
the size of the V wave, r=0.907, p<0.001 (Figure 5). This index when 
above 250 cm/sec is associated with a moderate to large V wave in 
this limited data set and thus may be a useful noninvasive marker of 
impaired LA diastolic filling or LA diastolic dysfunction. A larger 
series of patients will be required to establish the clinical predictive 
power of this index. 
Discussion

As the population ages the development of AF will be a growing 
health care burden.3 The role of AF as a strong and independent risk 
factor for stroke and mortality has been well described.1, 4 AF is also 
risk factor for the development of congestive heart failure.16 The 
loss of sinus rhythm may lead to a reduction in cardiac output when 
the “booster pump” function of atrial contraction is lost.17 However, 
it appears that diastolic properties of the left atrium may be also 
important in the development of increased LA pressure leading to 
pulmonary venous hypertension. 

A small number of patients with left atrial noncompliance or 
“stiff left atrial syndrome” have been described previously.7, 8 Blood 
entering the noncompliant left atrium results in a steep pressure rise 
in a similar fashion to the left ventricle with diastolic dysfunction. 
Fitchett created an electronic analog model of cardiac function in 
which left atrial compliance could be varied to study the effect on 
hemodynamics.18 The model predicted a marked increase in atrial 
pressure following the onset of ventricular systole (atrial diastole) 
with blood moving into the atrium from the pulmonary veins when 
LA compliance was reduced. 

In the current study, the mean wedge pressure in Group 1 patients 
was 20.8±2.6 mmHg indicating some degree of left ventricular 
diastolic dysfunction. However, the most striking hemodynamic 
finding was a large V wave in the pulmonary artery wedge tracing 
(Figure 2 and Table 1). Although a V wave may be indicative of 
severe mitral regurgitation, the patients had no more than mild 
mitral regurgitation by both transthoracic and transesophageal 
echocardiography. Fuchs et al have shown that large V waves are 
neither sensitive nor specific for mitral regurgitation.19 Eight out of 
nine patients in the pulmonary venous hypertension group had large 

Figure 3:
Significant differences exist between the mean pulmonary artery 
wedge pressure and the peak V wave pressure between the two 
groups.  

Figure 4:
Correlation between the filling fraction of the left atrium and the 
height of the V wave from its base to the peak in Group 1 and 2 
patients.  
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failure. Tricuspid regurgitation was common and often moderate 
to severe. These patients were on diuretics and the majority had 
been hospitalized at some point for congestive heart failure. Their 
left ventricular systolic function was in the normal range, with the 
exception of one patient with a mean ejection fraction of 57.8±16%. 
Thus left atrial, in addition to left ventricular, diastolic dysfunction 
may be a contributor to the syndrome of heart failure with preserved 
systolic function. In the ADHERE database, those admitted with 
heart failure and normal ejection fraction were significantly more 
likely to be in AF at the time of admission.29 The majority of subjects 
in Group 1 had been admitted to hospital for heart failure and only 
one patient had an ejection fraction below 40%. With high central 
venous pressure Group 1 patients would meet Framingham criteria 
for heart failure.30 Right ventricular failure is being increasingly 
recognized as a contributor to heart failure with normal left 
ventricular systolic function.31

If left atrial diastolic dysfunction associated with atrial fibrillation 
can have such important hemodynamic consequences, why is it not 
recognized more often?  Several reasons are possible.1) Although 
left atrial size is routinely measured by echocardiography, left atrial 
function is not. Therefore there are few studies evaluating left 
atrial diastolic function.15, 23, 32  2) Perhaps only severe loss of atrial 
compliance in LA results in large V waves and secondary pulmonary 
venous hypertension. The patients in Group 1 had longstanding AF 
with severe chamber dilation and dysfunction. 3) The significance of 
the pulmonary artery V wave as a marker of left atrial noncompliance 
has not been widely appreciated and can be only recorded invasively. 
Our data suggest that left atrial diastolic dysfunction index (E/(s/d)) 
may provide a noninvasive marker of reduce LA compliance and V 

height.22 There was a marked reduction in the S wave in the Group 
1 compared to Group 2 (26 versus 59 cm/sec); however, there was 
also a compensatory increase in the D wave in Group 1 compared to 
Group 2 (92 versus 39) suggesting a relative increase in LA conduit 
function when the reservoir function was impaired. 

Left atrial compliance was quite different between Group 1 and 
2, (0.39 versus 6.8 mmHg/ml/m2, p=0.002) LA compliance has 
been evaluated by several groups. Baxley determined average LA 
compliance in patients with rheumatic mitral regurgitation (5.14 
ml/mmHg/m2) versus those with ruptured chordae (1.61 ml/
mmHg/m2).23 Arakawa and colleagues found LA pressure to rise 
exponentially with increased volume, similarly to the left ventricle.15 
The LA compliance in a group of patients half of whom had coronary 
artery disease was 1.03 ml/mmHg/m2 at a pressure of 13.5 mmHg.  
The compliance of the LA was about three times less that the left 
ventricle.24 The LA compliance in Group 1 is significantly less than 
previously reported. There are several possible explanations for this 
finding. The mean wedge pressure was higher in Group1 so that LA 
was filling at a steeper portion of its pressure volume curve. Secondly, 
the lack of atrial systole in Group 1 reduced atrial emptying and 
would again shift the pressure volume curve upward. Thirdly, AF is 
associated with calcium overload within in atrium, which may cause 
tissue injury and reduce dispensability.25 With the onset of AF, left 
atrial filling pressures are known to increase.26 Enlarged left atrial 
are fibrotic with increased collagen content which would further 
decrease compliance.27, 28

In our patients with AF LA noncompliance appears to have had 
significant clinical repercussions. There were significant V waves 
in eight out of nine patients, the absolute size of the V wave was 
a significant fraction of the peak pulmonary systolic pressure. It is 
clear that pulmonary systolic pressure must exceed the V wave LA 
filling to occur during ventricular systole. This V wave increases the 
loading of the right ventricle. All patients in Group 1 had an elevated 
right ventricular end diastolic pressure, indicating right heart 

Figure 5:

Correlation between the left atrial diastolic dysfunction index (E 
wave peak velocity divided by the ratio of the pulmonary vein S 
wave to D wave) for Group 1 and Group 2.  Patients with significant 
V waves had values above 250 cm/sec.  

Figure 6:

A proposed schema for the development of heart failure with 
normal systolic function in patients with atrial fibrillation and 
left atrial diastolic dysfunction.  Poor compliance and reduced 
filling fraction of the left atrium produces the major hemodynamic 
abnormality of LA diastolic dysfunction-a large V wave.  This 
marked increase in LA pressure coupled with an increase in left 
ventricular end diastolic pressure results in pulmonary venous 
hypertension and right heart failure.  
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wave. Unfortunately studies attempting to maintain sinus rhythm in 
patients with episodes of AF do not show clinical benefit. It may 
be that the LA is already so abnormal so that left atrial diastolic 
dysfunction already exists with its detrimental hemodynamic 
consequences. 
Limitations

Left atrial compliance was measured at two points rather than more 
rigorously using micromanometer catheters and the construction 
of pressure volume loops. Furthermore the left atrial pressure was 
inferred via the pulmonary artery wedge tracing rather than directly 
measured with a transeptal puncture. Because pulmonary artery 
wedge tracings are a reasonable estimate of LA pressure it was not 
felt to be ethical to expose the patients to an unnecessary transeptal 
puncture. The wedge tracing was confirmed via its waveform and by 
demonstrating that the oxygen saturation was at the arterial level 
when measured with the balloon inflated. 
Conclusion:

Patients with pulmonary venous hypertension and AF may have 
evidence of marked left atrial diastolic dysfunction with large V 
waves in the pulmonary artery wedge tracing, markedly reduced LA 
filling fractions and compliance. This in turn appears to augment 
pulmonary venous hypertension and may result, as in our patients, 
in right heart failure. We believe this is an under recognized cause of 
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may have important implications beyond stroke reduction. 
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Abstract
In patients with myocarditis, early diagnosis and appropriate therapy are mandatory, as well as close clinical follow-up with particular 

regard to progression of disease and ventricular arrhythmia recurrences. The management of ventricular arrhythmias should follow current 
guidelines for ICD implantation, but new therapeutic options could be evaluated in these patients, such as combined epicardial/endocardial 
ablation and external wearable defibrillator. Particularly, depressed left ventricular ejection fraction (LVEF) represents the only risk marker 
for sudden cardiac death currently used in myocarditis, although the use of a single risk factor has limited utility. On this regard, combined 
analysis of myocardial tissue structure by cardiac magnetic resonance (CMR) and endomyocardial biopsy, in association with resting cardiac 
systolic function, could improve predictive accuracy for Sudden Cardiac Death (SCD) in patients with myocarditis. 
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Introduction
The clinical presentation of myocarditis is heterogeneous, 

encompassing clinically silent conditions, acute coronary syndrome-
like conditions, new-onset heart failure (HF) and life-threatening 
conditions such as cardiogenic shock, ventricular arrhythmias 
and SCD.1-5 The mortality rate of acute myocarditis is 15%-
20%.6-8 A recent position statement of the ESC defined three 
different nosological entities: myocarditis, inflammatory and 
dilated cardiomyopathy.9 Progression from myocarditis to dilated 
cardiomyopathy seems to occur predominantly in patients with 
histologically confirmed chronic inflammation,10 but the specific rate 
of ventricular arrhythmic events in these three different presentations 
is unknown. 
Case Report

In October 2011, a 33 year-old man presented to our institution 
with palpitations arising while playing soccer. He had neither 
cardiovascular risk factors nor a family history of SCD. In 1995, 
he had suffered from acute pericarditis treated with non steroidal 
anti-inflammatory drugs and corticosteroids. On admission in the 
emergency room, physical examination revealed a heart rate of 183 
bpm, normal blood pressure (125/70 mm Hg) and no symptoms 
of heart failure. A 12-lead electrocardiogram (ECG) showed a 

monomorphic ventricular tachycardia (VT) with right bundle 
branch block (RBBB) morphology and left axis deviation (Fig. 1). 
The VT could not be stopped by either intravenous lidocaine or 
amiodarone, and it was interrupted by electrical cardioversion (single 
200J DC shock). Blood tests before DC shock revealed elevated 
high-sensitive troponin T levels (0.50 ng/mL, upper limit: 0.014 ng/
mL). Echocardiography showed mild left ventricular (LV) systolic 
dysfunction (LVEF 45%) and dilation (end-diastolic volume: 140 
mL) as well as LV wall motion abnormalities of the posterior-inferior 
and lateral walls. Coronary artery disease was ruled out by coronary 
angiography. Cardiac magnetic resonance (CMR) (Philips Achieva 
1.5T, Eindhoven, NL) revealed mild LV dysfunction (LVEF=47%) 
and severe hypokinesia associated with circumferential subepicardial 
delayed enhancement (DE) as a result of myocardial-pericardial 
recurrent inflammatory involvement, more evident at the inferior 
basal LV wall, as well as intramyocardial DE of the septum (Fig. 
2). Cardiotropic viral serology and autoantibody serum testing were 
negative. 

Because of incessant monomorphic VT, refractory to multiple 
antiarrhythmic therapy (amiodarone, lidocaine, magnesium sulphate, 
beta blockers), the patient underwent electroanatomical mapping 
and radiofrequency catheter ablation with the CARTO-3 System 
(Biosense Webster Inc., Diamond Bar, CA, USA). Unipolar and 
bipolar LV endocardial mapping demonstrated the absence of scar 
tissue areas (voltage cut off 8 and 0.5 mV, respectively) (Fig. 3A, 3B). 
Clinical VT was induced and the activation map showed the VT exit 
site in the LV posterior wall (basal segment) and diastolic potentials 
in the LV inferior septum (basal segment). No late potentials were 
recorded. Endocardial ablation was performed during VT with 
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persistence of intramyocardial DE in the interventricular septum 
were found, suggesting worsening disease progression (Fig.4). The 
patient underwent endo-epicardial mapping and ablation of the 
arrhythmia. The absence of scar tissue areas was confirmed (Fig. 
5A). Epicardial bipolar mapping was performed with a high-density 
mapping catheter (PentaRay NAV, Biosense Webster) inserted via 
a  subxyphoid approach, with evidence of a scar area of 19.7 cm2 

(voltage cut-off, 1.0 mV) in the posterior wall (basal and medial 
segments) (Fig. 5B); an area of late potentials was detected in the 
posterior wall (from basal to apical segment) (Fig. 5C). Activation 
mapping of the inducible clinical VT showed early anticipation of 
the local electrogram to the surface QRS (48 ms) in the epicardial 
posterior basal wall, corresponding to the area of late potentials 
(Fig. 5D, 5E). After coronary angiography ruled out the course of 
coronary vessels within the target area, the ablation was performed 
in this area until late potentials were completely abolished and VT 
could no longer be reinduced. CARTO-guided left ventricular EMB 
was performed in the endocardial basal segment of the LV posterior 
wall (Fig. 6A, 6B) and showed diffuse interstitial fibrosis with focal 
oedema suggestive of scar; immunohystochemistry did not reveal 
lymphocyte infiltration (Fig.7A, 7B). Genotype testing was negative 
for cardiotropic viruses. The patient was discharged on beta-blockers 
without ICD, with an echocardiographic evidence of LVEF 49%. 
There was no recurrent VT during a 6-month follow-up period.
Discussion

This case report highlights the importance of early aetiological 
diagnosis in patients with acute myocarditis and the need for a 
close follow-up in patients with active myocarditis and ventricular 
arrhythmias. The diagnosis of myocarditis should be obtained early, 
as indicated by the ESC statement on myocarditis, by integration of 
ECG Holter, myocardiocytolysis markers, CMR and echo evidence 
of functional and structural abnormalities and confirmed by EMB.9 

On this regard, the prognosis in myocarditis patients varies according 
to the underlying aetiology.11, 12

Myocarditis may cause sustained ventricular arrhythmias as its first 
clinical manifestation, both in its acute phase, due to inflammatory 
infiltration and myocyte necrosis, and in its chronic phase, due 
to immune reaction, fibrosis, and resulting ventricular electric 
remodelling. The case in this report could represent different stages 
of myocarditis (1995 pericarditis, 2011 acute active myocarditis 

multiple consecutive RF pulses from the LV posterior basal wall to the 
basal interventricular septum, with repeated interruptions of the VT. 
No further VT or VF was inducible after ablation. LV endomyocardial 
biopsy (EMB) performed before ablation showed acute lymphocytic 
myocarditis (active myocarditis). Amplification of viral genome by 
real-time polymerase chain reaction was negative. Consequently, oral 
prednisone was added to metoprolol, ACE inhibitors and diuretics 
because of suspected autoimmune myocarditis.

At 3 and 6 months follow up, the ventricular ectopic burden on 
24h-Holter monitoring progressively increased to 20% and 35%, 
respectively. In 2013, the patient was re-admitted because of sustained 
monomorphic VTs at the Holter ECG monitoring (ventricular rate 
180 bpm, RBBB morphology) without haemodynamic instability 
or heart failure symptoms. A new CMR confirmed mild LV 
dilation (end-diastolic volume 139.3 mL/m2; end-systolic volume= 
81,7 mL/m2) and demonstrated a further reduction in LV systolic 
function (LVEF=40%). An almost transmural extent of DE in 
the inferior basal wall, subepicardial DE in lateral wall, and a 

Figure 1: 12-lead ECG during ventricular tachycardia with superior axis and
right bundle branch block morphology. 

Figure 2:

Cardiac MRI (2011) 2D Inversion Recovery Turbo Field Echo (IRTFE) 
image at the basis showing circumferential enhancement of the 
left ventricle and thick inferior subepicardial delayed enhancement 
(DE).

Figure 3:

Endocardial left ventricular mapping before ablation (october 
2011). Endocardial voltage unipolar (3A) and bipolar map (3B) 
of the left ventricle in left anterior oblique view. Impedance map 
(3C)  of left ventricle in left anterior oblique view with geometry 
reconstruction guided by intracardiac echocardiography. 
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To date, stratification for SCD mainly relies on LVEF, regardless 
of the underlying cardiac disease. Particularly, 2008 guidelines 
for Device–Based Therapy strongly recommend to rule out the 
reversible causes for transient LV dysfunction and to postpone ICD 
implantation after a period of optimal medical therapy. The 2013 
appropriate use criteria for ICD therapy classified ICD therapy as 
appropriate in non-ischaemic cardiomyopathy after >3 months on 
guideline-directed therapy for LVEF≤40% and NYHA Class I-III 
symptoms.23 According to the recent HRS/ACC/AHA expert 
consensus statement, ICD implantation for primary prevention 
between 3 and 9 months can be useful in selected patients with non-
ischemic cardiomyopathy who are unlikely to recover LV function.21 
Patients with giant cell myocarditis might benefit from ICD 
implantation during this period, as this drug-refractory myocarditis 
presents with a virulent course.24

Numerous investigations proved that a reduced LVEF significantly 
increases the risk of SCD.16,25,26,27 However, LVEF as a standalone risk 
stratification marker has major limitations, particularly considering 
that: (i) the majority of SCD cases occur in patients with preserved 
or moderately reduced LVEF, (ii) relatively few patients with reduced 
LVEF will benefit from an ICD (most will never experience a life-
threatening arrhythmic event, others have a high risk for non-sudden 
death), (iii) a reduced LVEF is a risk factor for both sudden and 
non-sudden death, (iv) patients with potentially reversible cause of 
cardiomyopathy such as myocarditis were not enrolled in clinical 
trials.21, 28, 29 Immunohystological evidence of inflammation without 
the presence of viral genome in endomyocardial specimens, as in our 
case, was an independent predictor of survival.10 Cardiac magnetic 
resonance has become an established diagnostic tool for acute 
myocarditis and recent papers demonstrated that late gadolinium 
enhancement (LGE) is associated with adverse outcome in patients 
with acute myocarditis.6, 7, 8  Particularly, in a subgroup of patients 
with more severe myocardial involvement, LGE can be used as a 
prognostic tool for all-cause and cardiac mortality.8 On the other 
hand, patients with a diagnosis of myocarditis who do not have heart 
failure on admission would have a low risk for cardiovascular events, 
as suggested in a recent paper by De Stefano et al.6 These data need to 
be confirmed in multicentre studies. The indication for ICD remains 
controversial, because acute myocarditis may heal completely. Our 
patient was not implanted with an ICD in the acute phase of 

with VT, 2013 chronic myocarditis with VT recurrence). In the 
acute phase, as recommended by 2006 ESC/AHA guidelines on 
ventricular arrhythmias and SCD, treatment is usually largely 
supportive. Even in chronic myocarditis, therapy is confined mostly 
to anti¬arrhythmic drugs, with limited efficacy, and to implantable 
cardioverter-defibrillator (ICD) for higher-risk cases, such as those 
with haemodynamically unstable VT and aborted sudden death.13, 

14, 15, 16

ICD Implantation
The management of ventricular arrhythmias in these patients 

should follow current guidelines.13, 17-21 Since acute myocarditis often 
represents a transient condition from which recovery is common, ICD 
implantation in this phase is not indicated.9,13 Analysis of the IMAC-
2 patient cohort emphasizes the dynamic nature of LV function in 
some patients newly-diagnosed non-ischaemic cardiomiopathy, as 
well as in patients with myocarditis.22 In myocarditis complicated by 
VT or VF, antiarrhythmic drugs or ICD implantation have not yet 
been investigated in controlled trials. 

Figure 4:

Cardiac MRI (2013) 2D Inversion Recovery Turbo Field Echo (IRTFE) 
image at the same level as Fig. 2. Clear circumferential DE is still 
detectable. In comparison to the 2011 image, the subepicardial DE 
involvement is increased, almost transmural, in the left ventricular 
inferior wall. 

Figure 5:

Endocardial/epicardial mapping before ablation (October 2013). Endocardial bipolar voltage (5A) and epicardial bipolar voltage (5B) of the 
left ventricle in posterior-anterior view; late potentials (5C) during mapping in epicardial posterior region of the left ventricle in posterior 
view (pink points); epicardial activation map (5D)  with “early meets late” in basal posterior region of left ventricle  synchronized with 
epicardial bipolar map of the same region, including late potentials (pink points) (5E). 
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stratification of myocarditis, even in the case of a normal LV function, 
by detecting life-threatening arrhythmic substrate during the course 
of the disease. On this regard, Vermes et al. demonstrated that in 
patients with clinically suspected acute myocarditis, the presence 
of positive Lake Louise criteria is associated with recovery of LV 
function.34 Myocardial oedema as defined by CMR was the strongest 
parameter, indicating that the observed increase in LVEF may be 
due to the recovery of reversibly injured oedematous myocardium. 
Jerish et al. reported spontaneous improvement of LVEF detected 
by CMR after acute or subacute viral myocarditis.35 Consequently, 
clinical follow-up should be associated necessarily with early access 
to an experienced CMR centre, especially in case of suspected disease 
progression.
Conclusion:

In patients with acute myocarditis, early diagnosis and specific 
therapy are mandatory, as well as close follow-up with particular 
attention to disease progression and arrhythmia relapse. Cardiac 
magnetic resonance should be regarded as a potentially leading tool 
in the risk stratification process after myocarditis, due to its ability 
to characterize tissue structure. The wearable defibrillator could 
represent a valuable approach to provide temporary protection from 
sudden arrhythmic death as a bridge to recovery.
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myocarditis (October 2011) due to the evidence of LVEF>40% 
and because his VT was hemodynamically well-tolerated; in the 
chronic phase of myocarditis (October 2013), we decided to perform 
epicardial ablation and to delay ICD implantation because of 
improved LV systolic function. Bridging with a wearable defibrillator 
in patients with myocarditis and severe ventricular arrhythmias could 
solve the transient problem, mostly in patients with previous history 
of myocarditis complicated by arrhythmias and normal LVEF. There 
is a single case report study by Prchanau and colleagues documenting 
the successful use of the Life Vest (Zoll) defibrillator during a post-
myocarditis cardiac arrest caused by VF in a young woman with 
myocarditis, ventricular arrhythmias and preserved LVEF.31

Radiofrequency Catheter Ablation
In patients with myocarditis, radiofrequency catheter ablation of 

drug-refractory VT has been demonstrated to be  feasible, safe, and 
effective and this therapeutic option is mentioned in the context 
of ESC guidelines.13, 32, 33 Dello Russo et al. found that endocardial 
ablation was acutely successful in 70% of patients, while in the 
remaining 30% clinical VT was successfully ablated by epicardial 
approach.32 Consequently, epicardial ablation should be considered 
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Follow Up
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25% will develop persistent cardiac dysfunction over time and 12-
25% may acutely turn into dilated cardiomyopathy.1-3, 12 Progression 
from myocarditis to dilated cardiomyopathy seems to occur 
predominantly in patients with chronic myocardial inflammation.10 
For this reason, these patients should be closely followed-up with 
transthoracic echocardiography and Holter ECG or loop recorders. 
Cardiac magnetic resonance might gain its weight in the prognostic 

Figure 6:

CARTO guided endomyocardial biopsy before ablation (October 
2013). Left ventricular endocardial biopsy was guided by 
electroanatomic bipolar map (Carto System)  in basal segment of 
LV posterior wall (tip of bioptome localized in “boderzone area” with 
voltage ranging between  0.5-1 mV) (6A). The endocardial map was 
synchronized with epicardial map (6B) (site of ablation). 

Figure 7:

Endomyocardial biopsy. Haematoxylin and eosin staining (A,B). 
At histology endomyocardial biopsy showed myocardium with no 
evidence of  lymphocyte infiltration (A). However, the presence of 
focal considerable interstitial fibrosis was found (B).  



Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation22 Case  Report

www.jafib.com Oct-Nov, 2014 | Vol-7 | Issue-3

( JCS 2009). Circ J. 2011; 75:734–743.
15. Howlett JG, McKelvie RS, Arnold JM, Costigan J, Dorian P, Ducharme A,

Estrella-Holder E, Ezekowitz JA, Giannetti N, Haddad H, Heckman GA, Herd
AM, Isaac D, Jong P, Kouz S, Liu P, Mann E, Moe GW, Tsuyuki RT, Ross HJ,
White M. Canadian Cardiovascular Society consensus con¬ference guidelines
on heart failure, update 2009: diagnosis and manage¬ment of right-sided heart
failure, myocarditis, device therapy and recent important clinical trials. Can J
Cardiol. 2009; 25:85–105.

16. Klein H, Auricchio A, Reek S, Geller C. New primary prevention trials of sudden 
cardiac death in patients with left ventricular dysfunction: SCD-HEFT and
MADIT-II. Am J Cardiol. 1999 Mar 11;83(5B):91D-97D

17. Epstein AE, DiMarco JP, Ellenbogen KA, Estes NA 3rd, Freedman RA, Gettes
LS, Gillinov AM, Gregoratos G, Hammill SC, Hayes DL, Hlatky MA, Newby
LK,Page RL, Schoenfeld MH, Silka MJ, Stevenson LW, Sweeney MO, Smith
SC Jr, Jacobs AK, Adams CD, Anderson JL, Buller CE, Creager MA, Ettinger
SM, Faxon DP, Halperin JL, Hiratzka LF, Hunt SA, Krumholz HM, Kushner
FG, Lytle BW, Nishimura RA, Ornato JP, Page RL, Riegel B, Tarkington LG,
Yancy CW; American College of Cardiology/American Heart Association Task
Force on Practice Guidelines (Writing Committee to Revise the ACC/AHA/
NASPE 2002 Guideline Update for Implantation of Cardiac Pacemakers and
Antiarrhythmia Devices); American Association for Thoracic Surgery; Society
of Thoracic Surgeons. ACC/AHA/HRS 2008 Guidelines for Device-Based
Therapy of Cardiac Rhythm Abnormalities: a report of the American College
of Cardiology/American Heart Association Task Force on Practice Guidelines
(Writing Committee to Revise the ACC/AHA/NASPE 2002 Guideline Update
for Implantation of Cardiac Pacemakers and Antiarrhythmia Devices): developed 
in collaboration with the American Association for Thoracic Surgery and Society
of Thoracic Surgeons. Circulation. 2008 May 27; 117(21):e350-408. 

18. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Drazner MH, Fonarow
GC, Geraci SA, Horwich T, Januzzi JL, Johnson MR, Kasper EK, Levy WC,
Masoudi FA, McBride PE, McMurray JJ, Mitchell JE, Peterson PN, Riegel B,
Sam F, Stevenson LW, Tang WH, Tsai EJ, Wilkoff BL; American College of
Cardiology Foundation/American Heart Association Task Force on Practice
Guidelines. 2013 ACCF/AHA guideline for the management of heart failure:
a report of the American College of Cardiology Foundation/American Heart
Association Task Force on practice guidelines. Circulation. 2013 Oct 15;
128(16):e240-327. 

19. Tracy CM, Epstein AE, Darbar D, DiMarco JP, Dunbar SB, Estes NA 3rd,
Ferguson TB Jr, Hammill SC, Karasik PE, Link MS, Marine JE, Schoenfeld
MH,Shanker AJ, Silka MJ, Stevenson LW, Stevenson WG, Varosy PD,
Ellenbogen KA, Freedman RA, Gettes LS, Gillinov AM, Gregoratos G, Hayes
DL, Page RL,Stevenson LW, Sweeney MO; American College of Cardiology
Foundation; American Heart Association Task Force on Practice Guidelines;
Heart Rhythm Society. 2012 ACCF/AHA/HRS focused update of the 2008
guidelines for device-based therapy of cardiac rhythm abnormalities: a report of
the American College of Cardiology Foundation/American Heart Association
Task Force on Practice Guidelines and the Heart Rhythm Society. Circulation.
2012 Oct 2;126(14):1784-800

20. Russo AM, Stainback RF, Bailey SR, Epstein AE, Heidenreich PA, Jessup M,
Kapa S, Kremers MS, Lindsay BD, Stevenson LWACCF/HRS/AHA/ASE/
HFSA/SCAI/SCCT/SCMR 2013 appropriate use criteria for implantable
cardioverter-defibrillators and cardiac resynchronization therapy: a report of
the American College of Cardiology Foundation appropriate use criteria task
force, Heart Rhythm Society, American Heart Association, American Society of
Echocardiography, Heart Failure Society of America, Society for Cardiovascular
Angiography and Interventions, Society of Cardiovascular Computed
Tomography, and Society for Cardiovascular Magnetic Resonance. J Am Coll
Cardiol. 2013 Mar 26; 61(12):1318-68.

3. Kindermann I1, Barth C, Mahfoud F, Ukena C, Lenski M, Yilmaz A, Klingel K, 
Kandolf R, Sechtem U, Cooper LT, Böhm M. Update on myocarditis. J Am Coll
Cardiol. 2012 Feb 28;59(9):779-92

4. Corrado D, Basso C, Thiene G. Sudden cardiac death in young people with
apparently normal heart. Cardiovasc Res. 2001 May;50(2):399-408

5. Gore I, Saphir O. Myocarditis; a classification of 1402 cases. Am Heart J. 1947
Dec;34(6):827-30

6. De Stefano L, Perez de Arenaza D, Yeyati EL, Pietrani M, Kohan A, Falconi M, 
Benger J, Dragonetti L, Garcia-Monaco R, Cagide A. Low rate of cardiovascular
events in patients with acute myocarditis diagnosed by cardiovascular magnetic
resonance. Cardiovasc Diagn Ther. 2014 Apr; 4(2):64-70

7. Magnani JW, Dec GW. Myocarditis current trends in diagnosis and treatment
Circulation. 2006 Feb 14; 113(6):876-90.

8. Grün S1, Schumm J, Greulich S, Wagner A, Schneider S, Bruder O, Kispert
EM, Hill S, Ong P, Klingel K, Kandolf R, Sechtem U, Mahrholdt H. . Long-
term follow-up of biopsy-proven viral myocarditis: predictors of mortality and
incomplete recovery. J Am Coll Cardiol. 2012 May 1; 59(18):1604-15. 

9. Caforio AL1, Pankuweit S, Arbustini E, Basso C, Gimeno-Blanes J, Felix SB,
Fu M, Heliö T, Heymans S, Jahns R, Klingel K, Linhart A, Maisch B, McKenna
W,Mogensen J, Pinto YM, Ristic A, Schultheiss HP, Seggewiss H, Tavazzi L,
Thiene G, Yilmaz A, Charron P, Elliott PM; European Society of Cardiology
Working Group on Myocardial and Pericardial Diseases. Current state of
knowledge on aetiology, diagnosis, management, and therapy of myocarditis: a
position statement of the European Society of Cardiology Working Group on
Myocardial and Pericardial Diseases. Eur Heart J. 2013 Sep; 34(33):2636-48,
2648a-2648d. 

10. Kindermann I, Kindermann M, Kandolf R, Klingel K, Bültmann B, Müller
T, Lindinger A, Böhm M. Predictors of outcome in patients with suspected
myocarditis. Circulation. 2008 Aug 5; 118(6):639-48. 

11. Cooper LT, Baughman KL, Feldman AM, Frustaci A, Jessup M, Kuhl U,
Levine GN, Narula J, Starling RC, Towbin J, Virmani R; American Heart
Association; American College of Cardiology; European Society of Cardiology;
Heart Failure Society of America; Heart Failure Association of the European
Society of Cardiology. The role of endomyocardial biopsy in the management
of cardiovascular disease: a scientific statement from the American Heart
Association, the American College of Cardiology, and the European Society of
Cardiology. Endorsed by the Heart Failure Society of America and the Heart
Failure Association of the European Society of Cardiology. J Am Coll Cardiol.
2007 Nov 6;50(19):1914-31

12. Caforio AL1, Calabrese F, Angelini A, Tona F, Vinci A, Bottaro S, Ramondo
A, Carturan E, Iliceto S, Thiene G, Daliento L. A prospective study of biopsy-
proven myocarditis: prognostic relevance of clinical and aetiopathogenetic features 
at diagnosis. Eur Heart J. 2007 Jun; 28(11):1326-33.

13. Zipes DP, Camm AJ, Borggrefe M, Buxton AE, Chaitman B, Fromer M,
Gregoratos G, Klein G, Moss AJ, Myerburg RJ, Priori SG, Quinones MA,
Roden DM, Silka MJ, Tracy C, Blanc JJ, Budaj A, Dean V, Deckers JW, Despres
C, Dickstein K, Lekakis J, McGregor K, Metra M, Morais J, Osterspey A,
Tamargo JL, Zamorano JL, Smith SC Jr, Jacobs AK, Adams CD, Antman EM, 
Anderson JL, Hunt SA, Halperin JL, Nishimura R, Ornato JP, Page RL, Riegel
B. ACC/AHA/ESC 2006 guidelines for management of patients with ventricular 
arrhythmias and the prevention of sudden cardiac death: executive summary: a
report of the American College of Cardiology/American Heart Association Task
Force and the European Society of Cardiology Committee for practice guidelines 
(writ¬ing committee to develop guidelines for management of patients with
ventricular arrhythmias and the prevention of sudden cardiac death): developed
in collaboration with the European Heart Rhythm Association and the Heart
Rhythm Society. Eur Heart J. 2006; 27:2099–2140.

14. JCS joint working group. Guidelines for diagnosis and treatment of myo¬carditis



Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation23 Case  Report

www.jafib.com Oct-Nov, 2014 | Vol-7 | Issue-3

Cardiovasc Imaging. 2014 Jun 12. 
35. Jeserich M, Olschewski M, Kimmel S, Bode C, Geibel A Acute results and long-

term follow-up of patients with accompanying myocarditis after viral respiratory
or gastrointestinal tract infection.  Int J Cardiol. 2014 Jul 1; 174(3):853-5. 

21. Kusumoto FM, Calkins H, Boehmer J, Buxton AE, Chung MK, Gold MR,
Hohnloser SH, Indik J, Lee R, Mehra MR, Menon V, Page RL, Shen WK,
Slotwiner DJ,Stevenson LW, Varosy PD, Welikovitch L. HRS/ACC/AHA Expert 
Consensus Statement on the Use of Implantable Cardioverter-Defibrillator
Therapy in Patients Who Are Not Included or Not Well Represented in Clinical
Trials. Circulation. 2014 Jul 1; 130(1):94-125. 

22. McNamara DM, Starling RC, Cooper LT, Boehmer JP, Mather PJ, Janosko KM, 
Gorcsan J 3rd, Kip KE, Dec GW; IMAC Investigators. Clinical and demographic 
predictors of outcomes in recent onset dilated cardiomyopathy: results of the
IMAC (Intervention in Myocarditis and Acute Cardiomyopathy)-2 study. J Am
Coll Cardiol. 2011 Sep 6; 58(11):1112-8. 

23. Fogel RI, Epstein AE, Mark Estes NA , Lindsay BD, DiMarco JP, Kremers
MS, Kapa S, Brindis RG, Russo AM. The disconnect between the guidelines,
the appropriate use criteria, and reimbursement coverage decisions: the ultimate
dilemma. J Am Coll Cardiol. 2014 Jan 7-14; 63(1):12-4. 

24. Yazaki Y1, Isobe M, Hiramitsu S, Morimoto S, Hiroe M, Omichi C, Nakano T, 
Saeki M, Izumi T, Sekiguchi M. Comparison of clinical features and prognosis
of cardiac sarcoidosis and idiopathic dilated cardiomyopathy. Am J Cardiol. 1998
Aug 15; 82(4):537-40. 

25. Dickinson MG, Ip JH, Olshansky B, Hellkamp AS, Anderson J, Poole JE, Mark
DB, Lee KL, Bardy GH;SCD-HeFT Investigators Statin use was associated
with reduced mortality in both ischemic and nonischemic cardiomyopathy and in 
patients with implantable defibrillators: mortality data and mechanistic insights
from the Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT). Am Heart
J. 2007 Apr;153(4):573-8

26. Buxton AE, Fisher JD, Josephson ME, Lee KL, Pryor DB, Prystowsky EN,
Simson MB, DiCarlo L, Echt DS, Packer D, et al. Prevention of sudden death in
patients with coronary artery disease: the Multicenter Unsustained Tachycardia
Trial (MUSTT). Prog Cardiovasc Dis. 1993 Nov-Dec;36(3):215-26

27. Al-Khatib SM, Hellkamp AS, Fonarow GC, Mark DB, Curtis LH, Hernandez
AF, Anstrom KJ, Peterson ED Sanders GD Al-Khalidi HR, Hammill
BG,Heidenreich PA, Hammill SC. Association between prophylactic implantable 
cardioverter-defibrillators and survival in patients with left ventricular ejection
fraction between 30% and 35%.JAMA. 2014 Jun 4; 311(21):2209-15.

28. Katritsis DG, Josephson ME. Sudden cardiac death and implantable cardioverter
defibrillators: two modern epidemics? Europace 2012;14:787-794

29. Klein HU, Goldenberg I, Moss AJ Risk stratification for implantable cardioverter 
defibrillator therapy: the role of the wearable cardioverter-defibrillator. Eur Heart 
J. 2013 Aug; 34(29):2230-42. 

30. Nucifora G, Muser D, Masci PG, Barison A, Rebellato L, Piccoli G, Daleffe E, 
Toniolo M, Zanuttini D, Facchin D, Lombardi M, Proclemer A. Prevalence and
prognostic value of concealed structural abnormalities in patients with apparently
idiopathic ventricular arrhythmias of left versus right ventricular origin: a magnetic 
resonance imaging study. CircArrhythmElectrophysiol. 2014 Jun; 7(3):456-62. 

31. Prochnau D, Surber R, Kuehnert H, Heinke M, Klein HU, Figulla HR. Successful 
use of a wereable cardioverted-defibrillator in myocarditis with normal ejection
fraction .Clin Res Cardiol. 2010 Feb; 99(2):129-31

32. Dello Russo A, Casella M, Pieroni M, Pelargonio G, Bartoletti S, Santangeli P,
Zucchetti M, Innocenti E, Di Biase L, Carbucicchio C, Bellocci F, Fiorentini
C, Natale A, Tondo C. Drug-refractory ventricular tachycardias after myocarditis
endocardial and epicardial radiofrequency catheter ablation. Circ Arrhythm
Electrophysiol. 2012 Jun 1; 5(3):492-8. 

33. Maccabelli G, Tsiachris D, Silberbauer J, Esposito A, Bisceglia C, Baratto F,
Colantoni C, Trevisi N, Palmisano A, Vergara P, De Cobelli F, Del Maschio A,
Della Bella P. Imaging and epicardial substrate ablation of ventricular tachycardia
in patients late after myocarditis. Europace. 2014 Feb 20

34. Vermes E, Childs H, Faris P, Friedrich MG Predictive value of CMR criteria
for LV functional improvement in patients with acute myocarditis. Eur Heart J



www.jafib.com Oct-Nov, 2014 | Vol-7 | Issue-3

My Patient Taking A Novel Oral Anticoagulant Needs Surgery, 
Device Implantation, Or Ablation
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Abstract
Atrial fibrillation (AF) is a highly prevalent chronic condition and a growing number of patients are on chronic anticoagulation therapy 

with novel oral anticoagulant (NOAC) agents: dabigatran, rivaroxaban, and apixaban. Many of these patients are expected to require invasive 
procedures. There is no clear consensus regarding the peri-procedural management of patients using NOACs, as to how to minimize both 
bleeding risk and thromboembolism risk. This review of the current available literature is designed to help formulate peri-procedural 
anticoagulation strategies for patients with AF taking NOACs who are being considered for catheter ablation, device implant, or other surgery.

To help frame the discussion, we offer 3 case vignettes that we will revisit to at the end of the review of the existing literature.
Case 1: A 62 year-old female with hypertension, diabetes, and symptomatic paroxysmal AF who is prescribed dabigatran for 

thromboembolism prevention. She has failed attempts at maintaining sinus rhythm with antiarrhythmic drugs. She is now being considered 
for catheter ablation of AF.

Case 2: A 76 year-old male with hypertension, diabetes, prior stroke, and ischemic cardiomyopathy who has persistent drug-refractory 
AF. He is maintained on chronic anticoagulation with dabigatran for thromboembolism prevention. He has an implantable cardioverter-
defibrillator (ICD) which requires a generator change.

Case 3: A 58 year-old male with hypertension and paroxysmal AF who takes rivaroxaban for thromboembolic prophylaxis and is being 
considered for a knee replacement surgery.
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Introduction
Atrial fibrillation is the most common arrhythmia in current 

clinical practice, affecting more than 1% of the general population 
and more than 5% of patients aged 80 years and older.1 It is fast 
becoming one of the more prevalent chronic conditions in our aging 
society due to  an increased burden of traditional risk factors for AF 
including obesity, hypertension, diabetes, and ischemic heart disease. 
Atrial fibrillation has a well-established role in causing cardioembolic 
stroke. Guidelines from the European and American cardiovascular 
societies recommend anticoagulation therapy as a mainstay in 
patients with AF who have moderate or high risk for cardioembolic 
stroke. A growing number of patients with AF are receiving 
chronic anticoagulation therapy with a NOAC. Patients with AF, 
given their high burden of co-morbidities, will oftentimes require 
invasive procedures. For example, in the Randomized Evaluation of 
Long term Anticoagulation Therapy (RE-LY) trial, 25% of patients 
required at least 1 surgical or invasive procedure, and nearly 15% of 
patients had 2 or more procedures during a mean follow-up of just 2 
years.2 Peri-procedural management of anticoagulation requires the 

treating physician to weigh the risk of bleeding against the benefit 
of thromboembolism prevention. The emergence and anticipated 
routine clinical use of NOACs has the potential to greatly simplify 
peri-procedural anticoagulant management because of their relatively 
short elimination half-lives, rapid onset of action, predictable 
pharmacokinetic properties, and few drug-drug interactions. 

The 2014 ACC/AHA/HRS guidelines recommend using the 
CHA2DS2-VASc score for estimating risk of a cardioembolic stroke. 
For patients with AF and a CHA2DS2-VASc score of 2 or greater, 
oral anticoagulants are recommended as a Class I recommendation. 
In patients with non-valvular AF the options for anticoagulation 
include warfarin (INR 2.0 to 3.0) (Level of Evidence:A), dabigatran 
(level of Evidence:B), rivaroxaban (Level of Evidence:B), or apixaban 
(Level of Evidence:B). For patients with non-valvular AF who are 
unable to maintain a therapeutic INR level with warfarin, use of a 
direct thrombin or factor Xa inhibitor (dabigatran, rivaroxaban, or 
apixaban) is recommended (Level of Evidence:C).3 Warfarin was 
the only oral anticoagulant agent available up until 2010, when 
dabigatran was approved by the FDA; warfarin remains the only 
option in patients with mechanical heart valves and those with 
dialysis dependent chronic kidney disease. Unfortunately, warfarin 
is challenging to use due to its narrow therapeutic index, need for 
frequent monitoring, and important interactions with many drugs. 
The availability of NOACs promises the delivery of equivalent 
benefit without the need for regular monitoring, and possibly a better 
safety profile by limiting the risks of overtreatment.  



Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation25 Featured Review

www.jafib.com Oct-Nov, 2014 | Vol-7 | Issue-3

Cmax was achieved 2-4 hours after oral administration.
Rivaroxaban has a terminal elimination half-life of 5-9 hours in 

healthy young subjects and 11-13 hours in elderly subjects due to 
normal age related renal function decline. In individuals with renal 
dysfunction, rivaroxaban plasma concentrations were increased 
compared with healthy controls.4

Rivaroxaban is metabolized via CYP enzymes (CYP3A4 and 
CYP2C8), as well as CYP-independent mechanisms. As a result, the 
plasma concentrations of rivaroxaban are affected with concomitant 
CYP inducer or inhibitor drugs. Approximately 66% of ingested 
rivaroxaban is excreted via the kidneys and the remainder excreted in 
the feces as unchanged drug.
Apixaban

Apixaban is a pyrazole derivative, small-molecule, selective factor 
Xa inhibitor. It is indicated to reduce the risk of stroke and systemic 
embolism in patients with nonvalvular AF having been approved for 
such use by the FDA in 2012. In 2014, the FDA approved apixaban 
for use in prophylaxis of DVT in patients who have undergone hip 
or knee replacement surgery.

Like rivaroxaban, apixaban is an inhibitor of Factor Xa. It is rapidly 
absorbed, reaching Cmax approximately 3 hours after a dose in 
healthy volunteers. Steady state concentrations are reached within 3 
days. The pharmacokinetics of apixaban are affected by body weight, 
sex, and age.4

Apixaban is metabolized via O-demethylation and hydroxylation 
mainly by CYP3A4/5. The plasma concentrations of apixaban are 
affected with concomitant use of strong CYP inducer or inhibitor 
drugs.   After oral administration, it is eliminated unchanged 50% in 
the feces and approximately 25% excreted in the urine.
Monitoring

Routine coagulation monitoring is not required in patients taking 
NOACs, as these drugs have predictable pharmacokinetics. However 
this assessment may be useful in situations such as acute bleeding, 
requirement for emergency surgery and suspected overdose. 

Thrombin clotting time and ecarin clotting time can be used to 
evaluate the anticoagulation effect of dabigatran. Prothrombin 
time is relatively insensitive to dabigatran. The activated partial 
thromboplastin time (aPTT) assay shows a curvilinear dose-response 
relationship with dabigatran; therefore a normal aPTT level provides 
reassurance that there isn’t a significant anticoagulant effect present.5 

The diluted thrombin time  Hemoclot assay (available in Europe) 
provides direct assessment of thrombin activity and can be used 
for reliable quantitative assessment of dabigatran concentrations; 
values more than 65 seconds are associated with an increased risk of 
bleeding.

Anti-factor Xa assays using rivaroxaban and apixaban standards 
provide accurate measures of anticoagulant effect and are the 
preferred test to measure anticoagulant effects of these drugs. The 
PT may be prolonged in patients treated with rivaroxaban, but the 
effect is reagent specific.6 The PT is not useful for apixaban because 
it is largely unaffected by the assay reagents at the current approved 
doses.  The aPTT cannot be used to reliably detect the presence of 
rivaroxaban or apixaban.
Antidotes

No specific antidotes are currently available for dabigatran, 
rivaroxaban, or apixaban.7 Dabigatran-specific monoclonal antibodies 
generated in mice using dabigatran-derived haptens coupled to 

This review of the current available literature is intended to help 
clinicians formulate strategies in managing AF patients who are 
taking NOACs and are being considered for catheter ablation, device 
placement, or other surgery.
Pharmacology Of The NOACs

Table 1 gives a brief review of the pharmacokinetics of the NOACs.
Dabigatran

Dabigatran is an oral reversible direct competitive inhibitor 
of thrombin. Dabigatran was approved for thromboembolism 
prevention in patients with non-valvular AF in 2010.  It was also 
approved for the treatment of deep venous thrombosis (DVT) and 
pulmonary embolism in 2014.

Dabigatran etexilate is a low-molecular weight non-active pro-
drug that is administered orally and converted in the blood to its 
active form, dabigatran (a potent, competitive, and reversible direct 
thrombin inhibitor). Dabigatran binds to the active site of thrombin 
univalently, thereby inactivating both bound fibrin and unbound 
(i.e. free) thrombin. By inhibiting thrombin, dabigatran prevents 
a cascade of events: conversion of fibrinogen into fibrin, positive 
feedback amplification of coagulation activation, cross-linking of 
fibrin monomers, platelet activation and inhibition of fibrinolysis

Dabigatran inhibits human thrombin in a concentration 
dependent manner. Dabigatran binds to thrombin in a highly 
selective, rapid, and reversible manner. After oral administration, 
dabigatran etexilate is rapidly absorbed and hydrolyzed to its active 
moiety by non-specific ubiquitous esterases in the gut mucosa, liver, 
and plasma. After oral administration of dabigatran etexilate, peak 
plasma concentration (Cmax) of the active drug is reached within 
0.5–2 hours and steady-state concentrations are achieved within 3 
days of initiation. Up to 80 % of circulating unchanged dabigatran 
and small amounts of dabigatran glucuronides are excreted via the 
kidneys, the dominant elimination pathway.4 Consequently, reduced 
kidney function results in elevated dabigatran plasma concentrations 
and a prolonged drug effect. Dabigatran shows a very low potential 
for drug–drug interactions and its absorption is not affected by food.
Rivaroxaban

Rivaroxaban is a potent, oral direct inhibitor of Factor Xa. The 
FDA approved rivaroxaban for stroke prophylaxis in patients with 
non-valvular AF in 2011. It was also approved for use in prophylaxis 
of DVT in adults undergoing hip and knee replacement surgery in 
2011.

Rivaroxaban prevents thrombin generation by inhibiting Factor 
Xa; this is achieved by binding directly to the active sites of the serine 
endopeptidase. The pharmacodynamic profile of rivaroxaban in 
healthy subjects reveals a linear correlation between the Prothrombin 
Time (PT) and the plasma concentration of rivaroxaban. On 
pharmacokinetic evaluation of rivaroxaban in healthy volunteers, 

Table 1: Pharmacokinetics of NOAC agents

Characteristics Dabigatran Rivaroxaban Apixaban

Pro-drug Yes No No

Bioavailability 3-7% 66%(without food)  
100% (with food)

50%

Elimination half life (hours) 12-17 5-9 12

% Renal elimination  80 66 27

Metabolism using CYP3A4 family No Yes Yes
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bleeding and thromboembolic complications (16% vs 6%; p=0.009) 
compared with the warfarin group.

Dabigatran use was confirmed as an independent predictor of 
bleeding or thromboembolic complications. Importantly, dabigatran 
was restarted just 3 hours after sheath removal, which might have 
contributed to the higher bleeding rates observed.16

In a randomized controlled trial studying the feasibility of 
dabigatran versus warfarin for peri-ablation anticoagulation in patients 
undergoing AF ablation, 90 consecutive patients were recruited 
with 45 patients in either group. Both dabigatran and warfarin were 
discontinued the day before ablation with no bridging therapy in 
either group and were resumed after confirming hemostasis of the 
venipuncture site. Occurrence of rebleeding from the venipuncture 
site was less common in the dabigatran arm than in the warfarin 
allocated patients (20% vs 44%; p=0.013). Thromboembolism rates 
were 0% in the dabigatran subset and 2.2% in the warfarin subset.1

In a case control analysis of 763 consecutive patients undergoing 
radiofrequency catheter ablation of AF, dabigatran held after the 
morning dose on the day before the procedure and resumed 4 hours 
after vascular hemostasis was compared with uninterrupted warfarin. 
The prevalence of major bleeding complications (2.1%) and minor 
bleeding complications (2.6%) in the dabigatran group were similar 
to those in the warfarin group (2.1% and 3.3%, respectively). There 
were no thromboembolic complications in either group.18

In a study of 999 consecutive patients undergoing AF ablation 
(376 taking dabigatran and 623 taking warfarin), a propensity score 
matched analysis was performed. Dabigatran was held 1 or 2 doses 
before the procedure and restarted at the conclusion of the procedure 
or as soon as patients were transferred to the ward for recovery. Total 
hemorrhagic and thromboembolic complications were similar in 
both groups, before (3.2% vs 3.9%; p=0.59) and after (3.2% vs 4.1%; 
p=0.53) propensity matching.19

In an analysis of 212 patients on dabigatran and 251 patients on 
warfarin evaluating the safety profile of uninterrupted dabigatran 
therapy during AF ablation, no significant difference in the risk of 
bleeding or thromboembolic complications were found between the 
two groups. Dabigatran was continued in the peri-procedural period 
with a dose given morning of the procedure and resumed the evening 
of the procedure in this study.20

In a recent meta-analysis which looked at 14 studies enrolling a 
total of 4782 patients (1823 treated with dabigatran and 2959 with 
warfarin) undergoing AF catheter ablation, no significant differences 
were found between patients treated with dabigatran and warfarin 
as regards thromboembolic events (0.55% dabigatran vs 0.17% 
warfarin; p=0.26) and major bleeding (1.48% dabigatran vs 1.35% 
warfarin; p=0.86).21

In a meta-analysis of ten cohort studies including 1501 patients 
receiving dabigatran and 2356 receiving warfarin comparing peri-
procedural dabigatran with warfarin for anticoagulation in AF 
ablation. Dabigatran was held the morning of the procedure in 5 of 
the studies, held the night before in 1 study, held 12-24 hours prior in 
one, and held 2-48 hours prior in another study. There were equivalent 
major bleeding outcomes in the two groups (1.6% dabigatran versus 
1.7% warfarin). Dabigatran demonstrated a significantly higher rate 
of neurological events in this analysis.22

There have been a few studies comparing rivaroxaban and warfarin 
in the setting of AF ablation. In a multicenter prospective study, 
uninterrupted rivaroxaban was compared with uninterrupted warfarin 

carrier proteins were recently developed. The obtained antidote has 
structural similarities with thrombin, and its affinity for dabigatran 
is about 350 times stronger than its affinity for thrombin. However, 
it has not yet been tested in humans.8 Currently in development 
is a truncated form of enzymatically inactive factor Xa which, in a 
dose-dependent fashion, can reverse anticoagulation and correct the 
prolongation of ex-vivo clotting times by any of the Xa inhibitors.9

Management of bleeding should be individualized mainly 
according to the site and severity of bleeding but also to the patient 
characteristics, such as the indication for anticoagulation and stroke 
risk. In the absence of specific antidotes, general hemostatic agents 
should be considered.10 In the setting of an overdose, activated 
charcoal can be used to decrease absorption of recently ingested 
dabigatran.11 Activated charcoal may also help decrease the absorption 
of rivaroxaban and apixaban.12, 13 In case of life-threatening bleeding 
or before emergency surgery, hemodialysis has been reported to help 
reduce the circulating levels of dabigatran.14 There is limited preclinical 
data regarding the use of Prothrombin Complex Concentrate and 
recombinant factor VIIa to reverse the effects of NOACs, however 
clinical experience is limited. Fresh frozen plasma, tranexamic acid or 
desmopressin can also be considered in the setting of life threatening 
bleeding.7

Peri-Procedural Recommendations
Ablation

For purposes of this review, we will focus on the use of NOACs in 
the setting of catheter ablation of AF. It is estimated that more than 
150,000 patients with AF undergo catheter ablation each year in the 
United States.15 As procedural techniques evolve and the prevalence 
of AF increases, the number of ablation procedures performed 
is expected to increase rapidly. Patients undergoing AF ablation 
are typically anticoagulated per the current guidelines.3 There are 
inherent additional procedural thromboembolic risks with ablation. 
Catheter manipulation can dislodge a previously formed thrombus 
in the left atrium. Passage of catheters into the left atrium and the 
insult of ablation on the left atrial tissue can trigger various aspects of 
the clotting cascade. Stunning of the left atrium results in decreased 
contractility and an increased risk of thrombus formation. 

That being said, patients who have paroxysmal AF and few risk 
factors for stroke may or may not be chronically prescribed an 
anticoagulant and can safely be taken off their anticoagulant for 
several days prior to the planned ablation. The remainder of the 
discussion pertains mostly to patients with persistent AF and/or 
moderate to high stroke risk.

Many patients undergoing catheter ablation for AF take warfarin, 
though an increasing number use NOACs. The uninterrupted use of 
warfarin through the periprocedural timeframe is now widely accepted 
as safe and efficacious. However, there is no clear consensus regarding 
the periprocedural management with the newer anticoagulants.

There have been a number of studies comparing NOAC agents 
with warfarin. Most of these studies looked at dabigatran and results 
have varied between the different studies.

In a multicenter, observational study from a prospective registry 
including 290 consecutive patients undergoing AF ablation, patients 
receiving dabigatran therapy with the dose held on the morning of 
the procedure were compared against patients with uninterrupted 
warfarin therapy. The dabigatran group had a significantly higher 
major bleeding rate (6% vs 1%; p=0.019) and a greater composite of 
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persistent AF, in whom the ablation procedure will entail rhythm 
conversion from AF to sinus. A similar approach can be used with 
rivaroxaban and apixaban though there is less concern about a 
prolonged half-life in patients with renal impairment because these 
agents are only partially renally cleared. One popular option has been 
to transition to warfarin (in some centers, this transition occurs a 
month or more before the planned ablation) and perform the ablation 
on uninterrupted warfarin.

Can the above data be used to justify uninterrupted periprocedural 
anticoagulation with the newer anticoagulants? Some societies, such 
as the EHRA, have issued guidelines that argue against uninterrupted 
use of NOACs in the peri-procedural window.29 The data regarding 
dabigatran is mixed and the lack of an easily available laboratory 
tool to monitor the level of anticoagulation with dabigatran  (and 
the absence of a potent specific antidote) makes routine use of 
uninterrupted dabigatran difficult to recommend.

However, a minimal interruption of dabigatran appears to be 
effective and safe in patients undergoing AF ablation; the optimal 
strategy appears to involve holding dabigatran for 1-2 doses pre-
procedure and restarting the medication 6-8hrs post-procedure. 
Uninterrupted rivaroxaban appears to be an acceptably safe alternative 
to uninterrupted warfarin for AF ablation, while data regarding 
apixaban are lacking. 
Device Placement

It is well established that a strategy of uninterrupted warfarin 
treatment at the time of a pacemaker or ICD procedure markedly 
reduces the incidence of clinically significant device-pocket 
hematoma as compared to the strategy of withholding warfarin and 
using bridging heparin therapy.30, 31 However there is no randomized 
prospective data regarding the NOACs in this clinical scenario.

In a substudy of the RE-LY trial, bleeding risk in patients 
anticoagulated with dabigatran or warfarin who underwent invasive 
surgery was evaluated. One-tenth of the included procedures were 
device implants or replacements; on average, dabigatran was last given 
49 hours before invasive surgery. Anticoagulation with dabigatran 
was not associated with an increased risk of bleeding. 32

In a small prospective observational analysis of 25 consecutive 
patients who were undergoing device implantation or replacement 
and were anticoagulated with dabigatran, no bleeding complications 
occurred within 30 days of surgery. The interval between the last 
dose of dabigatran and implantation was 26±16 hours (range 5-48) 
for the group with minimally interrupted anticoagulation and 5±3 
hours (range 1-11) for the uninterrupted group. The interval between 
implantation and the first postoperative dose of dabigatran was 27±19 
hours (range 2-48) in the minimally interrupted group and 8±3 hours 
(range 3-11) in the uninterrupted group. One minor bleeding event 
(development of a pocket hematoma which required no additional 
intervention or discontinuation of the anticoagulant) occurred in a 
patient who was receiving concomitant dual antiplatelet therapy.33

In a retrospective analysis of 257 patients undergoing device 
implantation, replacement, or revision, 14 received interrupted 
dabigatran (dabigatran held morning of the procedure), 48 
received uninterrupted dabigatran, and 195 received uninterrupted 
warfarin. Bleeding complications occurred in 2.1% of patients with 
uninterrupted dabigatran, 0% of patients with interrupted dabigatran, 
and 4.6% on uninterrupted warfarin therapy. The differences were not 
statistically significant (p=0.69). In this study, bleeding complications 

in 157 patients undergoing AF ablation. There was no statistical 
difference between the two groups regarding major bleeding (1.9% 
rivaroxaban vs 2.5% warfarin). One patient in each group suffered a 
peri-procedural transient ischemic attack.23

In a prospective registry of patients undergoing AF ablation in 8 
centers, uninterrupted rivaroxaban was compared with uninterrupted 
warfarin. Rates of major bleeding were 1.6% and 1.9% respectively 
between the two groups. Rates of embolic complications were 0.3% 
in each group.24

In a meta-analysis of 8 studies involving 3575 patients looking 
at the efficacy and safety of rivaroxaban compared with warfarin 
in patients undergoing catheter ablation for AF, similar rates of 
thromboembolic events (0.4% vs 0.4%; RR0.71, 95% CI 0.26 to 1.96, 
p=0.51) and major hemorrhage (1.2% vs 2.3%; RR 0.49, 95% CI 
0.24 to 1.02, p=0.06) were noted between the groups. Direct efficacy 
and safety comparisons between rivaroxaban and dabigatran showed 
nonsignificant differences in rates of thromboembolism (0.5% vs 
0.4%; RR 1.12, 95% CI 0.25 to 4.99, p=0.88) and major bleeding 
(1.0% vs 1.6%; RR=0.71, 95% CI 0.16 to 3.15, p=0.66).25

In a comparative analysis of 301 consecutive patients grouped into 
3 per their peri-procedural anticoagulation regimen; uninterrupted 
warfarin with therapeutic INR(n=114),dabigatran(n=89) and 
rivaroxaban(n=98) undergoing AF ablation between  Jan 2011 
and  Sep 2013, there was no significant difference in combined 
thromboembolism/bleeding risk among the groups(warfarin vs 
dabigatran vs rivaroxaban; 6.2% vs 6.7% vs 6.0%;p=0.82).Dabigatran 
or rivaroxaban was initiated at least 1 week prior to the ablation 
procedure. The last dose of dabigatran was given the morning 
1 day prior to the procedure and the last dose of rivaroxaban was 
given the evening 2 days prior. Heparin infusion without bolus for 
a target ACT>350s was initiated 6 hours after sheath removal for 
both NOAC groups; NOAC was resumed on the morning after the 
procedure.26

In a prospective, non-randomized, single-center, observational 
study of 556 patients evaluating the efficacy and safety of  peri-
procedural anticoagulation with Vitamin K antagonists (VKA) 
(n=192), rivaroxaban(n=188) and dabigatran(n=176), there were no 
significant differences regarding thrombo-embolic events in 1.3% 
(VKA 2.1%; rivaroxaban 1.1%; dabigatran 0.6%; p=0.410); major 
bleeding in 2.3% (VKA 4.2%; rivaroxaban 1.6%; dabigatran 1.1%; 
p=0.112), and minor bleeding 1.4% (VKA 2.1%; rivaroxaban 1.6%, 
dabigatran 0.6%; p=0.464) with no fatal events observed. Patients 
were required to be on effective oral anticoagulation for at least 30 
days before the procedure to be included. Interestingly, VKAs were 
stopped 5 days before the procedure and subcutaneous heparin (either 
LMWH or unfractionated heparin) started 48 hours after stopping 
VKAs. Dabigatran was interrupted 24-36hrs before and rivaroxaban 
24-48 hours before the ablation. Subcutaneous heparin was started
24hours after the interruption of rivaroxaban and 12 hours after
dabigatran. VKAs were restarted the evening of the procedure and
NOACs 4-6 hours after the procedure.27

In clinical practice, strategies for NOAC use around the time of 
AF ablation have run the gamut between interrupted, minimally 
interrupted, and uninterrupted schedules.28 Some centers withhold 
dabigatran for 5 days or more before the procedure. This is to ensure 
complete clearance by the time of the procedure. In such cases, 
bridging therapy with low molecular weight heparin (LMWH) or 
intravenous heparin is often warranted, particularly in patients with 
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low dose rivaroxaban has been shown to provide superior outcomes 
to LMWH after total knee arthroplasty.35 In surgical procedures 
with minimal clinically important bleeding risk such as superficial 
dermatological procedures, the European Heart Rhythm Association 
(EHRA) recommends that NOACs be discontinued 18-24 hours 
before the procedure and then restarted 6 hours post-procedure. For 
elective procedures with minor bleeding risk, such as biopsy of the 
prostate or hernia repair, the EHRA recommends discontinuing 
NOACs at least 24 hours prior to surgery. For procedures with a high 
risk of bleeding, such as major abdominal, cardiovascular, thoracic, 
orthopedic, intracranial or spinal operations, the EHRA recommends 
discontinuation of NOACs 48 hours before intervention.29

The Working group on Perioperative Hemostasis and the French 
study group on Thrombosis and Haemostasis recommend stopping 
NOACs 24 hours before surgery and restarting 24 hours afterwards 
for procedures with a low hemorrhagic risk. For procedures with a 
medium or high hemorrhagic risk, their suggestion is to stop NOACs 
5 days before surgery and time the restart based on a post-operative 
clinical assessment of bleeding risk.36

The 2014 ACC/AHA guidelines for perioperative cardiovascular 
evaluation judge it reasonable to continue anticoagulation 
perioperatively in some instances in which there is minimal to no 
risk of bleeding. For patients with AF undergoing elective procedures 
during which hemostatic control is essential, such as major surgery, 
spine surgery, and epidural catheterization, discontinuation of 
anticoagulants for greater than 48 hours is suggested.37

With regard to restarting NOAC agents post-operatively, there 
are no specific guidelines. A synthesis of available expert opinion 
suggests that if the bleeding risk is considered low, NOACs at a 
therapeutic dose can be safely restarted 24 hours after the procedure. 
If the bleeding risk is considered high, they can be restarted 48-72 
hours after the surgery after confirming adequate hemostasis. For 
surgeries requiring immobilization, starting LMWH 6-8 hours after 
surgery and reinitiating NOACs 48-72 hours later is reasonable.38, 

39 For certain types of orthopedic surgeries, low dose rivaroxaban 
started just a few hours after the operation has been shown to be safe 
and effective.35

Given the rapid onset of action and short half-lives of the NOACs, 
bridging anticoagulation is usually not required. However, in patients 
who are not able to take oral medications after surgery (i.e. patients 
with post operative ileus or patients who underwent gastric resection), 
use of bridging therapy with LMWH may need to be considered.
Conclusion:

Peri-procedural management of NOAC therapy is challenging 
and requires a nuanced balancing of the risk of bleeding against the 
risk of thromboembolism. Ultimately, clinicians must make these 
management decisions on a case-by-case basis. However, we present 
some sets of general principles to guide this decision-making, based 
partially on the limited evidence available and based partially on a 
common-sense approach. More robust clinical data is required for 
more formal strategies to be incorporated in the guidelines. 

Referring back to the vignettes that we presented in the abstract:
Case 1: A 62 year-old female with hypertension, diabetes, and 

symptomatic paroxysmal AF who is prescribed dabigatran for 
thromboembolism prevention. She has failed attempts at maintaining 
sinus rhythm with antiarrhythmic drugs. She is now being considered 
for catheter ablation of AF.

were strongly associated with concomitant antiplatelet medications. 
The authors concluded that the incidence of bleeding complications 
were similar during device implantation with uninterrupted 
dabigatran or warfarin. However this study was retrospective with 
unbalanced numbers in the comparison groups. Additionally, the 
number of patients with submuscular pockets was relatively small, 
limiting the breadth of conclusions that can be drawn regarding the 
safety of uninterrupted anticoagulation.34

The choice of management of NOACs in the peri-implant period 
needs to account for inherent bleeding risk, concomitant antiplatelet 
therapy, and risk of thromboembolism. With the paucity of quality 
data in patients at low risk for thromboembolism, most physicians 
currently tend to hold the NOAC for at least 1-2 half lives prior 
to the procedure and restart the medication post procedure after 
adequate hemostasis is obtained. In patients at very high risk of 
thromboembolism, conversion to warfarin therapy and performing 
the procedure on uninterrupted warfarin therapy should be 
considered.
Surgery

The risks of bleeding for surgical procedures must be weighed 
against the benefit of remaining on anticoagulants on a case-by-case 
basis. One of the best comparisons between warfarin and NOACs 
in the setting of surgery was an analysis of a subset of patients 
enrolled in the RE-LY trial; 4591 patients undergoing at least 1 
invasive procedure were evaluated for bleeding from 7 days before 
until 30 days after invasive procedures. Among patients assigned 
to dabigatran, the last dose of the drug was given an average of 49 
hours (range 35-85) before the procedure in comparison with 114 
hours (range 87-144) in patients receiving warfarin. There were no 
significant differences in the rates of peri-procedural major bleeding 
between patients receiving dabigatran 110mg (3.8%) or 150mg 
(5.1%) or warfarin (4.6%). Among patients undergoing urgent 
surgery, dabigatran and warfarin were associated with similar rates of 
peri-procedural bleeding. Thromboembolic events in this study were 
rare and did not differ significantly in the warfarin and dabigatran 
groups.32

Broadly, surgical procedures can be divided into those which 
are bleeding-related and those that are not bleeding-related. For 
surgeries that are bleeding-related (i.e. evacuation of an intra-cranial 
hemorrhage or repair of a ruptured aortic aneurysm), management 
will almost always involve immediate cessation of the NOAC and 
possible administration of a reversal agent. The specific NOAC 
involved, the timing of the last dose, and drug-drug interactions 
should be noted. The laboratory should be contacted for the tests 
available at that particular institution for monitoring the anticoagulant 
effects of the NOAC in question. Perioperative management can be 
tricky in emergency situations given the lack of a specific antidote for 
the NOACs. However given their relatively short half lives, simply 
withholding further doses is likely to be sufficient in most cases. 
Currently available general supportive and hemostatic agents should 
be administered if necessary and surgery should be deferred for 12-
24 hours, if possible.

Management of NOAC therapy for surgeries that are not bleeding-
related is more nuanced and should be strongly influenced by the 
bleeding risk associated with the surgery. For some types of surgeries, 
such as orthopedic hip and knee procedures, the risk of venous 
thromboembolism must also be factored into the equation. In fact, 
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We recommend stopping dabigatran for 2 doses pre-ablation and 
restarting the drug on the evening of the procedure after ensuring 
adequate hemostasis at the vascular access sites.

Case 2: A 76 year-old male with hypertension, diabetes, prior 
stroke, and ischemic cardiomyopathy who has persistent drug-
refractory AF. He is maintained on chronic anticoagulation with 
dabigatran for thromboembolism prevention. He has an implantable 
cardioverter-defibrillator (ICD) which requires a generator change.

This patient is at high risk for peri-procedural thromboembolism. 
We recommend switching the patient to warfarin therapy 4 weeks 
prior to the procedure and performing the procedure on uninterrupted 
warfarin therapy. Warfarin can be transitioned back to dabigatran 
1-2 weeks post-procedure.

Case 3: A 58 year-old male with hypertension and paroxysmal AF
who takes rivaroxaban for thromboembolic prophylaxis and is being 
considered for a knee replacement surgery.

We recommend that rivaroxaban be held 24 hours prior to the 
procedure. Given the need for immobilization and the risk of venous 
thromboembolism, we recommend restarting the rivaroxaban (at 
a lowered dose to 10mg) at 8 hours after the procedure and then 
resuming the full dose of rivaroxaban 48 hours after the procedure, in 
the absence of any clinically important bleeding.
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Abstract
Since more than 100 years, 12-lead electrocardiography (ECG) is the standard-of-care tool, which involves measuring electrical potentials 

from limited sites on the body surface to diagnose cardiac disorder, its possible mechanism and the likely site of origin. Several decades of 
research has led to the development of a 252-lead-ECG and CT-scan based, three dimensional electro-imaging modality to non-invasively 
map abnormal cardiac rhythms including fibrillation. These maps provide guidance towards ablative therapy and thereby help advance the 
management of complex heart rhythm disorders. Here, we describe the clinical experience obtained using non-invasive technique in mapping 
the electrical disorder and guide the catheter ablation of atrial arrhythmias (premature atrial beat, atrial tachycardia, atrial fibrillation), 
ventricular arrhythmias (premature ventricular beats) and ventricular pre-excitation (Wolff-Parkinson-White syndrome).
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Introduction
Since more than 100 years, 12-lead electrocardiography (ECG) 

is the standard-of-care tool which involves measuring electrical 
potentials from limited sites on the body surface to diagnose cardiac 
disorder, its possible mechanism and the likely site of origin. Several 
decades of research has led to the development of a 252-lead-ECG 
based three dimensional (3D) imaging modality to refine non-invasive 
diagnosis and improve the management of heart rhythm disorders.1 

Here, we describe the clinical potential of this non-invasive mapping 
technique in identifying the sources of electrical disorders and 
guide the catheter ablation of atrial arrhythmias (premature atrial 
beat, atrial tachycardia, atrial fibrillation), ventricular arrhythmias 
(premature ventricular beats) and ventricular pre-excitation (Wolff-
Parkinson-White syndrome). 
Mapping Technique

The signal acquisition from the patient and subsequent 
computational methods used in the reconstruction of non-invasive 
maps using multiple torso electrodes have been previously described.1 

Briefly, a 252-electrode vest is applied to the patient’s torso and 
connected to the non-invasive imaging system and surface potentials 
are recorded. It is followed by a non-contrast thoracic CT scan to 
obtain high-resolution images of the heart and the vest electrodes. 
The 3D epicardial bicameral (atria or/and ventricles) geometries are 
reconstructed from segmental CT images. The relative positions of 
body surface electrodes can be visualized on the torso geometry. The 

system reconstructs epicardial potentials, unipolar electrograms, and 
activation maps from torso potentials during each beat/cycle using 
mathematical reconstruction algorithms. Details of the mathematical 
methods have been provided in detail elsewhere.2-6

Atrial Arrhythmias
Atrial Fibrillation

In the area of atrial fibrillation (AF), noninvasive ECG mapping 
further contributes to our understanding of AF pathophysiology and 
facilitates catheter ablation. Currently, pulmonary vein (PV) isolation 
remains the cornerstone of catheter ablation for AF.7,8 Recently 
however, there is emerging evidence that AF may be driven and 
maintained by localized reentrant and focal sources in the atria.9-13

Mapping these localized sources proves to be difficult, as AF is 
essentially a dynamic rhythm. Previous mapping techniques utilizing 
single point catheters, regional multielectrode catheters,13 or surgical 
plaques10  have been restricted by several factors, such as the inability 
to map both atria simultaneously, catheter contact issues, and limited 
surgical access.14 With the advent of noninvasive mapping, AF 
may be mapped beat-to-beat in a panoramic fashion, allowing the 
identification of potential driving sources.12,15

Non-Invasive Mapping Approach
Atrial cardiac potentials are much finer compared to ventricular 

potentials. To noninvasively map the atria accurately, several key 
barriers need to be overcome.14-16 As aforementioned, individual 
patient-specific 3-dimensional (3D) biatrial geometry is obtained 
from high-resolution noncontrast computed tomography (CT) scans 
undertaken with a 252 electrode vest applied to the patient’s torso. 
12,15 The exact locations of body surface electrodes in relation to the 
cardiac geometry are obtained during the same CT scan.

Consecutive windows with R-R pauses ≥1000ms during AF are 
analyzed. To avoid QRST interference, only the T-Q segments are 
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breakthroughs emanating from one or several PVs (simultaneously 
or sequentially) which generate reentrant drivers/rotor activity along 
the PV ostia. The validity of mapping is confirmed by termination 
of AF during isolation of the culprit PV.12 The mutual interplay 
between focal discharges from the PV and ensuing reentrant activity, 
therefore, confirms prior experimental observations made by Jalife et 
al and Chen et al on optical maps.17,18

We mapped20 consecutive patients with clinical paroxysmal AF 
non-invasively to guide catheter ablation. The invasive procedure 
consisted of multispline mapping at sites of non-invasively identified 
sources and RF application at these target sites with the endpoint 
of AF termination. Non-invasive maps showed single or repetitive 
discharges from one or several pulmonary veins, coexisting with rotor 
drifting along the venous ostia in the posterior wall. The pulmonary 
vein discharges either extinguished or reset a pre-existing rotor. The 

selected for analysis. In patients with rapid ventricular rates, diltiazem 
may be administered to slow atrioventricular (AV) conduction in 
order to create adequate recording windows.15 Filtering processes are 
applied to remove artifacts in signal morphology.12,14

Activation maps are computed utilizing the intrinsic deflection-
based method on unipolar electrograms (-dV/dTmax).14-16 With 
the global recording of cardiac signals, phase mapping algorithms 
may be applied to create AF maps, whereby a representation of the 
depolarization and repolarization wavefronts are computed from the 
isophase values corresponding respectively to π/2 and -π/2.15 Movies 
of wave propagation patterns are then displayed on the individualized 
biatrial geometry of each patient.

With the above technique, two general types of AF drivers have 
been identified: (1) reentrant, when a wave is observed to fully rotate 
around a functional core on phase progression; and (2) focal, when 
a wavefront originates from a focal site with centrifugal activation 
(Figure 1). Reentrant drivers are verified by sequential activation 
of local unipolar electrograms around a pivot point that covers the 
local cycle length, and focal drivers are confirmed by a QS pattern 
on unipolar electrograms. Due to the meandering nature of reentrant 
drivers observed in AF, the CT-based biatrial geometry is divided 
into regional domains for classification.15 An aggregated driver-
density map is then created in each individual patient that summates 
all the drivers recorded in each window and is projected on the 
patient’s biatrial geometry.
Paroxysmal AF

In paroxysmal AF, noninvasive mapping successfully identifies focal 
drivers arising from the PVs.12,14 Centrifugal spread of the wavefront 
is demonstrated both by activation and phase mapping.12,14 The 
most remarkable finding is the observation of repetitive activation 

Figure 1:

Phase mapping showing posterior view of left atrium during paroxysmal AF. 
Panel A shows serial snapshots of a single wave emerging out of the left inferior PV (white star) and reaching right veins in 30ms while it 
expands radially to the roof and inferior walls. 
Panel B shows serial snapshots of two successive rotations (white arrows) of a rotor located near the ostia of right veins. The core of the 
rotor (white star at the center of rainbow-coloured phases of rotor) is seen meandering in a small region in this example. The blue wave 
indicates the depolarizing front, which makes one full rotation in 160ms. The phases of wave propagation are color-coded using rainbow 
scale. The blue colour represents depolarizing wave and the green represents the end of repolarization. The wavefront can be read by 
following the blue colour. The time (ms) at the bottom of each snapshot represents the moment in the time-window when the snapshot was 
taken. Movie I in the online Data Supplement demonstrates these patterns with continuous non-invasive AF imaging.
Abbreviations: LSPV: left superior pulmonary vein; LIPV: left inferior PV; RSPV: right superior PV; RIPV: right inferior PV, SVC: superior vena 
cava
“From Haissaguerre et al, Journal of Cardiovascular Electrophysiology 2013;24:711-7; with permission.”
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Figure 2:

Upper and Middle Panel: The endpoint of local ablation is increase 
in local cycle length and transformation of rapid and complex 
signals into simple and slower local rhythm. 
Lower Panel: It is not desirable to achieve complete electrogram 
abolition locally which results in tissue scarring post ablation.
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and the superior right atrium; however, the exact locations varied 
amongst individuals.15 Reentrant activity was noted to be periodic, 
with the median number of continuous rotations being 2.6, but 
would often recur at the same or adjacent site. On the other hand, an 
average of 6 events was noted from a focal site.

In a subset of patients in this study, electrogram characteristics of 
AF driver versus non-driver regions were compared using an invasive 
multielectrode catheter. Regions harboring reentrant AF drivers 
more often demonstrated prolonged fractionated electrograms, and 
the recorded electrograms spanned across a large part of the AF 
cycle length. Studies are underway to delineate the electrogram 
characteristics of these reentrant activities. However, fractionation 
alone is non-specific, as it can be influenced by contiguous anatomical 
structures, slow or anisotropic conduction, and the direction or 
overlap of multiple wavefronts.20 A previous study however, has 
indicated that these reentrant drivers tended to harbor in the patchy 
zones bordering dense fibrotic areas.15, 21, 22

The aggregated driver-density map derived from noninvasive 
mapping serves as a roadmap for ablation. Point-by-point lesions are 
applied at the area harboring reentrant or focal drivers, starting with 
the region of highest driver-density and proceeding in a decreasing 
order. Local cycle length slowing is pursued as an endpoint of regional 
ablation, where initial electrograms are often rapid and fractionated. 
They are targeted until they become slower and less complex (figure 
2) usually harboring synchronous activation on distal and proximal
electrodes of the ablation catheter (indicative of passive activation).
Figures 3 shows an example of an aggregated map to guide ablation of 
focal and reentrant drivers. In the ablation approach by Haissaguerre
et al,15 following ablation of all driver regions, linear ablation was
undertaken if AF persisted. Remapping during ablation procedure
may identify the emergence of new drivers and thus may avoid linear
ablation. All intermediate atrial tachycardias upon termination of AF
were also subsequently ablated.

Using this approach, AF was acutely terminated in 80% of patients. 
The number of driver regions targeted to achieve AF termination 

rotor was not temporally stationary for more than mean 2 rotations. 
The anterior left as well as the right atrium were activated passively 
by the left atrial waves travelling over the Bachman’s bundle or the 
coronary sinus or both. In total, 344 drivers (255 rotors (74%) and 89 
PV discharges/foci (26%)), were mapped in 17/20 patients. Among 
them 95% of rotors and 81% foci were found to be in the PV and 
posterior left atrial region. The first ablated PV region terminated AF 
in 50% patients (and prolonged AF cycle length in 30%). The second 
targeted PV region terminated AF in an additional 40% patients. 
PV ectopics were identified after AF termination in 30% of patients. 
Later, circumferential PV isolation was undertaken and achieved in 
all patients.

The findings of non-invasive mapping reinforces the 
arrhythmogenic role of PVs in paroxysmal AF. The posterior left 
atrial PV regions are the most frequent (>90%) ablation target sites 
leading to termination of paroxysmal AF which is in concurrence 
with the key role of PVI described as the cornerstone of AF ablation 
in the contemporary guidelines.19

Persistent AF
In persistent AF, the identification of AF drivers helps pin point 

the targets for substrate ablation. In a cohort of patients with 
paroxysmal and persistent AF, Cuculich et al. described diverse AF 
activation patterns that included multiple wavelets, rotors and focal 
sources with the use of noninvasive activation mapping.14

In the recent study by Haissaguerre et al.,15 103 consecutive patients 
undergoing catheter ablation for persistent AF were investigated 
using noninvasive phase mapping. A median of 4 driver regions 
was identified in patients with persistent AF. Of the recorded driver 
activity, 80.5% were reentrant and 19.5% were focal. Reentrant AF 
drivers were commonly located in the right PV/septal region, left 
PV/LA appendage region, left inferior wall/coronary sinus region 

Focal Breakthroughs:

Posterior  
(Ostial right veins,

Inferior left atrium)

Anterior
(Left septum)

Reentries

Figure 3:

Left: Focal (top) and reentrant drivers (bottom) are seen on biatrial 
geometries of a 67-year-old male with 1-month-long persistent AF.
Right: CartoTM map of the anterior left atrium showing tags of 
ablation involving focal breakthroughs at the junction of left 
veins and appendage, the site of AF termination. Also shown are 
the ablation tags on the left septum corresponding to the region 
of septal reentrant drivers which are projected anteriorly on 
the biatrial geometry shown in the left panel. The relatively low 
density of (realtime) ablation tags is sufficient to achieve the local 
endpoint, here.

Right atrial region

Ostial coronary sinus region

Figure 4:

Two clinical cases where ablation of single target region 
terminated persistent atrial fibrillation.
Left: Termination of AF into sinus rhythm (left) after ablation 
of right septum in a 76-year-old female who presented in sinus 
rhythm. Arrhythmogenic density maps are shown in anterior (A) 
and posterior (B) views on the top and a rotor on the lateral view of 
the right atrium is shown with an arrow pointing at its core is seen 
below.
Right : AF terminated to AT after ablation of ostial coronary sinus 
region in a 59-year-old female with 3 months of AF duration. An 
aggregated map is showing the density of reentrant drivers in 
the ostial coronary sinus region. The number of rotations of each 
reentrant activity is also mentioned  on the map.
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arising in the context of previous AF ablation.24 Atrial tachycardias 
are relatively common in patients with atrial fibrillation who have 
undergone catheter ablation and often require additional mapping 
and ablation. The system is currently able to diagnose macroreentry 
where AT encompasses >75% of the cycle spread over three or more 
atrial segment versus focal AT diagnosed based on the presence of 
centrifugal spread of activation from small source (focus). Of note, 
the localization of an atrial tachycardia by analysis of the standard 
12-lead ECG is difficult because the interpretation of P-wave
morphology recorded on a standard ECG may not be accurate in 
patients with diseased atria who have undergone circumferential 
PV isolation and additional ablation of biatrial substrate guided by 
fragmented potentials and/or linear lesions (Figure 7 and online 
movie 1). It should be recognized that ECG imaging can generate 
the global activation map (potential and activation) of every beat 
and is therefore well suited to detect rapidly changing arrhythmias. 
In contrast, point-to-point mapping using the roving catheter and 
contemporary electroanatomic system (Carto XP, Biosense Webster, 
USA and NavX, St Jude Medical Inc., USA.) requires data from 
many sequential beats to construct such maps.

We have prospectively mapped and ablated various clinical ATs25 

in a wide range of patients using the non-invasive tool to 1) define 
the mechanism of AT: macroreentrant (perimitral, cavotricuspid 
isthmus-dependent and roof-dependent circuits) vs. centrifugal focal 
activation and 2) locate the source of arrhythmia in centrifugal ATs 
(Figure 8). Fifty-two patients (age: 61±11 years; 42 male, structural 
heart disease in 18) with clinical AT (mean cycle length 284±85ms) 
including those arising de novo, after catheter or surgical AF ablation 
(n-27) and post-atriotomy were included from three world centers.25 
All patients were first mapped bedside non-invasively, followed 
median 1 day (IQR: 1,7) later by invasive mapping and ablation. The 
invasive operator was blinded to the non-invasive diagnosis. Invasive 
electrophysiological mapping was performed using conventional 
electrogram and 3D electroanatomical mapping system guidance. 
Non-invasive map was considered accurate when its diagnosis and 

increased with the duration of persistent AF; a single dominant 
region was identified in only 9% of patients (figure 4). Figure 5 shows 
a typical record form of ablation procedure and figure 6 shows an 
interesting correlation with conventional ECG of fibrillatory waves.

Among 90 patients who completed 12-month follow-up, 64% of 
patients were in stable sinus rhythm (SR), 22% in AT and 20% in 
AF.15 Importantly, the strategy of driver-based ablation guided by 
noninvasive mapping achieved similar 12-month clinical outcomes 
to the conventional stepwise approach, but with half the amount of 
ablation (28 vs. 65 minutes for AF termination).15 In this setting, 
persistent AF ablation guided by noninvasive mapping of localized 
drivers offers the ability to direct therapy to localized AF driver 
regions, and the potential to minimize the extent of ablation.
Atrial Premature Complex and Atrial Tachycardia

Wang et al. reported first successful use of the technique in the non-
invasive diagnosis of the source of a clinical atrial tachycardia.23 ECG 
imaging accurately located the earliest site of atrial activation during 
focal AT in a patient that had previously undergone two pulmonary 
vein (PV) isolation procedures. The tachycardia was successfully 
terminated with radiofrequency ablation in the non-invasively 
determined location. ECG imaging can undertake online analysis of 
one ectopic beat and thereby provide global atrial activation patterns 
of sustained as well as transient AT non-invasively.  The technique, 
therefore, has advantage over sequential mapping technique, a 
diagnostic method employed by current invasive electroanatomic 
systems, which necessitates sustenance of AT or repetitive occurrence 
of ectopic beats, making the approach impractical in intermittent 
events.

Later, Wang et al. also demonstrated the utility of ECG imaging 
in the non-invasive diagnosis of  left atrial macroreentrant AT 
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N° Rotors N° Focals RF Time LAA CL RAA CL Local Endpoint / 
AF Termination

Targets

Septum 43 3 8 217 232

Inferior LA 21 0 5 238 238

LAA  10 29 5 227 232 CS organization

RAA 11 3 5 - - AF term in AT (268 ms)
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Figure 5:

In a 68-year-old male with persistent AF of 7 months, the AF-
driver record-form notes septum, inferior left atrium, left and right 
appendages as ablation target sites in sequence from 1 to 4 after 
more than 28 seconds of AF was analysed. The number of rotors 
and focal breakthroughs, RF ablation time, appendage cycle 
lengths and the endpoint / outcome of ablation are tabulated for 
each target site. AF terminated to AT during ablation of 4th target 
site (right appendage). Total RF time to achieve AF termination 
is 23 minutes. Below, the corresponding biatrial images 
show reentrant drivers on the left (number of rotations of the 
reentrant drivers are represented by digits on the map) and focal 
breakthroughs on the right. 

N° Rotors N° Focals RF Time LAA CL RAA CL AF Term?

Targets
Inferior LA 25 0 7 204 233

LA septum 11 0 4 214 235 AF term in SR
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Figure 6:

In a 67-year-old male, 5-month-persistent AF with baseline left 
appendage cycle length of 172 cm terminated after ablation of 
inferior left atrial followed by left septal region in 11 minutes. 
The two arrhythmogenic regions are displayed on left and right 
each. The corresponding fibrillatory waves display concordant 
features in inferior ECG leads.
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in the region of interest. Although there is evidence for differential 
activation of the contiguous endo-epicardium in the atria (in at least 
some of its parts), the difference, at best, could be considered modest 
considering that the atrial tissue is much thinner in most parts than 
the ventricular myocardium. 
Ventricular Arrhythmias
Ventricular Premature Complex And Ventricular Tachycardia

Premature ventricular complexes (PVCs) or outflow tract 
ventricular tachycardias (VTs) are commonly encountered in 
clinical practice.26 Localizing the origin of these arrhythmias can be 
challenging in cases that occur infrequently or last transiently (ie. 
few beats). In this scenario, noninvasive mapping may be particularly 
useful.26,27 The use of noninvasive mapping to localize PVCs has been 
validated by electrophysiological studies.26,28 Intini et al. used the 
electrocardiomapping technique for the first time in a clinical setting 
to guide diagnosis and therapy of a focal ventricular tachycardia 
(VT) in a young athlete.29 Isolated ventricular ectopic beats of an 
identical morphology to the sustained tachycardia were mapped 
prior to the invasive procedure and their origin was localized to the 
left ventricular (LV) apical diverticulum.

In a study by Jamil-Copley et al.,26 patients wore a body vest 
consisting 252-surface electrodes for noninvasive localization of these 
ventricular arrhythmias. Patients were allowed to ambulate and the 
vest was applied up to 5 hours prior to the procedure to capture the 
culprit arrhythmia. Cardiac potentials, activation maps and voltage 
maps were derived from noninvasive mapping. Noninvasive mapping 
successfully identified the outflow tract ventricular tachycardia / 
PVC origin in 96% of cases, correctly sublocalizing to specific areas 
in the right or left outflow tract. Acute success was achieved in 100% 
of patients and medium success was achieved in 92% of patients.

In animal models, the cardiac activation sequences during single 
or multipoint pacing and VT are accurately depicted by noninvasive 
mapping.30 The origin of activation and image activation sequence of 
torsades de pointes can also be identified noninvasively.31 In humans, 
Wang et al. demonstrated that noninvasive mapping provided 
further information on the site of initiation, VT mechanism (focal 
or reentrant) and depth of VT origin (epicardial, mid-myocardial 
or endocardial). The study examined 26 ventricular arrhythmias in 

ablation-target matched with that obtained invasively and was 
subsequently confirmed by successful ablation. The non-invasive 
diagnoses were evaluable in 48 of 52 patients. In four patients, clinical 
AT converted to another rhythm (AT and AF in 1 each and sinus 
in 2) before invasive mapping was completed, and therefore, these 
patients were excluded from the comparative analysis.

Out of 48 evaluable clinical ATs, 27 ATs were diagnosed in the EP 
laboratory as macroreentrant and 21 as centrifugal arrhythmias. All 
of them were successfully terminated by ablation resulting in sinus 
rhythm in 44 or another AT in 4. The overall diagnostic accuracy 
compared to invasive EP diagnosis, the gold standard, was 92% (100% 
in patients without any previous ablation and 83% in patients with 
previous AF ablation(s)). Non-invasive mapping was particularly 
useful and adept at accurately diagnosing centrifugal ATs (100% 
success rate including 11 (58%) patients with previous AF ablation). 
In this study, the primary reason of failure to diagnose the arrhythmia 
mechanism in 4 out of 48 (8%) evaluable ATs was 2:1 atrio-
ventricular conduction, precluding the selection of a full tachycardia 
cycle (unmasked by QRST complex) which is necessary for single 
cycle analysis.  This can be addressed clinically by administration of 
atrioventricular node blockers or simple pacing maneuvers during 
the invasive procedure to unmask multiple P waves. In addition, 
some post ablation atria exhibited substantially lower-ECG P-wave 
amplitude which further complicated and challenged the diagnosis, 
contributing to lower accuracy in post AF ablation ATs (83%). Noise 
reduction using a signal-averaging algorithm is being investigated 
with promising initial results to improve the accuracy in low voltage 
substrate.25

A potential limitation of the system is its inability to provide 
direct mapping of the septum.  Since the septum is not an epicardial 
structure and therefore not included or displayed on the map, a septal 
source is deduced by demonstrating simultaneous activation of both 
chambers from the inter-atrial groove. While precise localization 
on the septum may not be feasible for septal-source ATs, the 
deductive information may suffice with regard to ablation of target 
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Figure 7:

A 12-lead-ECG showing atrial tachycardia after pulmonary vein 
isolation and left atrial defractionation. The online movie 1 shows 
the phase ECM during this AT consistent with cavotricuspid 
isthmus dependent flutter (common flutter) which was confirmed 
by intracardiac mapping and successful termination to sinus 
rhythm during cavotricuspid isthmus ablation.

0 20 40 60
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Figure 8:

Focal paroxysmal AT arising from the anterior wall of the right 
superior pulmonary venous ostium was mapped accurately with 
the ECG mapping system (isochronal map shown) and sucessfully 
ablated at the corresponding site seen on the fluroscopic image. AT 
terminated after 9 seconds of radiofrequency application. 
Abbreviations: IVC-Inferior Vena Cava, SVC-Superior Vena Cava, 
RAA-Right Atrial Appendage, LAA-Left Atrial Appendage
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seven of eight (88%).
Cuculich et al. reported the use of noninvasive mapping to 

characterize ventricular substrate in patients post-myocardial 
infarction.33 Ventricular substrate for VT was identified noninvasively 
by low voltage amplitude, fractionated signals, late potentials and 
altered SR activation patterns, which correlated well with other 
imaging modalities.33

In another multicenter study,35 premature ventricular beats imaged 
non-invasively were accurately diagnosed in 100% patients with 
regard to chamber identification and focal mechanism (Figure 9 
top).34

Ventricular Pre-Excitation
Ghosh et al. imaged 14 pediatric patients with Wolff-Parkinson-

White syndrome and no other congenital disease, with ECG 
imaging a day before catheter ablation.35 The preexcitation sites 
were consistent with sites of successful ablation (5 left lateral, 4 
left posteroseptal, 2 right posteroseptal, 1 right mid-septal, 1 right 
posterior and 1 in the coronary sinus diverticulum), qualitatively, 
in all cases to within a 1-hour arc of each atrioventricular annulus. 
In a patient with two closely-situated accessory pathways, ECG 
imaging showed two contiguous epicardial breakthroughs. Based on 
the electrogram morphology (QS vs rS patterns), non-invasive maps 
could differentiate between the endocardial (12) and epicardial (2) 
locations of the accessory pathways.
Ghosh et al. also reported qualitatively accurate ECG imaging of 

accessory pathways observed in patients with structurally abnormal 
hearts like hypertrophic cardiomyopathy, Ebstein’s anomaly and 
status post repair of a univentricular heart.36-38

In another multicenter study, 7 patients with Wolff-Parkinson-
White syndrome imaged non-invasively were accurately diagnosed 
with regard to the identification of the ventricular epicardial 
breakthrough site of preexcitation (delta) wave (Figure 9 bottom)..

Conclusion:
Various atrial and ventricular arrhythmias including complex 

fibrillatory processes can be mapped non-invasively to guide catheter 
ablation. Accordingly, AF is driven and maintained by localized 
reentrant and focal sources, which are predominantly mapped and 
targeted by RF ablation in the PV antra and contiguous posterior 
left atrium in paroxysmal AF. Persistent AF in the early months is 
maintained by drivers clustered in a few biatrial regions, most of 
them being unstable reentries. Driver ablation results in comparable 
success rate with less RF duration. The pre- and per-procedural 
utility of the system in panoramic 3D mapping expresses its potential 
to reduce invasive procedural, fluoroscopic and ablation times.
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Figure 9:

Top: Biventricular Isopotential map (yellow colour denotes the 
earliest activation) during premature ventricular complex (12-Lead 
ECG). Inserted is an epicardial virtual electrogram (QS morphology) 
from the earliest site. The local intracardiac electrograms at the 
same site before the start of successful ablation are shown.
Bottom: Biventricular Isopotential map (yellow colour denotes the 
earliest activation) during preexcitation from a right posteroseptal 
accessory pathway (12-lead ECG) which was successfully ablated 
at the same site (local electrogram shown). Also inserted is a 
virtual electrogram (QS morphology) from the site of earliest 
ventricular activation over the manifest pathway.
Abbreviations: Ao-Aortic root, LAD-Left Anterior Descending artery, 
LAO-Left Anterior Oblique, MV-Mitral Valve, PA-Pulmonary Artery, 
TV-Tricuspid Valve.
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Abstract
Atrial fibrillation (AF) in the most common cardiac arrhythmia, and is associated with an increased risk of thromboembolic events. 

Silent AF is an asymptomatic form of AF incidentally diagnosed during a routine test or manifesting as an arrhythmia-related complication. 
Although recent trials have clearly demonstrated that patients with sub-clinical AF are at increased risk of stroke, the real incidence of this 
form of AF is still unknown. In fact, studies about silent AF had been performed only in specific subgroups of patients such as those with 
implantable cardiac devices, with recent cryptogenic stroke or transient ischemic attack, and recently undergoing AF ablation. Continuous 
ECG-monitoring in patients without implantable cardiac devices may improve silent AF detection but its cost-effectiveness actually is not well 
established in all kind of patients. Moreover, recent data have revealed that only a small number of these patients may have sub-clinical AF 
within the month prior to their stroke suggesting a lack of temporal relationship between the stroke and the AF episode.

This paper will review available data on different diagnostic tools for silent AF detection with a focus on their cost-effectiveness, analyzing 
the direct correlation between the arrhythmia and embolic events, and discussing areas of uncertainty where further research is required.
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Background
Atrial fibrillation (AF) is the most common cardiac arrhythmia, 

and is associated with an increased risk of ischemic stroke and 
systemic embolism.1

While many patients with AF may complain of palpitations, 
dyspnea and fatigue, some patients report no symptoms. Silent AF 
(SAF) is an asymptomatic form of AF incidentally diagnosed during 
routine examination or manifesting as an AF-related complication, 
such as ischemic stroke or tachycardiomyopathy.2  The real incidence 
of SAF in general population is still unknown, and this can be 
considered a major healthcare problem since the SAF paroxysms 
have been correlated with the same increased risk of ischemic stroke 
as symptomatic episodes.3–5

Recently, implementation of new technologies such as long-term 
ECG-Holter monitoring or new detection algorithms in implantable 
cardiac devices allowed an improvement in the recording rates of 
SAF.5, 6

The aim of the present paper is to review clinical and diagnostic 

tools that can be helpful in detecting SAF, and consequent strategies 
aimed at reducing morbidity and mortality.
Silent AF: Difference Between Clinical Trials And “Real 
World” Population

One of the main issues regarding SAF is that the vast majority 
of patients enrolled in the longer clinical trials dealing with AF 
detection and burden assessment had very peculiar characteristics, 
which are seldom represented in the real world population. The 
prevalence of arterial hypertension varies from 507 to 87%8  in some 
of the most recent clinical trials on AF, while its true prevalence 
is around 65%, according to recent registry data.9  Moreover, some 
cardiac comorbidities such as coronary artery disease (CAD) and 
heart failure (HF), while not uncommon in every day clinical practice, 
are usually excluded or under-represented in major clinical trials.10–12

In more recent real world population prevalence of SAF was around 
1.4% in all patients ≥ 65 years screened for AF, and reach 13.3% in 
patients with a known diagnosis of AF.13, 14 The first real world study 
aimed to detect the real risk profile of SAF was the BELGRADE-
AF study,14 which showed significant baseline differences between 
symptomatic and asymptomatic AF, as well as significant increase 
in progression to permanent AF and ischemic stroke in SAF. The 
authors concluded that asymptomatic presentation of incident AF 
could require more attentions in every day clinical practice.

However, most of the recent clinical trials on SAF were not aimed 
to the whole picture but rather focused the attention on just three 
main subgroups: patients with an implantable devices,3–5, 15 patients 
with cryptogenic acute stroke or transient ischemic attack (TIA),6 

and patients undergoing AF ablation.16

Cardiac Implantable Electronic Devices (CIED)
Implantable devices allow a continuous ECG recording of cardiac 
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(98.5%) in AF burden quantification, and high sensitivity (96.4%) in 
AF identification, independently of symptoms.23

Cryptogenic Stroke
Cryptogenic stroke is defined as a stroke caused by unknown, 

undetermined or unclear cause, and accounts for 25-30% of all 
ischemic strokes.24 SAF is often suspected to be the underlying 
cause of stroke in these patients25 and screening for SAF episodes is 
mandatory for therapeutic reasons.

A single 12-lead ECG has very poor sensitivity for paroxysmal AF 
detection. A 24-hour ECG recording (Holter monitoring) is often 
used and allows the detection of previously unrecognized AF in only 
2% of stroke patients.26–28

Moreover, the use of 7-day ambulatory ECG monitoring with 
the new event-loop recording system (ELR) demonstrated a further 
improvement of sensitivity in recognizing SAF in patients with 
stroke or TIA (Table 2).

Jabaudon et al.6 enrolled 149 patients with acute stoke or TIA, 
evaluated with standard 12-lead ECG and, if not diagnostic, a 24-
hour Holter monitoring. In case the Holter was not diagnostic too 
they underwent a 7-day ambulatory ECG monitoring. The 7-day 
monitoring was able to detect SAF in an additional 5.7% of patients 
despite standard ECG and 24-hour Holter found no evidence of AF 
(5/88 patients).

A further improvement in SAF diagnosis after an acute cerebral 
ischemic episode derived from ILRs. In fact, those devices allow a 
much longer ECG monitoring with a consequent big increase in 
sensitivity. Ritter et al.29 showed that ILR was superior to 7-days 
ECG monitoring in SAF detection (17% vs. 1.7%; p=0.008) in 
patients with cryptogenic stroke.

Even Cotter and colleagues30 found also in a cohort of 51 patients 
with cryptogenic stroke that AF was detected by ILR in 25.5% of 
cases. Continuous ECG monitoring (CEM) with telemetry in stroke 
unit plays also a central role in diagnosis of AF paroxysms that may 
be asymptomatic.31

Cryptogenic stroke and underlying atrial fibrillation (CRYSTAL-
AF) study32 showed that continuous ECG monitoring with ILRs is 
superior to conventional follow-up methods in detection AF after a 
cryptogenic stroke or TIA. Moreover, most of AF episodes detected 
in the CRYSTAL-AF were asymptomatic (74% in ILR group at 6 
months follow-up).

Unfortunately, this study was underpowered to find a stroke or 
TIA recurrence reduction.

Finally, the recent EMBRACE trial33 demonstrated that non 
invasive ambulatory 30-day ECG monitoring improved the detection 
of SAF by 5-fold and nearly doubled the rate of anticoagulant therapy 

activity, and therefore are privileged in this context. An overview 
of the major clinical CIED trials dealing with SAF is presented in 
Table 1.

Glotzer et al.15 found a prevalence of 51% of Atrial High Rate 
Episodes (AHRE) in a cohort of 312 patients implanted for sinus 
node disease (SND). Similar incidence rates were shown by Gillis et 
al. in another study, with similar population.17

Regarding patients with prior history of AF Israel et al.18 showed 
in a group of 110 implanted patients (for SND or atrio-ventricular 
block) an high recurrence of AF despite optimal medical therapy; 
moreover a significant proportion of these patients were asymptomatic 
during the 3.5 year follow-up. Similar data were found by Capucci et 
al.3 in a group of patients implanted with pacemaker for bradycardia 
with previous history of ATs (74% recurrence of AF episodes lasting 
at least more than 5 min during a median follow-up of 22 months).

In 2007, Orlov et al.19 compared 427 patients with an implantable 
device divided according to the presence or absence of an history of 
atrial tachyarrhythmias (AT) such as AF or atrial flutter (AFL). They 
found a high occurrence of AHRE in both groups, slightly higher 
in those with previous history of AT (88.5% vs. 53.8% at 24 months 
post implant; p < 0.001).

Finally, in the ASSERT trial,4 Healey and colleagues found an 
incidence of at least one AHRE in 34.7% of patients without any 
previous history of AF during 2.5 year of follow-up. 

Algorithms for discrimination of ventricular tachycardia (VT) from 
supraventricular tachycardia (SVT) were originally designed in order 
to avoid inappropriate shocks in patients with implanted cardioverter 
defibrillator (ICD). In single-chamber devices, the detection is made 
using four different parameters: RR onset, RR stability, ventricular 
electrocardiogram morphology (VEGM) and sustained rate 
duration. The combination of these features ensures appropriate 
therapy of sustained VT at the expense of decreased specificity for 
SVT rejection. On the other hand, dual-chamber devices offer the 
possibility of sensing directly the right atrial chamber. While this 
feature does not seem to add a lot in terms of VT discrimination 
specificity when compared with single lead devices,20 it surely 
represents a major breakthrough in AF detection capability. These 
advanced algorithms are the main reason whereby dual-chamber 
pacemakers have a much higher sensitivity and specificity than 24-
hour Holter ECG monitoring in AF diagnosis.15, 16, 21

Differently from pacemakers and ICDs, implantable loop recorder 
(ILR) devices cannot sense endocardial atrial activity therefore RR 
intervals variation is used as the main variable for AF diagnosis.22

A recent clinical study (XPECT trial) showed that a subcutaneous 
device provided with AF detection algorithm had a good accuracy 

Table 1: summary of main studies in patients with CIEDs

Year N. of patients Type of device Type of patients

Gillis et al.17 2002 231 PMK Standard indication to pacing

MOST trial.15 2003 312 PMK Patients with SND

Israel. et al. 18 2004 678 PMK Patients with SND or atri-ventricular block

Capucci et al.3 2005 725 PMK Patients suffering from bradycardia and a history of symptomatic atrial tachyarrhythmias (AT)

Orlov et al.19 2007 427 PMK Patients with stardard indication for pacing

TRENDS5 2009 2486 PMK or ICD Patients with indication for Pacing, ICD, or CRT with or whitout AF history

ASSERT4 2012 2580 PMK or ICD Sinus node or AV node disease, not previous history of AF

Shanmugam et al.45 2012 560 CRT Patients with CRT and home-monitoring system

PMK-Pacemaker, SND- sinus node disease.
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SAF recurrences detection.
However, is it cost-effective? And, even if it is, is that true for every 

kind of patient?
Unfortunately, in literature there are not enough data in order to 

give a clear answer.
In patients with CIED, the possibility of continuous monitoring 

is surely an added benefit. In these patients, utilization of remote 
monitoring (RM) may provide a risk reduction for stroke, compare 
with standard ambulatory monitoring, because it allows an early 
detection of AF paroxysms while reducing follow-up costs.41

A meta-analysis from Kamel et al. showed that one-week 
continuous monitoring is cost-effective in diagnosis of SAF in order 
to prevent ischemic events recurrence in patients with ischemic 
stroke.42 Similar results were found by Felix and colleagues with 
7-day ECG monitoring, in a similar population.43

The real challenge is to extend the possibility of continuous
monitoring to other sub-groups of patients with AF risk factors or 
predisposition. For all these reasons, more studies and new evidence 
are needed.

On the other hand, one time community screening using single-
lead ECG recording with handheld devices showed some promising 
results in the recent SEARCH-AF study.44 In this study ten 
pharmacies across Sidney where trained in order to screen for AF 
using specific software on a handheld devices. While the proportion 
of newly diagnosed AF was in line to what already known (1.3%) 
the authors found that this type of screening brought an incremental 
cost-effectiveness ratio of 3142€ per QALY gained and 15993€ per 
stroke avoided. This findings are especially important when compared 
with the cost of a hospitalization for stroke which was assumed by the 
authors to account for 34036€ in a ten-year time horizon. Moreover, 
the algorithm using by the software to detect AF had a very good 
sensitivity (98.5%) and specificity (91.4%).
AF Burden, Temporal Association And Risk Of Systemic 
Thromboembolism

In the last few years, many studies involving patients with 
implantable devices evaluated the correlation between AF burden 
and the risk of thromboembolic events.

The MOST trial in 200315 showed that the presence of pacemaker-
detected AHREs lasting at least 5 minutes were associated with 
a more than doubled risk of death or stroke and 6-fold increased 
risk of developing AF. Despite these results, a direct cause-effect 
relationship between AHRE and mortality seems unlikely as the 
authors added that patients with AHRE also had more severe 

where compared to standard ECG-monitoring. The detection rates 
of AF were 16.1% vs 3.2%, and 9.9% vs 2.5% when a cut-off of ≥30 
seconds and ≥2.5 minutes was used respectively.
AF Ablation

ECG monitoring plays an important role in evaluating the 
asymptomatic recurrences after AF ablation. This therapeutic strategy 
may in fact favor a shift from symptomatic to asymptomatic form of 
AF,34 and it is well known that symptoms evaluation alone is not 
useful in monitoring AF ablation success.35

In the large majority of trials the monitoring strategy was based 
on 24–72 hours of Holter monitoring, which unfortunately does 
not provide accurate heart rhythm status, particularly after AF 
ablation (Table 3). Hanke et al.21 enrolled 45 patients with previous 
AF history, who underwent surgical AF ablation and subsequent 
implant of ILR. Patient follow-up was scheduled at 3, 6, 9, and 12 
months postoperatively and then every 2 years with a clinical visit 
and 24-hour ECG Holter. While 24-hour Holter readings indicated 
sinus rhythm in 53 instances, a simultaneous telemetry allowed AF 
recurrence recording in 19 of these 53, suggesting an overall 34% 
24-hour Holter failure (p<0.0001) in detecting SAF. This reflects a
low 24-hour Holter sensitivity (0.60) and a low negative predictive
value (0.64).

Pokushalov et al.36 also demonstrated that a continuous monitoring 
with ILRs after AF catheter ablation is useful in early detection of 
AF recurrence and may guide to perform an early second ablation. 
Similar results were recently found by Mangianello et al.37

Unfortunately ILR are invasive, have limited memory storage and 
have a lifespan of only 3 years. External loop recorders (ELRs) with 
AF detection algorithms may be another option in SAF recurrence 
detection.38

Unfortunately, most of the patients commonly seen in clinical 
practice do not belong to one of these three aforementioned 
categories. Therefore, AF may long remain undiagnosed39 as many 
patients with SAF have no reason to perform an ECG, or present a 
normal sinus rhythm during ECG routine control. For example we 
have no available data for prevalence of SAF in otherwise-healthy, 
hypertensive patients, which is the most frequent risk factor in AF 
population.9 Similarly, some particular subtypes of AF, such as late 
postoperative AF, could benefit from the increased detection rates 
provided by ILRs and ELRs in order to avoid short- and long-term 
complications associated with this disease.40

Is SAF Monitoring Cost-Effective? And When?
We have seen how continuous ECG monitoring may improve 

Table 2: summary of studies with different cardiac monitoring systems in patients with cryptogenic stroke or TIA.

Year N. of patients Method Type  of patients

Koudstaal et al.27 1986 100 24 hour Holter ECG Patients with TIA

Kessler et al.26 1995 100 ECG Patients with stroke

Jabadoun et al.6 2004 149 Ambulatory 7-day ECG monitoring Patients with acute stroke or TIA and negative standard ECG-Holter

Douen et al.28 2008 144 Inpatient serial ECG vs 24-hour Holter ECG Patients with stroke

Rizos et al.31 2012 832 Continous ECG monitoring vs 24-hour ECG Holter Patients with stroke

Cotter et al.30 2013 51 ILR Patients with cryptogenic stroke

Ritter et al.29 2013 60 ILR vs 7-day ECG Patients with cryptogenic stroke

CRYSTAL AF32 2014 441 ILR Patients with cryptogenic stroke or TIA

EMBRACE33 2014 572 24-hour ECG Holter vs 30 day trigger ELR Patients with cryptogenic strike or TIA in previous 6 months
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third of those who developed thrombotic events had no prior atrial 
arrhythmia recorded.

These data suggest that subclinical AF may be related to embolic 
events via indirect mechanism or could be only a risk marker.
Conclusion:

Despite all the current efforts, SAF is still widely under-diagnosed 
in every day clinical practice. Unfortunately, prevalence of this disease 
is not trivial and enough data suggest that SAF could predispose to a 
higher risk of thromboembolic events.

Fortunately, new and advanced diagnostic tools are now widely 
available and can help to detect SAF in a good proportion of patients, 
thus potentially improving anticoagulation therapy and quality of 
life. The cost-effectiveness and the heterogeneity of population at 
risk for SAF are still limiting contemporary detection rates of this 
invisible enemy.
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structural heart disease. Another important study from Capucci et al. 
conducted in 725 patients with previous history of AF and implanted 
with dual-chamber pacemakers for bradycardia, found that device-
detected recurrence of AF lasting more than 24 hours was associated 
with a 3-fold increased risk of embolic events.3 Unfortunately, in this 
study patients with episodes < 24 hours were in the same group as 
with patients with no AF burden, thus making difficult to define a 
clinically useful cut-off of daily AT/AF burden that raises the risk of 
thromboembolic events.

Glotzer et al. in the TRENDS study5 followed-up 2486 patients 
with implantable cardiac rhythm device to evaluate the AT/AF 
burden (defined as the longest total AT/AF duration on any given 
day during the prior 30-day period). Those patients were divided 
into 3 groups: zero, low (<5.5 hours), and high burden (>5.5 hours). 
A major finding was that patients with a >5.5 hours daily AT/AF 
burden had a double risk of systemic thromboembolism. Two main 
limitations of this study were the unexpectedly low event rates and 
the absence of ECG tracings to verify AF episodes.5

Similarly to what previously exposed, Shangmugan and colleagues 
found in a cohort of HF patients that daily AF burden >3.8 
hours over 24 hours was associated with a significant increase in 
thromboembolic event rate.45

Finally, the Subclinical Atrial Fibrillation and the Risk of Stroke 
trial (ASSERT)4 enrolled a total of 2451 patients with a newly 
implanted pacemaker (for SND or atrio-ventricular blocks) and 129 
patients with a newly implanted ICD. Those patients had no previous 
history of AF or AFL lasting more than 5 minutes, and were not in 
oral anticoagulation therapy.

Episodes of AT were detected at least once during a mean 
follow-up of 2.5 years in about one third of the patients. One major 
finding was that subclinical AT (lasting more than 6 minutes) were 
independently associated with 2.5-fold risk of ischemic stroke or 
systemic independently of other risk factors and on the presence of 
AF symptoms. A limitation was that this trial did not analyze device-
detected events of 6 minutes or less, which occurred frequently and 
potentially important from a clinical point of view.

Although there is evidence of an association between AF burden 
and thromboembolic events, their temporal relationship is still 
poor understood. A sub-analysis from the ASSERT trial showed 
that only 15% of patients with an embolic event had evidence of 
subclinical AF (SCAF) >6 minutes in the previous month. Moreover, 
the majority of SCAF events occurring prior to the embolic event 
were far shorter than 48 hours, which is commonly believed to be the 
minimum duration required for thrombus formation in the left atrial 
appendage.46 Shangmugan et al.45 in their study reached a similar 
conclusion. In fact, mean time from last AHRE and thromboembolic 
event was 46.7±71.9 days. Moreover only 27.3% of patients 
with detected atrial burden, who suffered a thromboembolism 
complication, were in AT at the time of diagnosis. Furthermore, one 

Table 3: studies in follow-up after AF ablation

Year N. of patients Method

Hanke et al.21 2009 45 24 hour Holter ECG vs ILR

Pokushalov et al.33 2011 286 ILR

Joshi et al.38 2009 72 ELR

Manganiello et al.37 2014 113 12-lead ECG vs ILR
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Abstract
Catheter ablation of atrial fibrillation (AF) is considered to be better than anti-arrhythmic drug therapy in terms of maintaining sinus rhythm, 

and therefore, it has rapidly evolved to become a commonly performed procedure in major hospitals throughout the world. However, on the 
basis of the evidence currently available, we support the current guidelines recommending antiarrhythmic drugs as a first-line treatment 
in most patients with AF except younger patients with symptomatic paroxysmal AF with no evidence of structural heart disease, given the 
risk of fatal complications associated with the ablation procedure. We would like to emphasize that center volume and individual procedure 
experience are significant determinants of procedure-related complications. As another effect of AF ablation, preventing atrial remodeling 
and progression to persistent AF is also noteworthy. Further long-term data is needed to answer the question of whether ablation can prevent 
or delay the advance of structural remodeling and improve life prognosis, particularly in younger patients.

Introduction
Currently, there are two approaches to the treatment of atrial 

fibrillation (AF), rhythm-control and rate-control therapy. In the 
AFFIRM (Atrial Fibrillation Follow-up Investigation of Rhythm 
Management) study, no differences were found between the two 
approaches in terms of survival benefit.1 The J-RHYTHM ( Japanese 
Rhythm Management Trial for Atrial Fibrillation) study, mainly 
conducted in Japan, also reported no significant differences in 
mortality, incidence of cerebral infarction, and rate of hospitalization 
between the two approaches.2 However, a sub-analysis showed that 
prognosis was better in the patients who achieved stable maintenance 
of sinus rhythm, and the results suggested that any beneficial 
antiarrhythmic effects of antiarrhythmic drugs (AADs) are offset by 
their adverse effects.

In contrast, many studies have reported that catheter ablation is 
better than AAD therapy in terms of maintaining sinus rhythm.3-6 

Therefore, AF ablation has evolved rapidly to become a commonly 
performed procedure in many major hospitals throughout the 
world. The 2007 HRS/EHRA/ESC expert consensus statement 
recommended that the primary indication for catheter ablation of 
AF is the presence of symptomatic AF, refractory or intolerant to at 
least one Class I or III AAD.7 Recently, several new sets of data have 
been published that compare catheter ablation to AAD therapy as a 

first-line rhythm control intervention.8,9 Accordingly, the 2012 HRS/
EHRA/ESC expert consensus statement recommended that catheter 
ablation as a class IIa indication is reasonable for the treatment of 
symptomatic paroxysmal AF prior to initiation of antiarrhythmic 
drug therapy with a Class I or III antiarrhythmic agent.10 Here, we 
explore the reasonable indications for AF ablation. When should we 
consider AF ablation, before or after the failure of AAD therapy?
AF Ablation AfterThe Failure Of AAD Therapy

In rhythm-control therapy, long-term maintenance of sinus 
rhythm by AADs is usually difficult. The J-RHYTHM study was a 
randomized, multicenter comparison of rate control vs rhythm control 
in Japanese patients with paroxysmal AF. A total of 823 Japanese 
patients were enrolled. In this study, sinus rhythm was observed 
on periodic ECG recordings in 73% of the patients in the rhythm 
control group treated with AADs at 3 years.2 Komatsu et al reported 
that only 39% of patients to whom rhythm control was applied had 
no recurrence of AF during 4 years of follow-up.11 Contrastingly, 
many publications show that catheter ablation is effective therapy 
for patients with paroxysmal AF who have recurrent episodes 
resistant to AAD therapy. Representative randomized controlled 
trials (RCTs) are shown in Table 1.3-5 These RCTs demonstrate that 
AF ablation of paroxysmal AF is associated with significantly better 
rhythm control compared with further attempts at AAD therapy in 
patients who previously failed one or more AADs. However, evidence 
regarding the effectiveness of AF ablation is reported in institutions 
performing a large number of procedures. One meta-analysis shows 
that the success rate of AF ablation varies widely from 10% to 90%.6 
The guidelines of the Japanese Circulation Society determined 
that catheter ablation is a class I indication for patients with drug-
resistant symptomatic paroxysmal AF only when it is undertaken in 
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alone is not sufficiently effective, and pulmonary vein ablation in 
combination with complex fractionated atrial electrogram ablation 
or linear ablation is expected to be effective in 47% to 95% of 
patients.13-20 A previous study reported that maintenance of sinus 
rhythm was associated with a shorter duration of continuous AF, 
a longer surface ECG AF cycle length, and a smaller left atrium.21 
According to recent data, persistent AF can be terminated and 
potentially cured by catheter ablation, but the optimal selection of 
patients for AF ablation of persistent AF is still unclear. Because of 
unknown mechanisms of persistent AF, the lack of a standardized 
ablation strategy, and its limited effectiveness and efficiency, catheter 
ablation is currently not recommended as a first-line therapy in 
patients with persistent AF.
Atrial  Remodeling And Progression From Paroxysmal  To 
Persistent AF

Epidemiological studies have shown that paroxysmal AF naturally 
progresses toward persistent/permanent AF at an estimated rate 
of 15% to 30% over a 1- to 3-year period.22-24 Data derived from a 
Japanese hospital-based cohort (n = 19,994) also revealed that AF 
progression occurred in 115 patients (6.0%/year) despite the use of 
class Ia/Ic drugs.25 Although most of these studies focused on the 
maintenance of sinus rhythm by ablation as a therapeutic goal, we 
believe it is also important especially for young patients that ablation 
can prevent progression from paroxysmal to persistent AF. Ouyang et 
al reported the long-term data on clinical outcome after pulmonary 
vein isolation in 161 patients with paroxysmal AF and noted that 
progression toward persistent AF after PVI was observed in only 4 
patients (2.4%) over a 5-year follow-up period.26 More recently, a 
study that evaluated 1220 patients with symptomatic paroxysmal AF 
who underwent catheter ablation found that the rate of progression 
from paroxysmal to persistent AF was very low (0.3%/year) during 
a median follow-up period of 48 months.27 Compared with 
paroxysmal AF, persistent AF is likely to increase the incidence of 
death, heart failure, and stroke.28 Persistence of AF may induce atrial 
structural remodeling and impair LA mechanical function. Although 
further study is needed to determine the actual benefit of preventing 
progression toward persistent AF, this result achieved by ablation 
would appear to favorably affect the prognosis of young patients with 
paroxysmal AF by suppressing the progression of atrial structural 
remodeling.
Risk Of  Stroke After AF Ablation

The possible life-long requirement for oral anticoagulation is a very 
important consideration for a number of patients with AF. Evidence 
has emphasized that long-term oral anticoagulation based on the risk 
for stroke should be continued regardless of whether sinus rhythm 

institutions performing a minimum of 50 ablation procedures for AF 
annually.12

AF Ablation Before The Failure Of AAD Therapy
Previous studies showed that AF ablation was a second-line rhythm 

control therapy for patients undergoing recurrent episodes of AAD 
therapy, but in recent years, two sets of data supporting AF ablation as a 
first-line therapy have become available. One is the MANTRA-PAF 
(Medical ANtiarrhythmic Treatment or Radiofrequency Ablation 
in Paroxysmal Atrial Fibrillation) trial that randomly assigned 294 
patients with paroxysmal AF and no history of antiarrhythmic drug 
use to an initial treatment strategy of either radiofrequency catheter 
ablation or therapy with class IC or class III AADs.8 At 24 months, 
the burden of AF was significantly lower in the AF ablation group 
versus the AAD group (9% vs. 18%; P = 0.007), and more patients 
in the ablation group were free from symptomatic AF (93% vs. 84%, 
P = 0.01). However, in terms of the cumulative burden of AF, there 
were no significant differences between the AF ablation versus AAD 
group (13% vs. 19%, P = 0.10). One death due to a procedure-related 
stroke and three cases of cardiac tamponade occurred in the ablation 
group. RAAFT II (Radiofrequency Ablation for Atrial Fibrillation 
Trial) is another trial that compared AF ablation with AAD therapy 
as the first-line therapy in treating patients with paroxysmal AF.9 This 
clinical trial involved 127 treatment-naive patients with paroxysmal 
AF who were randomized to receive either AF ablation or AAD 
therapy. Recurrence of any atrial tachyarrhythmia was significantly 
lower in the AF ablation group versus the AAD group (54.5% vs. 
72.1%; P = 0.02). No deaths or strokes were reported in either group, 
whereas 4 cases of cardiac tamponade were reported in the ablation 
group.

Both studies have the same limitation in that the findings are 
limited to younger patients with paroxysmal AF who have little or 
no evidence of structural heart disease or other comorbidities. These 
research results suggest some advantages of ablation therapy as a 
first-line therapy for selected patients, but further investigations are 
needed to clarify the superiority of catheter ablation with regard to 
its effectiveness, efficiency, and safety.
AF Ablation For Persistent AF

The 2012 HRS/EHRA/ESC expert consensus statement 
recommended as a class IIa indication that AF ablation of persistent 
AF is reasonable for the treatment of symptomatic AF refractory or 
intolerant to at least one Class I or III antiarrhythmic medication. 
In long-standing persistent AF, which is defined as continuous AF 
of one year or more in duration, AF ablation may be considered as 
a class IIb indication.10 Catheter ablation of persistent AF is usually 
more complex than that of paroxysmal AF. Pulmonary vein ablation 

Table 1: Catheter ablation for patients with paroxysmal AF who have recurrent episodes of AAD therapy

Study Patients (n) Study design Patient characteristics Primary endpoint Follow-up 
(months)

Outcome

Jaïs P Circulation, 20085 112 Multi-center RCT Paroxysmal AF
resistant to at least 1 AAD

Recurrence of AF 12 89% vs 23% (AF ablation vs AADs therapy) 
had no recurrence of AF (p < 0.0001)

Calò P JACC, 200613 198 Single center RCT Paroxysmal AF
failed ADD therapy

Recurrence of AF/AT 12 86% vs 22% (AF ablation vs AADs therapy) 
had no recurrence of AF (p < 0.01)

Wilbur DJ JAMA, 20103 167 Multi-center RCT Paroxysmal AF not 
responding to at least 1 
AAD

Freedom from protocol-
defined treatment failure, 
which included documented 
symptomatic paroxysmal AF

9 66% vs 16% (AF ablation vs AADs therapy) 
remained free from protocol-defined 
treatment failure (p < 0.001)

AAD, anti-arrhythmic drug; AF, atrial fibrillation; AT, atrial tachycardia; RCT, randomized controlled trial.
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2). In particular, atrio-esophageal fistula is a very rare but devastating 
complication because 5 (71.4%) of the 7 reported patients died. In 
other reports, a total of 14 patients suffered atrio-esophageal fistula, 
and only 1 patient survived after emergency cardiac and esophageal 
surgery.33-37 Fatality rates from cardiac tamponade (2.3%) and stroke 
(5.1%) are much lower than that from atrio-esophageal fistula, but 
these complications occur more frequently.32 Major complications 
defined as life threatening or that required intervention or prolonged 
hospitalization are reported in Table 3.38-42 These complications 
occurred in 1.4-6% of patients: cardiac tamponade in 0.5-1.3%, 
stroke in 0.3-1.2%, and vascular complications in 0.95-1.2%. 
Predictors of complications in AF ablation have been reported by 
some investigators and include congestive heart failure,40 elderly 
patients,40,41 and female sex.41 Moreover, complication rates at one 
high-volume center were higher during the first 100 cases (9%) than 
during the subsequent 541 cases (4.3%), indicating the salutary effect 
of institutional or individual operator experience.41 In a study using 
data from the California State Inpatient Database, 4156 patients 
underwent an initial AF ablation in California between 2005 and 
2008.43 Of note, the mean annual volume of AF ablations per 
hospital was only 15.4 throughout the study period. Recent hospital 
procedural experience during the preceding 12 months varied from 
7.0±4.4 procedures in the lowest quartile to 136.9±27.8 in the 
highest quartile. Less hospital experience with AF ablation was one 
of the significant predictors of inpatient complications and all-cause 
30-day rehospitalizations. Cardiac tamponade is the most dramatic
complication observed during AF ablation and is the leading cause

is maintained by AAD because asymptomatic and undetected 
recurrence of AF is common even in patients on rhythm-control 
treatment.1 AF ablation is more effective in maintaining sinus rhythm 
than is AAD therapy, and thus the incidence of stroke is expected to 
drop for patients with successful AF ablation. Several observational 
studies actually showed that the risk of stroke was low (0.2-3%) in 
patients who discontinued systemic anticoagulation several months 
following AF ablation.29-31 If oral anticoagulant can be discontinued 
after AF ablation, it would be a great advantage over AAD therapy, 
and ablation therapy could be applied even to asymptomatic patients. 
However, asymptomatic AF is also common after AF ablation, 
and there have been no large-scale, randomized, controlled and 
prospective trials to give us a clear answer to the question of whether 
to continue oral anticoagulation post AF ablation. As a result, current 
guidelines recommend that anticoagulation should be continued 
indefinitely after ablation in patients with a high risk for stroke and 
especially in those who are 75 years of age or older or have had a 
prior stroke.
Complications Of AF Ablation

AF ablation is one of the most complex interventional 
electrophysiologic procedures performed. It is therefore to be expected 
that the risk associated with AF ablation is higher than that for 
ablation of most other cardiac arrhythmias. In a recent survey, death 
was reported in 32 (0.1%) of 32,569 patients undergoing 45,115 AF 
ablation procedures.32 The most frequent cause of death was cardiac 
tamponade, accounting for 25% of the deaths. Stroke was responsible 
for 16% and atrio-esophageal fistula also for 16% of the deaths (Table 

Table 2: Causes and proportions of death in 32,569 patients from 162 centers

Cause of death Intraoperative (n) Postoperative (n) Total (n) Proportion (%)

Early death (within 30 days from procedure)

Tamponade with subsequent cardiac arrest 5 2 7 21.8

Atrio-esophageal fistula 0 5 5 15.6

Peripheral embolism

Stroke 2 1 3 9.4

Myocardial infarction 1 0 1 3.1

Massive pneumonia 0 2 2 6.3

Extrapericardial pulmonary vein perforation 1 0 1 3.1

Irreversible torsades de pointes 1 0 1 3.1

Septicemia (3 weeks after procedure) 0 1 1 3.1

Sudden respiratory arrest 1 0 1 3.1

Acute pulmonary vein occlusion of both lateral veins 0 1 1 3.1

Hemothorax 0 1 1 3.1

Anaphylaxis 1 0 1 3.1

Late death (after 30 days from procedure)

Complications from prior perioperative events

Stroke 2 6.3

Tracheal compression from subclavian hematoma 1 3.1

Acute respiratory distress syndrome 1 3.1

Esophageal perforation from intraoperative TEE probe 1 3.1

Acutely precipitated events 3.1

Tamponade with subsequent cardiac arrest in prior stroke 1 3.1

Intracranial bleeding under oral anticoagulation therapy for prior stroke 1 3.1

TEE, transesophageal echocardiography
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of procedure-related mortality. A recent study evaluated 34,943 
ablation procedures and found a reciprocal association between the 
number of procedures performed at a center and the occurrence of 
tamponade, with a substantially lower risk in high-volume centers.44 
Tamponade was more frequent in women: 16% of the cases of 
tamponade required surgery, and the rates of tamponade were lower 
in high-volume centers. Taken together, these results help to verify 
the universal truth that the rates of procedure-related complications 
are significantly associated with center volume and procedural 
experience.
Risk Of Antiarrhythmic Drug Therapy

Serious adverse events can also occur in AAD therapy. The 
AFFIRM study demonstrated that adverse events, such as bradycardia, 
prolongation of the corrected QT interval, and gastrointestinal and 
pulmonary events, occurred more frequently in the rhythm-control 
group than in the rate-control group.1 To maintain sinus rhythm, 
administration of amiodarone is necessary in many cases, and 
amiodarone carries a risk of serious noncardiac toxicity.45 Pulmonary 
toxicity can be severe and occasionally fatal. The 1-year net risk 
was 1% for pulmonary toxicity, 0.6% for hepatic toxicity, 0.9% for 
hyperthyroidism, and 6% for hypothyroidism.46 Atrial flutter with a 
1:1 atrioventricular conduction ratio and Torsade de Pointes are also 
life-threatening arrhythmias associated with drug therapy. Unlike 
the “one-off ” risk associated with catheter ablation, the risk of these 
adverse effects with drugs is continuous and potentially life-long and 
therefore might be underestimated in clinical trials, especially for 
younger patients.
Conclusion:

According to the evidence currently available, we support the 
current guidelines recommending AADs as first-line treatment 
in most patients with AF, given the risk of fatal complications 
associated with ablation procedures. However, ablation can be first-
line therapy in younger patients with symptomatic paroxysmal 
AF who have little or no evidence of structural heart disease or 
other comorbidities. We would emphasize that center volume and 
individual procedural experience are significant determinants of the 
rates of procedure-related complications. Therefore, the inclusion in 
the Japanese guidelines of center volume as a condition for class I 
indication is reasonable and appropriate. The effect of ablation on 
preventing the progression of paroxysmal AF to persistent AF as well 
as on the maintenance of sinus rhythm is noteworthy, and further 
long-term data is needed to answer the question of whether ablation 
can prevent or delay structural remodeling and improve prognosis, 
particularly in younger patients.
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Abstract
Atrial fibrillation (AF) is the most common sustained arrhythmia and is associated with significant morbidity and mortality. In addition 

to mechanisms such as atrial stretch and atrial remodeling, also the activity of the autonomic nervous system has been suggested to 
contribute to the progression from paroxysmal to persistent AF. Catheter-based renal denervation (RDN) was introduced as a minimally 
invasive approach to reduce renal and whole body sympathetic activation which may result in atrial antiarrhythmic effects under some 
pathophysiological conditions. This review focuses on the potential effects of RDN on different arrhythmogenic mechanisms in the atrium 
and discusses potential anti-remodeling effects in hypertension, heart failure, and sleep apnea.
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Introduction
Atrial fibrillation (AF) is prevalent in 1-2 % of the general 

population. The number of affected individuals is expected to double 
or triple within the next two to three decades due to ageing of the 
population.1-4 AF doubles mortality and causes marked morbidity 
and reduced quality of life.5-13 In addition to mechanisms such as 
atrial stretch and atrial remodeling,14 also the increased activity of 
the sympathetic nervous system in hypertension,15 heart failure.16 
and OSA17 has been suggested to contribute to the development of 
AF.18 For this reason, increased activity of the sympathetic nervous 
system might be an interesting target for intervention to treat AF. 
Modulation Of Sympathetic Nervous System By Renal 
Denervation 

Recently, a catheter-based approach has been developed for 
renal sympathetic denervation (RDN).19 First-generation devices 
use radiofrequency pulses emitted from a monopolar electrode 
positioned under fluoroscopic guidance in each of the renal arteries. 
Mechanistically, it has been observed that the procedure resulted in 
a 47% reduction of renal norepinephrine spillover measured with 
the radioactive tracer 3H-norepinephrine.20,21 Additionally, firing of 

single sympathetic fibres, a parameter for whole body sympathetic 
activation, was reduced by 37%.21 This indicates that not just locally 
in the kidney, where the ablation procedure is performed, but also 
in the whole body, sympathetic activation can be reduced by RDN, 
suggesting a combined modulation of efferent and afferent signalling. 
RDN might therefore influence atrial electrophysiological changes as 
well as structural remodeling processes by modulation of autonomic 
nervous system.

Reduction of sympathetic activation by RDN may influence atrial 
electrophysiology. as well as the substrate for AF, characterized by 
neural, electrical and structural remodelling processes in the atrium 
(see figure 1). 
Renal Denervation And Cardiac Electrophysiology 

RDN results in a reduction in heart rate and AV-conduction velocity 
in pigs22 and in drug-resistant hypertensive humans.23 In chloralose/
urethane anesthetized pigs,22 neither atrial effective refractory period 
(AERP) nor P-wave duration were influenced by acute RDN, thus, 
excluding potentially relevant changes in atrial refractoriness and 
atrial conduction during sinus rhythm.22 Additionally, sensitivity 
of ganglionated plexi24 was not altered by RDN. Norepinephrine, 
the neurotransmitter of the sympathetic nervous system, is released 
from postganglionic neurons in response to sympathetic stimuli 
and activates beta-receptors resulting in increased focal discharges 
potentially representing triggers and perpetuators of AF.14,18 

Importantly, RDN not only reduces beta-receptor activation the 
target organs, thereby possibly reducing focal dyscharges, but it also 
reduces whole-body sympathetic activation.21 This may effectively 
inhibit systemic as well as local cardiac RAAS activation.
Renal Denervation And Neural/Autonomic Remodeling

Sympathetic hyperinnervation has been reported for atria of 
dogs undergoing rapid atrial pacing25 and increased sympathetic 
and vagal nerve discharges before the onset of atrial arrhythmias 
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as characterized by decreased width and increased number of 
fibrillation waves in humans and animals.26-29 Besides AF itself, other 
conditions like hypertension, congestive heart failure and sleep apnea 
can cause structural alterations in the atrium.15-17

RDN In Hypertension And Heart Failure
The underlying pathophysiological link and the common pathway 

for hypertension and heart failure leading to AF is atrial pressure and/
or chronic volume overload as well as ventricular diastolic dysfunction 
and neurohumoral activation leading to progressive atrial dilatation, 
prolongation of induced AF paroxysms, and local conduction 
delays.30 The effect of RDN on blood pressure is unclear. Several 
non-sham-controled studies showed promising antihypertensive 
effects in drug resistant hypertensive patients by RDN.31-34 However, 
just recently, the SYMPLICITY HTN-3 study, the first randomized, 
sham-controlled, blinded trial surprisingly did not show a benefit of 
RDN with respect to either of the efficacy end points for which the 
study was powered (reduction in office or ambulatory systolic blood 
pressure at 6 months).35 Some limitations like patient selection and 
adjustment of antihypertensive medication just before the start of the 
trial may explain the surpring results of SYMPLICITY HTN-3.36

In patients with drug-resistant hypertension, RDN led to a 
reduction of left ventricular mass. Additionally, RDN improved left 
ventricular ejection fraction and parameters of diastolic function 
(as evaluated by magnetic resonance imaging and tissue Doppler 
measurements) and reduced the number of patients with left atrial 
enlargement.33,34 Importantly, the anti-remodelling effects of RDN 
seem to be at least in part independent of blood pressure.33,34 In a 
small study in humans with drug-resistant hypertension, the atrial 
antiarrhythmic effects of circumferential pulmonary vein isolation 
(PVI) combined with RDN were investigated. At one-year follow-
up, RDN improved blood pressure control and 69% of patients who 
received both procedures no longer had AF, compared to 29% of 
those in the PVI-only group.37

Renal Denervation In A Pig Model For Seep Apnea
OSA is associated with increased sympathetic nervous system 

activation17 and atrial remodeling. In a pig model for OSA, 
shortening in atrial refractoriness36 acutely induced by an applied 
negative thoracic pressure (OSA-meneuver) was mainly mediated 
by combined sympathovagal activation, since it could be influened 
by atropine, bilateral vagotomy and beta-receptor blockade.38-41,24 

Compared to beta-blocker treatment, RDN resulted in an even more 
pronounced attenuation of shortening in atrial refractoriness during 
OSA-meneuvers, which might explain the superior antiarrhythmic 
effect of RDN compared to beta-blocker therapy in this animal 
model.24 In pigs with repetitive OSA-maneuvers over 4 hours, 
RDN inhibited spontaneous atrial premature beats, spontaneous AF 
episodes as well as AF duration.40 RDN attenuated postapneic blood 
pressure rises as well as renin angiotensin system activation, which 
may prevent the development of an atrial structural remodeling 
process in longterm OSA.40,41  The observed reduction in spontaneous 
atrial extrasystoles by RDN may reduce the trigger for AF in OSA. 
Interestingly, RDN likely exerts its antiarrhythmic effects rather by 
a combined than single inhibition of either the sympathetic nervous 
system or the systemic RAAS, as only pharmacological blockade of 
both, angiotensin-receptors and β-adreno-receptors displayed effects 
comparable to RDN. This superiority of RDN over selective beta-
receptor blockade may be explained by the fact that RDN not just 

in dogs with congestive heart failure induced by rapid ventricular 
pacing was observed.26 The effect of different strategies to modulate 
the interaction between central sympathetic system and the heart 
on sympathetic hyperinnervation and atrial autonomic neural 
remodeling has been investigated. High thoracic epidural anesthesia 
reduced afferent and efferent sympathetic nerve input to the heart. In 
a dog model with rapid atrial pacing, high thoracic epidural anesthesia 
prevented sustained AF. This was associated with inhibition of atrial 
sympathetic nerve sprouting.25 Modulation of sympathetic nervous 
system by RDN may result in comparable prevention of atrial 
sympathetic nerve sprouting during AF.
Renal Denervation And Eectrical Remodeling

RDN reduced duration of pacing induced AF, but, AF-induced 
shortening of the action potential duration was not attenuated.22 In 
humans with AF as well as in anesthetized pigs with AF induced by 
rapid atrial pacing, RDN reduces heart rate during AF, which might 
reduce clinical symptoms in patients with AF.22 However, shortening 
in atrial activation cycle length during AF was not altered by RDN. 
Whether RDN can influence electrical remodelling on the longer 
term needs to be investigated in further studies.
Renal Denervation And Structural Remodeling

Structural remodeling as a result of AF is characterized by 
increased atrial fibrosis formation and cardiomyocyte hypertrophy. 
Atrial tissue fibrosis impairs cell-to-cell electrical coupling and 
conduction. Long term AF leads to myocyte hypertrophy and 
increased endomysial fibrosis associated with dissociated conduction 
and electrical dissociation between the epicardial layer and the 
endocardial bundle network. The progressive structural remodeling of 
the atria is associated with increasing complexity of AF propagation 

Figure 1:

Renal denervation reduces sympathetic activation. Sympathetic 
activation upregulates the renin angiotensin aldosterone 
system (RAAS) leading to a substrate for atrial fibrillation (AF) 
characterized by structural alteration (structural remodeling). 
Ectopic activity during sympathetic activation can act as a trigger 
on a vulnerable substrate resulting in reentry and subsequent AF.
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reduces beta-receptor activation at the target organs but also, unlike 
beta-receptor blockade, reduces whole-body sympathetic activation 
and thereby reduces activation of beta-receptors as well as alpha- 
adrenoceptors at the target organs.
Conclusion:

RDN is a promising strategy to modulate the autonomic nervous 
system resulting in reduced sympathetic activity. RDN may prevent 
progression of AF by direct atrial electrophysiological effects as well 
as by anti-remodeling effects. From the pathophysiological point 
of view, reduction of sympathetic activtion by RDN may display 
antiarrhythmic effects particularly in disease states with increased 
sympathetic drive such as hypertension, sleep apnea and heart failure. 
Possibly, in patients with lone atrial fibrillation without underlying 
heat disease, RDN may be less effective. Further clinical and basic 
science studies are needed to show whether sympathetic inhibition 
by RDN can exert antiarrhythmic effects also in a larger group of 
patients. Preclinical studies suggest that atrial antiarrhythmic effects 
are possible also independent of blood pressure.
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Abstract
Catheter ablation is widely used to treat drug-refractory, symptomatic atrial fibrillation (AF). However, beyond pulmonary vein isolation, 

there remains little consensus on the recommended approach to ablation both in paroxysmal or persistent AF patients. Although ancillary 
ablation strategies are often used, the lack of a clear endpoint for AF ablation makes it challenging to evaluate their importance. Non-
inducibility and termination of AF during AF ablation have been advocated as potential endpoints. Several studies have attempted to assess 
their role in an AF ablation protocol.  However, the data for non-inducibility and termination as endpoints are mixed. Moreover, there are a 
number of limitations in the studies reported and limitations of the endpoints themselves. It is likely that non-inducibility or termination of 
AF during AF ablation may be markers of less structural remodeling rather than true endpoints for ablation. Herein, we review the relevant 
literature on the topic of inducibility and termination with respect to AF ablation and attempt to draw conclusions with guidance to further 
investigation.
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Introduction
Atrial fibrillation (AF) is the most common cardiac arrhythmia, 

affecting between 2.7 million and 6.1 million American adults, a 
number that is expected to double by the year 2050.1 Commonly, 
catheter-based ablation is utilized to manage the symptoms of 
AF. The techniques for catheter-based ablation continue to evolve, 
however ablation strategies that target the pulmonary vein (PV) 
antrum with a goal of PV isolation (PVI) remain the cornerstone 
of catheter ablation. Beyond PVI, there remains little consensus 
on approaches to ablation both in paroxysmal and persistent AF 
patients. The precise benefits of ancillary strategies including linear 
ablation, complex fractionated atrial electrogram (CFAE) ablation, 
ganglionated plexi ablation, and most recently focal impulse rotor 
modulation (FIRM) have yet to be established. Fundamentally, the 
goal of an AF ablation procedure is to ablate the least amount of 
tissue necessary to render the patient free of AF over the long-term. 
An optimal endpoint would therefore identify when this has been 
achieved, thus identifying patients who require additional ablation 
as well as sparing unnecessary additional ablation in patients who 
already would have achieved good long-term result. Non-inducibility 
or termination of AF have been considered for endpoints of ablation 
in this role.

Mechanistic Overview Of AF: Role Of Non-inducibility Or 
Termination

Effects of catheter ablation of atrial fibrillation can broadly be 
understood with respect to the proposed pathophysiologic basis of 
atrial fibrillation. There are likely multiple coexistent mechanisms, 
which contribute to the genesis of AF in humans. These include 
distinct triggering events, which initiate the arrhythmia. In some, 
a focal rapidly-firing source serves to maintain the arrhythmia. But 
in most, there are abnormalities of the substrate, which serve to 
perpetuate AF.2 The relative importance of triggers or substrate is 
unclear but likely both are critical.

Myocardial sleeves that extend from the left atrium into the 
pulmonary veins are the most common sources of electrical activity, 
which initiate atrial fibrillation.3 However, non-pulmonary venous 
trigger sites, including the vein and ligament of Marshall, the posterior 
left atrium, the superior vena cava, the coronary sinus, and the crista 
terminalis may exist with varying frequency. Mapping and ablation of 
non-pulmonary venous triggers may have a role in catheter ablation 
as well, but identifying when these may be important is challenging.

The substrate allowing for maintenance of AF comes in many 
forms. Structural remodeling due to processes such as fibrosis or 
stretch provides a substrate for reentry. This structural remodeling 
may be due to systemic illness such as hypertension, obesity, or 
sleep apnea; cardiac disease such as heart failure or valvular disease; 
or even AF itself. Additionally, patients may develop electrical or 
functional remodeling, also contributing to a substrate for reentry. 
Ongoing high frequency atrial activity lasting longer than 24 hours 
leads to a process of electrophysiological remodeling which promotes 
sustained arrhythmia.3 Approaches targeting substrate modification 
include linear ablation, CFAE ablation, ganglionated plexi ablation, 
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a trigger or potential driver for AF. However, there are many 
difficulties in using non-inducibility as an endpoint: 1) inducibility 
may have low sensitivity or specificity for recurrent AF; 2) the 
methods of inducibility can vary between isoproterenol infusion or 
atrial pacing; 3) the methods for atrial pacing can differ; and 4) the 
definition of positive inducibility can vary (i.e. >1 min sustained AF, 
>10 min sustained AF, etc). With this background, several studies
have considered non-inducibility as an endpoint of ablation with
conflicting results (Table 1).
Non-Inducibility  With Rapid Pacing: Studies Showing Benefit

A number of studies have suggested that non-inducibility of AF 
by atrial pacing after AF ablation may be associated with lower rates 
of AF recurrence. Presumably pacing may reveal a potential driver of 
AF outside of the ablated area, which could be targeted for further 
ablation.

Haissaguerre et al.4 investigated the association between AF 
inducibility and clinical outcomes in 70 patients with drug-refractory 
AF. Patients were randomized to PVI with (n=35) or without (n=35) 
additional linear ablation. Predictors of non-inducibility were smaller 
left atrial size, a greater increase in AF cycle length, and termination 
of AF during PVI. At 7 ± 3 months of follow-up, 40 (87%) of 
46 non-inducible patients remained free from arrhythmia off of 
antiarrhythmic drugs compared to 15 (62%) of 24  inducible patients 
(P=0.03).

Oral et al.5 studied the association of inducibility with clinical 
outcomes in patients with paroxysmal AF undergoing PVI with 
possible additional linear lesions on the posterior wall and the mitral 
isthmus.  Pulmonary vein isolation alone rendered 40 patients non-
inducible (group 1).  The remaining 60 patients, in whom AF was 
not terminated or was still inducible after initial PVI, were randomly 
assigned to no further ablation (group 2, n=30) or up to 60 minutes 
of additional ablation attempting to achieve non-inducibility (group 
3, n=30).  At 6 months, 85% of group 1 patients were free from AF. 
But 67% of group 2 compared to 86% of group 3 patients (P=0.05) 
were AF-free.  The authors concluded that non-inducibility of AF 

or FIRM ablation. Through these techniques, additional ablation at 
critical locations throughout the left or right atrium may be helpful 
in interrupting the paths of multiple wavelets or spiral re-entry in 
order to disrupt the maintenance of AF. 

The rationale for non-inducibility with pacing as an endpoint is 
that a normal heart will not fibrillate longer than a certain period 
of time. Either the heart will not be vulnerable to fibrillation with a 
given pacing protocol, or that even if induced, the AF will be unstable 
and not sustain longer than several minutes. But patients who are 
destined to further AF have persistent abnormalities, which make 
them vulnerable to AF initiation and maintenance. The rationale 
for non-inducibility with high-dose isoproterenol is that potential 
triggers of AF such as high frequency premature atrial contractions 
or bursts of atrial tachycardia, which initiate AF, have been adequately 
eliminated.

The rationale for termination of AF as an endpoint is that it may 
signify the elimination of all mechanisms, which were maintaining 
AF. Persistent AF is maintained by initial drivers, subsequent 
irreversible structural remodeling, and potentially reversible electrical 
remodeling. Distinguishing structural remodeling from electrical 
remodeling, derived from electrophysiologic properties of the atrial 
myocardium including refractory periods and conduction velocities, 
is problematic. It is important to recognize that the AF substrate is a 
dynamic parameter. Chronicity of AF itself is known to modify the 
substrate. It may be also be affected by other factors including the 
autonomic nervous system. If a procedure continues until termination 
and AF persists due to temporary electrical remodeling, unnecessary 
ablation after elimination of all important drivers may be performed. 
Electrical remodeling may require a period of sinus rhythm to reverse 
and no amount of ablation may be adequate or necessary.

Herein, we review the relevant literature on the topic of non-
inducibility and termination with respect to AF ablation and attempt 
to draw conclusions with guidance to further investigation.
Non- Inducibility As An Endpoint  For AF Ablation

The notion behind attempting to induce AF is to reveal either 

Table 1: Summary of studies evaluating non-inducibility as an endpoint of atrial fibrillation ablation.

Author Year N AF Type Induction protocol Definition of inducibility Follow-up Results

Haissaguerre 
et al.

2004 70 AF with episode ≥ 1 hour Decremental burst pacing (5 sec) AF ≥ 1 min 7±3 months 87% of non-inducible patients vs. 62% of 
inducible patients (P=0.03) were AF-free

Oral et al. 2004 100 Paroxysmal AF Rapid atrial pacing (≥ 15 sec @ 
shortest cycle length with 1:1 
atrial capture)

AF > 1 min 6 months 85% of non-inducible patients after PVI vs. 67% of 
inducible patients after PVI  vs. 86% patients who 
received further ablation after PVI when inducible 
were AF-free

Essebag et al. 2005 102 Paroxysmal and 
persistent AF

Burst pacing (5 sec @ 200 ms) ± 
isoproterenol

AF or left atrial 
tachycardia > 10 sec

1 year 72% of non-inducible patients vs. 53% of 
inducible patients (P=0.04) were AF-free

Jais et al. 2006 74 Paroxysmal AF Decremental burst pacing (10 sec) AF ≥ 10 min 18±4 months 91% of non-inducible patients were AF-free.

Richter et al. 2006 234 Paroxysmal (n=165) and 
persistent (n=69) AF

Decremental burst pacing AF > 1 min 6 months Non-inducibility had 46.7% sensitivity and 75% 
specificity for AF recurrence

Chang et al. 2007 88 Paroxysmal AF Decremental burst pacing (5-10 
sec)

AF or atrial flutter > 
1 min

12±6 months 81% of non-inducible patients after PVI vs 84% 
of non-inducible patients after PVI plus additional 
ablation vs 45% of paitnets inducible after PVI 
plus additional ablation were AF-free

Crawford et al. 2010 112 Paroxysmal AF Isoproterenol (up to 20 µg/min) AF up to 15 mins after 
infusion

12±5 months 84% of patients non-inducible with isoproterenol 
(33% sens, 97% spec), vs 76% of patients non-
inducible by pacing (44% sens, 72% spec) were 
AF freeDecremental burst pacing (10 sec) AF ≥ 1 min

Satomi et al. 2008 60 Paroxysmal AF Decremental burst pacing (10 sec) AF > 10 mins 16±8 months 58% of non-inducible patients vs 59% of inducible 
patients were AF free

Leong-Sit et al. 2013 144 Paroxysmal (n=78) and 
persistent (n=66) AF

Decremental burst pacing (15 
beats)

AF or atrial tachycardia/
flutter ≥ 2 mins

1 year 51% of non-inducible patients vs 51% of inducible 
patients were AF free
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AF and suggest that this may be preferable to atrial pacing. In fact, 
these alternate methods for inducibility may be evaluating separate 
mechanisms for the development of AF. While atrial pacing may 
test the arrhythmogenic substrate, isoproterenol may be useful to 
bring out potential triggers of AF. The role of isoproterenol as an 
induction agent has been evaluated and its use in the prognosis of AF 
recurrence has been compared against that of atrial pacing.

Oral et al.10 investigated the sensitivity and specificity of 
isoproterenol infusion for the induction of AF in 80 patients with 
paroxysmal AF presenting in sinus rhythm for radiofrequency 
ablation. A set of control patients (n=20) with no history of AF who 
were undergoing paroxysmal supraventricular tachycardia ablation 
were also enrolled. The sensitivity of isoproterenol induction of 
AF was calculated as 88% with a specificity of 95%.  The authors’ 
concluded that isoproterenol inducibility should be assessed before 
ablation if it is to be used as an endpoint after ablation. 

Crawford et al.11 studied whether inducibility of AF with 
isoproterenol infusion after AF ablation is predictive of recurrence 
in 112 patients with paroxysmal AF.  They also aimed to compare 
the predictive ability of isoproterenol infusion with that of atrial 
pacing. At 12 ± 5 months, 63 of 75 patients (84%) who were non-
inducible by isoproterenol remained free from AF.  Only 16 of the 
36 (44%) still inducible or requiring cardioversion for termination of 
AF remained free from recurrence (P<0.0001).  In comparison, 31 of 
41 patients (76%) not inducible by rapid atrial pacing were free from 
AF, compared with 12 of 20 (60%) who were inducible (P=0.21).  The 
authors concluded that isoproterenol induction testing for prediction 
of AF recurrence had a sensitivity of 33%, a specificity of 97%, and 
a diagnostic accuracy of 83%, as opposed to atrial pacing, which had 
a sensitivity of 44%, specificity 72%, and diagnostic accuracy 64% 
(P=0.03). Inducibility was suggested to be clinically useful, but 
isoproterenol was felt to be preferable to pacing.
Non-Inducibility Of AF After Ablation: Studies Questioning 
Benefit

A number of studies have questioned the use of pacing inducibility 
as a procedural endpoint or as a prognostic test for recurrent AF after 
catheter ablation. First, the specificity of pacing inducibility has been 
questioned in two studies, as AF can be induced by rapid pacing in 
patients even without clinical AF.

achieved by additional ablation may be a clinically useful endpoint.
Essebag et al.6 studied 102 patients with paroxysmal, persistent, or 

permanent atrial fibrillation who underwent PVI. The authors found 
that paroxysmal (vs persistent or permanent) AF (OR 4.80) and 
non-inducibility (OR 3.84) were associated with freedom from AF 
at 1 year.  There was no difference in freedom from AF between those 
inducible by burst pacing with and without isoproterenol.

In a follow-up study based on their initial findings4, Jais et al7 

enrolled 74 patients with symptomatic drug-refractory paroxysmal 
AF in a protocol in whom which inducibility was used as a guide 
for possible linear ablation in addition to PVI. Ultimately, 69 (93%) 
of the 74 study patients were non-inducible at the conclusion of 
their procedure.  At 18 ± 4 months, 67 (91%) of the 74 patients 
were arrhythmia-free without antiarrhythmic drugs. The authors 
concluded that non-inducibility may be a reasonable indicator of the 
subset of patients who do not require additional lesions beyond PVI.

Richter et al.8 examined the prognostic value of rapid atrial pacing 
induction of AF after AF ablation in 234 patients with drug-resistant 
paroxysmal (n=165) or persistent (n=69) AF. Atrial fibrillation was 
inducible in 78 of 234 (33.3%) patients after ablation.

Inducibility was found to be a significant predictor of AF recurrence 
by univariate (HR 2.32, CI 1.56-3.47, p<0.001) and multivariate 
analysis (HR 2.19, CI 1.46-3.27, p<0.001). The sensitivity and 
specificity of inducibility testing to predict recurrence were calculated 
to be 46.7% and 75%, respectively. The authors concluded that while 
inducibility was predictive of recurrence, it may not be a reliable 
procedural endpoint because of its low predictive accuracy.

Chang et al.9 studied the utility of inducibility testing in AF ablation 
as well as the relationship of inducibility to atrial substrate properties 
in 88 patients with drug-refractory symptomatic paroxysmal AF 
who underwent catheter ablation. Overall, non-inducibility was 
associated with a higher rate of freedom from AF (82% vs. 45%, 
P=0.02).  In addition, inducibility of AF after PVI was associated 
with lower left and right atrial voltages. The authors concluded that 
inducibility of AF after ablation was associated with AF recurrence 
and that left atrial substrate properties may play a role in inducibility 
and recurrence.
Non-Inducibility With Isoproterenol: StudiesShowing Benefit

Some advocate isoproterenol infusion to test for inducibility of 

Table 2: Summary of studies evaluating termination as an endpoint of atrial fibrillation ablation.

Author Year N AF Type Ablation protocol Follow-up Results

Haïssaguerre et al. 2005 60 Persistent AF Step-wise ablation 11±6 months 95% of patients with termination of AF during ablation were AF free

O’Neill et al. 2009 153 Persistent AF Step-wise ablation 34 months 95% of patients with termination of AF vs 52% without termination were 
AF free 

Rostock et al. 2011 395 Persistent AF PVI+electrogram guided LA, CS and RA 
ablation and AT mapping and ablation

24 months AF cycle length and AF termination during ablation predictors of AF free 
survival.

Park et al. 2012 140 Long-standing 
persistent AF

Step-wise ablation 18.7±7.6 
months

69% of patients with termination of AF vs 45% of patients without 
termination were AF free (p=0.009)

Ammar et al 2013 191 Persistent AF Step-wise ablation 12 months 42% of patients with termination to sinus vs 13% with termination to atrial 
tachycardia vs 25% without termination were arrhythmia free (p=0.002)

Zhou et al. 2013 200 Non-paroxysmal 
AF

Step-wise ablation 50.0±9.3 
months

64% of patients with termination of AF vs 37% of patients without 
termination of AF were AF free (p<0.001)

Rostock et al 2013 110 Persistent atrial 
fibrillation

PVI+electrogram guided ablation +/- AT 
mapping

20.1±13.3 
months

Those who underwent AT ablation were more likely arrhythmia free (57% 
vs 34%, p=0.02)

Komatsu et al. 2012 132 Persistent AF Step-wise ablation 20±11 months No difference in AF free survival whether or not AF terminated during 
ablation.

Wang et al. 2012 293 Persistent AF Step-wise ablation 23±7 months No difference in AF free survival whether or not AF terminated during 
ablation.
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with further ablation, thereby muddling the value of inducibility as 
an endpoint. It is impossible to know whether inducibility would 
be a predictor of poor outcomes irrespective of ablation approach. 
Fourth, as evidenced by several studies, inducibility is a marker of 
other clinical parameters suggesting worsened clinical outcomes 
including left atrial size, atrial fibrosis, and AF cycle length. Non-
inducibility may be a marker of less structural remodeling rather 
than an endpoint for ablation. Fifth, most of the patients in whom 
inducibility testing has been evaluated had paroxysmal AF. There is 
limited data on the utility of inducibility in ablation of persistent AF 
and probably a limited role. Finally, even if non-inducibility were a 
perfect endpoint, patients may have recurrent AF due to the failure 
to achieve durable ablation lesions. Without knowing whether this is 
the case with follow-up mapping studies, it is difficult to interpret the 
value of non-inducibility as an endpoint. 
Termination As An Endpoint For AF Ablation

Termination of AF during ablation may result from elimination of 
a focal driver or adequate modification of the atrial substrate required 
to sustain AF. However, importantly, termination during ablation 
of paroxysmal AF may also be a result of fortuitous spontaneous 
termination. Since termination of AF with catheter ablation can 
be considered to be an indicator of adequate driver modification, it 
can potentially be used as an endpoint of ablation in persistent AF 
and predictor of the outcome of the ablation procedure. Of primary 
concern when using termination as an endpoint is that the atrial 
substrate may be partially reversible without the need for ablation. 
In attempting to terminate AF, particularly in those with a longer 
duration of persistent AF, more ablation may be performed than is 
necessary.

When considering termination as an endpoint of AF ablation, 
there are a number of caveats to consider: 1) In many patients, 
termination may be hard to achieve and patients may do well even 
without achieving this end-point, 2) Termination may indicate 
elimination of an important driver of AF at that time but does not 
assure elimination of all potential drivers of AF, 3) Reverse remodeling 
of the atrium with maintenance in sinus rhythm without achieving 
termination may be enough to control AF. With this background, in 
the following section we review the available studies assessing the 
importance of termination during catheter ablation in predicting 
long-term outcome.
Termination As An Endpoint Of Ablation: Studies ShowingBenefit

Haïssaguerre et al.16 first reported on the benefit of termination 
during catheter ablation of persistent AF in a cohort of 60 patients 
with persistent AF undergoing a step-wise ablation procedure. 
Termination was achieved in 52 of the 60 patients. Repeat ablation 
was done for recurrent atrial tachycardia on follow-up in 23 patients. 
Including repeat ablation, 95% of patients were free of atrial 
arrhythmias at a follow-up of 11±6 months. The majority of patients 
undergoing a redo procedure had recurrent atrial tachycardia. The 
authors suggested that an extensive procedure leading to termination 
of AF can lead to a high medium to long term success rate. 
However, there was no comparison group of patients who did not 
have termination of AF. A and the rate of repeat ablation for atrial 
tachycardia was high.

O’Neill et al17 demonstrated a high ablation success rate in a cohort 
of 153 patients with persistent AF at a mean follow-up of 32±11 
months. Termination of AF was achieved in 85% (130) patients using 

Huang et al.12 investigated the inducibility of AF in 86 patients 
without a history of clinical AF or structural heart disease. Burst 
pacing induced AF in 3.5% of patients, while decremental pacing 
induced AF in 25.6% (with 18.6% sustained).  Kumar et al.13 also 
studied the inducibility of AF in 44 patients without a history of 
clinical AF. Kumar and colleagues found that AF was commonly 
inducible in patients without clinical AF or structural heart disease. 
Atrial fibrillation of > 10 seconds was inducible in 34 (82.7%) of 44 
patients, ≥ 1 minute in 20 (49.5%) of 44, ≥ 5 minutes in 11 (29.5%) 
of 44, and > 10 minutes in 10 (27.8%) of 44.

Second, unlike the studies described earlier, two studies have 
demonstrated no prognostic value in post- ablation induced AF.

Satomi et al.14  investigated the inducibility of atrial tachyarrhythmias 
and its relationship to outcomes after PVI in 60 paroxysmal AF 
patients. Those patients who were inducible were noted to have a 
significantly smaller area of isolation on electroanatomical map 
when compared to non-inducible patients (16.7±2.3 vs. 18.8±2.9%, 
P<0.05). Recurrence was similar between the non-inducible and 
inducible groups (42 vs. 41%) over a mean follow-up of 16.1±8.2 
months.  The authors concluded that inducibility is related to the area 
of left atrium isolated by the procedure, and that inducibility was not 
predictive of recurrence.

Leong-Sit et al.15 also evaluated the prognostic significance of 
post-ablation induced AF in 144 patients undergoing ablation 
for paroxysmal (n=78) or persistent (n=66) AF. Arrhythmias were 
inducible in 89 (61.8%) of 144 (61.8%) patients. There was also no 
significant difference in outcomes of those who had been inducible 
and those non-inducible after ablation (49.4 vs. 49.1%, P=0.68).  The 
only significant predictors of arrhythmia recurrence were a large left 
atrial size and persistent AF. The authors concluded that inducibility 
of atrial arrhythmias by pacing after ablation conferred no prognostic 
information.
Limitations Of Studies Evaluating Non-Inducibility As An 
Endpoint For Ablation

The evidence for non-inducibility as an endpoint for AF ablation 
is mixed. Moreover, there are a number of limitations in the studies 
using non-inducibility as an endpoint for ablation. First, induction of 
AF with pacing or isoproterenol may be predictive of AF recurrence, 
but testing by either method suffers from poor diagnostic accuracy. 
Pace-induced AF has a lower specificity while isoproterenol-induced 
has a lower sensitivity. This is highlighted by the fact that AF is 
frequently inducible even in patients without clinical AF. While 
some studies have attempted to compare isoproterenol versus pacing 
as an induction agent, there are no direct side-by-side comparisons 
of the two but rather protocols whereby one approach is followed 
by the other. Fundamentally, testing for inducibility of AF evaluates 
the presence of different mechanisms required for the genesis of 
AF: isoproterenol evaluates for triggers whereas pacing inducibility 
evaluates sustainability. Second, studies have generally been small 
and use a variety of ablation techniques, induction protocols, follow-
up periods, and definitions of inducibility and recurrence. Clearly, 
more aggressive stimulation protocols and shorter duration of 
induced AF defined will increase sensitivity but lower specificity. 
Aggressiveness of pacing protocol affects vulnerability to AF and 
perhaps sustainability. More prolonged rapid pacing and multiple 
inductions may cause acute electrical remodeling which make AF 
more sustainable. Third, the majority of studies treated induced AF 
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rhythm there was no difference in the rate of recurrence between the 
various modes of termination of AF. However, those who organized to 
an atrial tachycardia with ablation were more likely to recur with AT 
than with AF (p=0.022). Park et al.19 similarly found that there was 
no difference in arrhythmia recurrence rate whether AF terminated 
directly into sinus rhythm or via atrial tachycardia although patients 
converting to sinus rhythm via atrial tachycardia had a higher 
recurrence rate of atrial tachycardia (54.8% vs. 81%; p=0.016). On 
the other hand, Wang et al demonstrated that termination of AF 
directly into sinus rhythm predicted a better outcome compared 
with patients terminating into atrial tachycardia or patients without 
termination (p<0.05).24 Miyazaki et al.25 evaluated 135 patients who 
underwent a stepwise catheter ablation procedure with a mean of 
1.7±0.7 procedures per patient. The mode of AF termination was 
an independent predictor of recurrent tachyarrhythmia after the 
last ablation procedure with those terminating to sinus rhythm 
having the best outcome and those terminating to AT having an 
intermediate outcome compared with those remaining in AF (AT 
vs. SR, HR: 1.47: 0.77-4.01; no termination vs. SR, HR: 2.38: 1.26-
6.46; p=0.017). However, in a large study of 400 patients with drug 
refractory persistent AF conversion to sinus via atrial tachycardia 
predicted a higher likelihood of arrhythmia free survival compared 
to patients converting directly into sinus rhythm (HR 1.69, p=0.027).
Termination As An Endpoint Of Ablation: Studies Questioning 
Benefit

Komatsu et al.26 reported retrospective data in 132 patients with 
persistent AF who were followed for a median of 3 years after 
undergoing catheter ablation. A stepwise ablation with PVI and 
substrate modification with a desired endpoint of termination of 
AF led to arrhythmia free survival of 68% at a follow-up of 20±11 
months after one or two procedures. Duration of continuous AF 
was the only predictor of arrhythmia free survival in a multivariate 
analysis. In patients with AF duration of ≥3 years (n=67), procedural 
termination did not predict long-term arrhythmia free survival, 
however, in patients with shorter AF duration (n=65), procedural 
AF termination was associated with higher arrhythmia free survival 
(log-rank, p=0.023). The authors suggested that patients with long 
standing persistent AF may not benefit from extensive ablation 
procedure with a goal to terminate AF.

Wang et al.24 evaluated 293 patients with persistent AF. The authors 
found that 45% of patients terminated to sinus rhythm during 
ablation while 55% required cardioversion. There was no difference in 
early recurrence (38.2% vs. 43.8%; p=0.328) or maintenance of sinus 
rhythm (67.2% vs. 59.8%; p=0.198) during 23±7 months follow-up 
comparing the patients who terminated to sinus rhythm with those 
needing cardioversion.
Termination As An Endpoint Of Ablation: Pre-Ablation Reverse 
Remodeling

Because atrial remodeling may be partially reversible, if maintained 
in sinus rhythm for a period of time prior to ablation, patients may 
require less ablation to terminate AF. This approach potentially allows 
for the more important structural components of the atrial substrate 
to be addressed during the ablation procedure. Rivard et al27 reported 
a study comparing patients who were maintained in sinus rhythm 
with antiarrhythmic therapy and cardioversion prior to ablation with 
patients ablated without pre-ablation therapy. Patients in the reverse 
remodeling, sinus rhythm group required a less extensive procedure 

a step-wise ablation protocol advocated by the Bordeaux group. Those 
in whom AF was terminated had a higher rate of AF free survival 
(95% vs. 52%). However, it was important to note that patients in 
whom termination of AF was achieved had a shorter duration of AF 
(median duration of 12 months vs. 24 months; p=0.0022), a smaller 
left atrium (47±8 mm vs. 52±10 mm; p=0.030), a higher baseline AF 
cycle length (154±21 msec vs. 138±15 msec; p=0.0012) and required 
less total RF time for ablation  (87±26 min vs. 97±31 min; p=0.244). 
Thus, ability to terminate AF during the ablation procedure appeared 
to be an indicator of the severity of remodeling.

Rostock et al.18 evaluated predictors of arrhythmia free survival in 
395 patients undergoing one or more catheter ablation procedures 
for persistent AF. At 27±7 months follow-up after the first procedure 
only 27% of patients remained arrhythmia free with a single 
procedure. However, at a median follow-up of 24 months after the 
index procedure, arrhythmia free survival was 79% after multiple 
procedures (2.3±0.6 procedures). In these patients termination of AF 
during the index procedure was associated with a 72% reduction in 
the risk of recurrence. Additionally longer baseline AF cycle length 
was a strong and independent predictor of outcome after the first 
ablation procedure.

Park et al. reported similar data from Korea in 140 patients 
with longstanding persistent AF undergoing a stepwise ablation 
protocol.19 In this study 68% of patients had termination of AF 
during the ablation procedure. Patients having termination of AF 
during the ablation procedure had a lower recurrence rate at a follow-
up of 18.7±7.6 months (45.3% vs. 68.9%, p=0.009). Interestingly, in 
patients undergoing re-ablation for recurrence, termination of AF 
during the first procedure was a predictor of termination of the 
arrhythmia during the second procedure and both were predictive 
of recurrence.

Ammar et al., studied 191 patients with persistent atrial 
fibrillation.20 Patients terminating to sinus rhythm with a step-wise 
ablation procedure (62 patients) had a higher survival free of all 
atrial arrhythmia without use of any anatiarrhythmic medications 
at 12 months (42% in those terminating to sinus rhythm vs. 13% 
in those terminating to atrial tachycardia vs 25% for those without 
termination; p=0.002). However, there was no difference during 
follow-up between patients with AF termination to sinus rhythm 
or to AT when freedom from atrial fibrillation was considered as the 
endpoint.

Zhou et al.21 similarly demonstrated a significant difference in 
long-term success between patients with sinus rhythm restoration 
with ablation vs. cardioversion (63.8% vs. 36.8%; p<0.001) in a 
cohort of 200 consecutive patients with nonparoxysmal AF with a 
single catheter ablation procedure.

Rostock et al. randomized 110 patients with persistent atrial 
fibrillation to two approaches.22 Each group of 55 patients were 
randomized to a plan of either cardioversion or mapping and ablation 
of atrial tachycardia achieved after PVI and electrogram-guided 
ablation. Randomization to the group with the plan of mapping and 
ablating atrial tachycardia was the strongest predictor of arrhythmia-
free survival after single ablation procedure (p-0.004).

Multiple studies have sought to evaluate whether the mode of AF 
termination (directly into sinus rhythm or via an atrial tachycardia) 
has any effect on the outcomes of ablation. Elayi et al.23 reported on a 
series of 306 patients with persistent AF undergoing catheter ablation 
procedure. At 25±6.9 months, among 69% who maintained sinus 
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for ablation. This may explain the finding that these endpoints 
have prognostic value. Further studies in which inducibility and / 
or termination are not used to guide AF ablation are necessary to 
understand the true prognostic value of these endpoints.
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be markers of less structural remodeling rather than true endpoints 
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Abstract
The implantable cardioverter defibrillator (ICD) has been demonstrated to improve survival by reducing sudden cardiac death (SCD) in 

patients with a low left ventricular ejection fraction (LVEF). Randomised trial data suggest that this mortality reduction is not constant among 
those implanted with a device, and has raised the significance of non-sudden cardiac death (non-SCD) as an important mode of death 
predicting limited benefit from ICD therapy. In this review article we explore the role of non-SCD and the risk prediction models that may aid 
identification of low LVEF patients unlikely to gain significant benefit from ICD therapy.
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Introduction
Implantable cardioverter-defibrillator (ICD) therapy is the 

most effective treatment to prevent sudden cardiac death (SCD). 
Multiple prospective randomised controlled trials (RCTs) have 
demonstrated that ICD therapy improves survival in appropriately 
selected patients. The current basis for ICD implantation for primary 
prevention of sudden cardiac death (SCD) is centred mainly on left 
ventricular ejection fraction (LVEF), in that a low LVEF confers a 
higher risk of SCD. However recent data have suggested that ICD 
therapy may not reduce mortality in patients at high risk of non-
SCD irrespective of their SCD risk.1,2 In the low-LVEF population 
there appears to be significant heterogeneity in non-SCD risk, such 
that many patients have too high a risk of non-SCD to derive benefit 
from ICD therapy.3-5 The identification of patients deemed to be “too 
high risk” for prophylactic ICD therapy is important to ensure that 
patient selection for device therapy is appropriate; particularly given 
its associated morbidity and cost implications.

In this review article we explore the different mechanisms of death 
in the low LVEF population, and evaluate the available methods of 
identifying low LVEF patients that are most likely to benefit from 
prophylactic ICD therapy.
Mode Of Death In The Low Left Ventricular Ejection 
Fraction Population

Significant heterogeneity in mode of death exists in the low 
LVEF population. Some patients die suddenly due to a ventricular 
arrhythmia, termed SCD, whereas others die from non-sudden 

modes of death such as progressive failure of cardiac function (pump 
failure).

With increasing heart failure severity the relative proportion of 
deaths due to SCD decreases and non-sudden modes predominate.6  
This has been well demonstrated by Mozaffarian et al. They used 
the Seattle Heart failure Model (SHFM) to assess mode of death 
in 10,538 ambulatory patients with NYHA functional class II to IV 
and applied a series of commonly observed clinical variables (e.g. age, 
gender, NYHA class, LVEF, medications, blood laboratory values) 
to ascertain a score for the prediction of mortality. Patients were 
grouped according to a SHFM score of zero to four. Those with a 
SHFM score of one compared with a score of zero had a 50% higher 
risk of sudden death, a 3-fold higher risk with a score of two, and 
almost a 7-fold increased risk with a score of three or four (P<0.001 
for all comparisons) (Figure 1). However, the proportion of deaths 
caused by SCD versus pump-failure death decreased from a ratio of 
7:1 with a SHFM score of 0 to a ratio of 1:2 with a SHFM score of 
4 (P trend <0.001).6

Risk Of Non-Sudden Cardiac Death And Benefit From 
Implantable Cardioverter Defibillator Therapy

ICD therapy significantly improves survival in the low LVEF 
patient population by the successful termination of ventricular 
arrhythmias that underlie preventable SCD. However it has no 
impact on the risk of non-SCD. On the basis of results from multiple 
large RCTs ICDs are targeted at patients at highest risk of SCD. 
However its clinical effectiveness is critically dependent not only on 
the risk of SCD but also on the risk of non-SCD.1

The relationship between risk of non-SCD and benefit from 
ICD therapy in the low-LVEF population has been investigated in 
analyses from RCTs.

Using a simplified version of the SHFM, the SCD-HeFT1 

investigators created a risk prediction model to divide 2487 patients 
into five groups of increasing predicted baseline all-cause mortality 
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shocks for atrial fibrillation, but no significant difference in survival 
after inappropriate shocks for sinus tachycardia or noise/artifact/
oversensing.13 This raises the possibility that ICD shocks are a marker 
of a higher risk patient group, rather than causally related to adverse 
outcomes.

However, irrespective of the exact relationship between shocks and 
adverse outcomes, there is good evidence to suggest that unnecessary 
and inappropriate ICD therapy should be avoided by optimizing 
device programming.14 
Risk Stratification Of Sudden Cardiac Death

One of the central issues underlying why patients with left 
ventricular dysfunction being considered for prophylactic ICD 
therapy are often at high risk of non-SCD, is the lack of specificity 
of the currently available risk stratification tests for SCD, versus 
other modes of death. Although patients with a low-LVEF, the 
most commonly used risk stratifier, have an increased risk of SCD 
compared with those with a higher LVEF, they have a similarly 
increased risk of non-SCD.

These issues are not limited to LVEF estimation alone but are a 
general limitation of the available risk stratification tools. This was 
well illustrated in an analysis from the Multicenter Unsustained 
Tachycardia Trial (MUSTT), in which scoring systems were 
generated to predict SCD and total mortality. Many of the factors, 
such as reduced LVEF, the presence of left-bundle branch block, 
a history of heart failure and inducible ventricular tachycardia at 
electrophysiological study, contributed to both scoring systems. 
Therefore most currently available SCD risk stratification tools used 
to select patients for ICD therapy are markers of non-SCD as well 
as SCD.

In the future, improved SCD risk stratification using tools with a 
higher specificity for SCD (versus non-SCD) and less emphasis on 
LVEF assessment may be more effective in identifying patients who 
are most likely to benefit from ICD therapy.
Current Guidelines

Although it is clear that some low-LVEF patients at high risk 

risk. Although in the overall study cohort ICD therapy significantly 
reduced mortality, patients in the highest risk quintile of predicted 
mortality were not shown to benefit from a device (relative risk (RR) 
for all-cause mortality 0.98, P=0.89). Post-hoc analysis suggested a 
threshold of benefit may be present based on an annual mortality risk 
of 20-25%, with patients at greater annualised risk than this unlikely 
to benefit from an ICD.

Further supporting evidence has come from an analysis of the 
1,232 patients enrolled in MADIT-II. Goldenberg et al. described 
a U-shaped distribution for mortality benefit from ICD therapy 
compared to medical therapy alone. These patients were risk scored 
based on a scoring system comprising New York Heart Association 
(NYHA) functional class >II, atrial fibrillation (AF), QRS >120 
ms, age >70 years, and blood urea nitrogen (BUN) ≥ 26 mg/dl (and 
<50 mg/dl). Patients were grouped based on their risk score ranging 
between 0 and ≥3 and a very high risk (VHR) group. Data revealed 
that in patients who were at very high risk or very low risk of all-
cause mortality, ICD therapy conferred no significant mortality 
benefit at 2-years compared to medical therapy alone. Significant 
mortality benefit was noted in the intermediate risk group. Patients 
in the VHR group had a 50% 2-year mortality with or without an 
ICD, with the predominant mode of death being non-arrhythmic in 
nature.2

Additional evidence of the complex relationship between SCD 
and non-SCD in the LVEF population comes from data from 
the Immediate Risk-Stratification Improves Survival (IRIS)7 

trial and the Defibrillator in Acute Myocardial Infarction Trial 
(DINAMIT).8 Patients immediately post-infarct with a reduced 
LVEF were randomised to ICD therapy or conventional medical 
therapy alone. ICD therapy reduced SCD across both trials but with 
a commensurate increase in non-SCD resulting in no survival benefit 
overall. This further supports the concept that patients at high risk of 
non-SCD are unlikely to benefit from ICD therapy irrespective of 
their SCD risk.
Can Implantable Cardioverter Defibrillator Therapy Increase 
Risk Of Non-Sudden Cardiac Death?

An additional issue is the complex relationship between the 
therapies that ICDs deliver and non-SCD, especially death from 
pump failure. The two main therapies that ICDs deliver are pacing 
support and device therapy aimed at terminating ventricular 
arrhythmias (anti-tachycardia pacing [ATP] and shocks). Both 
therapies have been associated with worsening cardiac function and 
excess non-SCD mortality.

Results from the DAVID trial, as well as other studies, have clearly 
demonstrated that a high burden of right ventricular pacing can 
result in a deterioration of LVEF, with a consequent increase in the 
incidence heart failure and an adverse prognosis.9 This problem can 
be at least in part addressed by judicious pacing mode selection and 
the more liberal use of CRT in selected patients.

A more contentious area is the association of shock therapy 
and mortality. Previous studies using data from both randomised 
trials (SCD-HeFT and MADIT II) and ‘real world’ cohorts have 
consistently demonstrated an association between appropriate 
and inappropriate shocks and increased mortality.10, 11, 12 However, 
a recent prospective cohort study of over 7000 patients enrolled 
in the LATITUDE remote monitoring system found an adverse 
prognosis associated with appropriate shocks, as well as inappropriate 

Figure 1:

Relationship between mode of death and all-cause mortality 
with increasing Seattle heart failure model score.6 Data were 
taken from 10538 patients with heart failure enrolled in to six 
randomised controlled trials or heart failure registries. The rate of 
SCD and pump failure death (per 100 patient-years) are presented 
for groups of patients in accordance with their SHFM score. As the 
SHFM score increases, the risk of both SCD and pump failure death 
increase. Patients with a lower overall risk of mortality (SHFM 
score 0-1), who reflect the majority of patients in the analysis have 
a higher incidence of SCD than pump failure death. The opposite 
can be observed in patients with the highest overall mortality 
groups (SHFM score 3-4). Numbers of patients (n) in each group are 
given.



Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation63 Featured Review

www.jafib.com Oct-Nov, 2014 | Vol-7 | Issue-3  

The Impact Of Renal Failure
Significant renal dysfunction (eGFR <60 ml/min/1.73m2) is 

a major risk factor for sudden cardiac death and is present among 
approximately a third of heart failure patients.20 Furthermore, 
cardiovascular disease is the leading cause of death in end stage renal 
failure (ESRF) patients, accounting for 43% of all-cause mortality, 
and approximately two thirds of cardiovascular deaths in ESRF are 
attributed to arrhythmia and SCD.21 The relationship between renal 
dysfunction and benefit from ICD therapy is therefore an important 
area.

Several studies have demonstrated a relationship between renal 
dysfunction and mortality in ICD recipients. A large meta-analysis 
of 11 observations studies with 3010 patients covering both primary 
and secondary prevention concluded that chronic kidney disease 
(CKD) was associated with a significantly higher risk of mortality 
than patients without CKD (hazard ratio 3.44, P <0.001).22 
Furthermore, a gradient of risk has been identified with advancing 
renal dysfunction in that a 10 mL/min reduction in eGFR conferred 
a 48% increase in the risk of death (P <0.001).23

In a sub-study of MADIT II patients, Goldenberg et al.24 
retrospectively analysed the relationship between renal dysfunction 
and benefit from a device. For each 10 unit reduction in eGFR, the 
risk of all-cause mortality and SCD increased by 16% (P=0.005) 
and 17% (P=0.03). A survival benefit with ICD therapy was seen in 
patients with an eGFR ≥35 ml/min/1.73m2 (overall risk reduction 
for all-cause mortality 32%, P=0.01 and for SCD 66%, P <0.001). 
However in the 80 patients with an eGFR <35 ml/min/1.73m2, ICD 
therapy was not associated with improved survival (hazard ratio 1.09, 
P=0.84).
Other Comorbidities

The presence of multiple comorbidities in the ambulatory heart 
failure population has been independently associated with an 
increased risk of non-SCD.25

Lee et al.26 investigated the impact of comorbidity on survival 
after ICD implantation. In a cohort of 2467 patients, relative to 
those without non-cardiac comorbidity, the hazard ratio for death 
adjusted for age, sex and prior heart failure were 1.72 (P< 0.001), 
2.79 (P< 0.001) and 2.98 (P,0.001) for patients with one, two or three 
non-cardiac comorbidities. Peripheral and cerebral vascular disease, 
chronic pulmonary disease, diabetes and renal insufficiency were 
found to be the most common non-cardiac comorbidities associated 
with mortality.
Risk Prediction Models

It is clear that using a single clinical marker is insufficient to 
accurately predict an individual’s mortality risk. For this reason a 
number of studies have evaluated the use of risk prediction models. 
These have been derived from both RCTs as well as “real world” 
cohorts.

Levy et al. used a modified version of the SHFM to examine the 
relationship between baseline predicted overall mortality risk and 
benefit form ICD therapy in 2487 patients enrolled in SCD-HeFT. 
This risk prediction model was used to identify five equally sized 
groups of increasing predicted mortality risk. These patients were 
followed for a period of 4 years. Despite improved survival with ICD 
therapy in the overall cohort, patients in the highest risk quintile 
did not derive benefit.  The absolute 4-year reductions in mortality 
with ICD therapy were 6.6%, 8.8%, 10.6%, 14.0%, and -4.9% across 

of non-SCD may not gain significant benefit from ICD therapy, it 
is not clear how best to accurately and reproducibly identify these 
patients prior to device implantation. The current guidance is limited 
to suggesting that ICD therapy is not indicated in patients with 
advanced heart failure, defined as New York Heart Association 
(NYHA) functional class IV, or in patients who do not have a 
reasonable expectation of survival with an acceptable functional 
status for at least a year.16

Unfortunately there is no provision of how best to risk stratify 
patients in accordance with this guidance, making clinical 
interpretation difficult. Furthermore NHYA class is a relatively 
inaccurate prognostic variable, whose classification can sometimes be 
subjective.

A variety of alternative strategies to identify low LVEF patients 
with an elevated risk of non-SCD have been proposed. These include 
the use of individual clinical characteristics or risk markers such as 
advanced age and renal dysfunction, the presence of cardiac and non-
cardiac comorbidities, and the use of more complex risk scores. These 
different approaches reflect the fact that in the low LVEF population 
the main contributor to non-SCD is pump failure, though non-
cardiac mortality may also play an important role in patients with 
significant comorbidities.
Age As A Predictor

Recommendation for ICD therapy is based on large RCTs that 
often enrol young patients who are relatively free of comorbidity. This 
is particularly the case in primary prevention studies. By contrast, the 
average patient with heart failure encountered in clinical practice is 
>65 years old and has multiple comorbidities. Several studies have
evaluated whether advancing age alone is a predictor of those unlikely 
to gain significant benefit from ICD therapy.

Previous randomised studies have reported conflicting results 
in terms of mortality benefit from ICD therapy in advancing age 
groups. In a MADIT II sub-study, 204 patients with ischaemic 
cardiomyopathy over the age of 75 years were shown to trend towards 
a benefit from ICD therapy (hazard ratio, 0.56; 95% confidence 
interval, 0.29–1.08; P=0.08).16 This small mortality benefit was also 
seen in a substudy of the SCD-HeFT patients over the age of 65 
years.17 Santangeli et al.18 conducted a meta-analysis of RCTs of 
prophylactic ICD and demonstrated less survival benefit in elderly 
patients as compared with young patients. Using the age cut-off 
of 60 or 65 years to define elderly, 5783 patients from five studies 
were analysed. ICD therapy revealed a smaller survival benefit in 
older (hazard ratio 0.75, 95% CI 0.61-0.91, P=0.004) than younger 
patients (hazard ratio 0.65, 95% CI 0.50-0.83, P<0.001).

A recent prospective analysis of a registry of 5399 patients, 
including 3939 primary prevention ICD implants, was undertaken 
by Yung et al.19 The age of registry patients ranged 18 years to >80 
years. Unsurprisingly mortality significantly increased with advancing 
age, however, the rate of appropriate shock was similar across all age 
ranges from 6.7 (18–49 years) to 4.2 (≥80 years) per 100 person-years 
(P=0.139). Despite this, death after an appropriate shock was highest 
among elderly patients [hazard ratios for death per decade were 1.28 
(95% CI 1.14–1.44; P=0.001)].

Significant difficulty comes from interpreting data with regard to 
age as a predictor of benefit from ICD therapy due to the significant 
variation in the age cut-offs used. Many trials use the age of 60-65 
years as a cut-off, while others use 75 years of age.
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appropriate shock therapy, further emphasising that SCD related to 
arrhythmia may not be the predominant mode of death in the high-
risk patient.28

Conclusion:
In the low LVEF population, benefit from prophylactic ICD 

therapy is critically dependent on not only the risk of SCD but also 
the risk of non-SCD. Patients whose risk of non-SCD is significantly 
elevated may not gain meaningful benefit from a prophylactic ICD 
despite a high SCD risk. Although a number of strategies have been 
proposed to identify potential ICD recipients at high non-SCD risk, 
the best approach remains unclear. In order to improve the clinical 
and cost-effectiveness of ICD therapy further research is needed to 
evaluate the optimal strategy to identify these high-risk patients.
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Figure 2:

Relationship between predicted all-cause mortality risk and 
cumulative survival in patients treated with and without an ICD 
at 8 years of follow-up.27 As the predicted all-cause mortality 
risk increases, there is a reduction in percentage survival. In the 
low and intermediate risk group there is a significant survival 
advantage in those treated with an ICD. In the high risk group 
however, no significant difference in 8 year survival was observed 
in those treated with an ICD compared to those without. Numbers 
of patients (n) in each group are given.
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Introduction
Guidelines and recommendations are usually drawn from the results 

of multicentre trials, which however, are often conducted in selected 
centers and under special circumstances. In contrast, daily practice is 
generally influenced by many factors, which may be different from 
those that are considered in strictly controlled scientific conditions. 
Although patient registries would be able mirror daily practice, the 
enrollment of consecutive patients for longer periods of time within 
the health care community, is costly and time consuming. Another 
approach that may be helpful to the community of cardiac rhythm 
management specialists for generating debates and identifying 
challenges in clinical practice is a short form of survey directed to 
physicians. Within a reasonable time frame it would be possible 
to highlight areas where the evidence base for clinical practice and 
implementation of guidelines needs to be augmented. Such short 
form of surveys, called EP Wires, are on-line surveys carefully 
constructed so as not to burden the responders with requirements 
for extensive data collection, but still able to give a picture of daily 
cardiac EP practice in Europe. The network of centers formed, are 
contacted on a regular basis every month, and in each centre there 
is one physician replying anonymously to the survey. Basic questions 

included in each EP wire relates to the number and type of device 
implants and number of ablations performed on an annual basis in 
each center. 

It is the purpose of this summary to present the result of four EP 
wires, which all concern devices, with special emphasis on centre 
differences and adherence to guidelines. The surveys included are 
“Practices of cardiac implantable electronic device follow-up”; “How 
European centers diagnose, treat, and prevent cardiac implantable 
electronic devices (CIED) infections”, “Approach to cardiac 
resyncronization therapy”, and “Periprocedural anticoagulation 
therapy for devices and atrial fibrillation ablation”.1-4 The response 
rate varied from 30 to 50 % of centres belonging to the EP Network.
EP Wires Analyzed

The EP wire on “Practices of cardiac implantable electronic device 
follow-up”1 analyzed current practices of follow-up of patients with 
CIEDs. A total of 40 centers from the EHRA research network 
participated. Most of the responding centers reported large numbers 
of primary pacemaker implants (>200/year), while a majority had a 
modest rate of CRT-P implantations (less than 50 per year) generating 
more than 2000 pacemaker follow-ups in 40% of centers and up to 
500 CRT follow-ups in half of centers. Routines used for device 
follow-ups are shown in figure 1. Programming CIED parameters 
was thus seldom performed by nurses and if so it was for pacemaker 
devices only, and rarely for ICD (one center only), and reportedly 
never for CRT devices. Formal accreditation or certification of allied 
professionals to perform follow-ups was not required in the majority 
of centers (72.5%). The interval between scheduled follow-up visits 
is shown in Figure 2. Remote device monitoring is used routinely for 
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included 41 centers, of which 29 were university hospitals (71%) 
and high volume centers with >200 pacemaker implants in the last 
year. Indications used for CRT implant is shown in Table 2. The 
CRT implant strategy is to implant three leads (right atrium, right 
ventricle, left ventricle) for patients with permanent atrial fibrillation 
(AF) (59%) but only 63% attempt restoration of sinus rhythm, while 
others are satisfied with rate control, either by using drugs or by AV 
node ablation. Biventricular pacing without atrial lead is preferred in 
37% of the centres and an overwhelming majority (71%) prefers the 
initial use of drugs for heart rate control, while only 29% resort to AV 
node ablation as a first line approach. The preference for CRT-P or 
CRT-D is shown in Table 3.

Criteria used for optimal positioning of the left ventricular (LV) 
lead are limited to a good pacing threshold in 11%. Other preferred 
criteria is the radiological position with maximum mechanical delay 
on echocardiography in 24 centres, and the maximal delay of LV lead 
electrogram compared to the QRS/RV lead electrogram in another 
13 centres. Six centres always use a multipolar (i.e. more than 2 poles) 
LV lead. If there are no feasible lateral veins for LV lead implantation 
via coronary sinus, the first preferred alternative is an epicardial LV 
lead via thoracotomy (54%) or to place the LV lead in the anterior 
vein (29%). A endocardial transseptal approach is used as first 
alternative in five centres and dual-site RV stimulation (high septal 
and apical) in one centre. Methods used for optimisation of time 
intervals are shown in Table 4. The most important clinical criterion 
in assessing the CRT response is NYHA class improvement (37% 
of centres), LVEF improvement (34%) and LV volume change (15 
%). Less frequently used criteria are walking test (8%) and quality of 
life (6%).

In the EP wire on “Periprocedural anticoagulation therapy for 
devices and atrial fibrillation ablation”4 71 centers from the research 
network responded. The median number of devices implanted at the 

ICD and CRT-D in 50% of centers, but only by 17.5 % of centers for 
pacemaker and CRT-P devices.

In the EP wire on “How European centers diagnose, treat, and 
prevent CIED infections”,2 48 Network Centers replied, of which 67 
% were university hospitals. The annual implantation rate was > 200 
pacemakers (including CRT-P) in 62.5% of centers. The prevalence 
of CIEDs infections during 2010 and 2011 is shown in Figure 3. 
Only one center reported a higher infection rate than 5%. The 
procedure with the highest incidence of infection was cardioverter-
defibrillator implantation according to 55.3% of centers and the 
intervention with the highest incidence of infection was replacement 
of devices according to 48 % of centers. The tests chosen to evaluate 
suspected pocket infection or suspected systemic infection are shown 
in Table 1. Most centers (61.2%) usually consult an infectious disease 
specialist to diagnose and treat CIEDs infections.

The majority of centers defined the following as absolute indications 
for complete hardware removal; valvular or lead endocarditis, sepsis, 
pocket abscess, device erosion, chronic draining sinus, or valvular 
endocarditis without definite lead(s). The presence of occult gram-
positive bacteraemia (not contaminant) was considered a Class II 
indication for lead extraction in the majority (67%) of the centres 
while only 21 % defined it as Class I indication. In case of local 
infection, 45,7% of centers had a conservative strategy only when 
lead extraction was considered at high risk, but 43.5% avoided a 
conservative approach. The following were regarded as risk factors 
for CIEDs infections by the majority of centers (82.5 % - 97.6%); 
replacement and upgrading of devices, diabetes mellitus, procedure 
duration, fever within 24 h before procedure, chronic renal failure, 
and CRT recipients. The extraction procedures are performed in a 
catheterization laboratory in 51.1% of centers, in an operating theatre 
with ventilation in 35.6% and in a hybrid room in 13.3% of centers.

The EP wire on “Approach to cardiac resyncronization therapy”3 

Table 1: Actions depending on type of suspected infection

Actions if suspected pocket infection (pain, swelling and erythema at site of 
device pocket)

Hospitalization; lab tests, echocardiography, adequate treatment 68,2%

Start empiric antibiotic therapy 28,8%

“Wait and see” 14,9%

Pocket needle aspiration for bacterial culture. 2,1%

Actions if suspected systemic infection

CBCC 100,0%

CRP 97,8%

Blood culture x 2 92,9%

Blood culture x 1 72,0%

ESR 88,9%

Procalcitonin 32,3%

TTE 97,5%

TTE 89,9%

Scintleuk 23,1%

ICE 4,2%

Scintpulm 4,0%

Table 2: Indications used for cardiac Resynchronization therapy (CRT)

CRT indications used % Centres

Always CRT if: NYHA fc II, LBBB, QRS duration >120 ms, LVEF <35%, on 
optimal medical Rx
Additionalcriteriarequired

Additional QRS duration >150 ms
Additional echocardiographic criteria of 

asynchrony
Never this approach

32,0%

55,0%
49,0%
34,0%

13,0%

Always CRT if NYHA fc III—IV, LBBB, QRS duration >120 ms, LVEF <35%, on 
optimal medical therapy
Additional criteria needed; QRS duration >150 ms, 
echocardiographic criteria of asynchrony, no significant scars 
on echo/MRI.

68,0%

32,0%

Always CRT if RBBB, NYHA fc III—IV, QRS duration >120 ms, LVEF <35%, on 
optimal medical Rx
Additionalcriteria

addEchocardiographicasynchrony parameters
add QRS duration >150 ms
Bothcriteriarequired

Meaning of presence of non-ischemic dilated cardiomyopathy
Never this approach

10,0%

51,0%
41,0%
22,0%
50,0%
7%

39,0%

Permanent AF, QRS duration >130 ms, LVEF<35%, NYHA fc III 
or IV.
Never this approach
Additional criteria required; QRS duration >150 ms, 
echocardiographic criteria of asynchrony, or both 
simultaneously.

54%

2%
44%

Abbreviations: CBCC = Complete blood cell count, CRP =C-Reactive Protein, SR = Erythrocytes 
Sedimentation Rate, TTE=Trans-Thoracic Echocardiography, TEE=Trans-Esophageal 
Echocardiography, Scintleuk=Scintigraphy using labelled leukocytes, ICE = Intracardiac and 
intravascular echocardiography, ScintPulm = Pulmonary scintigraphy.

Abbreviations: LBBB= left bundle branch block, RBBB = right bundle branch block, LVEF = left 
ventricular ejection fraction, Rx = therapy, fc = functional class, AF = atrial fibrillation
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warranted in order to help us to improve standards of care.
The reported incidence of CIED infections is substantially under 

1% in the majority of centers which is quite low, compared to the 
recently reported rates of complications in the Danish pacemaker 
registry ranging from 0,8 to 1,9 % 7 and data from other published 
literature, 2,4 %.8 One cannot exclude, however, that this EP 
wire voluntary surveys may be associated with under reporting of 
complications even though the surveys are anonymous. A limitation 
was also the low number of small volume centers which may have 
reported higher rates of infections. There were differences in case of 
managing local infections, whereas in case of systemic infection or 
evidence of lead or valvular endocarditis, 95% of centers employed 
lead extraction, which indicates a good adherence to guidelines. 
The survey shows that Cardioverter-defibrillator implantation is 
associated with the highest incidence of infection (55.3% of centers), 
followed by pacemakers (27.7%) and then both CRT-P and ICD 
(23.4%), which is in agreement with previous studies. The observation 
that replacement of devices, followed by revision and upgrading of 
CIEDs, were the procedures with highest incidence of infections, 
is also consistent with current reports. When centers were asked to 
report the class of indication for complete hardware removal, not 
all centers had a complete adherence to the guidelines despite their 
expected high experience. Valvular endocarditis without definite 
lead(s) involvement was correctly considered as a Class I indication 

centers was 445 (range 50-1500) and a median of 25% (0-70) were 
on warfarin, while only a minority (mean 1.6%) were on a new oral 
anticoagulant. The median numbers of AF ablations performed were 
330 (range 0-2000) and 40% were on warfarin, 20% on antiplatelet 
drug and 40% were on no anti-thrombotic therapy.

The common routine was to stop warfarin for a median of 3 days 
(range 2-7) and bridge with heparin in 40-45% of patients with 
devices.  Oral anticoagulation (OAC) most commonly restarted after 
the procedure on the following day but in case of prosthetic valves 
49% would start warfarin the same day.  Many centers would perform 
procedures with patients still on OAC; 60% for pacemakers and ICD 
patients and 50% for CRT. The median INR accepted would be 2.2 - 
2.5 (range 1.4-4.0) for devices.  In case of coronary artery disease and 
a stent {<12 months), most (86-89%) centers would not stop their 
antiplatelet drug. If the patient was on antiplatelet therapy, 78.1% 
of centers would not stop their drug, and if they did stop, this would 
be at a median of 5 days (range 1-7) prior to the procedure. The 
median rate of haematoma was 5% for both patients on OAC and 
on antiplatelet therapy.  The centers reported a median of 0 (range 
0-10) coronary sinus perforations in the last year following a CRT
procedure.

For AF ablation patients, the current practice would be to stop 
warfarin and bridge with heparin in 56.7% of non-valve patients, and 
57.6% of prosthetic valve patients.  If heparin was used for bridging, 
it would be stopped at a median of 12 hours (2-48).  The centers 
would perform the procedure while still on OAC in 53.6% non-valve 
patients.  If on VKA, a median INR of 2.5 (1.4-3.5) was generally 
acceptable.  If the patient was on antiplatelet therapy, 95.2% would 
not stop. After the AF ablation, OAC was restarted the same day in 
65.6% or the day after in 34.4%. Following an ablation procedure, the 
approximate median rate of haematoma overall was 3% in patients 
on OAC, compared to 2% in patients on antiplatelet therapy. During 
ablation of atrial fibrillation, the median ACT used by centers was 
350 (range 150-420).  Only 31.1% of centers would do an ablation 
whilst the patient is taking one of the new OACs.
Discussion

Remote device monitoring is helpful in decreasing hospital 
workload and improving the standards of care.5, 6 According to the 
results of this survey, remote monitoring of CIED is used to different 
extent in various European centers, mostly for complex devices like 
ICD and CRT-D, and surprisingly to a smaller extent for pacemaker 
patient groups. It also shows that routines for CIED follow-ups are 
not homogeneous between the respondent EHRA Research network 
centers. During CIED follow-up procedures not only physicians, but 
also nurses and technicians were often involved, despite the fact that 
72.5% of responders stated that formal accreditation/certification was 
considered not necessary for allied professionals who participated in 
CIED follow-up. Thus, official recommendations and standardized 
routines regarding standards of clinical care for device follow ups are 

Table 3: Indications for type of device - CRT-P or CRT-D

Always CRT-P, unless indication for secondary prevention of SCD 24%

Always CRT-D 10%

CRT-P only if severe co-morbidities, non-ischemic dilated cardiomyopathy or 
ambulatory NYHA fc IV.

66%

Abbreviations: SCD = sudden cardiac death, as in table 2.

Table 4: Methods used for optimisation of time interval

Initial:

AV interval first, standard (fixed VV) or optimised  VV interval (ECG) 51%

None 24%

Manufacturers algorithms 12%

VV intervalfirst 10%

After implantation:

M-Mode/Doppler echocardiography 66%

QRS morphology/duration 54%

Tissue Doppler Imaging 37%

Speckle-trackingechocardiography 20%

3D echocardiography 10%

Invasive dp/dt max, noninvasive cardiac index by impedance 0%

Figure 1: Personal resources used for device follow-ups and for programming 
devices. 

The figures on y axis indicate % of centers



Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation69 Featured Review

www.jafib.com Oct-Nov, 2014 | Vol-7 | Issue-3

prognosis.12 Moreover, numerous methods for CRT optimization 
have been suggested but without clear recommendations. Further 
randomised trials with long-term clinical endpoints comparing 
methods are needed.

The EP wire survey showed an increasing trend towards using 
continuous warfarin while performing AF ablation procedures. The 
2012 HRS/EHRA/ECAS Expert Consensus Statement reported 
high incidence of bleeding complications when bridging was used, 
especially at the site of vascular access.13 The observed variable 
duration of continued OAC post-ablation is of concern, as is the 
fact that some centers even discontinue OAC in patients at high 
risk, despite the 2010 ESC guidelines14 recommending long term 
anticoagulation in patients with a CHA2DS2-VASc score of ≥2.  
Similarly, the 2012 joint HRS/EHRA/ECAS Expert Consensus 
Statement advised that ‘discontinuation of warfarin or equivalent 
therapies post-ablation is not recommended in patients who have a 
high stroke risk according to CHADS2 or CHA2DS2-VASc score’. 
The approximate rate of clinical stroke/thromboembolism reported 
by centers surveyed was low, at a median of 1% (range 0-5). Under 
reporting of complications cannot be excluded eventhough the 
EP wires were anonymous. The availability of the new OACs (eg. 
dabigatran, rivaroxaban, apixaban) offers new challenges for devices 
and ablation.  Only 31.1% of the centers surveyed would continue 
with a new OACs whilst performing an AF ablation.

These EP wire surveys shows variation in clinical practice, but 
reassuringly some consistency with guidelines and consensus 
recommendations.
Conclusion:

These EP wire surveys shows variation in clinical practice, but 
reassuringly some consistency with guidelines and consensus 
recommendations. 
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in 50% of the centers while the presence of occult gram-positive 
bacteremia (not contaminant), which is a Class I indication in the 
guidelines, was considered a Class II indication for lead extraction in 
the majority of the centers and a Class I indication in only a minority 
of centers. Even though the majority of centers seem to have a good 
knowledge of the main risk factors related to CIED infections, a 
more widespread knowledge of how to manage CIED infections 
would most likely improve the effectiveness of this treatment. 

Recent guidelines state that CRT is indicated in patients with 
NYHA functional class III or IV heart failure, who are in sinus 
rhythm, with left bundle branch block (LBBB) and a QRS duration 
of ≥120 ms, and a left ventricular ejection fraction (LVEF)  ≤ 35%.9, 10 
In the CRT EP wire survey, this CRT indication is adopted by 68% 
of the responding centres, while the others require further criteria, 
mainly related to QRS complex duration or echocardiographic 
parameters of asynchrony. The observation that more than half of the 
centres required additional criteria for CRT in patients with right 
bundle branch block (RBBB), and that 29% of the centres never use 
CRT in these patients, is assuring since CRT use in patients with 
RBBB morphology is still controversial.

Only one third of responding centres use CRT in patients with 
functional class NYHA II and more than half of these request 
additional criteria, most often related to QRS duration, despite the 
fact that recent trials show beneficial effects of CRT in patients 
with mild HF. Moreover, most of the responding centres would 
use CRT in patients with AF even though these patients have not 
been adequately studied in large trials. In the EP wire survey, only a 
minority, 10%, of the centres implant CRT-D devices on a regular 
basis whenever CRT is recommended, while a quarter of the centres 
only use CRT-D for secondary prevention of SCD. The choice of 
CRT-D over CRT-P is supported by one large meta-analysis,11 
while the superiority of one CRT strategy over the other could not 
be demonstrated in the Companion trial, as the comparison between 
CRT-D and CRT-P was not pre-specified. 

The chosen strategies concerning the implant and management after 
CRT implantation vary widely from one centre to another. There are, 
however, no clear recommendations concerning the implant strategy 
and management after CRT implantation. Radiological positioning 
of the left ventricular lead consistent with a zone of maximal 
mechanic delay on echocardiography is associated with a better 

Figure 2: The different follow-up intervals used among the centers depending 
on the type of device. 

The figures on y axis indicate % of centers.

Figure 3: Prevalence of device infections during 2012 and 2011.

The figures on y axis indicate % of centers.
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Mechanisms And Management Of Thrombo-Embolism In Atrial 
Fibrillation
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Abstract
Atrial fibrillation (AF) is the most common cardiac arrhythmia in the general population and in patients with a history of cardiovascular 

disease. AF is becoming an outbreak particularly for the western countries as it increases with advancing age; furthermore, AF has a negative 
social impact because it is associated with stroke and myocardial infarction.  Thrombosis generated in the left atrial appendage with ensuing 
embolism in the cerebral circulation is considered the most important cause of ischemic stroke. In addition to thrombo-embolism, AF is 
characterized by a constellation of atherosclerotic risk factors, including hypertension, dyslipidaemia and diabetes, which may predispose 
to serious clinical complications of atherosclerosis such myocardial infarction. Even if interventional trials with oral anticoagulants such as 
warfarin reduced by about 60% the risk of stroke, AF patients still disclose an elevated residual cardiovascular risk, which may severely 
complicate the clinical course and management of AF. Recent trials with new oral anticoagulants (NOACs) are opening a new scenario for the 
treatment of AF, which could improve its management, as NOACs apparently would not require monitoring. However, important caveats are 
emerging in the real world of AF management, which are questioning the concept that NOACs do not need monitoring. Thus, issues related 
to compliance and large variability in blood concentration may negatively influence the cost/effectiveness benefit of NOACs. This review will 
focus on pathophysiology of thrombo-embolism and athero-thrombosis and the impact of old and new anticoagulants in the real world of 
AF management. 
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Introduction
AF is becoming an outbreak particularly for the western 

countries as it increases with advancing age and, hence, thousands 
millions of subjects will suffer from AF in the next decades.1 This 
will have a relevant social impact because AF is associated with 
high risk of cardiovascular events and increased morbidity and 
mortality.2 The clinical history of AF patients is complicated by 
ischemic events, which usually occur in cerebral circulation. Clinical 
characteristics of ischemic stroke from AF are increasingly severe3 

and thromboembolism is considered the most important mechanism. 
However, in addition to thrombo-embolism, AF is characterized by a 
constellation of atherosclerotic risk factors which may predispose to 
serious clinical complications of atherosclerosis such as  myocardial 
infarction.4, 5  For this reason, AF is a peculiar clinical setting where 
ischemic events may be dependent upon either thrombo-embolism 
or athero-thrombosis or both.6 The different pathophysiology related 
to these two types of cardiovascular events opens a new scenario for  
AF management  as managing clotting and platelet activation may 
be relevant to improve clinical outcome. This review will focus on the 
mechanisms that may account for thrombo-embolism and athero-

thrombosis and the novel management of thrombo-embolism 
focusing the still unmet need to optimize anticoagulant therapy in 
the real word of AF. 
Pathophysiology Of Thromboembolism And Athero-
Thrombosis In AF
Thromboembolism

For many years, thrombosis-related clinical events have been 
essentially attributed to formation of thrombi in the left atrium 
with ensuing embolization in the cerebral and peripheral circulation.  
AF fulfils the criteria of Wirchow’s triad, which are necessary for 
thrombus formation: blood stasis, endothelial dysfunction and 
clotting activation. Blood stasis is almost evident in the left atrium of 
AF patients where flow velocity is markedly reduced concomitantly 
with impaired contractility of left atrial appendage.7 It is still 
unclear, however, if remodelling-related blood stasis per se is actually 
implicated in favouring thrombus formation in AF. This hypothesis 
has been recently challenged by Nishida et al.8 who  demonstrated 
that atrial remodelling per se  does not influence clotting activation 
and thrombus formation. Endothelial dysfunction is another  relevant 
component of Wirchov’s triad which has been detected in patients 
with AF by  measuring several markers of endothelial perturbation 
such as von Willebrand factor (vWf ) and E-selectin.9,10 vWf is a 
glycoprotein secreted by endothelial cells in response to injury 
and it is usually measured to assess endothelial damage.9,11 Several 
studies consistently showed higher vWf levels in patients with AF.12 
E-selectin is an adhesive molecule, which is specific of endothelial
cells and is raised in the blood circulation as a consequence of
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its clinical complication. The role of platelets in favouring ischemic 
events in AF has been also investigated by several authors; thus, 
P-selectin, beta-thromboglobulin and soluble CD40L (sCD40L),
all markers of platelet activation, have been found elevated in AF.22

The relationship between one of these markers, i.e. sCD40L, and
vascular outcomes has been investigated in 231 AF patients who
were followed-up for a mean period of 28 months.23 During the
follow-up 35 patients experienced fatal and nonfatal ischemic stroke
and myocardial infarction; Cox proportional hazard model showed
that patients with sCD40L above the median were more likely to
suffer from ischemic events suggesting a role for platelet activation in
the clinical progression of AF.23

Mechanism Of  Disease
Together considered, these data indicate that an on going pro-

thrombotic state, which encompasses clotting and platelet activation, 
is detectable in AF but the underlying mechanism is still undefined. 
An interesting hypothesis underlies on the existence of systemic 
inflammation and oxidative stress, which may not only confer 
a pro-thrombotic state via  endothelium,  platelet and clotting  
activation but may also be implicated in triggering electrical changes 
ultimately leading to AF.24 Elevated values of several markers of 
inflammation have been, in fact, detected in AF, such as C reactive 
protein (CRP), Tumor Necrosis Factor-alpha, interleukin 2,6 and 
8 and monocyte chemoattractant protein-1.25 Some of them such 
as CRP and interleukin-6 has been suggested to contribute to the 
development of AF in different clinical models as shown by large 
population-based prospective studies indicating that CRP levels 
and other inflammatory markers are predictive of incident AF.26 Of 
note, CRP is also associated with left atrium/left atrial appendage 
spontaneous echocardiographic contrast or thrombus corroborating 
the concept of an interplay between inflammation and thrombosis 
in AF.27 Furthermore, inflammatory markers have been investigated 
in patients undergoing cardiac surgery, which may be complicated 
by post-operative AF; in this clinical models elevated values of 
interleukin-6 and CRP have been associated with post-.operative AF 
suggesting inflammation as trigger of AF.25, 28

As for markers of inflammation, experimental and clinical 
studies suggested that reactive oxidant species (ROS) might have 
a role as trigger of AF.29, 30 Experimental studies demonstrated 
that myeloperoxidase (MPO)-treated animals disclosed increased 
electrical instability and higher vulnerability for the development 
of AF, an effect that was not observed in animal knockout for the 
enzyme.31

Nicotinamide adenine dinucleotide phosphate oxidase (Nox) is the 
most important cellular producer of ROS and, as MPO, may play 
a crucial role for the development of AF.  In several experimental 
and clinical studies a significant association between Nox-derived 
oxidase stress and AF was demonstrated.32 Nox up-regulation 
was also associated with nitric oxide synthase (NOS) ‘uncoupling’ 
suggesting that both Nox activation and dysfunctional NOS 
contribute to structural and functional remodelling.29 In accordance 
with these findings, our group recently demonstrated that patients 
with paroxysmal/persistent AF had enhanced urinary excretion of 
isoprostanes, a marker of oxidative stress, and up-regulation of Nox2 
compared with patients with permanent AF suggesting a role for 
Nox2 as a trigger of AF.33

The interplay between Nox-derived oxidative stress and AF has 

endothelial activation.13 Higher blood levels of E-selectin have been 
detected in patients with several types of AF.14 The relevance of 
endothelial dysfunction in the context of thrombosis-related clinical 
events has been investigated in 423 AF patients who were followed-
up for approximately 2 years; at the end of follow-up patients 
with elevated levels of vWf and E-selectin were at higher risk of 
cardiovascular events suggesting that endothelial dysfunction may 
contribute to poor clinical outcomes in this setting.12

Clotting activation is the third component of Wirchow’s triad 
which may contribute to thrombosis-related clinical events in AF.15 
Several studies have demonstrated that AF may induce a hyper-
coagulation state as shown by increase of plasma levels of F1+2, 
D-dimer and fibrinogen.16, 17 Different authors have investigated the
relationship between clotting biomarkers and ischemic events, but
results are equivocal; for instance, there are not convincing evidences
that fibrinogen is associated with left thrombus or may predict
vascular outcomes in AF.18 To address this issue we investigated 150
consecutive AF patients in whom plasma levels of fibrinogen was
determined;18 among them 38 (25%) had an episode of ischemic
stroke documented by magnetic resonance or computed tomography. 
The study showed a significant association between fibrinogen
and ischemic stroke suggesting that coagulation system could be
implicated in thrombosis-related ischemic events of AF.18

Athero-Thrombosis
Patients with AF are typically associated with different risk factors 

of athero-thrombosis including, overall, hypertension which may be 
detected in about 70-80% of the population; other risk factors are 
diabetes and hypercholesterolemia.5 AF patients disclose signs of 
atherosclerosis in the aortic plaque, which substantially increases the 
risk of stroke compared to plaque-free patients.19 Peripheral artery 
disease (PAD) is an established marker of systemic atherosclerosis, 
which depicts patients at higher risk of myocardial infarction and 
stroke. In an analysis of prevalence of PAD in AF an association  
between AF and PAD has been found ranging from 4% to 16%.20 
Recent data from our group showed,  in >2000 patients with AF, a 
prevalence of low ankle/brachial index of around 20% reinforcing 
the concept that systemic atherosclerosis is associated with AF.21 
Platelets play a pivotal role in the process of athero-thrombosis and 

Figure 1: Mechanisms accounting for thrombo-embolism and athero-
thrombosis in atrial fibrillation
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thrombo-embolic stroke by anticoagulants and/or by antiplatelet 
drugs. Thus, a risk score has been validated to identify patients’ 
categories, which could better benefit from antiplatelet or 
anticoagulant treatment. The CHADS2 score,37 which includes 
Congestive heart failure, Hypertension, Age, Diabetes and previous 
Stroke, was firstly introduced to identify patients to be treated or 
not with an antithrombotic treatment (aspirin or oral anticoagulant). 
In the attempt of better discriminating patients at low or high risk 
of stroke the new CHA2DS2-VASc score38 was recently introduced. 
This new score, which is characterized for the inclusion of two age 
cut-off,38 female gender and vascular disease as independent risk 
factors for stroke, divides AF patients in two categories: patients at 
low risk (score 0-1), and patients at high risk (score ≥2)  of future 
cerebrovascular events. This classification has important implications 
for clinical management and treatment of patients.39 In fact, while 
AF patients with CHA2DS2-VASc score of 0 are not candidates to 
receive any anti-thrombotic prophylaxis (truly low-risk patients), 
those with  CHA2DS2-VASc score of 1 could be treated with an oral 
anticoagulant or, alternatively, with aspirin but a clear definition of this 
approach is still lacking .39 Finally, all AF patients with CHA2DS2-
VASc score ≥2 should receive an anticoagulant therapy with oral 
vitamin K antagonists (VKAs) or with the new oral anticoagulants 
(NOACs), in the absence of contraindications to these treatments.

Globally considered, trials with anticoagulants clearly demonstrated 
a net clinical benefit, which in fact was documented by a 68% risk 
reduction compared to untreated patients.40 Concerns related to 
bleeding complication, particularly in the brain, blood monitoring 
and  underuse of VKAs41 lead to develop NOACs which include 
dabigatran etexilate, a direct thrombin inhibitor, and inhibitors of 
factor Xa, such as rivaroxaban, apixaban, and edoxaban.42

The use of NOACs presents some considerable benefits, consisting 
in fewer drug interactions than warfarin, and having a predictable 
anticoagulant effect, thereby apparently not requiring a continuous 
monitoring of laboratory values.  A recent meta-analysis by Ruff43 

examined the four phase III trials  that compared, for non-inferiority, 
warfarin versus dabigatran, rivaroxaban, apixaban and edoxaban 
respectively. The meta-analysis included 42411 participants receiving 
a NOAC and 29272 subjects on warfarin treatment. NOACs 
significantly reduced stroke or systemic embolic events, haemorrhagic 
stroke and intracranial haemorrhage and all-cause mortality but 
increased gastrointestinal bleeding. The benefit of NOACs compared 
with warfarin in reducing stroke or systemic embolic events was 
consistent across all subgroups examined.

Although these new drugs significantly enlarge the medical 
toolbox, NOACs are not currently suitable for all AF patients and 
some caveat must be taken into account before prescribing them.

An important relevant point concerns the differences between 
patients with a good time in therapeutic range (TTR) defined as a 
TTR>66% and those below. The pooled analysis of the trials performed 
by a recent meta-analysis41 demonstrated that the favourable effect 

been investigated in patients undergoing cardiac surgery.34 Nox-
derived ROS were over-produced in right and left atria and were 
predictive of post-operative AF.29, 34

The mechanisms eliciting inflammation and oxidative stress may 
be only a matter of speculation at the moment. AF is characterized 
by systemic signs of atherosclerosis, which are associated per se with 
inflammation. For instance, the fact that Ang-II is able to elicit 
MPO release from leucocytes is of particular relevance taking into 
account that hypertension, which is a classic atherosclerotic risk 
factor, is detected in the majority of AF patients. It is, therefore, 
arguable that hypertension may favour the occurrence of AF via an 
inflammatory process involving MPO release from leucocytes. Up-
regulation of Nox and ‘uncoupled’ NOS in the atria of patients prone 
to AF could also reflect a process of systemic inflammation related 
to the atherosclerotic process.29 Thus, atherosclerosis is suggested to 
gradually reduce blood supply to myocardial tissue and cause atrium 
damage, which eventually leads to premature myocytes apoptosis, 
fibrotic replacement, and electrical changes associated with re-entry 
processes.6 Up-regulation of Nox-derived oxidative stress has been 
documented in patients with risk factors associated with AF. In 
particular, up-regulation of NOX2 or increased urinary excretion of 
isoprostanes or cellular over-production of ROS have been detected 
in patients with hypertension, diabetes, metabolic syndrome and 
dyslipidaemia, which may all predispose to AF.35 In this context, it is 
worthwhile mentioning that  two prospective studies demonstrated  
that patients with sub-clinical atherosclerosis and no overt 
manifestation of cardiovascular disease are more prone to developing 
AF and that atherosclerosis may favour the occurrence of AF.36 Based 
on this it is possible to postulate that systemic inflammation including 
a process involving leucocyte activation with ensuing release of MPO 
and/or atrial up-regulation of enzymes regulating ROS production 
such as NADPH oxidase may occur in the atria of patients prone to 
AF. Classic atherosclerotic risk factors such as hypertension, diabetes, 
dyslipidaemia, and obesity may favour structural and functional 
remodelling that ultimately lead to atrial fibrosis and changes in 
electrical atrium excitability via an inflammatory process including 
ROS over-production. These changes, in combination with clotting 
and platelet activation, which are potentially triggered by local/
systemic inflammation, may contribute not only to local thrombosis 
in the left atrium but also to athero-thrombosis occurring in the 
systemic circulation (Figure 1). This pathophysiologic scheme, which 
seeks to unify the mechanism accounting for thrombo-embolism 
and athero-thrombosis in AF needs, however, to be substantiated by 
interventional trials aimed at investigating if lowering inflammation 
and/or oxidative stress is of benefit for preventing or ameliorating the 
clinical course of AF. 
Clinical Outcome Management In Atrial Fibrillation
Stroke

Management of AF have been addressed essentially in lowering 

Table 1: Take-home messages

-In atrial fibrillation either thrombo-embolism or athero-thrombosis may concur to the onset of ischemic complications

-In addition to the thrombo-embolic risk, patients with atrial fibrillation experience an increased rate of myocardial infarction

-Novel oral anticoagulants may represent a useful therapeutic approach, mostly for patients with low quality anticoagulation with warfarin

-Blood monitoring for novel oral anticoagulants could be appropriate for patients in which a high variability of blood levels is expected

-The association of anti-platelet drugs with oral anticoagulants increases the risk of bleeding without a clear benefit on ischemic events
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of MI  in a population-cohort study including 1631 participants 
with AF. During a median follow-up of 4.5 years, the incidence rate 
of MI was 1.2 per 100 person-years, which was significantly higher 
compared to patients without AF also after adjustment for traditional 
atherosclerotic risk factors; this finding suggested, therefore, that AF 
per se is an independent predictor of MI. The incidence rate of MI 
reported by Soliman et al. is apparently higher compared to that 
recently shown by the interventional trial with the NOACs. Thus, 
globally considered, the rate of MI  was in average 0.8% per year, with  
a range from 0.5 to 4%/year.5 Even if such difference may perhaps be 
explained by the fact that <50% of AF patients on the Soliman’ study 
were on treatment with warfarin, other reports indicated, however, 
that in the real word of AF patients on treatment with warfarin the 
annual incidence rate of MI is actually elevated (> 1% year), and even 
more frequent than stroke.49 This difference with the interventional 
trials may depend on the fact that patients in the real world are 
older and at higher risk of athero-thrombosis despite adequate 
anticoagulation. At this regard, a previous study demonstrated that 
a good anticoagulation is associated with a lower risk of MI in AF50 

but the interplay between TTR and MI rate in AF population has 
not been clarified. The relationship between MI and AF is even more 
complicated when the NOACs are taken into account.  Thus, no 
differences in MI rate were observed between NOACs and warfarin 
when all NOACs dosages were considered; conversely, compared to 
warfarin, a significant increase of MI rate was detected in AF patients 
with low NOACs doses. Even if such apparent paradox has not been 
explained, treatment of   AF patients with or at risk of MI with  low 
doses of NOACs should be carefully considered .

Management of AF patients at risk or with previous MI is, therefore, 
becoming a novel hot topic which needs to be addressed soon, as 
preventing MI in AF would reduce the risk related of combining 
oral anticoagulants with aspirin. Such association is quite frequent 
in AF as shown by interventional trails with NOACs in which 29-
41% of patients included were treated with such combination despite 
no evidence of a clear benefit and serious risks of bleeding.51,52 So 
far, however, no strategy has been planned to reduce the risk of 
myocardial infarction in AF and its sequelae, nor it has been clarified 
if there are AF patients without previous coronary events who are 
at higher risk of myocardial infarction. In this context statins may 
be an attractive option as they have been able to reduce the risk of 
myocardial infarction in primary and secondary prevention trials.53 
Furthermore, statins  possess antithrombotic properties which  may 
return useful in this setting, which is associated with a systemic and 
local on-going pro-thrombotic state.54 Statins have been described 
to be useful to reduce new onset AF,55, 56 the recurrences of AF after 
electrical cardio-version/ablation,57, 58 after cardiac surgery59 or in 
patients presenting with acute coronary syndrome.60 Nevertheless, 
the effect of statin use in reducing vascular events in AF patients has 
never been investigated in prospective randomized trials.

of NOACs in the reduction of bleeding events is evident only in 
patients with a low quality anticoagulation (TTR<66%).41 As a result, 
NOACs should not be the first choice of treatment for patients with 
good anticoagulation control with VKAs.

Even if globally considered NOACs reduce cardiovascular events, 
a sub analysis  showed that low-dose NOAC regimens are able to 
reduce the incidence of haemorrhagic stroke, but are not as effective 
as warfarin to prevent ischemic stroke and myocardial infarction. 
Another point that needs to be taken into consideration concerns 
the use of NOACs in patients with renal failure. Patients with severe 
renal failure (eGFR <30 ml/min) and/or on dialysis treatment were 
not included in clinical trials, so VKAs are still the recommended 
treatment for these patients.

Apart from these specific issues, there is also another relevant point, 
which must be taken into account. The real advantage of NOACs 
compared to warfarin would consist on unnecessary monitoring of 
drug concentration in the blood. From patients with eGFR between 
30-50 ml/min recent analysis from the RE-LY trial,44 outlined the
wide variation in term of dabigatran concentration in blood with
an increase of 47% compared to those with eGFR >80 ml/min. Of
particular relevance was the fact that in patients with 30-50 ml/min
dabigatran concentration could vary from as low as 28 ng/ml from
as high as 215 ng/ml depending on the dosage used; age >75 years
and female gender could be associated with 68% and 30% increase
of dabigatran concentration respectively. Such variations were of
particularly relevance for safety and clinical outcomes as low or
high dabigatran concentration were associated with an enhanced
risk of stroke or bleeding respectively. Analysis of dabigatran
concentration, which was putatively associated with lower  risk  of
stroke and bleeding , suggested that values around 100 ng/ml would
be theoretically optimal, with an increased risk of stroke and bleeding
for values <40ng/ml and >200ng/ml respectively. Based on this,
predicting the risk of stroke and bleeding in old patients and females
is almost difficult without precise information on drug blood levels.
According to recent literature data, such wide variation of dabigatran
levels is likely to account for the increased risk of bleeding and death
which has been observed particularly in elderly patients.45, 46 Thus, 
in a recent survey from nationwide study the shift from VKSs to
dabigatran was associated with a surprisingly enhanced risk for both
thrombo-embolism and bleeding disorders clearly indicating the
need for an accurate follow-up of AF patients on NOACs.47 This
finding questions the assumption that dabigatran can be used at fixed
doses and raises concern on the claim that this drug category does
not need blood monitoring. Unfortunately, data regarding the other
NOACs are not yet available; thereby it remains to be clarified if the
wide blood variability of NOACs is limited to dabigatran or can be
observed with the other new anticoagulants.
Myocardial Infarction

A recent work by  Soliman and colleagues48 analysed the incidence 

Table 2: Open issues

-Treatment of elderly AF patients  with novel oral anticoagulants still needs to be properly addressed

- Therapeutic strategies  to reduce the risk of myocardial infarction in atrial fibrillation patients must be planned 

-Knowledge of blood concentration of novel oral anticoagulants is mandatory

-Large randomized prospective clinical trials are needed to investigate the effect of combining oral anticoagulants with statins for  cardiovascular event prevention

-The association of anti-platelet drugs with oral anticoagulants increases the risk of bleeding without a clear benefit on ischemic events
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28. Friedrichs K, Klinke A, Baldus S. Inflammatory pathways underlying atrial
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Conclusion:
NOACs are likely to be a step forward for the treatment of AF as 

they can strongly reduce the number of patients who cannot otherwise 
be anti-coagulated or are inadequately anti-coagulated.  The claim of 
not monitoring this class of the drug in a population on multiple 
therapy seems to be unrealistic and potentially dangerous for both 
ischemic and bleeding outcomes; hence, developing laboratory device 
to monitor NOACs could be considered in patients potentially at risk 
of high blood levels variation. Management of AF patients at risk or 
with MI is another serious issue which deserves careful attention as 
in old AF population the rate of MI is elevated despite the use of oral 
anticoagulants.
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Abstract
Atrial fibrillation (AF) is the most common arrhythmia and is a major cardiovascular challenge due to its close association with increased 

morbidity and mortality. Although the incidence and prevalence of AF is slightly lower in developing countries than in developed countries, the 
AF-associated risk of stroke is similar. Treatment of AF is far from satisfactory in developing countries, which may be due to limited health-care 
resources and social and racial characteristics that differ from Western populations. Chronic rate control is still the main treatment strategy 
of persistent AF because anti-arrhythmic drugs have only a modest long-term effect on maintenance of sinus rhythm, and no superior impact 
in terms of cardiovascular outcomes. With the development of ablation techniques and strategies, more AF patients received catheter 
ablation, although the benefit, complications, and high recurrence rate associated with AF ablation remain under investigation. Improvement 
in antithrombotic therapy of AF has been observed, although still fewer patients receive oral anticoagulants in developing countries than in 
Western countries. Novel treatment for the prevention of thromboembolism, such as new oral anticoagulants with different mechanisms of 
action or the percutaneous transcatheter closure of the left atrial appendage, has recently been introduced in developing countries as an 
alternative option for the prevention of AF-associated strokes. More data are needed regarding upstream therapy.
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Introduction
Atrial fibrillation (AF) is the most common arrhythmia, with 

an estimated prevalence of 2% of the general population in the 
developed world.1-3 AF is a major cardiovascular challenge due to 
its close association with high risk of stroke, incidence of congestive 
heart failure, and high mortality. Current mainstay therapy for AF 
includes assessment of thromboembolic risk and stroke prevention, 
applying appropriate rate-control or rhythm-control strategies, and 
management of associated diseases.4 Because AF becomes more 
prevalent with age, the prevalence of AF is estimated to increase 
progressively in the future.  

The prevalence of AF varied among developing countries as well 
as in community- or hospital-based studies. AF is also associated 
with many co-morbid cardiovascular diseases, such as hypertension, 

heart failure, and diabetes. Treatment of AF is far from satisfactory 
in developing countries, which may be due to limited health-care 
resources and different social and racial characteristics from Western 
populations. Therefore, this review summarises the prevalence, 
current state of catheter ablation, rate or rhythm control strategy, and 
antithrombotic treatment of AF in less developed countries.
Epidemiology Of Atrial Fibrillation  

The prevalence of AF has been reported ranging from 0.5% to 2%1-

3,5 in Western countries. According to previous studies, the incidence 
of AF increases with age and is more prevalent in men than women.6,7 
Current data indicate that the prevalence of AF in developing 
countries is slightly lower than in developed countries. In general 
population, the prevalence of AF was 0.67% in Tanzania,8 0.7% in 
Korea,9 0.77% in China,10 1.1% in Taiwan,11 and 1.2% in India.12 In 
some developed countries, the prevalence of AF ranged from 1.6% 
in Japan,13 3.6% in America14 and 4% in Australia.15 However, it is 
difficult to compare the prevalence of AF among different countries 
because the study population might be different in age, and may have 
co-morbid cardiovascular diseases. A recent review showed similar 
prevalence of AF in developing countries to that reported in some 
developed countries.16

The presence of co-morbid diseases can affect AF patients’ 
prognosis, their risk of stroke, their risk of haemorrhage with the 
use of anticoagulation therapy, and the choice of anti-arrhythmic 
drugs. Therefore, AF-associated cardiovascular diseases, such as 
hypertension, heart failure, and diabetes, should be identified in AF 
patients. Hypertension, the most frequent condition associated with 

Key Words: 
Atrial Fibrillation, Oral Anticoagulation, Catheter Ablation, Devel-
oping Countries.



Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation78 Journal Review

www.jafib.com Oct-Nov, 2014 | Vol-7 | Issue-3

few AF patients received sotalol for rhythm control treatment.18 The 
use of propafenone is also less common because it is limited in AF 
patients without underlying structural heart diseases. Dronedarone is 
a “new” anti-AF drug, which has not been used in China and some 
other developing countries. For VR control during AF, the generally 
used drugs are digoxin, beta blockers, or nondihydropyridine calcium 
channel blockers.18

Catheter Ablation Therapy
Catheter ablation of AF has become a widely accepted procedure 

in most of the large cardiac centres worldwide. In the last decade, 
great increase in procedures of catheter ablation for AF was observed 
in less developed countries. Data from the APHRS white book show 
an increasing trend in ablation procedures across some Asia Pacific 
countries and regions: Japan, China mainland, Korea, and Taiwan.24 
Across the four countries and regions with available data for 2011-
2012 (Table 1), a large gap in AF ablation rate per million inhabitants 
is observed between developed country Japan (133.4) and other less 
developed countries and regions, with 25.5 in Korea, 7.3 in Taiwan 
and 7.4 in China mainland. Japan is also the country with the highest 
ratio of AF/total ablations (44.7%), whereas the lowest AF ablation 
ratio is in Taiwan (5.3%), and it is 22.6% in Korea, 13.9% in China 
mainland, and 0 in Philippines. At present, multiple approaches have 
been developed for catheter ablation of AF. Data from registration 
study of AF catheter ablation in China25 showed that paroxysmal 
AF was the main indication (71.5%), and circumferential pulmonary 
vein isolation (CPVI) is currently the major ablation type in China 
(60.2%). Other AF ablation strategies used in China include 
CPVI plus necessary atrial auxiliary line (20.1%), stepwise ablation 
(13.9%), CPVI plus fractionated atrial electrogram ablation (10.4%), 
fractionated atrial electrogram ablation (0.5%), and segmental PVI 
(0.5%). During a mean of 9.6± 3.8 months follow-up, the success rate 
was 82.1%, and 17.9% patients had recurrent AF. The complication 
rate was as low as 1.7%. Factors impacting success and recurrence rate 
are similar between developing and developed countries, including 
left atrium diameter, type of AF, age, and experiences of ablation 
doctors. Few patients with recurrent AF after catheter ablation 
had undergone an attempt at surgical ablation. Cryoballoon-based 
PVI is a recently developed technique for the treatment of AF with 
acceptable mid-term results in terms of the success and safety.26 
Recent studies also showed that the long-term outcomes after 
cryoballoon PVI are similar to those reported for radiofrequency 
ablation.27,28 Some cryoballoon-based PVI procedures have been 
performed in some large electrophysiology (EP) centres in China.

Cryoballoon-based ablation might be a promising strategy for 
management of AF in intermediate centres of cardiology.
Antithrombotic Treatment
AF And Stroke

The high risk of mortality and stroke in patients with AF are 
relatively consistent among reports from the Western population and 

AF, ranged from 40% in Malaysian patients17 to 40.3% in Chinese 
patients,18 to 71.9% in Turkish  AF patients.19 Although valvular 
heart disease is more common in the developing countries than in the 
West, the ratio of valvular AF was 18.7% in men and 31.2% in women 
in China,20 which was similar to other racial AF patients (26.7%).21 
Prevalence of other co-morbid cardiovascular diseases in AF patients 
also varied greatly among countries. In China, AF-associated diseases 
were reported, including 12.3% ischemic heart disease, 33.1% heart 
failure, 17.7% diabetes, and 6.9% hyperthyroidism.18 In Malaysia, the 
prevalence of ischemic heart disease was 42.5%,17 and heart failure 
prevalence was 56% in South Africa.22

Current Status Of  Treatment Of AF
Rate Or Rhythm Control 

Current guidelines4 recommend target ventricular rate (VR) control 
to improve hemodynamic status and relieve symptoms for the majority 
of patients with persistent AF. Emergency cardioversion should be 
the initial therapeutic approach for AF patients with hemodynamic 
instability due to very rapid VR and/or underlying structural heart 
diseases. When restoration of sinus rhythm is not possible or is not 
attempted in patients with permanent AF, drugs blocking AV nodal 
conduction should be used to achieve rate control both at rest and 
during exercise. For patients with paroxysmal AF, catheter ablation 
(complete pulmonary vein isolation) is recommended as an alternative 
to anti-arrhythmic drug therapy (Class I A indication) for patients 
with symptomatic recurrent paroxysmal AF on anti-arrhythmic drug 
therapy in an experienced centre. Anti-arrhythmic drug therapy is 
also reasonable in AF patients without structural or coronary heart 
disease when the agent is well tolerated.  

In developing countries, the use of rate or rhythm control 
strategies might be different from that in developed countries. In 
a retrospective analysis of 9,297 hospitalized AF patients from 41 
hospitals in China,18 paroxysmal AF was treated mainly by rhythm 
control (pharmacological cardioversion: 56.4%), whereas only 18.2% 
patients with paroxysmal AF received VR control. The majority of 
patients with persistent AF (82.8%) received VR control treatment 
with digoxin, β-blockers, and calcium antagonists. It is worth noting 
that few patients received electrical cardioversion, and 23.9% patients 
with paroxysmal AF and 13% patients with persistent AF were 
untreated. The RealiseAF registry study21 included 10,523 AF patients 
worldwide, and found 57.5% of all patients receiving VR control 
strategy and 37.2% patients with rhythm control treatment, and AF 
was controlled in 59.0% of the 9665 patients and not controlled in 
41.0%. Among the patients controlled, 26.5% were in sinus rhythm 
and 32.5% were in AF with heart rate ≤80 bpm. In regard to anti-
AF drugs in less developed countries, amiodarone (64%) is still 
the most commonly used anti-arrhythmic drug for preventing the 
recurrence of AF. Although the efficacy of sotalol in the prevention 
of recurrence of AF is similar to that of propafenone and equal to that 
of amiodarone in converting atrial fibrillation to sinus rhythm,23 only 

Table 1: Atrial fibrillation catheter ablation 2012

Japan China South Korea Taiwan India Singapore

AF ablation procedures 21000 12343 1561 450 500 82

AF ablation centres 350 331 30 No data 20 2

Ablation physicians 875 2000 No data 25 15

AF ablation rate per million inhabitants 133.4 7.4 25.5 16.7

AF, Atrial fibrillation.  Data from APHRS white book 2013
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improvements are needed for optimal antithrombotic therapy in 
China.
The Use Of New Anticoagulation Therapy

Recently, two classes of new oral anticoagulant drugs are being 
developed for stroke prevention in AF-- oral direct thrombin 
inhibitors and oral factor Xa inhibitors. New oral anticoagulants do 
not require such intensive monitoring or complex dose adjustment 
as warfarin and have been approved for stroke prevention in AF 
in many developed countries.39-41 Although some less developed 
countries have approved dabigatran for anticoagulation therapy 
in AF patients,42,43 few data are available for the usage of new oral 
anticoagulants in developing countries. Except for some potential 
issues encountered by new oral anticoagulants, such as potential 
complications, use in patients with renal disease, and lack of specific 
antidotes, the high costs of new oral anticoagulants might be a big 
problem for their use widely in less developed countries.
Racial Difference 

Previous study has observed a racial difference in ischemic stroke 
rates between whites and Asians.44 There is also a racial difference 
in rates of intracranial haemorrhage while on warfarin. Intracranial 
haemorrhage rates are significantly higher in nonwhites (Blacks, 
Hispanics, and Asians) than whites in patients receiving warfarin.45 
Various factors may contribute to the bleeding risk with anticoagulant 
therapy in Asian patients. First, less monitoring of INR due to 
noncompliance, food, and drug interactions can contribute to an 
excess bleeding risk. Second, different ethnic prevalence of gene 
polymorphisms can lead to different warfarin dose requirements 
between racial groups.46 In addition, there might be a racial difference 
in intensity of warfarin therapy between Asians and whites.37,47 
In regards to racial differences in pharmacokinetic parameters of 
NOACs, the population pharmacokinetic analysis of dabigatran 
in patients from RE-LY trial showed that the AUC at steady 
state is increased by 25.5% in South Asians compared with other 
ethnicities.48 However, the effect of this magnitude seems not to be 
of clinical relevance. The subgroup analysis of RE-LY trial confirmed 
that haemorrhagic stroke rates are higher on warfarin in Asians 
versus non-Asians.49 However, dabigatran significantly reduced 
haemorrhagic stroke in both Asians and non-Asians. It seems that 
there was no racial difference in the haemorrhagic stroke rates on 
dabigatran, but a racial difference on warfarin. In addition, no data 
support racial differences on apixaban, rivaroxaban, and edoxaban. 
Other Therapies

Because blood clots arise from the left atrial appendage (LAA) in 
most cases with atrial fibrillation, the percutaneous closure of the LAA 
might be a promising alternative for the treatment of patients with AF 
at a high risk of stroke, in whom long-term anticoagulation therapy is 
not possible or not desired. WATCHMAN and Amplatzer™ Cardiac 
Plug are the two mostly implanted devices worldwide with good 
clinical results.50,51 In China, a new self-expanding LAA occluder 
(Lifetech LAmbre™ device) has been evaluated in animal studies 
and multicentre clinical trials.52,53 LAmbre consists of an umbrella 
and a cover connected by a short central waist, is delivered by an 8-10 
French sheath, and has full recapture and repositioning capabilities. 
We are expecting data on the efficacy and safety of this new device.54

Current guidelines4 recommend co-prescribing an angiotensin 
receptor blocker (ARB) or an angiotensin-converting enzyme 
inhibitor (ACEI) with an anti-arrhythmic drug as upstream 

Asia Pacific region. The Framingham study reported that patients 
with AF have a two-fold higher risk of mortality and five-fold higher 
risk of stroke compared with controls.7,29 The risk of mortality and 
stroke for patients with AF was found to be 2.23 and 3.87 in Taiwan.11 
The annual risk of ischemic stroke in patients with nonvalvular AF 
seems to be higher in Chinese (9.28%)30 than in Western populations 
(5%).31 Prevalence of stroke in patients with AF was similar in less 
developed countries: 10.7% to 22.8% in China, 23% to 27% in 
Pakistan, 17.6% in Brazil, and 17.4% in Cameroon.16

Current Status Of Antithrombotic Treatment In Less Developed 
Countries

The reported utilization of anticoagulant and antiplatelet varied 
greatly among studies due to differences in studied population or 
period. Data from the Global AF registry showed that the use of 
oral anticoagulants (OACs) in patients with CHADS2 scores ≥2 
was lower in Asian countries compared with Western countries. A 
recent analysis from the RE-LY trial also showed that the use of 
OACs among patients with a CHADS2 score of ≥2 was greatest in 
North America (65.7%) but was only 11.2% in China.32 The rate 
of anticoagulant use was consistently low in other less developed 
countries, such as Malaysia (16%) Moldova (7.1%), and Kosovo 
(27%).16 Antiplatelets (mostly aspirin) were highly prescribed in 
China (from 34.1% to 94.3%), Kosovo (72%), Turkey (55.6%), 
Argentina (63%), etc..16 Additionally low rates were reported in 
studies in Malaysia (8%), Zimbabwe (10%), Brazil (19.9%-21.2%), 
and South Africa (23%.16 Even for hospitalized patients with AF 
in China,18 the rate of antithrombotic treatment was only 64.5%, 
and 35.5% patients did not receive any antithrombotic treatment. 
Antiplatelet agents were used in 57.9% of hospitalized patients with 
AF, and the use of warfarin was only 6.6%.18 The general lacking of a 
standard anticoagulation clinical practice, the low patient compliance 
rate, and the concerns of cost are well-recognized plausible causes of 
the limited utilization of warfarin in this patient population.

In regard to preventing stroke and thromboembolic events 
in patients with AF, warfarin is the most potent conventional 
anticoagulation drug, superior to aspirin and clopidogrel,33 with 
an acceptable increase in severe haemorrhagic event rate. Standard 
intensity (INR2-3) is effective and safe for stroke or bleeding events 
in European subjects.34 Even in developed countries, INR was poorly 
controlled in 30% to 92% of patients on anticoagulants.16 In less 
developed countries, the proportion of patients with therapeutic 
anticoagulation with warfarin, measured using the INR, was 
approximately 30%-50%: 39.1% to 40% in China, 51.7% to 53.6% 
in Bosnia and Herzegovina, 50.1% in Brazil, 47.7% in Turkey, 32.6% 
in India, and 28.5% in Moldova.16 The controversy about the efficacy 
and safety of low intensity of INR (1.5-2.0) in Asians was once 
discussed 10 years ago.35,36 Although few studies in Chinese indicate 
that the low intensity of INR (range 1.6 to 2.0) is a reasonable 
anticoagulation intensity for patients with nonvalvular AF,37 
especially for octogenarians patients with nonvalvular AF (>80 years 
old),38 these data should be cautiously interpreted due to sufficient 
evidence for standard intensity.

Current AF guidelines have recommended the use of risk schemes 
for stroke and thromboembolism (CHA2DS2VASC) and bleeding 
risk assessments in AF patients.39 In China, use of stroke risk 
stratification schemes is inadequate in clinical practice. Together 
with the less antithrombotic therapy, less warfarin treatment, and 
less regular monitoring of INR in Chinese patients with AF, great 
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therapy to increase the likelihood of maintaining sinus rhythm after 
cardioversion.

Upstream therapy with statins is also associated with a decreased 
risk of recurrence in patients with persistent AF after electrical 
cardioversion.55 A randomized trial performed in Chinese patients 
with lone paroxysmal AF suggests that the combination of perindopril 
or losartan with low-dose amiodarone is more effective than low-dose 
amiodarone alone for the prevention of AF recurrence. Left atrial 
enlargement can also be inhibited by adding losartan or perindopril 
to amiodarone.56 However, there are limited studies about upstream 
therapy in China.
Conclusion:

AF is a major cardiovascular challenge in modern society, and the 
impact of this disease on the risk of stroke and mortality is similar 
between developed and less developed countries. AF-associated risk 
factors and comorbidities should be identified and treated because the 
presence of co-morbid diseases can affect the prognosis of patients 
with AF. Rate control remains the main strategy, whereas catheter 
ablation is becoming more prevalent as the first-line therapy for 
paroxysmal AF in a few large hospitals in less developed countries. 
Both the rate of anticoagulant treatment and the use of stroke risk 
stratification schemes are relatively inadequate in less developed 
countries. Prophylactic antithrombotic treatment with OACs should 
be improved in the future. Few data are available on the use of new 
oral anticoagulants, percutaneous closure of the LAA, and upstream 
therapy in developing countries. Optimal treatment of AF remains 
challenging in less developed countries.
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How To Follow Atrial Fibrillation Ablation Patients?
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Abstract
Catheter ablation is an established treatment option for symptomatic atrial fibrillation (AF), with circumferential pulmonary vein isolation 

being considered the cornerstone of the procedure. However, this is a complex intervention with potential major complications and with 
common arrhythmia recurrences. There is consensus among experts that all patients should be seen in follow-up regularly after AF ablation. 
To date there are limited data regarding the best methodology for routine clinical follow-up of this population. This review summarizes 
a contemporary insight into management of late complications following AF ablation, post-procedural anticoagulation and arrhythmia 
monitoring strategies, in order to prevent thromboembolic events, detect and treat arrhythmia recurrences, and discuss the use of upstream 
therapies after AF ablation. 
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Introduction
Catheter ablation is a standard treatment for patients with drug-

refractory symptomatic atrial fibrillation (AF), commonly performed 
throughout the world, that may provide long-term benefits regarding 
arrhythmia recurrence, complications and quality of life.1,2 The success 
of the procedure and the expanding training programs in this field 
have contributed to an increasing number of ablations performed 
worldwide. However, this is a complex intervention with potential 
major complications and with risk of arrhythmia recurrences. 
Therefore, there is consensus among experts that all patients should 
be seen in follow-up regularly after the ablation procedure. The best 
methodology for routine clinical care in order to recognize potential 
complications and optimize outcome results has not been fully 
elucidated yet. Nevertheless, a clinical follow-up protocol should 
include identification and management of late complications, a post-
procedural anticoagulation strategy, arrhythmia monitoring in order 
to detect and treat arrhythmia recurrences and control of associated 
comorbidities contributing to the risk of AF recurrence (figure 1).

What can we expect after AF ablation? Recovery from catheter 
ablation is usually quick (1-2 days). After removing the catheters, the 
patient lies flat for up to 6 hours to prevent bleeding from the puncture 
sites. Telemetry and blood pressure monitoring is recommended and 
the health team must be aware of symptoms, delayed complications 
and patient comorbidities. Common issues influencing the clinical 
outcome are the risk of thromboembolic events, early recurrence 
of atrial tachyarrhythmias and control of frequently associated 
comorbidities, like hypertension, diabetes, sleep apnea, or anxiety.

Late complications following AF ablation are inconsistently 
reported in retrospective surveys and include stroke, pericardial 
effusion and cardiac tamponade, iatrogenic atrial tachycardias, 
pulmonary vein (PV) stenosis, death (stroke, tamponade, atrio-
esophageal fistula), arteriovenous fistula and hematoma resulting 
from vascular access, and phrenic nerve injury1-3 (table I). A recent 
single-centre cohort analysis reported late complications in 4% of 
the patients submitted to AF ablation.4 Hopefully, improved ablation 
techniques and operator experience may contribute to the declining 
of complications rates.

The incidence of PV stenosis has varied substantially, depending 
on the ablative technique used and the method of assessment. 
Recent reports suggest that 1% to 10% of patients undergoing 
ablation develop PV stenosis.5,6 In the recent years, the incidence has 
fallen with improvements in the mapping and ablation techniques. 
Nevertheless, this problem continues to be reported and it accounts 
for approximately 30% of major complications.1-3

From a clinical point of view, some patients with mild (<50%) or 
moderate stenosis (50-70%) are asymptomatic.7 Symptoms caused 
by PV stenosis depend on the severity and the number of the affected 
veins and range from persistent cough, to chest pain, hemoptysis, and 
severe exertional dyspnea.

There is general agreement that patients with symptomatic severe 
PV stenosis should be treated with PV angioplasty with or without 
stenting. Treatment with catheter angioplasty can improve and, in 
some cases, completely relieve PV stenosis following AF ablation.8 

It has been shown that stent angioplasty is superior to balloon 
dilation in treating this complication.7,8 However, even with stent 
implantation, restenosis may occur in 30% to 50% of patients.8 Also, 
prompt referral for intervention and use of larger stents seem to be 
associated with lower restenosis rates and, therefore, with long-term 
patency.8

Post-procedural atrial tachycardias are relatively common and have 
been considered to be largely associated with circumferential ablation 
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observed on endoscopy following AF ablation has led to prophylactic 
use of proton pump inhibitors for one to four weeks after ablation 
in many centres. However, there are no data available available to 
demonstrate that this approach reduces the incidence of an atrio-
esophageal fistula. Therefore, current guidelines and consensus 
reports list no objectives on this issue.1

Phrenic nerve paralysis is another complication of AF ablation 
using cryoablation or radiofrequency energy, resulting from direct 
thermal injury to the right phrenic nerve. Although uncommon 
with radiofrequency energy (<1%), its incidence with the use of 
the cryoballoon system ranges from 4.7% to 11%, with a complete 
resolution noted in >80% of the cases.1,18,19

Follow-Up And Long-Term Management
Post-Procedural Anticoagulation

There is consistent evidence that a continuous warfarin strategy 
reduces periprocedural thromboembolic complications without 
increasing the risk of major bleeding events.20,21 Also, the use of 
dabigatran with the dose held on the day before the procedure and 
restarted immediately after AF ablation, seems to be safe and well 
tolerated, with no evidence of a higher risk of thromboembolic or 
bleeding complications compared to warfarin.22 Regarding the use of 
warfarin or new anticoagulants (direct thrombin inhibitors or factor 
Xa inhibitors), it has been recently suggested that both dabigatran 
and rivaroxaban are equally safe and effective when compared to 
warfarin.23

Low molecular weight heparin should be used 4-6h after sheat 
removal as a bridge to resumption of oral anticoagulation with 
warfarin or new anticoagulants.

There have been no large randomized prospective trials that have 
assessed the safety of stopping anticoagulation in this population. 
However, in most studies anticoagulation was continuously 
maintained for at least 3-6 months after ablation in patients 
who did not experience recurrent AF and had no incidents of 
thromboembolism. Current consensus recommends that decisions 

using wide-area circular lesions around the PV, or when additional 
ablation lines are incorporated in the procedure, creating an 
electrophysiologic milieu for both small and macroreentry circuits.9,10 
From a clinical point of view, these arrhythmias are characterized by: 
early onset of significant symptoms (frequent palpitations and fatigue) 
after ablation, refractory to management with rate-controlling drugs, 
limited amenability with antiarrhythmic drugs, and high recurrence 
rate after cardioversion.

Vascular access complications (hematoma, femoral pseudoaneurysm, 
arteriovenous fistula or retroperitoneal bleeding) are influenced by the 
number and size of sheats used, the need for anticoagulation before 
and after the procedure, and the operator experience. Incidence 
has been described in up to 13% of the cases1-3,11 and may require 
adequate manual compression or surgical repair.

The incidence of thromboembolism associated with AF ablation 
is reported to be between 0.9% and 7%.1-3,12 A thromboembolic 
phenomenon leading to stroke is a serious complication of AF 
ablation that typically occurs between 24 hours and the first 2 weeks 
after of the ablation procedure.13 In fact, a portion of the left atrium 
is burned during the procedure and the atria are often stunned after 
ablation. There is an increased risk of thromboembolism immediately 
following, and for several weeks after ablation, justifying optimal 
anticoagulation monitoring in order to achieve a safe level of 
thromboembolism prevention.

Cardiac tamponade is the most common life-threatening 
complication observed in patients undergoing AF ablation. The 
intense intraprocedural and post-procedural anticoagulation regimen 
recommended, together with extensive catheters manipulation, high 
levels of radiofrequency energy and the contact force exerted by the 
ablation catheter on the interface with cardiac tissue may expose 
patients to an excessive risk for bleeding. Delayed pericardial effusion 
(occurring >1h after ablation) leading to hypotension or cardiac 
shock is relatively rare in patients undergone a recent AF ablation.14,15 

However, attention should be given to chest pain, fatigue, dyspnea, 
tachycardia, and hypotension. Echocardiography confirms the 
diagnosis and pericardial drainage needs to be performed in most 
of the cases. Also, anticoagulation may be temporarily discontinued 
if the bleeding situation is maintained, and, in some cases, surgery is 
required in order to repair rupture of the atrial tissue.

A very rare, but potentially fatal, late complication is the atrio-
esophageal fistulae, formed from thermal injury from posterior wall 
of the left atrium causing damage of the esophagus. Although the 
incidence of the fistula is less than 1%, high mortality adds significance 
to the problem, making it one of the most feared complications of 
AF ablation.16,17 The observation that esophageal ulcerations may be 

Table 1: Clinical follow-up protocol after atrial fibrillation ablation

Transthoracic echo before discharge

outpatient clinic at 4 weeks and every 6 months thereafter

antiarrhythmics3-6 months;anticogulation 3-6 months

proton pump inhibitors for 1 week

patients with hypertension - ARB/ACEI

EKG (every regular appointment or if symptoms recurrence)

Event recorder or Implantable loop recorder

Holter recording 1st month and every 4 months

Table 2: CHA2DS2-VASc score and risk of stroke in atrial fibrillation

Risk factor Score

Congestive heart failure/LV dysfunction 1

Hypertension 1

Age≥75 2

Diabetes mellitus 1

Stroke/TIA/thrombo-embolism 2

Vascular diseasea 1

Age 65-74 1

Sex category (i.e. female sex) 1

Maximum score 9

Score CHA2DS2-VASc Annual risk of thromboembolic events (%/y)

0 0

1 1.3

2 2.2

3 3.2

4 4.0

5 6.7

6 9.8
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this event within the “blanking period” will not have any further 
arrhythmias.1,26 In our experience, the use of an external event loop 
recorder for the continuous detection of sudden arrhythmias during 
the first month after AF ablation documented sustained atrial 
tachyarrhythmias in 35,2% of the cases.27 However, the predictive 
positive value for the identification of patients with late arrhythmia 
recurrence was only 45%. Recently, in 630 patients who underwent 
circumferential pulmonary vein isolation and were implanted with 
a subcutaneous AF monitor it was suggested that the AF burden 
measured during the blanking period (with a calculated threshold of 
65.9 hours of AF during the first 2 months) can predict the response 
to catheter ablation at 12 months.28

The mechanisms of AF post-ablation may be different from that 
of the patient’s clinical arrhythmia and may resolve completely 
upon resolution of the inflammatory process. Therefore, is has been 
suggested to treat all patients with antiarrhythmic agents for the first 
3 months and delay re-ablation procedures for at least 3 months.1,26

Up to 35% of patients have recurrence of AF in the first year 
following catheter ablation. Multiple procedures may be considered 
to improve the long-term success of AF ablation. In a recent meta-
analysis, the overall average number of procedures was 1.51.25 Left 
atrial enlargement, pre-existing atrial fibrosis, type of AF, age, gender, 
hypertension, left ventricular dysfunction, and sleep apnea syndrome 
have been reported as independent predictors of success after 
single- or multiple-procedures.25,29-32 On an average, patients with 
nonparoxysmal AF are about 60% more likely to have AF recurrence 
after radiofrequency ablation than those with paroxysmal AF.30

Post-procedural atrial tachycardias have been considered to be 
associated with circumferential ablation using antral PV isolation 
and additional atrial ablation lines.33 Most of these tachycardias 
originate from reentry circuits in the left atrium and are responsible 
for complains of worsening symptoms. Rhythm control is usually 
difficult with antiarrhythmic drugs (AAD) and early recurrence 
is common after external cardioversion.9,10,33 Therefore, it often 
poses a more difficult clinical situation than the index arrhythmia. 
It has been proposed to maintain AAD therapy after electrical 
cardioversion and reserve a new ablation for patients in whom the 
arrhythmia did not disappear after a period of 3 months, because up 
to a third of these patients will present with resolution of their atrial 
tachycardia.33 The reablation procedure should obtain complete PV 
isolation and confirm bidirectional block of the previous lines. An 
activation mapping using tridimensional electroanatomic navigation 
systems is commonly complemented with detailed analysis of 
entrainment maneouvers to optimize the results of the procedure. 
Various authors have published promising results with these atrial 
tachycardias successfully ablated in 42% to 100% of the cases, but 
showing recurrence rates ranging from 21% to 44%.1,33

AAD are commonly used during the first 3 months after AF 
ablation.1,34 The therapy most commonly employed for this purpose 
are the drugs that were unsuccessful prior to ablation. It has been 
suggested that its use restricted to this period reduces the need for 
hospitalization or cardioversion, without exposing the patient to 
serious side effects associated with their prolonged use.34

Should we maintain AAD or repeat PV isolation to prevent 
arrhythmia recurrences after AF ablation?

Pokushalov, et al, in a recent 154-patient study, compared those 
who underwent repeat PV isolation with patients taking AAD after 
recurrent paroxysmal AF. All patients received an implantable loop 

about continuation of oral anticoagulation with warfarin or newer 
anticoagulants thereafter should be based on the risk factors for 
stroke1 (figure 2). Among patients at high CHADS2Vasc score 
anticoagulation should be maintained life-long after the procedure 
even if the ablation appears to have eliminated AF.1,2 For patients with 
CHADS2Vasc ≤1, duration of anticoagulation has been suggested to 
be continued for at least 3 months.20

Arrhythmia Monitoring
Although catheter ablation significantly reduces the burden of AF, 

arrhythmia recurrences are common, both early and late following AF 
ablation, with a high proportion of asymptomatic episodes.24 Long-
term follow-up studies have shown that a single ablation procedure 
may be sufficient to achieve freedom from AF in 50% of patients, and 
that multiple procedures may control AF in 80% of patients.25

Arrhythmia monitoring to assess the efficacy of catheter ablation 
is typically delayed for 3 months. The use of this blanking period, 
during which transient tachyarrhythmia episodes are not considered 
recurrences, has been employed in studies examining the efficacy of 
radiofrequency catheter ablation of AF.  

Methods to evaluate arrhythmia recurrences during follow-up 
include: outpatient visits (ex. once in the first 3 months after ablation 
and every 6 months for 2 years), ECGs, 1-7 day Holter recording, 
telemedicine transmissions, and event loop recorders (non-invasive 
or implantable). A more intensive monitoring strategy is known to 
be associated with a greater likelihood of AF detection.

Although early recurrence of AF carries an independent risk of 
treatment failure, its occurrence should not prompt immediate 
re-ablation attempts, as about 50% of the patients experiencing 

Figure 1: An approach to a redo procedure after atrial fibrillation recurrence
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prospective studies are needed to conclusively answer that question.
There is some evidence suggesting that statins may have a role in 

the primary prevention of AF due to pleiotropic effects in relation 
with anti-inflamatory effects, improvement of endothelial function 
and antioxidant properties.39 In a meta-analysis performed to 
assess the potential benefits of statins on the recurrence of AF after 
electrical cardioversion or ablation, statins did not reduce the risk 
of AF occurrence following AF ablation (4 studies including 750 
patients).40 Thus, the role of statins post-AF ablation has not been 
established. Larger randomized controlled trials are required to 
further evaluate the role of statins after AF ablation.
Conclusion:

In conclusion, AF ablation have emerged as a successful 
therapeutic option. However, it is a complex procedure that is 
associated with potential major complications and with risk of 
arrhythmia recurrences.  Management of patients after hospital 
discharge requires commitment from the health team. Experience 
must be gained in the diagnosis and management of post-procedure 
complications (occurring in 3-7%), including delayed complications 
such as stroke, cardiac tamponade, esophageal injury, PV stenosis, 
and late hematoma/pseudoaneurysm or arteriovenous fistula.

Most of the authors maintain anticoagulation therapy  and AAD 
during the first 3-6 months after successful AF ablation. The risk-
benefit decision regarding the use of anticoagulation should be based 
on the actual risk scores. The role of ACEI/ARB after AF ablation 
stills controverse. The use of statins (without standard indications) 
is not recommended. Finnaly, the development of standard follow-
up programmes in order to prevent delayed complications and 
to optimize the success of catheter ablation reintervention may 
contribute to improve the long-term results of AF ablation.
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Post-ablation atrial tachyarrhythmias 5-31% early onset of important palpitations and fatigue initial suppression with antiarrhythmics, may resolve by 3 months, repeat ablation 
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cough, and thoracic pain

high output pacing along the superior vena cava or right PV to capture phenic nerve 
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PV=pulmonary veins; ACT=activated clotting time; RF=radiofrequency; *=influenced by the technique and type of energy
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Abstract
In recent years, the early repolarization pattern has emerged as a risk factor for  malignant ventricular arrhythmias and sudden cardiac 

death. The identification of the subset of patients who are at high risk of sudden death represents a significant challenge to the clinician. 
Multiple clinical and ECG features have been associated with an increased risk of sudden death, however the majority of risk factors confer 
a small increase in absolute risk. The present article reviews current evidence and potential management strategies in patients with early 
repolarization.
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Introduction
The early repolarization pattern on the surface electrocardiogram 

(ECG) is a relatively common finding. The prevalence of early 
repolarizationin the general populations has been reported to be as 
high as 13%, although estimates have varied significantly between 
studies.1-4 A higher prevalence has been reported in young males and 
individuals of African descent. The characteristic feature of the early 
repolarization pattern is elevation of the J point, which is the junction 
between the QRS complex and the ST segment.5 J point elevation 
may manifest as slurring or notching of the terminal portion of the 
QRS complex. 

The pattern of early repolarization described above has long 
been regarded as a benign ECG variant.6 However in recent years, 
compelling evidence has emerged from a number of studies to 
suggest that early repolarization is associated with an increased 
risk of malignant ventricular arrhythmias and sudden cardiac 
death (Figure 1).In 2007, a seminal study from Haissaguerre et al,7 

which involved 206 patients with idiopathic ventricular fibrillation 
(VF) and 412 control subjects, demonstrated a significantly higher 
prevalence of early repolarization in the VF group (31% in VF 
patients as compared to 5% in control patients).Two subsequent 
studies provided corroborating evidence linking early repolarization 
and arrhythmic sudden death. Rosso et al reported an approximately 
three-fold increase in the risk of sudden death associated with 
early repolarization (from 3.4/100,000 to 11/100,000).8 In a large 
population-based study with follow-up extending beyond 30 years, 
Tikkanen et al also reported that early repolarization is associated 

with a significantly increased risk of sudden cardiac death.
It is important to note that the definition of early repolarization 

has varied between population-based studies that have investigated 
the prognosis of this ECG variant. For instance, in a study from the 
1960s, Wasserburger et al described early repolarization as an elevation 
of the ST segment at the J point of between 1 and 4 mm with an 
associated ST segment concavity in the mid and left precordial leads.9 
Subsequently, in the 1970s, Kambara and colleagues described it as an 
upward concave RS-T segment elevation, primarily in the precordial 
leads. They also described an associated slurring of the downstroke of 
the R wave, the presence of distinct J points, or both.10 Both studies 
described early repolarization as a benign ECG variant. In contrast, 
the studies reporting an association between early repolarization and 
sudden death refer to a specific distinct entity. In these studies, early 
repolarization is defined as a pattern of J point elevation of >1 mm in 
2 contiguous inferior and/or lateral leads7 (Figure 1). The variations 
in the definition of early repolarization may account for some of the 
discrepancies in sudden death risk between studies.

While the aforementioned studies have reported an association 
between early repolarization and sudden death, it is important to 
emphasize that the prevalence of sudden death amongst patients 
with this ECG pattern is very low. The identification of the subset of 
patients who are at high risk of sudden death represents a significant 
challenge. The present article reviews current evidence and potential 
management strategies in patients with early repolarization.
Genetic Basis Of Early Repolarization Syndrome

Multiple studies have previously demonstrated that ERS is a 
heritable disease.7,11,12 The genetic substrate underlying ERS is 
currently poorly defined. While single gene mutations have been 
identified in isolated cases, a large proportion of the observed 
heritability remains unaccounted for.The first mutation underlying 
ERS was identified in a young patient from the original series from 
Haissaguerre et al. The mutation was located in a conserved residue 
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transmural dispersion of repolarization.20 Further, as discussed above, 
mutations in genes encoding the IK-ATP channel have been reported 
to underlie ER.13-15 Genetic studies have also identified mutations 
in genes encoding the ICaL, and INa currents, implying that these 
currents are potentially important mediators of altered repolarization 
in ER.16, 17

The predilection of the ER pattern for the inferior and lateral 
ECG leads is not fully understood. It has been speculated that the 
ER pattern manifests in the leads associated with the left ventricle 
because of the transmural orientation of the mean vector axis across 
the left ventricle and the septum.19 In terms of the mechanism 
of arrhythmia in ER, an augmented transmural repolarization 
gradient is predicted to precipitate phase 2 reentry and premature 
ventricular ectopics. In turn, interaction of the premature ventricular 
ectopics with a susceptible ventricular substrate is predicted to cause 
transmural re-entry.21, 22

Risk Stratification Of Patients With Early Repolarization
A number of risk factors have been demonstrated to confer an 

increased risk of arrhythmic sudden death in patients with early 
repolarization.The following section outlines the evidence linking 
these risk factors with sudden death.
Clinical History

Haissaguerreet al demonstrated that 39% of early repolarization 
syndrome (ERS) patients with cardiac arrest have a previous 
history of syncope. Further they reported that a history of aborted 
sudden death is associated with a 43% recurrence rate of ventricular 
arrhythmia.7 In a subsequent study, Abe et al reported that 18.5% of 
patients with ERS had a previous history of syncope as opposed to 
only 2% in healthy controls.23 More recently, Le Bloa et al reported 
that in 37 ERS patients with syncope, three patients had polymorphic 
VT during subsequent rhythm monitoring with an implantable loop 
recorder device.24 Overall, these findings indicate that a history of 
unexplained syncope represents a potentially important risk factor 
for sudden death in ERS patients. Of note however, Bartczak and 
colleagues recently reported that amongst patients with syncope who 
are referred for tilt testing for suspected reflex syncope, the early 
repolarization variant was present in 31% of cases. These findings 
reflect the complexity of assessing ERS patients with syncope.25

The influence of a family history of sudden death on arrhythmic 
risk in ERS patients is presently unclear. Haissaguerre et al 

in the KCNJ8 gene (S422L), which encodes an inwardly rectifying 
potassium channel. However the mutation was not functionally 
characterized.13 In a subsequent study, Medeiros-Domingo et al 
who performed candidate-gene screening in 14 ERS patients and 
identified the mutation in one patient. The mutation was associated 
with a gain-of-function effect with an augmented IK-ATP current.14 
Further evidence implicating the KCNJ8-S422L variant came from 
a study by Barajas-Martinez et al. They also used a candidate-gene 
approach and identified a single ER patient with a KCNJ8- S422L 
mutation after screening 204 patients with a J wave syndrome.15 They 
also reported a gain-of-function effect of the mutation.

Burashnikov et al performed candidate-gene screening in 24 ERS 
patients for mutations in genes encoding calcium channel subunits.16 
Four mutation carriers were identified; one mutation carrier had a 
CACNA1C mutation, two patients had CACNB2 mutations and 
one patient had a CACNA2D1 mutation. While the mutations were 
highly conserved, suggesting a potential pathogenic effect, they were 
not functionally validated. Watanabe et al performed candidate-gene 
screening for sodium channel (SCN5A) mutations in a cohort of 50 
patients with ERS and ventricular fibrillation.17 SCN5A mutations 
in highly conserved residues (A226D, L846R, and R367H) were 
identified in three unrelated ERS patients. Functional analysis of 
the mutations revealed loss-of-function type modulation with the 
mutant channels failing to generate an INa current.In a more recent 
study, Hu et al screened a cohort of 150 ERS and Brugada syndrome 
patients for mutations in ABCC9, which encodes the ATP-binding 
cassette transporter of IK-ATP (SUR2A).18 Four ERS patients from 
the cohort were demonstrated to harbor a V734I-ABCC9 mutation. 
Functional analysis of the variant demonstrated a gain-of-function 
effect when co-expressed with the IK-ATP channel. The mutations 
identified to date have been summarized in Table 2.
Pathophysiological Mechanisms Underlying ERS

The first detailed insights into the mechanisms underlying 
ER came from Yan and Antzelevitch in 1996.19 Using a wedge 
preparation from a canine ventricle they reported that the J wave is a 
manifestation of a transmural gradient of the action potential (AP) 
notch. Multiple ionic currents have been proposed to underlie the 
transmural dispersion of the AP notch including Ito, ICaL, IK-ATP 
and INa. Attenuation of the Ito current during administration the 
drug 4-AP significantly attenuates J wave amplitude.19 Drugs that 
augment the IK-ATP current have been demonstrated to increase 

Figure 1: Early repolarization and induction of VF

Surface ECG of patient with early repolarization demonstrating notching in the inferior and lateral 
leads 24. Right image demonstrates a rhythm strip of the same patient with spontaneous induction 
of VF by a premature ventricular extrastimulus

Table 1: HRS/EHRA/APHRS guidelines for management of patients with 
early repolarization

Class of evidence Treatment 

Class I •ICD implantation is recommended in patients with a diagnosis of ER 
syndrome who have survived a cardiac arrest 

Class IIa •Isoproterenolinfusion can beuseful in suppressing electrical storms in 
patients with a diagnosis of ER syndrome
•Quinidine in addition to an ICD can be useful for secondary prevention of 
VF in patients with a diagnosis of ER syndrome.

Class IIb •ICD implantation may be considered in symptomatic family members 
of ER syndrome patients with a history of syncope in the presence a 
definitive ER pattern on the ECG
•ICD implantation may beconsidered in asymptomatic individuals 
who demonstrated high-risk ER ECG pattern (high J-wave amplitude, 
horizontal/descending ST segment) in the presence of a strong family 
history of juvenile unexplained sudden death with or without a pathogenic 
mutation.

Class III •ICD implantation is not recommended  in asymptomatic patients with 
an isolated ER ECG pattern

Abbreviations: ER, early repolarization; ECG, electrocardiogram; ICD, implantable cardiac 
defibrillator.
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an established underlying cause of sudden death (0.25 ± 0.11 mV 
vs. 0.13 ± 0.05 mV, p = 0.02).Further evidence linking augmented J 
point elevation came from Haissaguerre et al who demonstrated that 
in a significant proportion of ERS patients with VF, J point elevation 
is more pronounced immediately preceding episodes of ventricular 
arrhythmia.7

Horizontal vs. Ascending ST Segment
A horizontal or descending ST segment has been reported to 

be associated with a higher risk of sudden death as compared to a 
rapidly ascending ST segment. Tikkanen et al reported that subjects 
with early repolarization≥0.1 mV and a horizontal or descending 
ST segment had a relative risk of arrhythmic sudden death of 1.43.
Amongst patients with inferior ER and a higher J wave amplitude 
(>0.2mV), the horizontal variant was associated with a relative risk 
of 3.14.27 More pronounced J wave elevation was not demonstrated 
to alter risk in patients with ascending ST segment variant. In a 
smaller cohort of patients, Rosso et al provided further corroborating 
evidence linking the horizontal ST segment variant with increased 
risk of sudden death. They demonstrated that a horizontal ST 
segment has an odds ratio of sudden death of 13.8.28 Finally, Rollin 
et al demonstrated that a horizontal ST segment is associated with 
an increased mortality HR of 8.75 (95% CI, 3.48 to 22.0).29

QRS Notching vs. Slurring
Notching of the terminal portion of the QRS has been reported 

to be more prevalent in patients with idiopathic VF. Merchant et al 
reported that QRS notching was more prevalent in the lateral leads 
in patients with ERS and VF as compared to controls (leads V4 (44% 
vs 5%, p = 0.001) and V5 (44% vs 8%, p = 0.006).Of note however, 
numbers of patients with ERS and VF in the study were small.30 An 
example of an ECG illustrating notching is included in Figure 1.

Overall, the above findings suggest that the presence of inferior 
J point elevation of high amplitude with a horizontal down sloping 
pattern is the most ´malignant´ ECG in ERS patients. The evidence 

demonstrated that 14% of idiopathic VF patients with the ERS 
pattern have a family history of sudden death.7 However in other 
studies, the reported familial aggregation is lower.8 In a subset of 
patients with early repolarization, the trait has been observed to 
transmit with a monogenic pattern of inheritance. Gourraud et al 
identified four pedigrees with an autosomal dominant pattern of 
inheritance of ERS with a high incidence of sudden death amongst 
affected individuals.12 In a study involving 363 relatives from 144 
pedigrees, Nunn et al reported that the ERS pattern is more prevalent 
in relatives of sudden arrhythmic death cases as compared to controls 
(23% vs. 11%).11 Overall, these findings suggest that a family history 
could potentially predict arrhythmic risk. However, further research 
is necessary to determine the influence of family history on sudden 
death risk.
ECG Features

Multiple ECG characteristics have been demonstrated to confer 
an increased risk of sudden death in ERS patients. Individual ECG 
risk factors are discussed in more detail below.
Inferior vs. Lateral J Wave Distribution

In a study involving a large cohort of ERS patients, Tikkanen et 
al demonstrated that inferior J point elevation is associated with 
a higher risk of sudden death (relative risk, 1.2843; P=0.03).3 The 
specific risk of arrhythmic death was more elevated (relative risk, 1.43; 
P=0.03). Of note, the evidence linking lateral early repolarization 
with arrhythmic death was less robust. In a more recent study, Derval 
et al demonstrated that in patients with idiopathic VF, the J point 
elevation was more widespread as compared to that observed in 
patients with an established underlying cause of sudden death(4.3 ± 
1.3 leads vs. 2.8 ± 0.8 leads; p=0.01).26

J Wave Amplitude
Tikkanen et al also reported that in a subset of patients with more 

pronounced J point elevation (>0.2 mV) in the inferior leads, the 
risk of sudden death was markedly elevated (relative risk, 2.983.94; 
P<0.001).3 The relative risk of arrhythmic death was (3.94; P<0.001). 
Derval et al also demonstrated a higher J wave amplitude in 
idiopathic VF patients as compared to that observed in patients with 

Figure 2: ECG examples of slur and notch early repolarization patterns

The panel on the left demonstrates typical slur pattern with. The panel on the right demonstrates a 
notch pattern.

Figure 3: ECG examples of horizontal and descending early repolarization 
patterns.

The panel on the left demonstrates a typical horizontal ST segment. The panel on the right 
demonstrates an ascending ST segment pattern.
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class 1C antiarrhythmics, and verapamil were demonstrated to 
be ineffective.The current recommendations for management of 
early repolarization patients from the HRS/EHRA/APHRS are 
summarized in Table 1.
Conclusion:

While the vast majority of patients with early repolarization on the 
ECG will have a benign course, in a small but important subset this 
ECG pattern is associated with potentially catastrophic consequences. 
The major current challenge for the clinician is identifying these 
patients prior to the first episode of VF. Multiple ECG features 
have been reported to confer an increased risk of sudden death. It is 
important to note however that the majority of these risk factors are 
associated with modest increases in absolute risk and are therefore 
of limited clinical utility in isolation.35 Further research is currently 
necessary to develop more robust risk-stratification algorithms.
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Management Of ERS Patients
The early repolarization pattern is common in the general 

population and in the vast majority of patients, is associated with 
a benign prognosis. In asymptomatic patients with the early 
repolarization pattern, there is no indication for specific treatment.34 
In the small subset of patients who are deemed to be at high-risk, 
implantation of a cardiac defibrillator and/or pharmacological 
therapy maybe indicated.
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13-15

CACNA1C p.E850 del L type calcium channel, alpha subunit No functional analysis 24 16

CACNB2 S160T, R571C L type calcium channel, beta 2 subunit No functional analysis 24 2 unrelated ERS patients with different 
mutations

16

CACNA2D1 S956T L type calcium channel, alpha 2/delta subunit 1 No functional analysis 24 16

 SCN5A A226D, L846R, 
R367H

Nav1.5 sodium channel alpha subunit Loss-of-function effect with loss of 
INa current

50 3 unrelated ERS patients with different 
mutations

17

ABCC9 V734I ATP-binding cassette transporter of IK-ATP 
(SUR2A)

Gain-of-function effect with 
augmented IK-ATP channel

150 (BrS and 
ERS)

4 unrelated ERS patients with same 
mutation

18
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Atrial fibrillation (AF) is the most common cardiac dysrhythmia 
reported worldwide with an estimated current prevalence of 2.5 
million people in the United States and projected to affect 12.5 
million by 2050.1 Acid reflux disease is a very common condition 
affecting 20% of the population in the United States.2 There have 
been some recent reports demonstrating a correlation between AF 
and acid reflux disease, especially in young adults and athletes.3 
Acid reflux disease is also commonly associated with obesity and 
metabolic syndrome which are often traditional risk factors for AF. 
The actual mechanism behind this association remains elusive.  It 
has been hypothesized that autonomic stimulation and inflammation 
from esophageal acid exposure can cause AF.3 Local pericarditis or 
myocarditis, stimulation of the afferent-efferent autonomic reflex 
mechanism and release of inflammatory mediators like interleukins 
(IL-6 and IL-1b) are a few suggested mechanisms.3 However, 
it remains unclear what degree of esophageal acid exposure may 
trigger AF. Studies involving acid reflux and AF have consistently 
demonstrated  that endoscopic evidence of esophagitis significantly 
increased the risk of AF; including a study by Bunch et al which 
reported that acid reflux disease significantly increased the risk of 
AF only in the presence of esophagitis (HR 1.94, 95% CI 1.35 to 
2.78, p <0.001).4 It may be hypothesized that there may be a graded 
phenomenon where acid reflux in genetically susceptible individuals 
may contribute to the onset, recurrence or progression of AF. There 
has been some anecdotal evidence that treatment of acid reflux disease 
in patients with AF with a trial of proton pump inhibitors (PPI) 
may successfully treat symptoms of palpitations, reduce paroxysmal 
episodes, prevent progression and facilitate success of cardioversion.3 

A study by Reddy YM et al reported that acid reflux disease may be 
a trigger in patients with AF and radiofrequency catheter ablation 
resulted in successful freedom from AF at one year follow up in a 
small prospective-case control study.5 Understanding the association 

between acid reflux disease and AF is extremely important in the 
global multimodality treatment strategies to improve outcomes in 
patients with AF, especially with catheter ablation success rates for 
AF being around 50%. It is possible that acid reflux disease may 
indeed be the cause for progression of paroxysmal into persistent AF 
in a small subset of population. A trial of PPI in this subset of patients 
along with catheter ablation may improve outcomes. However, this 
evidence comes from small retrospective and observational studies 
which require further validation by large prospective trials. 
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