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Great Science Continues to Keep Electrophysiology Exciting!
Dhanunjaya Lakkireddy, Andrea Natale

Dear Colleagues
Hope you had a great Spring Break and back to the grind. In this 

issue of the journal we have several interesting original studies, case 
reports and review articles. Patten etal reviewed atrial fibrillation 
(AF) and hypertrophic cardiomyopathy (HCM) in a comprehensive 
fashion with greater depths of detail. Martin etal shared their 2-year 
outcomes on the ablation of complex fractionated electrograms. 
AF, characterized by rapid disorganized electrical activation of 
myocardium, is caused by and accompanied by remodeling of 
myocardial tissue. To explore this connection Buttner etal applied 
nonlinear optical microscopy (NLOM) to visualize typical 
myocardial features and atrial fibrillation effects in order to test a 
non-destructive imaging technology that in principle can be applied 
in vivo. Coherent anti-Stokes Raman scattering, endogenous two-
photon excited fluorescence, and second harmonic generation were 
used to inspect unstained human atrial myocardium in patients who 
underwent surgical Cox-MAZE procedure with amputation of left 
atrial appendage. Development of in vivo application of the NLOM 
technique may represent a revolutionary approach in characterizing 
atrial fibrillation associated myocardial remodeling with important 
implications for therapy individualization and monitoring.

In February we successfully wrapped up the 5th edition of the 
International Symposium on Left Atrial Appendage (ISLAA2018) 
in Long Beach and EP Live in Austin. Both the conferences were 
well attended and shared the state of the art practices in left atrial 
appendage closure and clinical EP practice. The VEST trial was 
presented as the late breaker at the American College of Cardiology 
annual sessions in Orlando with less than promising benefit of 
wearable external defibrillators for sudden cardiac death prevention 
in patients with acute myocardial infarction and low ejection fraction. 

The study was obviously limited by poor compliance and lack of 
appropriate risk stratification process or predictors. This really opens 
up a great debate on whether WEDs should routinely be used in 
clinical practice and how much more date do we need to understand 
its true clinical utility.

Heart Rhythm Society (HRS) annual sessions this year will be in 
Boston. It will be an exciting year with some much awaited clinical 
trials to be presented. The CABANA trial will probably be presented 
at the meeting. This trial results will have some profound impact on 
the EP practice and our approach to AF therapy. We will you all very 
pleasant spring until the next issue.

Best wishes
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Introduction
An impairment of the left atrial function similar to that usually 

observed in atrial fibrillation (AF) has been observed in patients 
with patent foramen ovale (PFO) and permanent right-to-left 
shunting (RLS)[1]. Computational fluid dynamic (CFD) analysis 
suggested that in left atrial appendage(LAA)vortices generated in 
the chamber remain high strength and with longer durations in 
patients with AF, inducing ineffective emptying of the blood into 
the atriumand appendage, which then lead to blood stagnation and 
subsequent thrombus formation[2]. Moreover, atrial wall movements 
inducedby high-frequency fibrillation had a large impact on the 
stagnation of blood flow. The relative residence time (RRT),which is 
an indicator of stagnation of blood flow, increases in the upper part 
of the LAA during AF.Atrial vulnerability and atrial abnormalities 
such as patent foramen ovale(PFO) and atrial septal aneurysm(ASA) 
have been suggested to be associated in patients with cryptogenetic 
stroke[3]. Finally, an anti-arrhythmic effect has been postulated for 
transcatheter PFO closure[4], reinforcing the hypothesis that AF and 
PFO might be linked. Aim of this study is to differentiateby means 
of CFD the fluid dynamic profile, especially the vorticity magnitude, 
in the LA and LAA of patients with mild/no RLS and permanent 

RLS.
Material and Methods
Overview

The geometrical model of the right atrium (RA), left atrium (LA), 
left atrial appendage (LAA) and PFO has been constructed reviewing 
the imaging data of 65normotensive otherwise healthy patients with 
mild (36 patients mean age 45.5±6.8 years, 24 females), or permanent 
RLS (29 patients, mean age 45.1±5.3 years, 21 females) evaluated 
through TEE and cardiac MRI, as part of our institutional screening 
protocol for paradoxical embolism. Patients with any grade of atrial 
septal aneurysm > 2 following Olivares-Reyes et al[5] have been 
excluded from the analysis to maintain the model homogeneous.

According to Homma et al[6], both mild and permanent RLS shave 
been defined as permanent, small, medium, and large by transthoracic 
echocardiography (TTE) and by Transcranial Doppler (TCD) as 
previously reported[7].

Model construction and description
  The entire domain has been reconstructed using the mean 
geometrical parameters obtained from the patients imaging data. 
We modelled blood as a non-Newtonian, incompressible and viscous 
fluid, with a density of 1060 kg/m3. From a physical point of view, 
blood was described through the Navier–Stokes[8] and continuity 
equations, defined as   

  and 
respectively, where v is the 3D velocity vector, P pressure, r density 
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Abstract
Background: An impairment of the left atrial function similar to that usually observed in atrial fibrillation (AF) has been observed also in 

patients with patent foramen ovale (PFO) and permanent right-to-left shunting (RLS)
Methods: We reconstructed the geometrical model of right atrium (RA), PFO, left atrium (LA) and left atrial appendage (LAA) of 65 

patients with mild (36 patients mean age 45.5±6.8 years, 24 females) or permanent (29 patients, mean age 45.1±5.3 years, 21 females) 
RLS using anatomical data obtained by transoesophageal echocardiography (TEE) and cardiac MRI, performed as a part of our institutional 
screening protocol for paradoxical embolism. Using computational fluid dynamic analysis (CFD) we assessed the vorticity magnitude in both 
the LA and LAA to analyse a possible rheological relationship between PFO and AF.

Results: The anatomical models, in terms of dimensions, were comparable among the patients with mild and permanent RLS. A higher 
vorticity magnitude was observed in the mild shunt both in the LA (101.12±21.3 vs 88.3±22.6, p=0.02) and LAA (62±14.4 vs 32.4±12.3, 
p<0.01) when compared to the permanent R-L shunting.

Conclusion: The lower vorticity magnitude across the LA and LAA in patients with permanent RLS suggests a possible higher stagnation 
of the blood in these anatomical sites, similarly as previously observed in patients with AF.
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and the shear stress term. Moreover, a Carreau model was adopted 
for describe the viscosity[9]. As per normal anatomy, pulmonary  veins 
were located at the back of the atrium, two on each side at different 
heights. The in flow domain was defined at the four entrances of 
the pulmonary veins whereas the mitral valve was considered the 
outflow domain.Conversely, both crista terminalis and the tricuspid 
valve were not considered in the analysis, since the aim of the study 
was to describe the hemodynamic effect on the left side of the heart. 
All the geometries were reconstructed, segmented and meshed using 
the open source software Slicer 3D (http://www.slicer.org) and/
or Rhinoceros v. 4.0 Evaluation software (McNeel& Associates, 
Indianapolis, IN). Simulations were conducted using the commercial 
software ANSYS FLUENT 14.0 (Ansys, Inc., Canonsburg, PA).

Heart chambers geometry and properties
The geometry of the left atrium geometry was compared to a 

hemi-ellipsoid which had the averaged measures obtained in both 
long- and short-axis views. At the same manner, also the LAA 
and the RA were reconstructed. Specifically, the 3D reconstruction 
of both the RA and LAA were obtained according the method 
proposed by Hillier et al, using TTE, since a geometrical figure able 
to represent the chamber is difficult to obtain[10]. Superior vena cava, 
crista terminalis and tricuspid valve were not reconstructed since 
primary aim was to assess the rheologic properties of blood across 
the LAA. The measures of each component of the model have been 
expressed as the average value ±standard deviation. We adopted the 
pattern of pulmonary velocities (in cm/s)described by Zhang et al. 
to simulate the blood flow into the LA, RA and LAA as inflow 
conditions during sinus heart rhythm[11].

Blood flow in LA and LAA in patients with both mild and 
permanent RLS was evaluated in terms of vorticity magnitude (1/s). 
As known, vorticity magnitude represents the magnitude of the 
vorticity vector while vorticity could be defined as a measure of the 
rotation of a fluid element as it moves in the domain, defined as the 
curl of the vector:

A low value of vorticity magnitude could be interpreted as a 
reduction or even absence of atrial contraction and as consequence, 
an index of relative blood stagnation[12].

Statistical analysis
Continuous variables were expressed as mean and standard deviation 

(SD) and compared with Student t-test.All statistical analyses were 
carried out using SPSS statistical software version 19.0 (SPSS Inc, 
Chicago, IL, USA). A p value < 0.05 was considered statistically 
significant.

Results
The anatomical models [Figure 1] and parameters used for 

model construction and derived from both TTE and cardiac MRI 
were comparable in permanent versus mild R-L shunting patients 
[Table 1]. The of the pulmonary veins (PVs) diameters and mitral 
valve (MV) area in the entire population were 15.5±0.4, 16.3±0.2, 
15.9±0.4, 16.8±0.42 mm and 4.6±0.8 mm2, respectively. LAA length 
and orificediameter were 27.2±0.4 and 15.4±0.3mm, respectively.

 To assess the blood flow streamlines in both cases, a cross-sectional 
area in the short-axis view has been obtained, simulating a different 
grade of RA-LA shunt.The physiology of the right and left heart’s 

Table 1: Echocardiographic measurements used to construct the model. 
LA: Left atrium; RA: Right Atrium; LAA: Left Atrial appendage.

All Mild RLS Permanent RLS

0.542 - 1.173 N=65 N=36 N=29 P-value

Pulmonary veins diameter (mm)

Right-superior 15.5±0.4 15.2±0,.3 15.3±0.1 0.92

Right-inferior 16.3±0.2 16.5±0.2 16.1±0.5 0.93

 Left-superior 15.9±0.4 15.7±0.1 16.2±0.3 0.88

 Left-inferior 16.8±0.4 16.3±0.3 17.1±0.1 0.94

Mitral valve area (cm2) 4.6±0.8 4.7±0.5 4.6±0.4 0.78

LA area (cm2) 17.7±1.2 17.8±1.0 18.0±0.8 0.75

LA diameter (cm) 3.5±0.6 3.4±0.7 3.6±0.5 0.91

RA minor axis (cm) 3.8±0.9 3.7±1.0 3.9±0.8 0.89

RA major axis (cm) 4.2±0.8 4.1±0.7 4.3±0.7 0.92

 LAA

  Length (mm) 27.2±0.4 26.8±0.2 27.4±0.4 0.76

  Orifice diameter (mm) 15.4±0.3 15.0±0.2 15.6±0.1 0.80

Figure 2:

 Computational fluid dynamic (CFD) analysis demonstrating a 
lower vorticity magnitude (1/s) in the left atrium (LA) and left 
atrial appendage (LAA) (arrow) of patients with permanent RLS 
(A) compared to those with mild shunting defect (B).

Figure 1:

 SReconstruction of the model in 2D short axis showing the 
anatomical relationship between the right atrium (RA), septum 
primum (*), septum secundum (**), the fossa ovale (FO) and 
left atrium (LA) in patients with mild (A) and permanent (B) 
right-to-left shunt (RLS).

circle was maintained, as demonstrated in both cases; indeed, the 
right part of the heart appeared with a lower total pressure, according 
to the physiology of the right circulation, which is characterized 
by a global lower pressure. Moreover, the total pressure, defined as 
static + dynamic pressure, showed the presence of a gradient across 
the PFO. A higher vorticity magnitude was observed in the mild 
shunt both in the LA (101.12±21.3 vs 88.3±22.6, p=0.02) and LAA 
(62±14.4 vs32.4±12.3, p<0.01) when compared to the permanent 
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Hanley[17] , suggested that extremely mobile atrial septal aneurysms 
are related with atrial fibrillation in adults. Overall, these findings 
suggest that atrial arrhythmias may be more frequently manifested 
in patients with atrial septal aneurysms, and that the increased risk 
of embolism may be due to a higher risk of onset of episodes of 
paroxysmal atrial fibrillation. An additional hypothesis points to the 
formation “in loco” of small thrombi capable of becoming lodged in 
the aneurysmal sac. It might be postulated that in PFO associated-
stroke patients the pathogenesis of embolism consists in an in-situs 
thrombus formation rather than an embolus transiting from right to 
left chambers.

Study limitation
     Our study has several limitations including the intrinsic bias caused 
by building up a virtual model for the simulation of flow and the lack 
of the evaluation of the fluid dynamic in a model of AF patients in 
our population. The former constitutes a limitation but at the same 
time ensures also stabile homogeneous hemo dynamic conditions 
which usually are very difficult to obtain in real patients. The latter is 
due to relative weakness of the software used which allows for a good 
spatial modelling of cardiac chambers but offers poor calculation of 
the contribution of rapid myocardial contraction typical of AF.

Conclusion
  In conclusion, our CFD study suggests that presence of a severe 
permanent R-L shunt might cause stagnation in both the LA and 
LAA simulating the same thrombogenic pathophysiology of atrial 
fibrillation. 
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Discussion
 Our brief study suggests that the LA vorticities in patients with 
permanent RLS are different from those with mild/no R-L shunt.A 
lower vorticity was observed in the case of permanent RLS involving 
the wall of the LA, especially at the LAA, suggesting a higher 
stagnation of the blood and reinforcing the hypothesis of a link 
between PFOand thromboembolic disease as observed in patients 
with AF. 

 AF disrupts movement of the leftatrium(LA) and 
worsensthevitalprognosis by causing thromboembolism.Ultrasound 
Doppler measurements, phase-contrast magnetic  resonance imaging, 
as well as computational fluid dynamics (CFD) have revealed 
hemodynamic changes in the LA dueto AF, such as stagnation of 
blood flow in the LAA[13].

  The flow profile in the Left atrial appendage in patients with 
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LA LAA LAA

Mild RLS Permanent p Mild Permanent p

RLS RLS RLS <0.01

Vorticity 
Magnitude 
(1/s) 

101.12±21.3  88.3±22.6 0.02 62±14.4 32.4±12.3

LA: left atrium; LAA: left atrial appendage; R-L shunting severity.
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Introduction
Since ectopic beats observed within the pulmonary vein have 

been identified as the trigger for paroxysmal atrial fibrillation (PAF), 
pulmonary vein isolation (PVI) has become the first-line strategy for 
the treatment of paroxysmal AF. A second focal source for the trigger 
of AF is considered to be in the superior vena cava (SVC), which is 
derived from the embryonic sinus venosus and has arrhythmogenic 
properties. In the recent literature, it was reported that additional SVC 
isolation (SVCI) is one of the outcomes following atrial fibrillation 
ablation. In contrast, the complex fractionated atrial electrogram 
(CFAE) is a target for substrate modification in the atria, and the 
strategy involving this CFAE is called defragmentation. Although 
some researchers have demonstrated the efficacy of substrate 
modification, a large randomized-controlled trial refuted the concept 
that CFAE ablation plus PVI was superior to PVI alone. In addition, 
a recent meta-analysis also failed to exhibit significant improvements 
in the recurrence-free survival rate after PVI plus CFAE ablation 
compared with PVI alone. Therefore, it remains unclear whether 

CFAE marks the arrhythmia substrate, and its elimination results in 
relief from atrial tachyarrhythmias (ATAs). In addition, background 
characteristics of patients who have experienced ATA recurrences 
following PVI or SVCI plus CFAE ablation have not been fully 
investigated. Our strategy consisted of extensive defragmentation 
intended to eliminate the broad CFAE area before TVI, which was 
different from the previous protocol. We performed a retrospective 
analysis to reveal the background and predictors of ATA recurrence 
after this procedure.

Materials and Methods
Study Population

A total of 75 patients who underwent catheter ablation for atrial 
fibrillation (AF) from December 2011 to October 2017 in our 
institute were considered for inclusion in this study. These patients 
were followed up for at least three months. Of these, 54 patients 
(33 patients with paroxysmal AF that spontaneously terminated 
within a week and 21 with persistent AF that lasted for more than a 
week), were retrospectively analyzed. The 21 remaining patients were 
excluded from the analysis because of non-inducibility of sustained 
AF during the procedure. These patients underwent PVI alone. 
Catheter ablation was needed for the presence of AF refractory 
to at least one anti-arrhythmic drugs (AADs), or the presence of 
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Abstract
Introduction: The efficacy of thoracic vein isolation (TVI), an approach to trigger atrial fibrillation (AF), for the management of AF has been 

established. Our goal was to identify the predictors for late recurrence of atrial tachyarrhythmias (ATAs), for which the patients and procedural 
and/or echocardiographic parameters were retrospectively analyzed. Although substrate modification in the atrium for the treatment of AF 
ablation remains controversial, the background associated with the outcome has not been fully investigated. We retrospectively studied 33 
patients with paroxysmal AF and 21 with persistent AF undergoing defragmentation followed by TVI. We evaluated the late/early recurrences, 
defined as ATA at 3 months after/within the single procedure.

Methods and Results: During a median follow-up period of 22 (11–37) months, 28 patients (52%) experienced a late recurrence. There 
was a higher incidence of late recurrences in the patients with disease durations of ≥12.4 months, which was the optimal cut-off point 
measured in the receiver operating characteristic curve analysis, or in those with left atrial diameter >50 mm or with earlier recurrences than 
the others (19% versus 72%, p=0.01; 0% versus 37%, p=0.02; or 13% versus 53%, p<0.0001 by the log-rank test, respectively). Moreover, 
there was a trend toward a higher atrial tachycardia (AT)-free rate in the patients with AF termination during the procedure (75% versus 
54%, p=0.07 by the log-rank test). A multivariate analysis based on the Cox proportional hazard model showed that disease duration ≥12.4 
months or early recurrence was highly associated with the outcomes (HR 3.72, 95%CI 1.42–12.79, p<0.006; HR 4.80, 95%CI 2.24–10.56, 
p<0.0001). 

Conclusion: The AF duration and early ATA recurrence are the peri-procedural factors significantly relevant to the outcome after extensive 
defragmentation followed by TVI.



www.jafib.com Feb-Mar 2018 | Volume 10| Issue 5

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation11 Original Research
intolerance to AAD for some reasons. All patients provided written 
informed consent. The study protocol conformed to the ethical 
guidelines of the 1975 Declaration of Helsinki and was approved 
by the Institutional Review Board and the Ethical Committee of 
Ogikubo Hospital.

Catheter Ablation Protocol
Before the ablation, multidetector computed tomography (MDCT) 

using a 64-slice CT scanner was performed for detailing the structure 
of the left atrium (LA) and ruling out an atrial thrombus. CT was 
performed using about 100 ml of contrast in tolerant patients and 
without contrast in patients with renal dysfunction. Transthoracic 
echocardiography was routinely performed within a month of the 
procedure. Anti-coagulation therapy was effectively started more 
than 1 month before the procedure and continued during catheter 
ablation. A decapolar catheter for mapping the coronary sinus was 
inserted via the jugular vein. SoundStar intracardiac echocardiography 
(ICE) (Biosense Webster Inc., Diamond Bar, CA, USA) was utilized 
for integrating geometric information with reconstructed CT images 
using CARTO (Biosense Webster Inc.), merged with a visual 
alignment technique. After a trans-septal puncture was made under 
ICE guidance, 2 long sheaths were introduced into the LA. Next, 
an initial 5,000 IU heparin was administrated, followed by repeated 
doses of heparin to maintain an activated clotting time (ACT) 
of more than 300 s at every 30-minute ACT measurement. The 
patients were deeply sedated with dexmedetomidine, by continuous 
administration for 10 minutes at a concentration of 6 µg/kg/h, 
followed by continuous infusion at 0.3−0.7 µg/kg/h. The sedation 
level was well controlled based on the value of the bispectral index. 
The ablation procedure consisted of CFAE ablation, followed by PVI 
and SVCI. We used a single Lasso catheter (Biosense Webster Inc.) 
as a mapping catheter, and a 3.5-mm open irrigated tipped catheter 
(ThermoCool or ThermoCool STSF; Biosense Webster Inc.) as an 
ablation catheter at a power of 30 W, with an upper temperature 
limit of 42 °C. The power was limited to 25 W during the SVCI. 
The catheter tip was irrigated with saline at a flow rate of 2 mL/
min during mapping and at a flow rate of 8−15 mL/min during the 
ablation using the ThermoCool STSF, which was also irrigated at a 
flow rate of 2 mL/min during mapping and at a flow rate of 17−30 
mL/min during ablation using ThermoCool. In patients with PAF, at 
the beginning of the procedure AF was induced using 10-beat high-
frequency burst stimulation with a cycle length of 300 ms at a pacing 
output of 5 mA and 2 ms pulse duration via the coronary sinus (CS) 
catheter. This burst pacing was repeatedly conducted with 20 ms 
decrements until 2:1 atrial capture. If AF persisted, fast anatomical 
mapping and simultaneous detection of the CFAE area were initially 
performed using a multi-spline duodecapolar mapping catheter 
(PentaRay, Biosense Webster Inc.). On the other hand, in patients 
with PerAF, fast anatomical mapping and simultaneous detection of 
the CFAE area were initially performed using a PentaRay catheter. 
In both types of AF, the next ablation protocol was the same as that 
described below.

CFAE Ablation Protocol
CFAE area was defined by the shortest complex interval (SCI) 

that CARTO employed for the detection of these areas, as previously 
described[1]. The successive peaks of two P-waves with amplitudes 
from 0.05 mV to 0.15 mV and intervals of 50–110 ms during a 

2.5-s recording were counted. That number was identified as the 
interval confidence level (ICL), which was tagged with two distinct 
colors according to number, whose principle was described in a 
previous report[2]. We also manually tagged additional points that we 
determined as CFAEs. These points were visually continuous, low-
voltage, and had multiple potential atrial signals. The CFAE ablation 
was conducted initially from the LA to the right atrium (RA) and 
coronary sinus (CS) and was continued unless AF was terminated 
or the CFAE area was entirely eliminated. When sinus restoration 
was achieved, re-induction was enacted by atrial burst pacing 
without isoproterenol or adenosine-triphosphate. CFAE ablation 
was performed again if AF was induced. When AF persisted despite 
the elimination of the entire CFAE area, intracardiac cardioversion 
was conducted. In case AF was converted to atrial tachycardia (AT), 
activation mapping was performed again, and subsequent catheter 
ablation was performed to eliminate AT.

TVI Procedure
     PVI was performed after CFAE ablation, only when the potential 
in the pulmonary vein was observed. An isolation line was created 
in each pulmonary vein (PV) ostia, resulting in individual PVIs. 
The PVI was defined as the elimination of the PV potential, which 
was confirmed with a Lasso catheter. After the 30-minute waiting 
period following the creation of the isolation line, the absence of PV 
potential was reconfirmed. An exit blockade of the PV was confirmed 
by pacing from the Lasso catheter. Then, SVCI was performed. An 
isolation line was created 10 mm above the right atrium (RA)–SVC 
junction to avoid sick sinus syndrome. When the SVC potential 
was not recorded at the Lasso catheter, SVCI was not performed. 
Radiofrequency (RF)energy was delivered along the Lasso catheter 
in a point-by-point fashion using a maximum power of 25 W. The end 
point of the SVCI was the elimination of all SVC potentials recorded 
by the Lasso catheter and the absence of electrical conduction to 
the RA during pacing from the Lasso catheter located at the SVC. 
A 5-mA pacing was used to recognize the location of the phrenic 
nerve when ablating posterolateral aspects in the SVC. If the SVC 
potential remained at the point at which the right phrenic nerve was 
captured by pacing, very cautious RF application was started with 
an energy of 15 W, and the energy was increased by 5 W up to 25 
W. At the end of the procedure, cavo-tricuspid isthmus ablation was 
performed in almost all of the cases, at the discretion of the surgeon.

Follow-up
     Follow-up was based on outpatient clinic visits at 1 and 3 
months and principally included one-day Holter monitoring via 
electrocardiography (ECG) before their visits. When the patient 
experienced palpitations or symptoms of ATA recurrence, Holter 
monitoring via ECG was again considered. After that, regular 1-to-
3-month follow-ups were continued, which varied per the physicians’ 
discretion. In the first three months, the patients were treated with 
AAD in principle to prevent any early recurrence of ATA, with 
the exception of patients with concomitant diseases, such as sick 
sinus syndrome, severe hepatic disorder, or severe kidney disease. 
Whether AAD was discontinued after the blanking period was per 
the physician’s discretion, considering residual patient symptoms or 
recurrent ATA. Late recurrence was defined as ATA including AF, 
which lasted >30 s, and occurred outside the 3-month postoperative 
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blanking periods, whereas early recurrences were those within the 
postoperative blanking period.

Statistical Analysis
     Categorical variables were expressed as mean ± standard deviation 
(SD) or median with [interquartile range (IQR)]. The student t-test 
and Wilcoxon test were used to compare the continuous variables 
between the two groups, and the Fisher exact test was used to evaluate 
the statistical differences in the categorical variables between the two 
groups. The long-term recurrence-free rate was evaluated using the 
Kaplan–Meier method, and statistical differences were confirmed 
using the log-rank test. All tests were considered statistically 
significant at a P-value less than 0.05. A Cox proportional hazard 
analysis was used to find the predictors for recurrence of ATA and 
to measure their hazard ratios (HRs) in a univariate or multivariate 
analysis. The area under the curve (AUC) found with receiver 
operating characteristic (ROC) curve analysis was used to assess 
the AF duration with respect to the ATA recurrence. The Youden 
index was used to identify the best cutoff value for the index of AF 
duration. All statistical analyses were performed using JMP® 13 
(SAS Institute Inc., Cary, NC, USA).

Results

Baseline Characteristics
In [Table 1], the baseline characteristics are presented for the 

two groups: recurrence of ATA (group A) or no recurrence of ATA 
(group B). In group A, the duration of AF, which was defined as 
the time from the first detection of AF to the ablation procedure, 
was significantly longer than those in the group B (42 months vs. 8 
months, p = 0.016). There were no significant differences in patient 
sex, type of AF, CHADS2 score, left atrial diameter (LAD), or 
the prevalence of structural heart disease between the two groups. 
The number of patients who were resistant to AAD was 22 (92%) 
and 20 (74%) in groups A and B, respectively, whereas the rest of 
the patients showed AAD intolerance because of the presence of 
sick sinus syndrome or other reasons of discomfort, as described in 
[Table 1].

Procedural Characteristics
CFAE ablations were performed in all patients. PVI, SVCI, or 

CTI linear ablations were performed in 52 (96%), 29 (53%), or 
49 (90%) patients, respectively. One patient experienced roof and 
bottom linear ablation, which resulted in posterior wall isolation 

Table 1: Baseline characteristics

Variables Recurrence No Recurrence

(n=28) (n=26)

Mean age (yrs) 62±10 58±11

Male n (%) 23(82) 5(88)

Male n (%) 23(82) 5(88)

AF Duration (months) 42(14-56) 8(5-39)

Comobidities

Hypertension, n (%) 12(43) 13(50)

Dibetes , n(%) 4(14) 5(19)

Structural Heart Disease 10(36) 7(27)

Coronary Artery Disease n(%) 1(4) 4(15)

Cardiomyopathy n(%) 7(25) 2(8)

Hypertension Heart Disease , n(%) 0 1(4)

Valvular Heart Disease, n(%) 2(7) 0

History of stroke , n(%) 1(4) 0(0)

Heart Failure , n(%) 6(21) 6(23)

CHADS 2 scrore

0/1/2/3 n(%) 11 (39)/11 (39)/5 
(18)/5 (9)

9 (35)/10 (38)/3 
(12)/4 (15)

CHADS 2 VASc scrore

0/1/2/3 n(%) 6 (21)/9 (32)/6 (21)/7 
(25)

7 (27)/10 (38)/1 (4)/8 
(31)

LVEF (%) 59.7±11.6 58.6±11.6

LAD (mm) 42.2±6.9 42..2±5.8

BNP (pg/ml) 65.5(32.2-142.5) 90.4(33.0-124.8)

Number of Ineffective ADD

0/1/2/3 n(%) 2 (8)/14 (58)/6 (25)/2 
(8)

6 (26)/8 (35)/6 (26)/3 
(13)

AAD Treatment At Recurrence, n(%) 24(86) 15(58)

* Value are mean ±SD, n(%),or median(IQR). AF=atrial fibrillation; CHADS2 Score=congestive 
heart failure, hypertension, age>75y,diabetes mellitus, prior stroke; LVEF= left ventricular ejection 
fraction LAD=left atria diameter ;BNP=Brain natriuretic peptide; ADD= Anti arrhythmic drug; 
ATA=atrial tachyarrhythmia

Table 2:  Procedural Characteristics

Variables Recurrence No Recurrence P Value

(n=28) (n=26)

Procedure Time (min) 181±113 295±66 0.59

Sinus Restorarion During the Procedure 
n(%)

15(54) 13(50) 0.28

Radiation exposure (mGy) 1624(939-2363) 1809(1430-3379) 0.21

Number of Application (times) 67±21 72±22 0.39

Details of ablation Procedure

CFAE ablation, n (%) 28(100) 26(100) 0.39

PVI, n (%) 28(100) 24(92) 0.22

SVCI, n (%) 14(50) 15(58) 0.60

CTI ablation, n (%) 24(86) 25(96) 0.35

Linerar ablation, n (%) 1(4) 0(0) 1.00

Complications

Pherenic Nerve Palsy, n (%) 0(0) 0(0) 1.00

Atrio-eshpagel fistula, n (%) 0(0) 0(0) 1.00

Cardiac Tamponade, n (%) 0(0) 0(0) 1.00

Bleeding, n (%) 0(0) 0(0) 1.00

Stroke, n (%) 1(4) 0(0) 1.00

Others, n (%) 1(4) 0(0) 1.00

* Value are mean ±SD, n(%),or median(IQR). CFAE=Complex fractionated atrial electrogram; 
PVI=Pulmonary Vein Isolation; SVCI=superior vena cava Isolation; CTI=cavo-tricuspid isthmus

because of the presence of non-PV foci from the posterior wall 
in LA without the use of adrenergic agents. AF termination was 
achieved in 28 (52%) patients during the procedure. There were no 
significant differences in procedure time, radiation exposure, or the 
number of applications in the two groups. In addition, there was no 
significant difference in the procedure duration between the patient 
with PAF and those with PerAF (299 ± 111 min versus 271 ± 49 
min, p = 0.29). With regard to the peri-procedural complications, 
one patient experienced stroke after the procedure with tiny neural 
dysfunction. The patient had microinfarction in the occipital lobe 
and had temporary vision impairment, which was relieved after only 
one week of hospitalization. Another patient experienced coronary 
spastic angina in the right coronary artery during CTI linear ablation. 
However, there were no life-threatening adverse events in all patients 
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Long-term Follow-up
     During a median follow-up of 22 months outside a blanking 
period of 3 months, 28 patients (51.9%) experienced ATA recurrence. 
Arrhythmia type of recurrence consisted of AF, AT, or both in 14 
(26%), 9 (17%), or 5 (9%) patients, respectively. In a Kaplan–Meier 
event-free survival analysis, the entire ATA recurrence-free ratio was 
61.0% and 46.8% at one year and two years, respectively. There was 
no statistically significant difference in the ATA-free rate between 
the patients with persistent AF (PerAF) and those with paroxysmal 
AF (PAF) (51% versus 35%, p = 0.88 by the log-rank test) [Figure 
2A]. An AF duration ≥12.4 months, LAD ≥50 mm, or early ATA 
recurrence maintained sinus rhythm less frequently than that in the 
others (19% versus 72%, p = 0.01; 0% versus 37%, p = 0.02; or 13% 
versus 53%, p < 0.0001, respectively)[Figure 2B-D]. However, the 
AF duration ≥12.4 months and LAD ≥50 mm showed no difference 
in maintaining sinus rhythm in patients with PerAF (p = 0.41 and 
0.48 by the log-rank test), whereas a significantly high recurrence 

as described in [Table 2].

AF Duration and ATA Recurrence
     We evaluated the association between ATA recurrence and the 
duration of AF. When applying the ATA recurrence as a positive, the 
optimal cut-off point of the AF duration was 12.4 months by the 
ROC analysis. The AF duration predicted ATA recurrence with the 
AUC of 0.69, and when applying the ATA recurrence as a positive, the 
duration ≥12.4 months estimated 22 true positive, 14 true negative, 
11 false positive, and 5 false negative, which resulted in the accuracy, 
sensitivity, specificity, positive predictive value, or negative predictive 
value of 67%, 81%, 56%, 67%, or 74%, respectively [Figure 1].

Figure 1:

Receiver operating characteristic curves for atrial fibrillation-
duration predictability indicated an area under the curve of 
0.69. Optimal cut-off value for atrial fibrillation duration was 
12.4 months, with an accuracy of 67%. ROC= receiver operating 
characteristics; AF= atrial fibrillation; AUC= area under the curve; 
PPV = positive predictive value; NPV = negative predictive value.

Figure 2:

The difference in atrial tachyarrhythmia-free survival is indicated 
between the patients with persistent atrial fibrillation (A), atrial 
fibrillation duration ≥12.4 months (B), left atrial diameter ≥50 mm 
(C), early recurrence of atrial tachyarrhythmia (D), and others. AF = 
atrial fibrillation; LAD = left atrial diameter.

Figure 3:

 In patients with AF termination during the procedure, ATA, AT, or 
AF-free survival rates are statistically superior to that in patients 
with failure of AF termination. The AT-free rate had a tendency to 
be greater if AF termination was achieved than the others

Figure 4:

The difference in atrial tachyarrhythmia-free survival without AAD 
is indicated between the patients with persistent atrial fibrillation 
(A), atrial fibrillation duration ≥12.4 months (B), left atrial diameter 
≥50 mm (C), early recurrence of atrial tachyarrhythmia (D), and 
others. AF = atrial fibrillation; LAD = left atrial diameter
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was 70% (16 patients/54 patients).

Discussion
Main Finding

In the present study, we elucidated a relatively long-term outcome 
after extensive defragmentation followed by TVI and revealed the 
background associated with the outcome. Approximately half of the 
patients with persistent AF/PAF experienced ATA recurrence, and 
about half of these patients underwent a second procedure, which 
resulted in a total recurrence-free rate of 70%. Our findings also 
suggested clinical factors relevant to the outcome, which included 
AF duration or the presence of early recurrence of ATA. These factors 
were independently associated with the outcomes following a single 
procedure.

Extensive Defragmentation Followed by TVI
Catheter ablation is the established approach for PAF. TVI, 

which includes PVI and SVCI, is the accepted procedure for not 
only PAF but also for PerAF because we know that the ectopic 
electrical activity from the PV or SVC is responsible for triggering 
and maintaining AF[3,4]. However, we could not clearly explain the 
underlying mechanism of the perpetuation of AF. CFAE, which was 
considered to be associated with AF maintenance, was a target for the 
AF ablation[5-7]. We initially performed extensive defragmentation 
because the CFAE area had decreased after RF application[8], and the 
efficacy of this strategy for rhythm control remained unclear in both 
types of AF. Currently, CFAE ablation is no longer accepted as an 
additional procedure to PVI, owing to the absence of overall benefit 
and the time-consuming nature of the procedure even for PerAF, 
revealed in some randomized-controlled studies[9-11] and meta-
analyses[12],[13]. Indeed, our study demonstrated an entire recurrence-
free rate of about 50% after a single procedure regardless of the type 
of AF. This recurrence-free rate was not superior to that of the PVI 
procedure alone, as reported previously[11]. Moreover, our strategy 
required long procedure times of 288 min. Therefore, we should 
necessarily optimize our strategy to increase the freedom from ATA-
free rates after the single procedure – that is, more optimal CFAE 
areas should be explored, and the induction of AF should be more 
intensively intended with the injection of adrenergic agents.

Clinical Factors Relevant to the Outcome
Our findings suggested the two important clinical factors that 

allowed us to predict ATA recurrence following the procedure: long 
duration of AF and early recurrence of ATA. These factors were 
reasonably associated with the outcome following a single procedure. 
Moreover, AF termination during the procedure had a tendency 
to predict AT recurrence. In contrast, LA dimension, patient sex, 
or left ventricular ejection fraction, which was considered relevant 
to the outcome, in general, did not show a significant association 
with the outcome in our univariate analysis. The type of AF was 
generally associated with ATA recurrences following AF ablation. In 
the literature, non-paroxysmal AF was found to be an independent 
predictor for ATA recurrence, with a summarized risk ratio of 
1.59 (95% CI, 1.38–1.82, p < 0.001)[14]. However, our results were 
inconsistent with those of the previous report. This is partially 
because of the strategy that mainly included substrate modification. 
It has been accepted that PVI reduces the CFAE area, which results 
in the avoidance of excessive RF application[8],[15],[16]. Hence, PVI was 

rate was observed in those with PAF (p = 0.005 and 0.02 by the log-
rank test). There were no significant differences in ATA recurrence 
between the patients with AF termination and those without during 
the procedure (35% versus 45%, p = 0.66 by the log-rank test), 
regardless of type of AF [Figure 3A]. However, the AT-free rate had 
a tendency to be greater in patients with sinus restoration during 
the procedure than the others (75% versus 54%, p = 0.07 by the log-
rank test), whereas the AF-free rate was not significantly different 
between the two groups (72% versus 43%, p = 0.44 by the log-rank 
test) [Figure 3B,C]. At the end of the follow-up period, 24 patients 

Variables Crude HR P Value Adjusted HR P Value

(95%CI) (95%Cl)

Duration of AF <12.4 
months

3.72(1.42-12.79) 0.006 4.62(1.71-16.23) <0.0001

Sinus restoration during 
procedure

0.84(0.40-1.81) 0.66

LAD >50mm 3.30(0.94-9.09) 0.06

LAD >45mm 1.33(0.60-2.86) 0.48

Early Recurrence of ATA 4.80(2.24-10.56) <0.0001 6.39(2.86-14.65) <0.0001

Female 1.98(0.66-4.83 0.20

Persistent AF 0.94(0.40-2.04) 0.88

Left Ventricular ejection 
Fraction

1.00(0.97-1.04) 0.93

* Value are mean ±SD, n(%),or median(IQR). AF=atrial fibrillation; CHADS2 Score=congestive 
heart failure, hypertension, age>75y,diabetes mellitus, prior stroke; LVEF= left ventricular ejection 
fraction LAD=left atria diameter ;BNP=Brain natriuretic peptide; ADD= Anti arrhythmic drug; 
ATA=atrial tachyarrhythmia

(86%) in group A and 15 patients (58%) in group B still used AAD 
(p = 0.03). Although a small number of patients were evaluated, LAD 
≥50 mm and early ATA recurrence lowered the late ATA recurrence-
free rate (0% versus 68%, p = 0.002; and 33% versus 73%, p = 0.009 
by the log-rank test) when including only patients without AAD 
[Figure 4]. 
The factors associated with ATA recurrence

In the univariate analysis, the following factors were associated 
with ATA recurrence: AF duration more than 12.4 months (HR: 
3.72, 95% CI: 1.42–12.79, p = 0.006), and early recurrence of ATA 
(HR: 4.80, 95% CI: 2.24–10.56, p < 0.0001). Other factors, such as 
sex, AF termination, LAD, type of AF, or left ventricular ejection 
fraction, did not have an association with late ATA recurrence. The 
multivariate analysis demonstrated that AF duration or early ATA 
recurrence could independently predict late ATA recurrence (HR: 
4.62, 95% CI: 1.71–16.23, p < 0.0015 and HR: 6.39, 95% CI: 
2.86–14.65, p < 0.0001, respectively), when adjusting for these two 
covariates [Table 3].

Redo Procedure
In the 28 patients who experienced late ATA recurrence, 16 

patients (57%) underwent a second procedure that consisted of 
CFAE ablation, followed by PVI and SVCI if needed. Electrical 
reconnection of the PV was observed in all the recurrent patients 
(100%), and they received successful PVI in the redo procedure. 
On the other hand, seven patients, who underwent SVCI in the 
first session, experienced the redo procedure. Four (57%) of them 
had electrical reconnection of SVC during the redo procedure. Four 
patients experienced ATA recurrences after the second procedure. 
Overall recurrence-free rate after a single or the second procedure 

Table 3:  Risk Factors For Atrial Tachyarrhythmia Recurrence
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that in the patients without AF termination was 61%, suggesting 
that sinus restoration might contribute to the avoidance of the 
occurrence of secondary AT. Our strategy might predominantly 
modify the CFAE area responsible for the maintenance of AT, 
as described in the literature[21], although the AT mechanism was 
not clearly evaluated in this study. Fourth, in our study, seeking to 
perform durable PVI might result in better outcomes. In the present 
study, regrettably, electrical PV reconnection was observed in all 
cases undergoing the second procedure. In the past literature[22], an 
electrical reconnection of at least one PV was observed in all patients, 
and SVC-RA reconnection was observed in about half of the patients 
in the reoperation procedures, suggesting the difficulty of durable 
isolation. Finally, although our strategy required long procedure 
times and large amounts of radiation exposure as compared with the 
sole PVI procedure, life-threatening major complications were not 
observed in this study. 

Conclusion
The AF duration and early ATA recurrence are the peri-procedural 

factors significantly relevant to the outcome after extensive 
defragmentation followed by TVI.
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primarily the intended target in general. However, we performed 
CFAE ablations prior to PVI to conduct the broad substrate 
modification. In addition, electrical reconnection of the LA–PV was 
regrettably observed in all cases in the second session, specifically 
because the insufficient procedure to trigger elimination might result 
in poor outcomes. Considering these aspects, we speculated that 
strategic characteristics and incomplete PVI might contribute to the 
absence of a difference in the outcome between the two types of AF. 
In addition, we evaluated a small number of patients, which might 
have contributed to the same recurrence rate in both types. In the 
present study, sinus restoration was not an independent predictor for 
estimating AF recurrence, but it did have a tendency to predict AT 
recurrence. To date, whether the stepwise approach provides better 
outcomes than PVI alone is still controversial[9],[17], and our results 
were in line with these reports. Our results suggested the optimal 
cut-off duration of about 1 year and a higher late recurrence rate 
in patients with a history of a long duration of AF (>12.4 months) 
than that in the others. AF duration reflected the advanced structural 
and electrical remodeling in the atrium regardless of the presence of 
symptoms or difference in type of AF in general, mainly because of 
repeated stimulations of the LA, PVs, and extended substrate in the 
atrium[18],[19]. The last relevant factor was the presence of early ATA 
recurrence that was widely accepted as an indicator of the late ATA 
recurrence following AF ablation[20]. There was a strong association 
between the presence of early and late ATAs also in our study.

Limitations
There are several unavoidable limitations to this study.First, this 

study has no control group for comparison. Therefore, the efficacy 
of this procedure was not truly evaluated. Second, this study was 
retrospectively conducted and included a relatively small number 
of patients, which could have introduced some selection bias. 
Third, non-negligible numbers of patients were treated with AAD 
during the follow-up period in group B, which might have affected 
the outcome. However, our results showed that there were more 
patients with AAD in group A than in group B, which suggested the 
possibility that the ATA might recur following the index procedure 
regardless of AAD use. Fourth, we only enrolled patients with 
inducible AF, and if not inducible, sole PVI was performed. This 
might contribute to selection bias, and it is speculated that high-risk 
patients who might have more substrate in their atria were included 
in this study. Finally, we performed AF inductions using atrial burst 
pacing without isoproterenol or adenosine-triphosphate infusion; 
that is, we could not truly confirm its non-inducibility, which is also 
a limitation of this study.

Clinical Implication
First, the strategy to predominantly eliminate the CFAE area and 

thereafter achieve TVI did not show better outcomes than the other 
approaches, as reported previously. More sophisticated approaches 
should be explored. Second, our study suggested the optimal cut-off 
of AF duration in the TVI with defragmentation procedure, which 
informed us of the optimal timing of AF ablation: earlier catheter 
ablation might lead to better outcomes. Third, our strategy suggested 
the superiority of AF termination during the procedure to the failure 
of that in terms of AT recurrence-free rate. One-year recurrence-
free rate of AT in the patients with AF termination was 88%, while 
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Introduction
‘CLOSE’-guided ablation is a point-by-point, contact force 

(CF)-guided radiofrequency (RF) approach aiming to enclose the 
pulmonary veins (PV) with contiguous and optimized RF lesions 
by targeting strict criteria for interlesion distance (ILD≤6mm) and 
ablation index (≥400 at posterior wall and ≥550 at anterior wall). This 
strategy is associated with a high rate of acute durable PV isolation 
(PVI) and favorable 1-year outcome in paroxysmal AF[1,2]. The next 
challenge is to further optimize ‘CLOSE’-guided PVI by using site-
specific ablation index target values based upon tissue characteristics 
before, during and after RF delivery. One of the potential candidates 
to assess tissue characteristics during RF application is the use of local 
bipolar (B-EGM) and unipolar electrograms (U-EGM) recorded 
by the ablation catheter. Experimental studies have shown that the 
occurrence of low amplitude and loss of the unipolar terminal S wave 
correlate with transmural lesions[3-7]. Therefore we aimed to explore 
the potential value of monitoring local electrogram changes during 
ongoing RF delivery in ‘CLOSE’-guided ablation by describing the 

incidence, time course and characteristics of EGM changes during 
ablation index-targeted RF delivery.

Methods
Study patients and ablation strategy

Seven consecutive patients with paroxysmal AF undergoing an AI-
guided PVI at AZ Sint-Jan Hospital in Bruges, Belgium were studied. 
Three catheters were used for mapping and ablation: a decapolar into 
the coronary artery sinus, a circular decapolar catheter (Lasso, 2515 
variable catheter, 2mm electrodes, 8mm spacing, Biosense Webster, 
Diamond Bar, CA, USA) to monitor PVI, and a 3.5 mm irrigated-
tip CF ablation catheter (THERMOCOOL SMARTTOUCH®, 
Biosense Webster). Three-dimensional reconstruction of the left 
atrium (LA) was made by an electro-anatomical mapping (EAM) 
system (Carto, Biosense Webster). Ablation was performed at the 
LA-PV junction using point-by-point radiofrequency energy (mostly 
35W, power controlled RF, Stockert GmbH, Freiburg, Germany). To 
ensure stability of the ablation catheter, Carto VisiTag module was 
used and preset at 8 seconds for 3mm with more than 30% ≥ 4g. 
Targets for ablation were an ablation index of 400 at the posterior 
wall and 550 at the anterior side of the circle[1,2].

In each patient, encirclement of the PVs was started with 8 distinct 
RF applications (4 in each circle, and 1 for each quadrant[Figure 1]). 
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Abstract
Background: ‘CLOSE’-guided pulmonary vein isolation (PVI) is a point-by-point, contact force (CF)-guided radiofrequency (RF) approach 

aiming to enclose the PVs with contiguous RF lesions by targeting strict criteria for interlesion distance and ablation index (AI). We 
characterized real-time changes in bipolar (B-EGMs) and unipolar electrograms (U-EGMs) during AI-targeted RF delivery.

Methods: EGM changes during 56 RF applications in 7 patients with paroxysmal atrial fibrillation (AF) undergoing ‘CLOSE’-guided PVI were 
studied. CF-guided RF was delivered with 35W targeting an AI of 400 at posterior and 550 at anterior wall. 336 B-EGMs and 336 U-EGMs 
before, during and after RF delivery were analyzed with their RF characteristics. Amplitude of the B-and U-EGM and morphology of the U-EGM 
were measured at each 5-second step using custom-made software.

Results: We observed a significant reduction in B-EGM amplitude (0.43 [IQR=0.25, 0.55] to 0.11 [0.07, 0.22] mV, p<0.001) and U-EGM 
amplitude (0.57 [0.40, 0.87] to 0.22 [0.10, 0.34] mV, p<0.001) within 5 seconds, after which no more changes were observed. Impedance 
drop was 18.3±1.1Ω. Loss of the unipolar terminal S-wave occurred in 59% of applications. There was no correlation between U-EGM 
morphology changes and RF characteristics.

Conclusion: In AI-guided RF delivery there is a significant reduction in EGM amplitude within 5 seconds. Loss of the unipolar terminal 
S wave occurred in 59% of applications and was not related to RF characteristics suggestive of adequate lesion formation. These findings 
suggest that there is a limited value in monitoring electrograms to further optimize ‘CLOSE’-guided PVI.
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By ablating at 8 distinct sites we avoided influence from juxtaposed 
RF application.

EGM database
Intracardiac electrograms (unipolar, U-EGMs, and bipolar, 

B-EGMs) from the ablation catheter were recorded using the Carto
system and sampled at 1000 Hz. B-EGMs (filtered at 30-240Hz)
were recorded between the 3.5mm distal electrode and the first ring
electrode. U-EGMs (filtered 0.5-500Hz) were recorded from the
3.5mm distal electrode of the ablation catheter. Using the Carto-
REPLY tool (a non-commercially available tool in Carto system
which allows replaying the entire procedure continuously with the
possibility of capturing Carto points and EGMs retrospectively), we
selected and exported for each given application, 3-second recordings
before the start of the RF delivery, at 5, 10, 20 seconds during the RF
delivery, at the end of RF delivery and at 5 seconds after ending the
RF delivery. 

EGM analysis
Using custom made software (Matlab, the MathWorks Inc, 

Natick, MA) we determined the amplitude and morphology of the 
U-EGM and B-EGM[8]. All EGMs were analyzed by an investigator 
(M.E.H.) blinded to the ablation protocol and RF characteristics.

Voltage of the B-EGM and U-EGM was defined as the peak-
to-peak amplitude, defined as the voltage difference between the 
maximal positive and negative peaks. To determine the U-EGM 
morphology, the software determined the RS-ratio (calculated as R/
(R+|S|), where R is the amplitude of the positive peak and S is the 
amplitude of the negative peak). An RS-ratio equal to 1 indicates a 
monophasic R morphology (the equivalent of loss of the terminal S 
deflection).

RF characteristics for a given application
For each of the 56 RF applications, we exported RF application 

time, average applied power, average CF, real-time circuit impedance, 
total impedance drop, force-time integral (FTI) and ablation index 
(AI). RF characteristics were compared between applications with 
and without a significant change in U-EGM morphology.

Statistical analysis
Statistical analyses were performed using SPSS (IBM SPSS statistics 

Version 24 IBM Corp, Armonk, NY, USA). Descriptive variables are 
presented as mean ± standard deviation when normally distributed 
and with median and interquartile range [1st IQR – 3rd IQR] when 
not normally distributed, or percentages. The student t-test or Mann-
Whitney test (depending on distribution) were used for comparisons 
between the continuous data. Linear mixed model test accounting 
for multiple measures from the same patient was used to compare 
differences in time course. The chi-square test with a Fisher exact test 
was used for comparisons between the categorical data. Correlation 
was measured using the Pearson Correlation coefficient. A P<0.05 
was considered statistically significant.

Study patients and ablation strategy
Seven consecutive patients with paroxysmal AF undergoing an 

AI-guided PVI at AZ Sint-Jan Hospital in Bruges, Belgium were 
studied.

Results
Database

The study patients were 65.1±8.6 years, 71.4% males with 
paroxysmal atrial fibrillation. Left atrial diameter was 40.0 ± 1.4mm. 
In total, we investigated 336 B-EGMs and 336 U-EGMs, recorded 
from 7 patients, at 8 different and distant ablation sites, during 6 
stages of RF delivery. All patients were in sinus rhythm at the time 
of ablation. Applications (n=56) were characterized by a mean length 
of application of 24.8±2.1s at the posterior wall and 43.3±2.6s at 
the anterior wall. Mean CF was 13.6±0.9gr and mean impedance 
drop was 18.3±1.1Ohm. After the initial 8 applications, ‘CLOSE’-
guided encircling was continued leading to first-pass and adenosine-
proof isolation in all 7 patients. The study was approved by the 
local institutional review committee and all patients gave informed 
consent.

Bipolar and unipolar EGM voltage before, during and after 
ablation

A representative example of ablation-induced attenuation of 

Figure 1:

In each patient, encirclement of the pulmonary veins was started 
with 8 distinct RF applications (4 in each circle, and 1 for each 
quadrant). Ablation was performed at the LA-PV junction using 
point-by-point RF energy (mostly 35W). Targets for ablation were an 
ablation index of 400 at the posterior wall and 550 at the anterior 
side of the circle. 

Figure 2:

Representative example of the rapid time course of ablation-
induced attenuation of B-EGM and U-EGM amplitude and shift to 
monophasic R-wave in U-EGM during an application at the antero-
inferior quadrant of the right circle (45s application reaching an 
ablation index of 574, impedance drop of 25Ω, CF of 11g, average 
power 35W).
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B-EGM amplitude is given in [Figure 2](upper panel). During this
45-sec lasting application at the antero-inferior quadrant of the right
circle (until ablation index of 574, impedance drop of 25Ω, average

U-EGM amplitude is given in the lower tracing of [Figure 2].
Overall results are given in [Figure 3]. In the first 5 seconds there was
a significant reduction in U-EGM amplitude (0.57mV [IQR = 0.40, 
0.87] to 0.22mV [0.10, 0.34], p<0.001), after which a steady state
without significant changes in U-EGM amplitude was observed.

Figure 3:

Significant reduction in B-EGM and U-EGM amplitude in the first 5 
seconds after which a steady state without a significant change in 
amplitude was seen during the rest of the duration of the ablation.  
The occurrence of monophasic R in U-EGM raised significantly 
until 10 seconds of RF application after which no more significant 
changes occurred. 

Table 1:  Unipolar morphology change (58,9%)

56 lesions n=33 with change n=23 without change p value*

UP EGM amplitude 0.57 [0.35-0.92] 0.47 [0.31-0.71] 0.268

Power 35.0 [35.0-35.0] 35.0 [35.0-35.0] 0.19

Impedance drop 18.3 [14.2-22.6] 13.7 [11.3-23.7] 0.39

CF 11.5 [8.9-16.4] 12.2 [10.1-15.5] 0.50

FTI 479.0 [252.0-585.0] 378.0 [264.0-525.0] 0.59

AI 452.6 [437.1-567.5] 464.6 [438.0-571.9] 0.55

Figure 4:

During this 42-sec application (at the antero-superior quadrant 
of the right circle) no change occurred in the unipolar RS pattern 
despite delivery of 35W and reaching an ablation index of 573 and 
marked impedance drop (18Ω). 

CF of 11g and average power 35W), the B-EGM voltage dropped 
from 0.91mV to 0.18mV within 5 seconds, after which no more 
changes can be seen.

Overall results are given in [Figure 3]. In the first 5 seconds, there 
was a significant reduction in B-EGM amplitude (0.43mV [IQR = 
0.25, 0.55] to 0.11mV [0.07, 0.22mV], p<0.001), after which a steady 
state without a significant change in amplitude was seen during the 
rest of the duration of the ablation.

A representative example of ablation-induced reduction in 

Figure 5:

Left panel: spatial distribution of the observed incidence of a shift 
to a monophasic unipolar R wave. Right panel: whereas B-EGM 
amplitude reduction and U-EGM reduction are significantly related 
(occurring at the same applications), the loss or no loss of S wave 
occurred independent of amplitude reduction

Ablation-induced changes in the morphology of the unipolar 
EGM

The change in U-EGM morphology in response to ablation was 
inconsistent. A representative example of the loss of terminal S 

Figure 6:
Significant change of impedance in the first 5 seconds of ablation 
after which a steady state was observed during the rest of the 
duration of ablation.  

Comparison of ablation parameters and U-EGM amplitude before start of ablation between the 
group with change to unipolar monophasic R compared to applications without change to unipolar 
monophasic R *Mann-Whitney test
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significantly more at transmural vs non-transmural sites (by 63% vs 
42% in B-EGMs and by 49% vs 15% in U-EGMs) (bovine atria)
[6-7]. Furthermore, there is a widespread clinical use of electrogram 
attenuation (especially in B-EGM) as a criterion to titrate RF 
delivery, with ablation strategies using a 50 to 90% diminution 
threshold as a surrogate for adequate lesion formation[9-15].

In the present study we confirmed a significant ablation-induced 
reduction in bipolar and unipolar voltage during stable, AI-guided 
RF energy. Together with the marked impedance drop, those data are 
consistent with adequate lesion formation using the current ablation 
strategy.

The rapid onset of voltage attenuation however seems to limit 
its clinical utility for monitoring lesion formation. In fact, in the 
present clinical approach, RF delivery was continued for another 15 
(posterior wall) to 35 seconds (anterior wall) after the onset of voltage 
attenuation in order to reach the required ablation index. This time 
course is in line with experimental data. In vitro and in vivo studies 
have shown that the half-time of lesion growth is approximately 7 
to 10 seconds, and maximum lesion size is achieved after 30 to 40 
seconds of RF delivery[16-18]. Likewise, Gepstein et al showed that RF 
applications lasting 10 seconds longer than 80% U-EGM amplitude 
reduction were associated with lesion continuity (conduction block 
and histology in 8 right porcine atria) after 4 weeks[3]. Finally, this 
observation is in line with a recent study in 11 sheep in which RF 
ablation was performed using direct lesion visualization. Despite the 
occurrence of a significant (>50%) voltage drop in U-EGM occurring 
in 94% of lesions at a mean duration of 7 seconds, lesion volume 
(surface area) continued to grow in the first 23±5.8 seconds[19].

Of interest, the time course of electrogram attenuation paralleled 
the time course of impedance drop [Figure 6]. Also this observation 
is in line with the study of Bhaskaran et al. in which a significant 
decrement (20%) in circuit impedance occurred in 94% of the 
ablations at 8.5±7.2 seconds (which was 13.1±7.9 seconds earlier 
than the observed endocardial lesion maturation)[19].

Loss of the terminal S wave in unipolar electrograms
Elimination of the terminal negative deflection in the unipolar 

electrogram (loss of the terminal S wave) is associated with lesion 
transmurality and thus useful to assess lesion depth and monitor 
lesion formation. This concept, based upon the morphology of 
the unipolar electrogram was introduced and validated by the 
experimental work of Otomo et al in the in-vivo swine model[4,20]. 
Using a model of fixed 30-s RF applications in smooth atrial tissue, 
investigators obtained applications with and without transmurality 
at histology. On EGM analysis, transmural lesions (n=54) invariably 
exhibited elimination of the negative deflection (irrespective of 
catheter orientation), whereas those from non-transmural lesions 
(n=71) did not[4]. Likewise Bortone et al showed in a closed-dog 
model that elimination of the negative component of the unipolar 
atrial electrogram reflects, in general, irreversible transmural necrosis 
creation[5]. Of interest, the same research group described recently 
a CF-guided ablation strategy in which RF is continued 5 to 15s 
after elimination of the negative component which apparently was 
obtained in all applications [21].

In the present clinical study we observed a loss of the unipolar 

wave and its rapid time course is given in [Figure 2] (lower tracing). 
In [Figure 4] we plotted a representative example of a unipolar 
RS morphology remaining constant during a 42-sec lasting RF 
application (despite obtaining ablation index of 573, impedance drop 
of 18Ω, average CF of 12.9g and average power of 35W). Overall, 
the percentage of a monophasic R raised significantly from 0% before 
ablation to 40% after 5 seconds of ablation (p< 0.001) and from 40% 
after 5 seconds to 59% after 10 seconds of ablation (p=0.038) after 
which no more significant changes occurred [Figure 3]. Whereas 
overall a monophasic R was observed in 59% of application sites, 
patient-wise this percentage ranged from 38% to 88%, anatomy-wise 
from 29% (left anterior inferior site and left posterior superior site) to 
86% (right anterior superior and inferior site) ([Figure 5], left panel).
Comparing RF applications with and without a shift to a monophasic 
R, revealed no difference in delivered power (p=0.19), impedance 
drop (p=0.39), contact force (p=0.50), FTI (p=0.59) or ablation index 
(p=0.55) [Table 1]. The fact that loss or no loss of S wave occurred 
independent from impedance drop is nicely illustrated by comparing 
[Figure 2](loss of S wave and impedance drop 25 Ω) and [Figure 4] 
(no loss of S wave despite impedance drop of 18 Ω). Applications 
without a shift to monophasic R had also a comparable U-EGM 
amplitude at baseline. Finally, loss or no loss of the terminal S wave 
occurred independent of the reduction in U-or B-EGM amplitude 
([Figure 5], right panel).

Ablation-induced impedance changes
The overall mean impedance drop was 18.3±1.1Ω or 9.4±6.1%. 

Similar to the time course of the U-and B-EGM amplitude and 
loss of S wave, we observed a rapid impedance decrement [Figure 
6]. Mean baseline impedance was 144±11.6Ω and fell to 131±10.6Ω 
(p<0.001) within 5 seconds. Between 5 and 10 seconds there was 
a further but non-significant decrease to 128±10.6Ω (p=0.09) after 
which a steady state without a significant change in impedance was 
seen during the rest of the duration of the ablation.

Discussion
Major findings

During stable CF- and AI-guided RF delivery we observed a 
significant reduction in bipolar and unipolar electrogram amplitude 
within the first 5 seconds after ablation. Loss of the unipolar 
terminal S wave was an inconsistent finding and not related to RF 
characteristics suggestive of adequate lesion formation. These findings 
suggest that in the current clinical setting - characterized by far field 
recording and micro-shifting of the catheter - there is limited value 
of monitoring real-time changes in local electrograms in the clinical 
quest to further optimize ‘CLOSE’-guided PVI.

The clinical setting of the above findings is both the strength and 
weakness of the present study. Whereas lack of animal data precludes 
histological lesion assessment, the obtained data are clinically 
relevant because directly obtained from the cathlab and obtained 
with a technique invariably leading to marked impedance drop and 
clinical durable PVI in patients.

Voltage attenuation as a marker for lesion depth
In vivo experimental data have shown that transmural lesions (as 

assessed by histology) were associated with an average 41% reduction 
in B-EGM (porcine atria) and that EGM amplitude was decreased 
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Conclusion

In AI-guided RF delivery there is a significant reduction in 
EGM amplitude within 5 seconds. Despite a consistent and marked 
impedance drop, loss of the unipolar terminal S wave occurred in 
only 59% of applications. These findings may suggest that there is 
a limited value in monitoring electrograms to further optimize 
‘CLOSE’-guided PVI.
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terminal S wave in only 59% of applications. Several mechanisms 
may account for this relatively low incidence. (1) First, one might 
hypothesize that the lack of changes in U-EGM morphology 
indicates that AI-guided RF delivery does not invariably lead 
to transmural lesions. Although the current ablation strategy 
is associated with marked ∆-Imp and high acute and 1-year 
durable PV isolation and although there was no difference in RF 
characteristics (including ∆-imp) between lesions with or without 
loss of the S wave, we cannot refute this hypothesis without evidence 
of histology. (2) Second, low incidence might be explained by the 
strict algorithmic definition used in the present study. Vice versa, it is 
plausible that the incidence of a loss of S wave is overestimated when 
evaluated visually. Not surprisingly, in another clinical study in 18 
patients, elimination of the terminal S wave in unipolar electrograms 
was observed in only 64% of applications (and at a median of 2.3 
seconds) and no correlation with dormant conduction could be made 
[22]. (3) Third, discrepancy in results might be explained by differences 
in recording and ablation settings. It is known that different filter 
settings can affect the morphology of the unipolar electrogram. Also 
the use of large tip electrodes might result in farfield sensing. More 
recently, Kumar et al showed that the actual incidence of voltage 
attenuation or loss of unipolar R wave was clearly dependent on the 
irrigation rate (with a very low incidence in high flow ablation like in 
the present study)[23]. (4) Finally, in the clinical setting - in contrast 
to experimental models - variables like catheter orientation, micro-
shifting of the ablation catheter tip, complex architecture (ridges, 
crypts and valleys), tissue thickness and composition come into play.

It seems, that as long as we cannot overcome these limitations 
in the clinical setting, there is a limited potential of monitoring 
unipolar electrograms to optimize ‘CLOSE’-guided PVI. In fact, in 
the current ablation protocol, ablation until loss of the terminal S 
wave would have resulted in applications of 5 to 10 sec in 60% of 
the applications [Figure 2] whereas in other applications [Figure 4] 
absence of change would have led to unnecessary continuation of RF 
delivery.

Future research
 Further optimization of catheters, filtering and recording might 

improve clinical utility of local electrograms in guiding ablation.
It remains to be seen whether micro-electrodes on the tip of the 
catheter are useful to assess lesion depth and monitor lesion growth. 
In a small canine study, transmurality could be reliable achieved by 
titration of RF until stop of attenuation of a micro-electrode bipolar 
EGM amplitude, in contrast with the tip-ring bipolar EGM which 
was highly unreliable[24].  In another study in 13 canines by the same 
group, mean EGM attenuation recorded from the tip-ring bipolar 
EGM was 44% whereas the mean reduction from the micro-electrode 
bipolar EGM was 82% [25]. Of interest, in this study a rapid decrease 
in EGM amplitude was followed by a more gradual reduction which 
reached a plateau after 8 seconds in thin atrial tissues.

Limitations
This was a small, single-center, clinical study. The correlation 

between EGM parameters and AF recurrence after ablation was not 
investigated. No data are available on catheter orientation during 
recording and ablation. No histological data were available.
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Introduction
Atrial fibrillation (AF) is a cardiac arrhythmia that affects 

thousands of hospitalized Americans, with an increasing prevalence 
in the United States[1],[2]. Atrial fibrillation is frequently observed as a 
complication of acute myocardial infarction (AMI), affecting 5-13% 
of all patients suffering an AMI[3]-[7]. New-onset and prevalent AF 
is not only associated with higher rates of  in-hospital complications 
such as heart failure, stroke, and death[7]-[10], but also a higher likelihood 
of re-hospitalization among hospital survivors of an AMI[7].

The CHADS2 and CHA2DS2VASc scoring systems are used to 
stratify patients with AF at risk for developing stroke and identify 
patients who may benefit from oral anticoagulation (OAC), including 
patients with AMI[8],[11],[12].Although antiplatelet drugs prevent 
thromboembolic complications in patients with AMI, particularly 

those receiving percutaneous interventions (PCI), these agents have 
minimal impact on stroke risk in patients with AF[11].

Therefore,prescription of OAC in addition to antiplatelet therapy 
is recommended for AMI patients with AF consistently in the ESC 
and ACC/AHA/HRS guidelines[11],[13].However, practice patterns 
vary widely, particularly when dual antiplatelet therapy is prescribed 
among AMI patients,largely due to concerns about the bleeding risk 
from “triple therapy”, but also because many providers view new-
onset AF following AMI as being associated with lower risk for 
stroke[14]. Observational studies have lent credibility to these concerns 
by showing an elevated bleeding risk among patients treated with 
dual antiplatelet agents and OAC[15].

Few investigations have described the epidemiology of AF among 
patients with AMI, further stratified according to stroke risk, or 
trends in OAC prescription and post-discharge complications among 
guideline-eligible AF patients with AMI. Therefore, we analyzed 
data from the multi-hospital, population-based, Worcester Heart 
Attack Study (WHAS)[7],[8],[16],[17].
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Abstract
Background: Atrial fibrillation (AF) is a common complication of acute myocardial infarction (AMI).The CHA₂DS₂VASc and CHADS₂risk

scores are used to identify patients with AF at risk for stroke and to guide oral anticoagulants (OAC) use, including patients with AMI. However, 
the epidemiology of AF, further stratified according to patients’ risk of stroke, has not been well characterized among those hospitalized for 
AMI.

Methods: We examined trends in the frequency of AF, rates of discharge OAC use, and post-discharge outcomes among 6,627 residents 
of the Worcester, Massachusetts area who survived hospitalization for AMI at 11 medical centers between 1997 and 2011.

Results: A total of 1,050AMI patients had AF (16%) andthe majority (91%)had a CHA₂DS₂VASc score >2.AF rates were highest among 
patients in the highest stroke risk group.In comparison to patients without AF, patients with AMI and AF in the highest stroke risk category 
had higher rates of post-discharge complications, including higher 30-day re-hospitalization [27 % vs. 17 %], 30-day post-discharge death 
[10 % vs. 5%], and 1-year post-discharge death [46 % vs. 18 %] (p<0.001 for all). Notably, fewer than half of guideline-eligible AF patients 
received an OAC prescription at discharge. Usage rates for other evidence-based therapies such as statins and beta-blockers,lagged in 
comparison to AMI patients free from AF.

Conclusion: Our findings highlight the need to enhance efforts towards stroke prevention among AMI survivors with AF.
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Methods
The WHAS is an ongoing, population-based, observational 

study of patients hospitalized at all 11 medical centers in central 

Massachusetts, documenting long-term trends in the incidence, 
morbidity, mortality, and complications of AMI[7],[8],[1],[17]. Our 
analyses focused on patients who were hospitalized with a discharge 
diagnosis of AMI at all Worcester Standard Metropolitan Statistical 
Area (SMSA) hospitals during 8 biennial years between 1997 and 
2011. We selected these study years based on the availability of data 
on AF status, CHADS2 and CHA2DS2VASc scores, and systematic 

 Characteristics No AF 
[n=5577]

AF-
A2DS2VASc 
=1-2 [n=96]

AF- 
2VASc=3-
6 [n=798]

AF- 
2VASc=7-
9 [n=156]

p-value

Age (mean, years)[SD] 67.9 58.4 [8.6] 78.3 
[9.78]

81.8 [6.1] <. 001

Years[SD] [14.3]

Age <65 y (%) 39.2 68.7 8.1 1.3 <. 001

Age 65-74 21.3 16.6 21.5 8.3 <. 001

Age 75-84 24.1 0 37.8 53.2 <. 001

Age >= 85 y 15.3 14.6 32.4 37.2 <. 001

Sex, % Men 57.7 87.5 52.7 32.7 <. 001

White Race 89.4 89.6 92.5 94.2 0.01

AF Type

Incident 0 87.5 58.4 48.1 <. 001

Prevalent 0 12.5 41.6 51.9 <. 001

Medical History (%)

Angina Pectoris 16.2 10.4 16.8 21.1 0.15

Hypertension 69.1 26.1 77.9 96.1 <. 001

Heart Failure 20.9 5.2 29.8 64.1 <. 001

Stroke 10.6 0 7.0 64.1 <. 001

Diabetes 32.9 6.2 30.9 67.3 <. 001

Hyperlipidemia 54.9 44.8 51.2 56.4 0.06

COPD 15.9 17.7 22.7 19.2 <. 001

Prior bleeding 22.4 19.8 33.4 28.8 <. 001

CKD 16.2 13.5 22.9 35.9 <. 001

STEMI 36.6 57.3 28.8 27.5 <. 001

NSTEMI 63.4 42.7 71.2 72.5 <. 001

Initial AMI 65.0 82.3 62.4 58.3 <. 001

Creatinine in mg/dl 1.3 [1.0] 1.2 [0.7] 1.5[1.1] 1.6 [0.8] <. 001

- Mean [SD]

Troponin I Peak in 16.7 16.6 [49.6] 2 0 . 7 
[57.9]

2 4 . 9 
[75.6]

.029

ng/mL – Mean [SD] [65.5]

Mean HASBLED 1.6 [1.0] 0.7 [0.8] 2.0 [0.8] 3.0 [0.7] <. 001

score [SD]

Mean CHADS2VASc 3.8 [1.9] 1.6 [0.4] 4.5 [1.0] 7.4[0.6] <. 001

i n - H o s p i t a l 
C o m p l i c a t i o n s 
(%) 

Complicated AMI* 32.6 39.6 58.3 64.7 <. 001

Cardiogenic Shock 2.1 9.3 7.7 2.5 <. 001

Heart Failure 30.3 33.3 54.2 60.9 <. 001

Stroke 1.1 1.1 2.5 5.8 <. 001

Heart Block 1.2 6.3 3.1 2.5 <. 001

Recurrent AMI 0.7 0 0.5 0 0.5

Hospital Procedures 
(%)

Cardiac 59.2 71.9 43.7 30.8 <. 001

Catheterization

PCI 42.8 63.5 31.2 18.6 <. 001

* Complicated AMI included the development of cardiogenic shock, heart failure, stroke, recurrent 
AMI, or heart block.

Table 2:
Post-Discharge Outcomes* among Hospital Survivors of Acute 
Myocardial Infarction (AMI), further stratifiedaccording to Atrial 
Fibrillation (AF) Status

Outcome No 
AF

AF- CHA2DS2VASc  
1-2 

AF- CHA2DS2VASc 
3-6 

AF- CHA2DS2VASc    
7-9 

30 - day Re- 17.1 16.2 % 27.1 % 27 %

hospitalization** OR 0.9 (0.5-1.7) OR 1.5 (1.2-1.8) 1.2 (0.7-1.7)

30-day Mortality 4.9 7.3 %
OR 1.5 (0.7-3.4)

8.8 %
OR 1.3 (1-1.7)

10.3 %
OR 1.3 (0.7-2.3)

1- year Mortality 18 14.6 %
OR 0.8 (0.4-1.5)

33.9 %
OR 1.7 (1.4-2.1)

46.1 %
OR 2.2 (1.6-3.2)

collection of OAC prescription rates and post-discharge outcomes.
Since this study primarily focused on post-discharge outcomes and 
OAC prescription, patients who died during hospitalization were 
excluded. Medical records of patients admitted for possible AMI at all 
metropolitan Worcester medical centers were reviewed and validated. 
Diagnosis of AMI was confirmed using pre-established criteria[18]. 
The methods used for the identification of patients hospitalized 

Table 1:
 Demographic and Clinical Characteristics of Hospital Survivors of 
Acute Myocardial Infarction (AMI), further stratified according to 
Atrial Fibrillation (AF) Status

Figure 1: Trends in the Rates of AFby CHA2DS2VASc Score between 1997 
and 2011

Figure 2: Trends in the Rates of AF by CHADS2 Score between 1997 and 
2011.
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respiratory rate, serum creatinine and peak troponin), in-hospital 
and discharge medications, in-hospital complications and post-
discharge outcomes. Rates of warfarin, aspirin, and clopidogrel 
prescription were determined based on the discharge medication list. 
Rates of direct oral anticoagulant prescription were not examined 
in this study, as these agents were not approved for use in the US 
until 2010, nor collected in this study until after 2011. Rigorous 
methods have been used to identify deaths and cases of read mission 
to area hospitals[7]. Patient’s AF status was determined based on 
available clinical data[7],[16]. A review of ambulance transport records, 
emergency admission notes, progress notes, and in-hospital 12-lead 
ECGs was conducted to identify patients with AF. The classification 
of prevalent AF was assigned if a patient had prior AF noted in their 
hospital admission note or any progress note. A case of incident, or 
newly diagnosed, AF was defined according to the following criteria: 
No documentation of pre-existing AF anda) AF on any 12-lead ECG 
obtained during the index hospitalization[8],[17],  or b) new-onset AF 
documented in any clinical note during the index hospitalization. 
For purposes of focusing on post-discharge outcomes and discharge 
prescription practices, we included hospital survivors with both 
incident and prevalent AF. Patients who under went coronary artery 
bypass grafting (CABG) during hospitalizationwere excluded from 

the study due to the different mechanisms and natural historyof 
surgical patients with AF[19].

Patients with confirmed AMI were further stratified according to 
their CHA2DS2VAScscore based on documentation of risk factors 
in the medical record [age, sex, history of heart failure, hypertension, 
diabetes mellitus, stroke or transient ischemic attack, vascular disease 
(including myocardial infarction and peripheral artery disease)]

Medication No AF AF- 

CHA₂DS₂VASc 
1-2

AF- 

CHA₂DS₂VASc 
3-6

AF- 

CHA₂DS₂VASc 
7-9

p-value

Warfarin* 7.5 31.1 34.6 37.9 < .001

Dual Antiplatelet 
Therapy 

44.7 43.7 26.5 25 < .001

Aspirin only 86.4 88.5 80.7 78.2 < .001

Clopidogrel only 50.1 58.3 38.8 33.9 < .001

Beta Blockers 83.9 79.1 77.9 80.7 < .001

ACE/ARB 59.5 62.5 58 64.7 0.9

Lipid Lowering 
Agents

63.8 65.6 55.3 62.1 < .001

Triple Therapy * 4.4 19.7 15.2 10.3 < .001

* Data on Warfarin and Triple Therapy Rates collected from 2003-2011 only. n=3910.

CHADS₂≤1 CHADS₂≥2

Year
Warfarin
(%)

Aspirin Alone
(%)

Clopidogrel 
Alone 
(%)

DAPT (%) Triple 
Therapy  
(%)

Warfarin
(%)

Aspirin Alone
(%)

Clopidogrel 
Alone 
(%)

DAPT (%) Triple 
Therapy  
(%)

2003 35.3 29.4 5.9 51.0 17.7 32.5 40.8 3.2 36.3 7.6

2005 21.2 12.1 3.0 66.7 6.1 37.0 38.7 3.4 47.9 16.0

2007 30.6 38.9 2.8 50.0 16.7 38.8 38.8 0.0 50.5 14.6

2009 39.1 30.4 8.7 56.5 17.4 39.7 33.3 1.6 58.7 25.4

2011 36.4 30.3 0.0 60.6 24.2 32.8 27.7 3.1 54.7 15.6

Table 4:
Post-Discharge Prescription Rates of Warfarin, Antiplatelet Agents and Triple Therapy from 2003-2011 in Patients with Acute Myocardial 
Infarction (AMI) and Atrial Fibrillation (AF), further stratified by CHADS₂ Scores

* DAPT/Dual Antiplatelet Therapy = Aspirin + Clopidogrel

Medication AF Status 2003 2005 2007 2009 2011

Warfarin No AF 6.2 6.6 8.3 8 9.1

AF-CHA₂DS₂VASc 1-2 29.4 9.1 28.6 70 25

AF- CHA₂DS₂VASc 3-6 33.7 38.2 33 31.8 35.8

AF- CHA₂DS₂VASc 7-9 32.3 23.1 51.7 53.8 35.7

Triple Therapy No AF 2.3 4.4 5.5 5.5 4.9

AF- CHA₂DS₂VASc 1-2 17.6 0 28.6 40 18.8

AF- CHA₂DS₂VASc 3-6 10.9 16.5 12.6 20.6 22.4

AF- CHA2DS2VASc 7-9 2.9 7.7 20.7 23.1 0

Figure 3:
One-Year Mortality (Odds Ratio with 95 % Confidence Intervals) 
among AMI Patients with AF stratified by CHA₂DS₂VASc scores,
compared to AMI Patients without AF.

Table 3:
Discharge Medication Prescription (%) among Hospital Survivors 
of Acute Myocardial Infarction with Atrial Fibrillation (AF), further 
stratified according to CHA2DS2VASc Score

with AMI and various comorbidities and complications have 
been described in prior publications[7],[8],[16],[17].  The data collected 
included patients’ age, gender, race, comorbidities (hypertension, 
heart failure, stroke, hyperlipidemia, chronic obstructive pulmonary 
disease [COPD], chronic kidney disease [CKD], diabetes), type of 
AMI,physiologic parameters (admission heart rate, blood pressure, 

Table 5:
Yearly Trends in Discharge Anticoagulation Prescription (%) in 
Patients with Acute Myocardial Infarction (AMI) and Atrial Fibrillation 
(AF), further stratified by CHA₂DS₂VASc scores

[11],[13]. Patients were grouped into 3 categories according to their 
CHA₂DS₂VASc score (Group 1 =CHA₂DS₂VASc score 1-2, 
Group 2 = CHA₂DS₂VASc 3-6, Group 3 = CHA₂DS₂VASc 7-9) 
to distinguish between those at lower, high, and very high risk of 
thromboembolism20-23. Although use of the CHA₂DS₂VASc stroke 
risk score was introduced in 2009, the CHADS₂ scoring system was 
in use for most of the period under study. Therefore, we also stratified 
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stroke risk category  were more likely to have new-onset AF compared 
to prevalent AF, whereas patients with AF in the highest stroke risk 
group were older, more likely to be male, have higher serum troponin 
levels, have a history of CKD, and have higher average HAS-BLED 
scores. Patients with AF and higher CHA2DS2VASc scores were 
also more likely to have their AMI hospitalization complicated by 
development of heart failure or stroke. We also observed that in 
patients with AMI and AF, bleeding risk (based on HAS-BLED 
score) tracked closely with stroke risk [Table 1].

Rates of AF increased significantly between 1997 and 2003, after 
which time AF rates remained relatively stable, and patterns did not 
appear to differ significantly according to CHA2DS2VASc stroke 
risk category[Figure 1]. Rates were highest among patients with 
AF in the highest stroke risk group, but the relative proportion of 
individuals in the lowest stroke risk category appeared to increase 
during the most recent study years. Similar results were seen in AF 
rates stratified by CHADS2 scores, with higher rates observed among 
patients with AF and a CHADS2 score≥2 [Figure 2].

 In comparison to AMI patients who remained free from AF 
during their hospitalization, individuals with AF in the highest 
stroke risk category had significantly higher rates of post-discharge 
complications, including higher 30-day re-hospitalization rates [27 
% vs. 17 %], 30-day  post-discharge death rates [10 % vs. 5%], and 
1-year post-discharge death rates [46 % vs. 18%] (p<0.001 for all). 
Notably, we observed a direct relationship between CHA2DS2VASc 
category and rates of readmission or death within 30 days, as well 
as death rates at 1-year [Table 2]. Furthermore, after adjustment 
for several demographic factors, comorbid conditions, and AMI-
associated characteristics, AF patients in the highest stroke risk group 
had 2-fold higher odds of dying at 1-year after discharge, compared 
to patients free from AF. However, adjustment for the same set of key 
covariates attenuated crude associations observed between stroke risk 
and readmission, as well as mortality 30-days after discharge [Table 
2].

 We also examined the use of evidence-based medications for AMI 
or AF at discharge, further stratified by stroke risk. Rates of OAC use 
were highest among patients with highest CHA2DS2VASc scores 
(38% in the very high stroke risk, 35% in the high stroke risk, and 
31% in the lowest stroke risk), but less than half of patients at high 
or very-high stroke risk received an OAC prescription at discharge. 

the cohort according to CHADS₂score (congestive heart failure, 
hypertension, age, diabetes, and stroke)using similar methods,but 
divided the population into two groups – those with CHADS₂  score 
less than two and those with a CHADS₂ score of two or more, in 
order to identify the proportion of the population eligible for OAC 
prescription based on contemporary guidelines[11],[13].    

We examined differences in the frequency and outcomes of patients 
with AF compared to those without AF through the use of chi-
square tests and one-way analysis of variance (ANOVA) for discrete 
and continuous variables, respectively. We examined differences in 
the characteristics and use of different evidence-based AMI and 
AF therapies according to stroke risk classifications through the 
Cochran-Armitage test for trends. Differences in post-discharge 
complications, including hospital re-admission and mortality, as 
well as the associated crude and multivariable adjusted odds ratios 
(OR) with 95% confidence intervals (CI), were assessed. The odds 
of developing these complications were adjusted for confounding 
demographic and clinical factors.

We restricted our analyses on post-discharge prescription rates 
of OAC to the study years 2003-2011 because data on OAC was 
not collected in this study until 2003. HAS-BLED scores were 
calculated to characterize participant’s risk of bleeding on OAC 
using the following factors documented in the medical record - 
age, hypertension, abnormal renal/liver function, stroke, bleeding 
history, drugs or alcohol use (1 pointeach)[11],[21]. Since INRs prior to 
admission were not abstracted as part of this population-based study, 
we were not able to determine time in therapeutic range over
the preceding 4 weeks among individuals treated with vitamin K 
antagonists. Hospital re-admission data was collected at only 3 of the 
major Worcester hospitals, and was reported for the years 1999-2011. 
All analyses were performed using SAS version 9.3 (SAS Institute 
Inc., Cary, NC).

Results
The baseline characteristics of 6,627 patients discharged from 

all participating medical centers in central Massachusetts with an 
independently confirmed AMI during the years under study are 
shown in [Table 1]. The mean age of this population sample was 
69 years, 40% were women, and approximately two-thirds presented 
with an initial AMI. A total of 1,050patients (16%) had AF. Of these, 
the majority were at a high (76 %) or very high risk (15 %) for stroke 
according to their CHA2DS2VASc score. Patients in the “lower” 

Medication Overall
N=1050

Low                                          High
HASBL                                     HASBL
ED                                           ED

AF-CHADS₂VASc   1-2
N=96

Low                                          High
HASBL                                    HASBL
ED                                             D

AF-CHADS₂VASc   >2
N=954

Low                                                   High
HASBL                                              HASBL
ED                                                     D

p- value 

Warfarin* 36.4                                          32 31.6                                            25 37.1                                                        32.1 0.2

DAPT 28.7                                          25.9 43.4                                            50 26.6                                                       25.6 0.3

Aspirin only 82.2                                          78.2 89.1                                            75 81.2                                                       78.2 0.1

Clopidogrel only 41.3                                         36.5 58.7                                            50 38.8                                                        36.3 0.1

Triple Therapy * 17.5                                           9.7 21                                                 0 17                                                             9.8             0.005

*  DAPT/Dual Antiplatelet Therapy = Aspirin + Clopidogrel

Table 6: Discharge Medication Prescription (%) among Hospital Survivors of Acute Myocardial Infarction (AMI) with Atrial Fibrillation (AF), further stratified 
according to Risk of Bleeding 
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AMI and AF had a high or very high risk for thromboembolism 
based on having a CHA₂DS₂VASc score>2. However, only 1 out of 4 
AMI patients with AF received dual antiplatelet therapy at the time 
of hospital discharge and less than half received OAC at discharge, 
suggesting thata treatment gap between guideline and real-world 
rates of prescription exists.

Reasons for the low rates of  OAC usage among AMI patients with 
AF at hospital discharge may include lack of awareness of guidelines, 
provider or patient concerns over risk for bleeding with the use of 
OAC and antiplatelet drugs, or under-estimation of stroke risk from 
AF complicating AMI. Since the FDA approved the first target 
specific OAC agent, dabigatran, for use in 2010 and our study ended 
in 2011, we do not believe that the low rates of OAC seen in our study 
relate to the use of vitamin-K antagonist alternatives. Furthermore, 
we have generally observed high rates of adherence to AMI-specific 
guideline recommendations for effective patient management in 
this community-wide study, with the majority of eligible patients 
having been treated with aspirin, statins, beta-blockers and prompt 
percutaneous revascularization for STEMI[31]. This was corroborated 
in our analysis as the vast majority of AMI patients with AF received 
guideline-directed antiplatelet, lipid-lowering agents, and beta-
blocker therapies [Table 3]. Therefore, we do not believe that the low 
rate of observed OAC prescription reflects a general disregard among 
providers at participating hospitals for guideline recommendations. 
An alternative explanation for our findings is that, despite evidence to 
the contrary(7), hospital providers may consider AF complicating an 
AMIto be of lesser clinical significance than AF in the community, 
irrespective of their CHADS₂ or CHA₂DS₂VASc scores.

Neither treatment   nor outcomes of A Fare mandated publically 
reported quality metrics.It has not been until recently that the 
American Heart Association created and distributed a ‘Get with the 
Guidelines’ for AF, a mechanism to enhance adherence to guideline-
recommendations for AF treatment, including use of OAC for 
patients at intermediate and high stroke risk[32]. It is certainly 
possible that clinicians managing patients with AMI during the 
period under study may not have been aware of the importance of 
stroke risk estimation and OAC prescription for at-risk patients. It is 
our hope that, through increased public and clinician AF awareness, 
adherence to guideline recommendations for OAC among eligible 
AMI patients with AF will increase.

Strengths of the present study include the population-based 
design involving all patients hospitalized with AMI across central 
Massachusetts. Inclusion of all regional hospitals in Worcester, the 
large number of patients hospitalized with AMI and AF, and the use 
of standardized criteria for diagnosing AMI and AF were additional 
strengths. We were also able to control for a variety of potential 
confounding variables outside of the CHA₂DS₂VASc scoring system 
that could have contributed to post-discharge outcomes.

Limitations
Limitations of this study include the lack of data on type of AF 

(paroxysmal, persistent, or permanent) and the inability to determine 
the time in therapeutic INR range among patients with AF prior 
to admission. Our study population likely included a number of 
patients at high risk for bleeding, and we did not systematically assess 

Interestingly, aspirin and clopidogrel use were also lower among AMI 
patients with AF at highest stroke risk,compared to those at lower 
risk (88.5 % and 58.3% among those with AF in the lowest stroke 
risk category vs. 78.2 % and 33.9% among those with AF highest 
stroke risk, respectively). In contrast, prescription of beta-blockers 
and lipid-lowering agents did not vary among AF patients based on 
stroke risk [Table 3].  

Notably, only 1 in 4 AMI patients with AF and a high or very 
high stroke risk score received dual antiplatelet therapy at hospital 
discharge. Low rates of OAC prescription at discharge were also 
observed when stratifying the patients based on their CHADS2 
score[Table 4]. We did not observe any significant change in the 
rates of OAC prescription over time among individuals with AF 
[Table 5]. Lastly, in AF patients at elevated stroke risk, we observed 
no significant relations between bleeding risk and rates of OAC 
prescription at discharge [Table 6].

Discussion
The CHA₂DS₂VASc scoring system is a well-validated stroke 

risk stratification tool  for  patients with non-valvular AF[24]. 
Components of the CHA₂DS₂VASc score are readily available 
prognostic risk factors for outcomes of is chemic heart disease[25].
The CHA₂DS₂VASc score has been shown to successfully estimate 
the risk of adverse events in patients with AMI[24] and also identify 
post-STEMI patients at high risk of developing new onset AF and 
stroke[26].

There are limited studies that have evaluated the prognostic utility 
of stroke risk classification schemes in predicting the risk of adverse 
outcomes in patients with concomitant AMI and AF.In a study of 
more than 15,000 patients admitted with AMI to hospitals in Korea, 
the investigators assessed the utility of CHA₂DS₂VASc scores in 
predicting the risk of dying and/or recurrent MI in patients with and 
without AF.  They found that higher CHA₂DS₂VASc scores were 
associated with an increased risk of adverse cardiovascular outcomes in 
AMI patients at 1,6,12, and 24 months, irrespective of the presence of 
AF[27]. In our community-wide study involving almost 7,000 hospital 
survivors, patients with AF and a higher CHA₂DS₂VASc scores were 
at greater risk for both short- and long- term adverse events than 
both AF patients with lower CHA₂DS₂VASc scores, and patients 
without AF. In particular, we observed a direct relationship between 
increasing CHA₂DS₂VASc scores and odds of dying at 1-year after 
discharge in patients with AF, compared to patients free from AF. 
This was not seen in AF patients with a low CHA₂DS₂VASc score 
[Figure 3]. Our findings expand on the results of the previous Korean 
study (27), and suggest that the CHA₂DS₂VASc system can be used 
as a tool to predict survival among patients with AMI and AF.

Current AF and AMI management guidelines support the use of 
dual antiplatelet therapy plus OAC when independent indications 
for AMI and AF exist[28],[29]. However, institution of “triple therapy” 
poses risks for bleeding. Inasmuch, alternative strategies have been 
proposed for patients with AMI and AF, such as discontinuing 
antiplatelet drugs among patients who are greater than 12 months 
out from undergoing a PCI[30]. In clinical practice, there is significant 
individualization of treatment with respect to balancing the risks of 
stroke and bleeding.In our study, approximately 90% of patients with 
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10. Zusman O, Amit G, Gilutz H, Zahger D. The Significance of New Onset Atrial
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M,Diener HC, Heidbuchel H, Hendriks J, Hindricks G, Manolis AS, Oldgren
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Heart J. 2016 Oct 7;37(38):2893-2962. Epub 2016 Aug 27.
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JB, Ellinor PT, Ezekowitz MD, Field ME, Murray KT. 2014 AHA/ACC/
HRS guideline for the management of patients with atrial fibrillation: executive
summary: a report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines and the Heart Rhythm Society. J
Am Coll Cardiol. 2014 ;64:2246-2280.
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McManus DD, Tadros TM, Levy D, Vasan RS, Larson MG, Ellinor PT, Benjamin 
EJ.. Long-term outcomes of secondary atrial fibrillation in the community: the
Framingham Heart Study. Circulation. 2015;131:1648-1655.

15. Lamberts M, Olesen JB, Ruwald MH, Hansen CM, Karasoy D, Kristensen SL, 
Køber L, Torp-Pedersen C, Gislason GH, Hansen ML. Bleeding after initiation
of multiple antithrombotic drugs, including triple therapy, in atrial fibrillation
patients following myocardial infarction and coronary intervention: a nationwide
cohort study. Circulation 2012 ;126:1185-1193. 

16. Goldberg RJ, Gore JM, Alpert JS, Dalen JE. Recent changes in attack and survival 
rates of acute myocardial infarction (1975 through 1981).The Worcester Heart
Attack Study. JAMA 1986; 255:2774 –2779.

17. Goldberg RJ, Yarzebski J, Lessard D, Gore JM. A two-decades (1975 to 1995)
long experience in the incidence, in-hospital and long-term case-fatality rates of
acute myocardial infarction: a community-wide perspective. J Am Coll Cardiol
1999; 33:1533–1539.

18. Floyd KC, Yarzebski J, Spencer FA, Lessard D, Dalen JE, Alpert JS, Gore JM,
Goldberg RJ. A 30-year perspective (1975-2005) into the changing landscape of
patients hospitalized with initial acute myocardial infarction: Worcester Heart
Attack Study. Circ Cardiovasc Qual Outcomes 2009; 2:88-95.

19. Maesen B, Nijs J, Maessen J, Allessie M, Schotten U. Post-operative atrial
fibrillation: a maze of mechanisms. Europace 2012; 14:159-174.

20. Olesen JB, Torp-Pedersen C, Hansen ML, Lip G. The Value of the CHA₂DS₂-
VASc Score for Refining Stroke Risk Stratification in Patients with Atrial
Fibrillation with a CHADS2 Score 0–1: A Nationwide Cohort Study. Thromb
Haemost Thrombosis and Haemostasis 2012; 107: 1172-1179. 

21. Lane DA, Lip GY. Use of the CHA(2)DS(2)-VASc and HAS-BLED scores
to aid decision making for thromboprophylaxis in nonvalvular atrial fibrillation.
Circulation. 2012;126:860-5

22. Saczynski JS, McManus D, Zhou Z, Spencer F, Yarzebski J, Lessard D, Gore JM, 
Goldberg RJ. Trends in atrial fibrillation complicating acute myocardial infarction. 
Am J Cardiol 2009; 104:169-174.

23. Antman EM, Anbe DT, Armstrong PW, Bates ER, Green LA, Hand M, Hochman 
JS, Krumholz HM, Kushner FG, Lamas GA, Mullany CJ, Ornato JP, Pearle DL, 

components of frailty,  such as falls, weight loss, or grip strength, which 
may influence decisions to with hold OAC. We also did not assess for 
patient-level factors, such as patient’s attitudes about OAC, allergies 
or prior adverse reactions that may have led to the with holding of 
OAC’s at the time of hospital discharge.Data on prescription rates of 
anti arrhythmic medications in patients with AF was not collected. 
Since this study was conducted in a single geographic region, there was 
potential for under-estimation of re-hospitalization rates, as patients 
may have presented outside of the hospital network for subsequent 
hospitalizations. Moreover, hospital re-admission data was reported 
at only 3 of the major Worcester hospitals, although these comprise 
the majority of all AMI admissions in this population. Data on the 
etiology of death after hospital discharge was not available.

Conclusions
We observed that a large proportion of patients hospitalized for 

AMI over a 14-year period had AF,and that the proportion of AF 
patients at high risk for stroke remained elevated throughout the 
study. Another interesting finding was that less than half the patients 
with a high CHA2DS2VASc were discharged on anticoagulation 
therapy. Our findings suggest significant deviation from guideline-
based AF management practices in the context of AMI, and that 
patients with higher CHA2DS2VASc scores may benefit from greater 
monitoring and/or more aggressive treatment in the peri-discharge 
period. Future studies are needed to see if the CHA2DS2VASc score 
can truly be validated as tool for not only predicting stroke risk, but 
also post-discharge outcomes (including mortality) in patients with 
AMI and AF.
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Introduction
Catheter ablation (CA) is an increasingly utilized and effective 

treatment option for patients with symptomatic atrial fibrillation 
(AF), particularly those who have failed medical therapy with 
antiarrhythmic drugs (AADs). In the period immediately after 
AF ablation, early recurrences of atrial arrhythmias (ERAA) are 
common and may not necessarily imply long-term ablation failure. 
Therefore, guidelines recommended implementation of a “blanking 
period” post-ablation during which AF or OAT recurrences need 
not be counted against long term ablation success[1]. However, it is 
important to recognize that certain ERAA characteristics are more 
suggestive of long-term ablation failure than others. In this review, 
we will summarize the current literature on the topic. Specifically, we 
will describe predictors for ERAA development after AF ablation 
and discuss clinical implications of ERAA on long-term ablation 
success.

Early recurrences after AF ablation
Since not all patients who experience ERAA in the first few 

weeks after AF ablation continue to have recurrences later on, 
implementation of a “blanking period” makes sense, in order to better 
assess long-term ablation success. Previous studies have utilized a 
wide range of blanking periods when reporting long-term outcomes, 
ranging between 72 hours to 3 months post-ablation[2]. Consensus 
guidelines have recommended for clinical trials that a 3-month 
blanking period post-ablation be implemented, during which time 

ERAA episodes should not be classified as treatment failure[1]. This 
the likely reason why most electrophysiologists do not attempt 
repeat ablation for ERAA occurring in the first 3 months post-
ablation. While the consensus statement from the Heart Rhythm 
Society (HRS), European Heart Rhythm Association (EHRA), and 
European Cardiac Arrhythmia Society (ECAS) have all selected 3 
months as the blanking period of choice, this cutoff is rather arbitrary. 
In fact, the optimal blanking period during which early re-ablation 
should be avoided remains poorly studied.

 The incidence of detected ERAA after AF ablation is dependent 
on monitoring strategies during the blanking period which, 
have varied from symptom-driven electrocardiograms, Holter 
monitors,mobile continuous outpatient telemetry monitors, and 
implantable loop recorders. There remains lack of consensus on 
the adequate monitoring strategy during the blanking period. 
Many providers may feel that the costs associated with monitoring 
outweigh the benefits of detecting asymptomatic ERAA, since these 
recurrences are not considered ablation failure and most patients are 
maintained on anticoagulation during this stage.There also remains 
variability in the overall incidence of ERAA during the 3-month 
blanking period with estimates ranging any where from 16-67%[2]. 
In the majority of studies,the incidence of ERAA after AF ablation 
with radiofrequency versus cryoablation appears to be similar, and 
the predictive value of ERAA on the likelihood of developing late 
recurrence appears to be similar between modalities[3]. However, one 
study by Miyazaki, et al. suggested that there may be differences in 
the predictive value of inflammatory responses on the incidence of 
ERAA post-ablation between techniques.In their study, hs-CRP 
levels 2 days post-ablation predicted development of ERAA in those 
treated with radiofrequency (HR 1.7; 95% CI [1.01-2.87]; p=0.048) 
but not cryoablation, suggesting that the degree of inflammatory 
marker elevation is more predictive of ERAA after ablation with 
radiofrequency energy compared with cryoablation[4].
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Abstract
Early recurrences of atrial arrhythmias (ERAA) after ablation are common and predict late recurrences and ablation failure. However, 

becausea proportion of patients with ERAA will have no subsequent arrhythmias after the blanking period, consensus guidelines recommend 
against immediate repeat ablation for ERAA episodes occurring during the first 3 months post-ablation. In this review, we summarize the 
predictors, significance, and treatment of ERAA after AF ablation.
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markers post-ablation is predictive of ERAA. One study compared 
the change in levels of inflammatory markers before ablation versus at 
different time points (1, 2, 3, 7 days, and 1 month) after ablation and 
demonstrated that the degree of elevation of hs-CRP, troponin-T, 
and fibrinogen were predictive of only very early recurrences (within 
3 days) post-ablation[18].

Das, et al. examined the association between timing of  ERAA 
with the likelihood of PV reconnection at repeat electrophysiology 

Predictors of ERAA
Several predictors of the development of ERAA after AF ablation 

have been identified and many of these are also predictors of long-
term ablation failure. Baseline characteristics such as older age, male 
gender, presence of structural heart disease, longer AF duration, 
nonparoxysmal AF type, higher CHA₂DS₂-VASc scores, larger 
LA size, presence of LV systolic and diastolic dysfunction, and LA 
epicardial adipose tissue are some of the variables that have been 
found to predict ERAA and all these are also associated with late 
arrhythmia recurrence[5]-[12]. Acute procedural findings including 
incomplete PVI, presence of multiple AF foci, AF inducibility 
and lack of AF termination during ablation are also associated 
with ERAA[6],[13],[14]. Other ERAA predictors include markers of 
inflammation such as increased body temperature post-ablation, 
increased LA roof thickness with delayed enhancement as seen on 
cardiac magnetic resonance imaging at 24 hours after ablation, and 
increased levels of C-reactive protein and homocysteine[15]-[17].

Mechanisms of ERAA during the blanking period
It remains unclear whether the degree of elevation of inflammatory 

study in 40 patients with nonparoxysmal AF treated with PVI[19]. 
In the study, the authors performed PVI in 40 patients and brought 
them back for repeat electrophysiology study regardless of whether 
they had recurrence post-ablation to assess the PVs for reconnection. 
A total of 17 (42%) of the patients had developed ERAA within the 
first 2 months after ablation, preceding the repeat electrophysiology 
study. Interestingly, they found a strong correlation between 
ERAA occurring during the second month post-ablation and PV 
reconnection, which was found in ≥2 PVs. On the other hand, there 
was no correlation between PV reconnection and ERAA when it 
occurred in the first month post-ablation only. Thus, their findings 
suggest that while early ERAA (within one month)is more likely to 
bedue to transient factors (i.e. inflammation, temporary autonomic 
imbalances, and time-course of lesion formation), ERAA which 
occurs later is less likely to be transient and more likely to represent 
PV reconnection.

In our opinion, it is difficult to differentiate whether  ERAA during 
the immediate (up to 7 days) post-ablation period is due to transient 
post-ablation inflammation (and likely to resolve spontaneously in 
time without requiring repeat ablation) versusa more permanent 
issue such as inadequate PVI/PV reconnection orinadequately 
targeted non-PV triggers.

Andrade, et al. reported that patients from the STAR-AF trial 
who underwent limited ablation with PVI alone and developed 
ERAA (versus those without ERAA) had significantly higher rates 
of late recurrence[20]. However, in patients who were treated with 
more extensive ablation strategies including ablation of complex 
fractionated atrial electrograms, ERAA was less predictive of late 
recurrences suggesting that in this latter group, ERAA may have 
been more likely the result of vigorous acute inflammatory response 
caused by more extensive ablation.

Importance of non-PV triggers
 At our center, we have generally employed a limited AF ablation 

strategy for patients with both paroxysmal and nonparoxysmal AF 
which has focused primarily on elimination of PV and non-PV 
triggers. We have reported non-PV triggers to occur in approximately 
11% of patients[21]. We hypothesize that if non-PV triggers are 
not sought out and adequately ablated, they can lead to late AF 
recurrences. In support of this hypothesis, Gang, et al, have found 
that PACs detected with Holter monitors six months post-PVI (3 
months after the blanking period had ended) strongly predicted 
late AF recurrence[22]. Alhede, et al. subsequently showed that the 
burden of PACs detected on 7-day Holter monitoring performed 
immediate after AF ablation was a predictor of late AF recurrence 
irrespective of AF recurrence during the blanking period or other risk 
factors[23]. These data would suggest that PACs from PV and non-PV 
sources occurring during and after the blanking period may represent 
inadequately targeted triggers or partial PV reconnection which are 
likely to result in late AF recurrence.

ERAA characteristics which predict late recurrence
Certain ERAA characteristics have been identified to be more 

predictive of late recurrence. Based on data from 300 patients who 
underwent AF ablation at our institution following a limited ablation 
strategy focused on PVI and elimination of non-PV triggers, we have 

Clinical characteristics Ablation procedural characteristics

Older age Incomplete PVI

Nonparoxysmal AF type AF inducibility

Electrogram-based ablation

ERAA characteristics Lack of AF termination during procedure

Later ERAA timing

Multiple ERAA episodes  Imaging characteristics

Later ERAA timing Increased left atrial size/volume

Table 2:  Strategies to prevent AF recurrences during the blanking period 
after AF ablation and long-term implications

Treatment strategy Evidence

Antiarrhythmic drugs Reduces ERAA episodes during blanking period

Reduces cardioversions during blanking period

Reduces hospitalizations during blanking period

No effect on late recurrences after blanking period

Corticosteroids Reduction of acute post-ablation inflammatory markers

Possible reduction of ERAA episodes during blanking period

No effect on late recurrences after blanking period

Colchicine

Reduces ERAA episodes during blanking period

Possible reduction in late recurrences after blanking period

Abbreviations: AF, atrial fibrillation; ERAA, early recurrent atrial arrhythmia; PVI, pulmonary vein 
isolation; 
*Table adapted from Andrade JG, et al. Pacing ClinElectrophysiol. 2012;35:106-16.

Table 1: Characteristics which are predictive of the development of late 
recurrence after AF ablation among patients with early recurrence
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found that the timing and frequency ERAA is predictor of late AF 
recurrence.[24] Our clinical practice is to only consider the initial 
6 weeks post ablation as the “blanking period”. For this study, we 
divided the first 6 weeks post-ablation into three separate intervals 
(Early: weeks 1-2; Intermediate: weeks 3-4; and Late: weeks 5-6) 
and analyzed the predictive value of these different periods on later 
arrhythmia recurrence. We discovered that patients whose ERAA is 
limited to a single 2-week interval during the blanking period (OR 
3.2 [95% CI 1.7-5.8] compared to no ERAA) are significantly less 
likely to experience late recurrence by 1 year post-ablation versus 
patients experiencing multiple ERAA episodes encompassing 
multiple 2-week intervals (OR 14.6 [95% CI 7.3-29.6] versus those 
with no ERAA). Similar results have been shown by Mugnai, et al, 
after AF ablation using cryoablation technology[25]. They showed in 
331 consecutive patients who underwent cryoballoon AF ablation, all 
patients who experienced ERAA in the second half of the 3-month 
blanking period also developed subsequent recurrences beyond the 
blanking period, suggesting that later ERAA are more predictive of 
long term ablation failure.

 The prognostic implications of ERAA may be different among 
patients undergoing ablation for paroxysmal versus persistent AF, 
as was suggested in a study by Oral, et al, which identified history 
of persistent AF type to be an independent predictor of late AF 
recurrence among patients with ERAA[26]. Furthermore, the type of 
ERAA (i.e. AF versus organized atrial tachycardia (OAT)) may be 
predictive of late recurrence, in a manner which is dependent on the 
initial ablation strategy. When OAT occurs in the blanking period, it 
may be more predictive of late recurrence since it may represent gaps 
in ablation lesion sets (i.e. PV connection allowing for PV AT, or 
gaps in linear lesions allowing for macroreentrant LA flutters) which 
are unlikely to resolve spontaneously over time.

Prevention and Treatment of ERAA
 Several strategies to prevent ERAA after AF ablation have been 
tested, most notably AADs and anti-inflammatory medications. 
The use of AADs during the blanking period has been repeatedly 
shown to decrease the incidence of ERAA and is associated with 
reduction in hospitalizations and need for cardioversions during 
the post-ablation period, but reduction in ERAA with early AAD 
use has not translated to improved long-term ablation success.The 
Antiarrhythmics After Ablation of Atrial Fibrillation (5A) Study 
randomized 110 consecutive patients undergoing ablation for PAF 
to AAD vs. no AAD  for  6  weeks after AF ablation and found 
that short-term use of AADs post-ablation significantly reduced 
the likelihood of early AF recurrence in the first 6 weeks (19 vs. 
42%; p=0.005)[27]. However, a subsequent follow-up analysis of the 
5A study showed that the use of short-term AADs after ablation 
does not prevent late recurrences at 6 months[28]. The AMIO-
CAT trial randomized 212 patients to oral amiodarone for 8 weeks 
versus placebo after AF ablation and found that while short-term 
amiodarone use did not reduce AF recurrences at 6 months, it was 
effective in reducing hospitalizations and cardioversion rates during 
the blanking period[29]. The EAST-AF trial subsequently randomized 
over 2000 patients to AADs (class I or III) versus control for 3 
months after AF ablation and also showed reduction of early AF 
recurrences during the 3 month blanking period, but no significant 

difference between groups at 1 year[30].

     Since inflammation in the acute post-ablation period is hypothesized 
to contribute to the development of ERAA, corticosteroids have 
been used acutely after ablation in an attempt to mitigate the 
inflammatory process. Studies have, however, shown mixed results. 
For example, Koyama, et al. randomly treated 125 PAF patients post 
ablation with placebo versus steroids (2 mg/kg IV hydrocortisone 
dosed immediately post-procedure, followed by 0.5 mg/kg/day oral 
prednisone for 3 days) and found that while the corticosteroid group 
were less likely to have ERAA within the first 3 days post-ablation 
(7 vs. 31%), there was no difference in rates of ERAA during the 
remainder of the 30-day post ablation follow-up period[31]. Kim, et al. 
found that the use of steroids (intravenous methylprednisolone at 0.5 
mg/kg for 2 days followed by 12 mg oral methylprednisolone for 4 
days) was associated with lower rates of ERAA during the 3-month 
blanking period after ablation (23.4 vs. 48.6%, p=0.003) but did not 
affect rates of late recurrence at 24 months (p=0.92), suggesting that 
steroids (similar to AADs) are effective in reducing ERAA but do 
not appear to affect the likelihood of late recurrence and long-term 
ablation success[32]. In a recent study, Iskandar, et al. randomized 60 
patients to either oral steroids (60 mg oral prednisone x 3 doses) 
versus placebo after AF ablation. The authors found that while 
steroids reduced inflammatory markers IL-6 and IL-8, there were 
no differences in either ERAA or late recurrence at 1 year between 
groups[33].

  Colchicine is an agent most frequently used for treatment of gout 
which has also been studied in patients after AF ablation due to its 
anti-inflammatory effects. There have been two small randomized 
controlled trials from Europe which have shown benefit of colchicine 
in preventing both ERAA and late recurrences when used during the 
blanking period. In the first study, Deftereos, et al. randomized 80 
paroxysmal AF patients to treatment with placebo versus colchicine 
(0.5 mg twice daily) for 3 months after AF ablation and found that 
those randomized to colchicine (versus placebo) had lower levels of 
inflammatory markers immediately post-ablation as well as lower 
rates of ERAA during the blanking period (16% vs. 33.5%; OR 0.38; 
95% CI [0.18-0.8])[34]. In a larger subsequent randomized study, 
Deftereos, et al. showed that colchicine, when used for 3 months 
post-ablation, resulted in not only lower rates of ERAA during the 
3-month blanking period, but also lower rates of late AF recurrence
over a median follow-up of 15 months (31.1% vs. 49.5%; OR: 0.46;
95% CI [0.26-0.81])[35]. While the results from these two studies
are certainly promising, additional studies are required to replicate
these results before colchicine is to be widely accepted as a routine
treatment to prevent AF recurrences after ablation.

How early is too early for repeat ablation? What is the optimal 
blanking period?

While several studies have demonstrated that early reablation 
in patients who experience ERAA results in superior long-term 
outcomes[5],[8],[36], this strategy comes at the expense of possibly 
performing unnecessary procedures in some patients in whom 
ERAA may eventually resolve spontaneously. Thus, it is important to 
identify patients in whom ERAA is not merely a result of transient 
post-ablation factors, but rather in whom it suggests recurrence of the 
original or development of new sustained arrhythmia mechanism(s). 
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predictors of late arrhythmia recurrence. Thus, the current 3-month 
blanking period during which re-intervention is not recommended 
by consensus guidelines may need to be revisited. Perhaps, in certain 
types of ERAA, early repeat ablation may improve long term 
arrhythmia control. More studies in different patient populations are 
necessary to determine the optimal timing for repeat ablation.
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Introduction
Atrial fibrillation (AF), the most common clinical arrhythmia, 

is a progressive disease.The progression of AF is mirrored by: 1) a 
switch from paroxysmal to persistent AF[1], 2) increased left atrial 
diameter[2],[3] and 3) myocardial regions with non-uniform conduction 
detected as low voltage areas[4]-[6]. Those clinical phenotypes associate 
with worse therapy outcome[7]–[10]. AF progression is underpinned by 
remodeling of myocardial tissue with fibrosis, fatty degeneration and 
loss of physiological structure[11],[12]. While the clinical phenotypes 
mentioned before are mere surrogates of AF progression, the real 
extent of pathophysiological remodeling remains elusive.At present, 
standard histology procedures are the only option to directly 
characterize the remodeling extent. Those procedures involve 
biopsy-sampling and comprehensive sample processing. Sampling 
from human ventricles e.g.for characterization of cardiomyopathy 
is routinely performed and remodeling is then characterized by 
Masson-Trichrome staining which results in red stained muscle 
fibers, blue to green collagen, light red pink cytoplasm, and black cell 
nuclei[13]. Biopsy sampling from the atria for histological examination 
is not recommended as the atrial wall thickness ranges between 1 
and 4 mm[14] making it prone to rupture. Consequently, histological 
characterization of atrial biopsies from patients was only done in pilot 
studies[15]. In addition,traditional histological processing is prone to 

artifacts like shrinkage, geometric distortions, and staining-related 
artifacts[16],[17]. Large cells and structures like adipocytes, myofibrils or 
the extra cellular matrix fiber orientation throughout the myocardial 
wall cannot be assessed together due to slicing in 2-5µm steps.
Summarizing a time efficient and non-invasive method for direct 
visualization of atrial remodeling in vivo would represent a critical 
break through. With our feasibility study, we want to introduce 
nonlinear optical microscopy (NLOM) an immediate, non-
destructive series of techniques based on multiphoton processes[18]. 
We applied coherent anti-Stokes Raman scattering (CARS), 
endogenous two-photon excited fluorescence (TPEF) and second 
harmonic generation (SHG) to inspect unstained slices of human 
atrial appendage myocardium ex vivo. CARS detects methylene 
groups and therefore identifies lipidsand proteins[4], TPEF detects 
endogenous fluorophores like elastin, SHG detects highly ordered 
structures lacking of inversion symmetry like fibrillary collagen and 
myosin[5],[6].

Methods
Patient samples

Left atrial appendage samples were from three patients with 
persistent atrial fibrillation undergoing Cox-MAZE procedure with 
amputation of left atrial appendage at the Heart Center Leipzig. 
Patient 1 was a 49year old female with a BMI of 30 kg/m2. Patient 
2 was a 68 year old femalewith a BMI of 33 kg/m2. Patient 3 
wasa 57 years old male with a BMI of 28 kg/m2. Patients 1 and 2 
hadlong standing AF (>24 months) while patient 3 had AF for 6 
months before surgery. The study was approved by the local ethics 
committee and patients signed an informed consent. The samples 
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Abstract
Atrial fibrillation, characterized by rapid disorganized electrical activation of myocardium, is caused by and accompanied by remodeling 

of myocardial tissue. We applied nonlinear optical microscopy (NLOM) to visualize typical myocardial features and atrial fibrillation effects in 
order to test anon-destructive imaging technology that in principle can be applied in vivo.Coherent anti-Stokes Raman scattering, endogenous 
two-photon excited fluorescence, and second harmonic generation were used to inspect unstained human atrial myocardium from three 
patients who underwent surgical Cox-MAZE procedure with amputation of left atrial appendage. Using NLOM techniques, we collected detail-
rich pictures of unstained tissue that enable comprehensive characterization of myocardial characteristics like myocyte structure, collagen 
and lipofuscin deposition, intercalating disc width, and fatty degradation.

Development of in vivo application of the NLOM technique may represent a revolutionary approach in characterizing atrial fibrillation 
associated myocardial remodeling with important implications for therapy individualization and monitoring.
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were washed in phosphate buffered saline to remove blood, fixed 
in 4% paraformaldehyde, stored at 4°C in the dark, and processed 
within two weeks.
Nonlinear optical microscopy

For NLOM, samples were sliced into stripes of about 1mm and 
placed on glass slides. Drying of the samples during measurements 
was avoided by a drop of phosphate buffered saline. NLOM was 
performed using laser excitation provided by two ultrafast Erbium 
fiber sources with repetition rate of 40 MHz. The pump beam laser 
(Femto Fiber pro NIR from Toptica Photonics AG, Gräfelfing, 
Germany) emitted at 781.5 nm with pulse duration of 1.2 ps. The 
Stokes beam laser used to excite the CARS signal (Femto Fiber pro 
TNIR from Toptica Photonics AG) was set to 1005 nm and had 
pulse duration of 0.8 ps. A multiphoton microscope Axio Examiner 
Z.1 coupled to a scanning module LSM 7 (Carl Zeiss AG, Jena,
Germany) was used. A water-immersion 20x apochromatic objective
with numerical aperture NA= 1.00 was used. Pump laser power in the 
sample was 45 mW, Stokes laser power was 0.6 mW. All signals were
acquired in reflection configuration using non-descanned detection.
The CARS signal was selected using a band pass filter centered on
640 nm with bandwidth of 7 nm. The TPEF signal was acquired in
the spectral range 500–550 nm. The SHG signal was selected with a
band pass filter centered at 390 nm and bandwidth of 18 nm. 8-bit
images were simultaneously acquired for CARS, TPEF and SHG,
and then merged in RGB images by coding CARS in red, TPEF in
green and SHG in blue. Single field-of view images were acquired
with pixel dimension of 0.1 µm, pixel dwell time of 0.4 µs, and 8
averages in order to reduce the noise. For images larger than the
field of view, a mosaic was produced with tiling procedure followed
by stitching, using functions embedded in the microscope software
ZEN (Carl Zeiss AG, Jena, Germany). Z-stacks were acquired in
order to comply with lack of sample planarity, and maximum intensity 
projections of single tile z-stacks were used to build final images.
Results

A mosaic of an unstained transmural section of left atrial 
appendage myocardium was prepared to demonstrate the potential 
of NLOM techniques[Figure 1]. Endocardium, myocardium and 
epicardium were visualized at once by simultaneously generated 
CARS, endogenous TPEF and SHG signals[Figure 1a]. Detection 
of SHG alone enabled the analysis of disorganized collagen-rich 
structures and provided a detailed overview of the myocardium 
morphologywith an apparent myofibril orientation change in the 
middle of the myocardial wall [Figure 1b] and [Figure 1c]. 

We further more analyzed atrial cardiomyocytes in detail and 
observed striation patterns, cell nuclei(which do not produce intense 
CARS, TPEF or SHG signals whereas they were visible as darker 
oval bodies), intercalated discs, and a massive accumulation of 
fluorescent proteins close to the nuclei[Figure 2]. We focused on 
the intercalated discs[Figure 3] which had an apparent width of 1.0 
µm (median of n = 36, 25% percentile = 0.8µm, 75% percentile = 
1.1µm, min = 0.7 µm, max = 2.3 µm)on the CARS images, without 
significant differences among the analyzed patients. Erythrocytes 
(RBC) localized in small capillaries with diameters of 5-7 µm were 
also identified by CARS [Figure 3]. Atrial myocardial bundles were 
also analyzed in cross section [Figure 4]. We observed thin layers 
of collagen covering the myocyte bundles, peri-nuclear fluorescent 
protein accumulations, collagen fibers and interstitial lipid droplets 
with a size of 14 and 17µm. In [Figure 5] typical features of fibrotic 
remodelingare displayed: increased collagen amount, disorganized 
elastic fibers, endo-myocardial adipocytes with diameters of 70-
100 µm. We finally used SHG microscopy to analyze AF related 

Figure 2:

Analysis of unstained atrial cardiomyocytes from patient 1using 
CARS (red), endogenous TPEF (green) and SHG (blue). Lipofuscin 
close to the nuclei is detected by both CARS and TPEF, resulting in 
mixed image colors. ID: intercalating disk.

Figure 1:

A mosaic of an unstained transmural section of left atrial 
appendage myocardiumfrom patient 2demonstrating the potential 
of NLOM. (a) Endocardium, myocardium and epicardium are 
visualized using CARS (red), endogenous TPEF (green) and SHG 
(blue). (b) Analysis of collagen and myocytes distribution using 
SHG (white). (c) Myofibrils orientation and fibrotic remodeling 
in magnification. The mosaic image was obtained by tiling and 
stitching of 54 single field-of-view images, each obtained from 
maximum intensity projection of 22 image planes 10 µm apart. 
The mosaic image is 3.7 megapixel large. Total acquisition time 
was about 10 min.

pathological cardiomyocyte characteristics (figure 6 b) and a virtually 
intact region [Figure 6a]. Well-defined parallel orientation of 
cardiomyocytes [Figure 6a] was found as well as degenerative breakup 
of structure and increased interstitial space where cardiomyocytes 
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artifacts[16],[17].
With our feasibility study we aimed to demonstrate the potential 

of NLOM technologies in visualization of established physiological 
and pathological myocardial features. We visualized myocardium 

Figure 3:

Visualization of intercalating discs in atrial appendage myocardium 
from patient 3using CARS (red), endogenous TPEF (green) and 
SHG (blue). (a) Image showing the intercalating discs (arrows). 
(b) Same sample as in (a), acquired on a different plane (12 µm 
above), with high magnified details of an intercalating disc. RBC 
= red blood cells.

lost direct contact, and diffuse collagen fiber bundles marked fibrotic 
alterations [Figure 6b].
Discussion

Momentarily, cardiomyocytes and myocardium are characterized 
using fixed thin sample slices which are stained and then visualized 
using light microscopy or confocal microscopy. Another important 
technique enabling very detailed analysis is electron-microscopy[19]. 
All these techniques demand for pre-processing and are prone to 

Figure 4:

Analysis of unstained atrial cardiomyocytesfrom patient 3 in cross 
section using CARS (red), endogenous TPEF (green) and SHG 
(blue). White arrows indicate small capillaries with a diameter of 
5-7 µm.

Figure 5:

Analysis of a transmural section of atrial myocardium from patient 
3showing typical characteristics of fibrotic remodeling using 
CARS (red), endogenous TPEF (green) and SHG (blue). The mosaic 
image was obtained by tiling and stitching of 60 single field-of-
view images, each obtained from maximum intensity projection of 
21 image planes 10 µm apart. The mosaic image is 6.5 megapixels 
large. Total acquisition time was about 18 min.
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techniques which momentarily enable visualization down to 200 µm 
depth. Indeed NLOM imaging requires sophisticated set up and 
is therefore not yet implemented in clinics. Nevertheless, in-vivo 
application is feasible[27] and development of clinical application in 
cancerous disease of lung, cervix, skin and gastrointestinal system is 
recommended[28]. Several groups already work on miniaturization of 
the technology to transfer it to the clinical application. They report 
the development of a handheld prototype of a miniature multimodal 
CARS microscopefor in vivo imaging[29],[30] as well as fiber-based 
CARS microendoscope[31],[32]. A wearable SHG microscope was 
also presented[33]. With regards to AF SHG might be the most 
promising technology for in vivo imaging offibrotic myocardial 
alterations which are momentarily hardly detectable. Pathological 
low voltage areas in the atria which are detectable during catheter 
examinations[9] are regarded to reflect fibrotic remodeling and 
ablation strategies are already adapted to these findings. We assume 
that the direct visualization of amounts of collagen indicative for 
fibrotic remodeling located in low voltage areas would substantially 
improve the understanding of AF progression. It is not clear whether 
tissue remodeling and low voltage areas colocalize and by which 
extent the atrial myocardial wall is affected when low voltage areas 
are detected. Detailed information could help to further adapt the 
ablation strategy and to monitor the ablation effect.
Limitations

The study is of preliminary character and was done to test the 
suitability of NLOM imaging for cardiac disease involving myocardial 
remodeling. We selected representative images from samples of three 
patients with persistent AF. We neither compared these patients 
with each other or healthy individuals nor did we try to detect novel 
features of pathological alterations. This was beyond the scope of the 
study. 
Conclusion

We show that a combination of the NLOM techniques CARS, 
SHG and TPEF is very suitable to characterize myocardial 
remodeling related to AF at macroscopic and cellular level and is 
at least equal to standard histological characterization without their 
drawbacks. Consequently, ambitious development of in vivo NLOM 
technique represents a revolutionary approach with important 
implications for basic research and individualized therapy.
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Introduction
Atrial fibrillation (AF) is associated with increased mortality, 

congestive heart failure, and stroke. Catheter ablation (CA) has been 
established as a treatment option for patients with symptomatic, 
drug-refractory AF, with the best results obtained in patients with 
paroxysmal AF (PAF). In these patients, AF is usually related to the 
presence of triggers in the pulmonary veins; therefore, the generation 
of circumferential lesions around veins to electrically isolate themis 
the cornerstone treatment.

Results of CA in patients with persistent AF are less satisfactory[1]. 
Pulmonary vein isolation (PVI) is still central; however, recurrent 
and chronic AF induces progressive electrical and tissue structural 
remodeling, thus making AF a self-perpetuating disease[2]. To 
interrupt this process, addition of a substrate based ablation approach 
has been proposed; the two most common techniques used are 
linear lesions in the left atrium (LA) and focal ablation of complex 
fractionated atrial electrograms (CFAEs).

Linear lesions applied on the left atria roof and on the mitral 
isthmus are intended to modify the arrhythmogenic LA substrate 
and atrial macro-re-entrant circuits involved in maintenance of AF. 
Several studies have reported that these improve the efficacy of the 
procedure[3],[4]; however, if the lines are not electrically continuous, 
atrial tachycardias may develop. CFAEs are thought to indicate 
sites of conduction slowing or block, wavefront collision or anchor 
points for reentrant circuits. Several groups have reported improved 
outcomes using this technique in addition to PVI[5], but an important 
limitation is that CFAEs are largely identified by visual inspection 
and therefore dependent on operator judgement.The STAR AF 
trial[6]  in high-burden paroxysmal/persistent AF, showed that PVI 
plus CFAE ablation had the highest freedom from AF vs. PVI or 
CFAE ablation alone after one or two procedures. However, STAR-
II AF[7], this ttime in solely persistent AF patients, contradicted 
these results, finding no difference in freedom for AF at 1 year 
between PVI alone, PVI + lines or PVI + CFAE ablation strategies, 
a finding subsequently replicated by other studies[8]. There is little 
data to support similar outcomes in long standing persistent AF, ie 
that lasting over 1 year in duration.The HRS/EHRA/ECAS Expert 
Consensus Statement on Catheter and Surgical Ablation of Atrial 
Fibrillation from 2007[9] states that ‘operators should consider more 
extensive ablation based on linear lesions or complex fractionated 
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Abstract
Aim: There is controversy and sparse data on whether substrate based techniques in addition to pulmonary vein isolation (PVI) confer benefit in the 

catheter ablation of persistent atrial fibrillation (AF), especially if long standing. We performed an observational study to assess whether substrate based 
ablation improved freedom from atrial arrhythmia.

Methods: A total of 286 patients undergoing first ablation procedures for persistent AF with PVI only(n = 79), PVI plus linear ablation(n = 85), or PVI plus 
complex fractionated electrogram (CFAE) and linear ablation(n = 107) were followed. Primary end point was freedom from atrial arrhythmia at one year.

Results: Mean duration of pre-procedure time in AF was 28+/-27 months.There were no differences in baseline characteristics between groups except a 
higher proportion of patients with a severely dilated LA in those receiving PVI+CFAEs+lines. Freedom from atrial arrhythmia was higher with a PVI+CFAE+lines 
strategy then for PVI alone (HR 1.56, 95% CI: 1.04-2.34, p=0.032) but was not higher with PVI+lines. Benefit of substrate modification was conferred for pre-
procedure times in AF of over 30 months. The occurrence of atrial tachycardia was higher when lines were added to the ablation strategy (HR 0.08, 95% CI: 
0.01-0.59, p=0.014). Freedom from atrial arrhythmia at 1 year was higher with lower patient age, use of general anaesthetic (GA), normal or mildly dilated 
left atrium and decreasing time in AF.

Conclusions:In patients with long standing persistent AF of over 30 months duration,CFAE ablation resulted in improved freedom from atrial arrhythmia. 
Increased freedom from atrial arrhythmia occurs in patients who are younger and have smaller atria, and with GA procedures. Linear ablation did not 
improve outcome and resulted in a higher incidence of atrial tachycardia.
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electrograms’ for ablation of persistent AF. However, in the light 
of recent evidence backing a PVI strategy alone[7],[10], we assessed 
the role of substrate modification in patients with long standing 
persistent AF. We also assessed the patient factors which could affect 
the outcome after ablation.

Material and methods
Study Design

This was an analysis of prospectively kept data of all cases of first 
catheter ablation for persistent AF ablation from the beginning of 
2008 to the end of 2013 in a single large-volume centre. The study 
was approved by local ethics committee. Cases were excluded if 
they had had a previous ablation for either paroxysmal or persistent 
AF. All patients were over 18 years of age and all had symptomatic 
persistent AF (of over 7 days duration) refractory to at least one 
anti-arrhythmic agent. All patients were anticoagulated for at least 
1 month pre-procedure and 3 months post-procedure, and given 
heparin to maintain an ACT of 300-350s during the procedure. PVI 
was performed by a point-by-point technique using Carto (Biosense 
Webster) or Ensite NavX (St Jude Medical) guidance. The endpoint 
was PVI isolation confirmed by abolition of PV potentials. In patients 
undergoing substrate ablation, either linear ablation, CFAE ablation 
or both were undertaken using Carto or Ensite NavX guidance. 
Effective linear ablation was confirmed by bidirectional block across 
the roof of the LA and around the mitral valve isthmus tested by 
differential pacing techniques. CFAEs were defined as electrograms 
having a very short cycle length or fractionation composed of at 
least two deflections or perturbation of the baseline with continuous 
deflection of a prolonged activation complex[11]. CFAE detection was 
by visual inspection; automated software was not employed. CFAE 
ablation endpoint was the elimination of all CFAE sites identified in 
the LA and coronary sinus. Atrial tachycardiasthat occurred during 
the procedure were mapped and appropriate ablation performed. If 
the patients were in AF or an atrial tachycardia at the end of the 
procedure, they were cardioverted.

The strategy for ablation was operator based. The individual 
operators always followed a set strategy of either PVI only or PVI 
with substrate modification. The ablation strategy was not based on 
patient characteristics.

Data was collected of the patient demographics, of the ablation 
strategy and of the clinical outcome. Clinical assessments, 12 lead 
ECGs and and, if necessary, Holter or event monitors were obtained 
at baseline and at 3, 6, 12 and 18 months after the ablation.

Study outcomes
The primary study outcome was freedom from any documented 

episode of atrial arrhythmia (AF,atrial flutter or atrial tachycardia) 
at 1 year, lasting longer than 30s, occurring after the performance of 
first ablation procedures, with or without the use of anti-arrhythmic 
medications.

Atrial arrhythmia within an initial 3 months blanking period 
after ablation was not counted, in accordance with the guidelines[9]. 
An episode of atrial arrhythmia was considered part of the primary 
outcome analyses if it lasted longer than 30 s and was documented 

by any form of monitoring, regardless of symptoms. Patients who 
completed fewer than 3 months of follow-up and thus did not 
complete the blanking period were excluded from end-point analysis. 
Main secondary outcomes included freedom from organised atrial 
arrhythmia (including atrial flutter or atrial tachycardia) after one 
ablation procedure and freedom from atrial arrhythmia without use 
of anti-arrhythmic medication.

Statistical Analysis
We estimated a sample size of 80 per arm would be needed to 

provide 80% power (p < 0.05, 1 sided) to detect a 50% change in the 
hazard ratio (HR) between groups, assuming a median freedom from 
atrial arrhythmia of 12 months and a follow-up of 18 months[12].

Continuous variables are presented as mean ± standard deviation 
or median (interquartile range) for non-parametric data, and 
categorical data as counts or percentages. Analysis and comparisons 
of continuous data were performed using ANOVA, whilst the X2 
test was used to compare categorical data. Survival was estimated 
using Kaplan Meier (KM) analyses. Cox proportional-hazards-
models were used to explore univariate and multivariate predictors 
of events. Initial exploratory co-variates of age, gender, LA diameter, 
left ventricular ejection fraction (LVEF), presence of risk factors 
including hypertension, diabetes, stroke, vascular disease and 
congestive heart failure (CHF), CHA₂DS₂-VASc score, use of general 
anaesthesia (GA) vs conscious sedation, length of time in AF, and 
use of anti-arrhythmic drug post procedure were used. Multivariate 
models included terms with p-value of <0.1 at univariate analysis. A 
two-sided probability level of <0.05 was considered significant. All 
calculations were performed using SPSS 20.0 (IBM Software, USA).

Results
Patients

A total of 333 patients who had first ablations for persistent AF 
between 2008 and 2013 were identified. Of these 47 were excluded 
from the study because of: a lack of information regarding their 
procedure or follow-up (19), the procedure being abandoned before 
any ablation took place (5), the patients not in fact having the 
procedure they were labelled as having (6), the patients having had a 
prior PAF ablation (17).

Out of the 286 included patients, 79 had PVI alone, 85 had PVI 
plus lines, 15 had PVI plus CFAEs and 107 had PVI plus lines plus 
CFAEs. Lines included a roof line in all patients andan additional 
mitral isthmus line in 91 out of 192 (47%). Due to the relatively 
small number of patients undergoing PVI plus CFAEs, this group 
was excluded from further analysis as comparisons would not be 
statistically useful. Baseline characteristics were not significantly 
different between groups except LA diameter (x2 = 0.034) [Table 
1], where the proportion of patients with a severely dilated LA was 
higher in the those receiving PVI + CFAEs + lines than in the other 
groups.

  A follow-up period of up to 18 months was examined. All 
patients had clinical assessment and 12 lead ECGs performed at 
each clinic visit. If there was no documentation of atrial arrhythmia 
but the patient described any symptoms of palpitations, SOB or 
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fatigue which might be attributable to a recurrence of AF or to an 
organised atrial arrhythmia, they underwent Holter monitoring or 
event monitoring to achieve ECG documentation of a symptomatic 
episode. In total, 63 patients (22%) underwent Holter monitoring, 14 
at 3 months, 31 at 6 months, 13 at 12 months and 11 at 18 months 
(some patients had Holter monitoring on more than one occasion). 
In 3 patients, Holter monitoring failed to capture a symptomatic 
episode, and they therefore underwent event monitoring. There were 
no significant differences between ablation strategy groups in the 
proportion of patients undergoing Holter/event monitoring (PVI 
only: n = 15 (19%), PVI+lines: n = 20 (24%), PVI+CFAEs+lines: n 
= 28 (26%)).

PVI alone PVI + Lines PVI + Lines + CFAEs

Characteristic Number 79 85 107

Age - yr 59 +/- 9 59 +/- 10 59 +/- 9

Male sex - no (%) 60 (76) 71 (84) 95 (89)

Procedure time - min 176 +/- 38 186 +/- 37 191 +/- 39

Fluoroscopy time - min 39 +/- 19 41 +/- 25 36 +/- 24

Ablation time - s 2015 +/- 1333 2716 +/- 1224 2771 +/- 1446

GA - no (%) 12 (15) 9 (11) 17 (16)

Time in persistent AF - months 30 +/- 27 27 +/- 26 28 +/- 29

Medical history - no (%) Hypertension 31 (39) 33 (39) 34 (32)

Diabetes 1 (1) 8 (9) 9 (8)

Vascular disease 9 (11) 14 (16) 9 (8)

Stroke/TIA 3 (4) 7 (8) 9 (8)

Heart failure 9 (11) 5 (6) 9 (8)

CHA2DS2-VASc score - n (%) 0 35 (44) 30 (35) 48 (45)

1 29 (37) 24 (28) 29 (27)

2 11 (14) 19 (22) 16 (15)

>2 4 (5) 12 (15) 14 (13)

Baseline medications - n (%) Beta-blocker 34 (43) 41 (48) 39 (36)

Ca channel blocker 7 (9) 5 (6) 8 (7)

Flecainide 23 (29) 19 (22) 23 (21)

Amiodarone 16 (20) 14 (16) 14 (13)

Dronedarone 2 (3) 0 (0) 2 (2)

Sotolol 7 (9) 8 (9) 16 (15)

Flecainide 23 (29) 19 (22) 23 (21)

LA diameter - n (%) normal 45 (57) 41 (48) 51 (48)

mildly dilated 21 (27) 26 (31) 30 (28)

moderately dilated 11 (14) 16 (19) 13 (12)

severely dilated 2 (3) 2 (2) 13 (12)*

EF - n (%) normal 62 (79) 59 (69) 76 (71)

mildly impaired 10 (13) 11 (13) 16 (15)

moderately impaired 4 (5) 11 (13) 10 (9)

severely impaired 3 (4) 4 (5) 5 (5)

Primary outcome
 At 12 months, freedom from any atrial arrhythmia (AF, atrial 

flutter or atrial tachycardia) lasting longer than 30s after one ablation 
procedure, with or without the use of anti-arrhythmic medications, 
was present in 29% of patients who underwent pulmonary vein 
isolation alone, 38% who underwent isolation plus lines, and 46% 
who underwent isolation plus lines plus CFAEs [Table 2].

In the 174 patients with recurrence of atrial arrhythmia, 51 were 
diagnosed through Holter/event monitoring (PVI only: n = 17 of 52 
(33%), PVI+lines: n = 13 of 56 (23%), PVI+CFAEs+lines: n = 21 of 
66 (32%)), and the remainder through a 12 lead ECG undertaken in 
clinic or by the patient’s family doctor.

Table 1: Characteristics of patients included in the study. Plus–minus values are means ±SD. For non-parametric data, median (interquartile range) is 
given.

* denotes significant difference between groups (see main text). 
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Secondary out comes
 The freedom from atrial flutter or tachycardia was lower with a PVI 
plus lines strategy (HR 0.080, 95% CI: 0.01 to 0.59, p = 0.014) or 

There was no difference in freedom from atrial arrhythmia between 
PVI alone vs PVI plus lines (p = 0.879). The freedom from atrial 

PVI alone (n 
= 79) 

PVI + Lines (n 
= 85) 

PVI + Lines + 
CFAEs (n = 107)

Freedom from any atrial 
arrhythmia at 1 yr (%) 

27 (29) 29 (38) 41 (46)

Freedom from atrial flutter or 
tachycardia at 1 yr (%) 

67 (97) 61 (84) 75 (83)

Table 3:  Factors influencing freedom from atrial arrhythmia at 1 year.Bold 
text denotes significant difference between groups (see main text)

Univariate Multivariate

Predictors HR 95% CI p-value HR 95% CI p-value

Age /year 0.983 0.996 - 1.000 0.051 0.960 0.96 - 0.99 0.012

Gender - male 0.797 0.542 - 1.173 0.250

Normal/mildly 
dilated LA 

1.460 1.017 - 2.083 0.033 1.510 1.020 – 2.273 0.041

Normal LV 
function 

1.170 0.851 – 1.608 0.334

Hypertension 1.054 0.683 - 1.32 0.756 

Diabetes 0.884 0.577 - 2.218 0.721 

Stroke 0.706 0.663 - 3.024 0.366

Vascular disease 0.604 0.540 - 3.704 0.386 

CHF 1.302 0.451 - 1.31 0.333 

CHA2DS2-VASc 
score ≥□□ 

0.807 0.559 – 1.166 0.254 

Use of GA 1.721 0.378 – 0.892 0.013 1.600 1.01 - 2.55 0.048

Length of time in 
AF/months 

0.995 0.999 - 1.011 0.086 0.995 0.990 - 1.000 0.041

Anti-arrhythmic 
post-procedure 

1.039 0.994 – 1.086 0.091 1.287 0.814 – 2.033 0.280

PVI+lines vs PVI 
only 

1.031 0.693 – 1.443 0.879

PVI+CFAE+lines 
vs PVI only 

1.558 1.038 – 2.336 0.032 1.610 1.04 - 2.49 0.022

PVI+CFAE+lines 
vs PVI+lines 

1.508 1.012 – 2.247 0.043 1.374 0.881 – 2.141 0.161

Figure 1: Kaplan Meier survival curves depicting freedom from atrial 
arrhythmia recurrence after one ablation procedure.

arrhythmia was higher with a PVI plus CFAE plus lines strategy 
then for a PVI plus lines strategy (HR 1.51, 95% CI: 1.01 to 2.25, 
p = 0.043) or PVI alone (HR 1.56, 95% CI: 1.04 to 2.34, p = 0.032)
[Figure 1].

Figure 2:
Kaplan Meier survival curves depicting freedom from occurrence 
of organised atrial arrhythmia (atrial flutter or atrial tachycardia) 
after one ablation procedure for persistent AF.

Table 4:
Factors influencing freedom from atrial flutter or tachycardia at 1 
year. Bold text denotes significant difference between groups (see 
main text)

Univariate Multivariate

Predictors HR 95% CI p-value HR 95% CI p-value

Age /year 0.980 0.942 – 1.021 0.348 

Gender - male 0.622 0.218 - 1.779 0.372 

Normal/mildly 
dilated LA 

1.018 0.439 – 2.364 0.967 

Normal LV 
function 

1.248 0.615 – 2.351 0.540 

Hypertension 0.439 0.216 - 0.891 0.023 0.634 0.222 – 1.812 0.395

Diabetes 0.452 0.158 – 1.292 0.139

Stroke 0.997 0.238 - 4.177 0.996 

Vascular disease 0.844 0.633 – 2.143 0.886

CHF 0.819 0.249 - 2.693 0.741

CHA2DS2-VASc 
score ≥□□  

0.314 0.155 – 0.635 0.001 0.571 0.150 - 2.169 0.410

Use of GA 2.268 1.101 – 4.673 0.026 3.125 1.076 – 9.091 0.036

Length of time in 
AF/months 

1.000 0.987 - 1.014 0.915 

Anti-arrhythmic 
post-procedure 

1.139 0.558 - 2.325 0.720 

PVI+lines vs PVI 
only 

0.077 0.010 – 0.592 0.014 0.160 0.340 - 0.710 0.016

PVI+CFAE+lines 
vs PVI only 

0.078 0.010 – 0.587 0.013 0.074 0.010 – 0.562 0.012

PVI+CFAE+lines 
vs PVI only 

0.078 0.010 – 0.587 0.013 0.074 0.010 – 0.562 0.012

a PVI plus lines plus CFAEs strategy (HR 0.078, 95% CI: 0.01 to 
0.59, p = 0.013) than for PVI alone [Table 2]; [Figure 2]. There was 
no difference in outcome between PVI + Lines vs PVI + CFAE + 
Lines (HR 0.97, 95% CI: 0.49 to 2.02, p = 0.941).
Adverse events

Table 2: Outcome as a function of type of procedure.
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with persistent AF for over 30 months (n = 112), vs the rest. This 
demonstrated that there was no significant benefit in additional 
ablation techniques over PVI isolation in those who had AF for 
under 30 months (p = 0.295). However, the benefit in PVI + CFAE + 
lines ablation persisted for those for had had AF for over 30 months 
pre-procedure HR = 1.82, 95% CI 1.00 to 3.33, p = 0.041) [Figure 3].

Discussion
This is an observational study of persistent AF ablation in a single 

large-volume centre. The majority of patients had long standing 
persistent AF (ie persistent AF for > 1 year) by the time they came 
for ablation. Freedom from atrial arrhythmia was higher with a PVI 
plus CFAE plus lines strategy than for a PVI plus lines strategy or 
PVI alone. Furthermore, there was no difference in freedom from 
atrial arrhythmia between PVI alone vs PVI plus lines. These results 
suggest a possible role for CFAE ablation in addition to PVI but not 
linear ablation. On sub-analysis, this effect was only significant for 
patients that had been in AF for over 30 months.

It is interesting that these results contradict those of Star-II AF and 
some recent studies[7],[8],[13]. The reason is likely to lie in the differing 
demographic of the patient population, especially the duration of AF 
prior to the ablation. In the Star-II AF trial, only 70-80% were in 
persistent AF for over 6 months, and for those not in constant AF for 
over 6 months the AF burden at baseline was relatively low at 80-85 
hours/month. 95% of the patients in our study had been in persistent 
AF for over 6 months, and the median duration of persistent AF 
was 18 months. AF is perpetuated by electro anatomic remodeling 
which develops as AF progresses over time. This may involve atrial 
dilatation, interstitial fibrosis, uncoupling and loss of myofibrils, 
deposition of extracellular matrix, loss of gap junctions, and resultant 
anisotropy and conduction slowing and block and refractory period 
heterogeneity. Therefore patients with long standing persistent 
AF, abnormal substrate may have a stronger role to play in AF 
maintenance than simple triggers targeted primarily by PVI, and a 
substrate based approach may be beneficial.

Our study also demonstrated that the addition of linear ablation 
results in a higher propensity to post-procedure organised atrial 
arrhythmias. The incidence of post-procedure atrial flutter or 
tachycardia was not significantly worse with CFAE ablation plus 
lines plus PVI over PVI plus lines.

We have demonstrated worse outcomes in terms of freedom from 
AF with increasing age, duration of persistent AF and LA size. There 
is a lack of randomized control trials focusing on the elderly group 
to measure the outcomes of catheter ablation. Single centre studies 
mostly examining PAF ablation have not demonstrated a significant 
difference in outcome with age[14], [15] although a higher percentage of 
patients required anti-arrhythmic drugs to maintain sinus rhythm[15]. 
It is recognised that diastolic LV dysfunction, a condition that is 
well-linked with aging, leads to increased atrial filling pressures and 
wall stretch, ultimately associated with atrial fibrosis and remodeling, 
which make AF more likely to persist[16]. Our study suggests that 
elderly patients with very long standing persistent AF are less likely 
to gain benefit.

  1 groin haematoma occurred in patients undergoing PVI only; 1 
tamponade and 1 stroke occurred in patients undergoing a PVI plus 
lines strategy; and 2 tamponades, 1 stroke, 1 groin haematoma and 
1 reactive pericardial effusion occurred in patients undergoing a PVI 
+ CFAEs + lines strategy. There were a further 5 cases that were
hindered by problems with sedation, with patients becoming agitated
or with uncontrolled pain; these were split between PVI alone (2),
PVI plus lines (1) and PVI plus CFAEs (2).

Subgroup analysis
Freedom from any atrial arrhythmia and freedom from atrial 

flutter or tachycardia was analysed stratified by age, gender, whether 
GA was used, presence of risk factors including stroke, diabetes, 
CHF, hypertension and PVD, CHA₂DS₂-VASc score, LA diameter, 
EF, time in AF, and whether an anti-arrhythmic (amiodarone, 
dronedarone, flecainide or sotolol) was used post procedure.
dronedarone, flecainide or sotolol) was used post procedure.

Univariate Cox regression analysis found the following factors 
to decrease likelihood of freedom from atrial arrhythmia at the p 
< 0.1  level [Table 3]: increasing age, use of conscious sedation over 
GA, moderately or severely dilated LA, increasing time in AF pre-
procedure and no use of an antiarrhythmic drug post procedure. In 
multivariate analysis, there was lower freedom from atrial arrhythmia 
with a PVI alone strategy than for PVI plus CFAE plus lines, as well 
as for increasing age, use of conscious sedation over GA, moderately 
or severely dilated LA and increasing time in AF pre-procedure.

In univariate analysis the following factors decreased the likelihood 
of freedom from atrial flutter or tachycardia occurring post AF 
ablation at the p < 0.1 level [Table 4] : use of conscious sedation over 
GA, presence of hypertension and CHA₂DS₂-VASc score of ≥2. In 
multivariate analysis, the freedom from atrial flutter or tachycardia 
was lower for PVI plus lines or PVI plus lines plus CFAEs than with 
a PVI only strategy than, as well as for use of conscious sedation over 
GA. 

 The time in AF pre-procedure was greater in our patients 
(median = 18, interquartile range = 25 months) than in most studies 
examining catheter ablation of persistent AF[7]. In order to examine 
this more closely, KM curves were generated stratified into patients 

Figure 3:
Kaplan Meier survival curves depicting freedom from atrial 
arrhythmia after one ablation procedure in patients with persistent 
AF lasting over 30 months before their procedure.
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Based on our findings, and bearing in mind the increased risk 

of ablation related complications and slightly higher incidence of 
post procedure regular atrial tachycardia and atrial flutter, we would 
suggest consideration of the addition of CFAE ablation to PVI in 
patients with long standing persistent AF, and especially in those with 
persistent AF for over 30 months. We have not demonstrated any 
benefit in linear ablation over PVI alone, and linear ablation resulted 
in a higher incidence of organised atrial arrhythmia. In selecting 
patients who might derive most benefit from persistent AF ablation, 
we would suggest selecting those who are younger and with smaller 
LA. We would recommend the use of GA over conscious sedation. 
In our region, there is a significant time from onset of AF to ablation. 
This is due to a variety of factors, which could be potentially reduced 
by educating patients so that a diagnosis is reached quicker, direct 
referral to electro physiologists, and reducing clinic and procedure 
waiting times. 
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It has been recognised for some time that increased LA size is a 
predictor for AF recurrence[17]. Specifically, our study would suggest 
that targeting ablation for patients with normal or mildly dilated LAs 
would be more effective. We did not find any significant deterioration 
in outcome with increasing co-morbidities or CHA₂DS₂-VASc score.

Initially there was benefit from the addition of an anti-arrhythmic 
drug post-procedure, but this did not confer long term benefit. 
Previous studies in paroxysmal AF have suggested the addition of 
anti-arrhythmics are beneficial in the first weeks following ablation 
but have failed to demonstrate long term benefit[18],[19].

   We found that outcome of ablation is improved if the procedure 
had been conducted under GA rather than conscious sedation. There 
is emerging evidence that GA may improveoutcome, whilst reducing 
fluoroscopy and procedure times[20]. This may be due to patient 
immobility, improved accuracy of mapping, and catheter stability, 
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and optimizing lesion quality. There has been concern that atrio-
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patient factors. There was insufficient number of patients in the PVI 
+ CFAE arm to provide adequate power for analysis of the group
in a meaningful way to the other groups. In some areas it would
have been useful to have more robust data collection, for example on
adverse events, particularly for vascular access complications. Only
22% of the study population underwent long term ECG monitoring, 
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Introduction
Pulmonary vein isolation (PVI) using trans-catheter   Radiofrequency 

ablation (RFA) is the standard of care for the management of atrial 
fibrillation (AF), especially in symptomatic patients with high AF 
burden[1]-[3]. Although relatively safe, AF ablation is associated with 
some serious esophageal complications due to the proximity to the 
left posterior atrial wall and PV ostia. Such complications include 
atrioesophageal fistulae, esophageal erythema, esophageal ulcerations 
and periesohageal nerve injury, collectively referred to as esophageal 
thermal lesions/Injuries (ETL/ETI)[4]-[7]. Incidence of esophageal 
thermal injuries (ETI) is reported around 20%[8] In an effort to 
achieve effective and long lasting electrical isolation of pulmonary 
veins (PV), high temperatures are usually reached during the ablation 
process which can conduct to the esophageal wall, thereby leading 
to different injuries. Interestingly, atrioesophageal fistula (AEF) 
usually develops after a period of 2-3 weeks after the procedure as 
the lesions mature, andatrioesophageal fistula is a life threatening 
complication[4]. Thus, strategies to prevent such complications are 
always actively sought by electrophysiologists (EP). Two commonly 
applied strategies to avert these undesirable complications during 
RFA are-accurate localization of the esophagus and continuous 
monitoring of the effects of ablation on the esophagus. The latter is 
achieved by use of an esophageal temperature monitoring (ETM) 

probe during the procedure. However, there has been a recent trend 
towards the use of General Purpose (GP) probes(esophageal/rectal 
probes)  instead of conventional Esophageal Stethoscope (ES) to 
monitor esophageal luminal temperature (ELT) due to a notion that 
these probes are more sensitive. Such substitution can be wrought 
with complications as we describe in the case below.

Case
68 year old male with past medical history of coronary artery 

disease, hypertension (HTN), hyperlipidemia, obstructive sleep 
apnea (OSA), and recurrent AF status post ablation presented to 
the hospital for repeat RFAprocedure. As part of the procedure, 
patient hada GP (esophageal/rectal)probe placed in his esophagus 
to monitor ELT. But given the flimsiness of GP(esophageal/rectal 
probes) probe, a 30F nasal trumpet was inserted into the mouth as 
a sheath to guide the temperature probe into the esophagus. After 
unsuccessful placement due to coiling of the probe in the oropharynx, 
a small 5-0 F endotracheal tube (ET)was subsequently used due 
to its more rigid structure and length. Successful placement was 
confirmed by fluoroscopy and the procedure continued. During the 
procedure, the temperature probe is advanced and withdrawn for 
precise monitoring. RFA procedure was completed successfully but it 
was discovered that the ET had migrated into the esophagus when 
the surgical drapes were removed. The tube could not be visualized 
with direct and video laryngoscopy. The views were also obstructed 
due to the significant amount of barium in the oropharynx (used for 
the procedure).

Fluoroscopy localized the endotracheal tube within the thoracic 
region. Upper gastrointestinal (UGI) endoscopy was done to retrieve 
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esophagus due to the close proximity of later. Use of Esophageal/Rectal temperature monitoring probes have become a standard practice 
now during these procedures in order to prevent such complications. However these probes need small introducer sheaths in order to guide 
them into the esophagus without coiling. Due to the small size of these sheaths, they can easily get dislodged into the trachea or esophagus 
and cause serious complications including mucosal lacerations.
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In the process of retrieving the ET, further mucosal injury of the 
esophagus incurred. Post procedure endoscopy demonstrated a deep, 
partial-thickness laceration of the proximal esophagus with no signs 
of active bleeding. Patient was kept in the hospital for an additional 
24 hours and was discharged in stable condition.

Discussion
ELT monitoring has become a standard practice during the RFA 

procedure for AF in an effort to avoid ETI, especially life threatening 
AEF. Modern RFA techniques for AF have achieved higher success 
ratesalong with a reduction in pulmonary vein stenosis, albeit with 
an increased risk for AEF[3].Using the esophageal temperature 

the ET. The proximal end of the ET was visualized just below the 
cricopharygeus and had caused a mucosal injury with a partial 
disruption underneath the upper esophageal sphincter [Figure 1].

use during catheter ablation procedures for AF. Some clinicians and 
institutions have taken a step further and are using GP(esophageal/
rectal probes) probes, originally designed for rectal/nasopharyngeal 
temperature monitoring, in place of conventional ES for ELT 
monitoring during AF ablation procedures. The rationale provided 
is that these GP(esophageal/rectal probes)probes are more sensitive 
to temperature changes than ES. However,due to their inherent 
flimsiness, GP(esophageal/rectal probes)probes often need a sheath 
to guide them into the esophagus. Usually a 30F nasal trumpet or a 
small 5-0 F ET is used for such purposes [Figure 2A and 2B].Such 
practice can result in serious adverse events if these devices (sheaths) 
migrate toward the trachea or esophagus while manipulating the 
temperature probe, as happened in our case.

Conclusion
The trend of using GP(esophageal/rectal probes)probes for 

esophageal monitoring should be reviewed in order to find a 
reasonable rationale, backed with substantial evidence, for their use. 
If their use is rational,then efforts should be made to design sheaths 
to allow safe and easy manipulation of such probes in and out of the 
esophagus during the procedure. Meanwhile, great caution should 
be exercised at present while we continue to use small ET tubes as 
sheaths for such probes to avoid serious adverse consequences.   
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monitoring system, ablation is controlled by setting an upper limit to 
the esophageal intraluminal temperature. Ablation is stopped anytime 
temperature monitor hits that point and is resumed at a lower energy. 
The set upper limit temperature varies (39-41 C) between different 
institutions, clinicians and with patient characteristics[9]. Off note, 
the utility of these temperature monitoring probes in preventing 
esophageal injuries is still debated with some studies even showing 
that the use of these probes, in the setting of RFA, are associated with 
esophageal injuries[10]. General consensus, however, still favors their 

Figure 2B Showing different types of Devices used as Sheaths for General
Purpose (GP) probes ((esophageal/rectal probes)
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Introduction
Syncope is a clinical condition characterized with transient loss 

of consciousness due to cerebral hypoperfusion[1]. In the younger 
population, the vast majority of cases are associated with vasovagal 
syncope (VVS). Although there are still some debates about 
pathophysiological background of VVS, reflex mechanism consisting 
of sympathetic nervous system inhibition and subsequent excessive 
parasympathetic activity seems to be the most plausible mechanism[2]. 
Demonstration of an increase on sinus rate or atrioventricular 
conduction properties following various radiofrequency ablation 
procedures has led to the introduction of several new ideas such 
that attenuation of parasympathetic innervation might be achieved 
by endocardial radiofrequency catheter ablation and be used in the 
treatment of conditions associated with parasympathetic hyperactivity 
[3-4]. The technique is simply named as cardioneuroablation (CNA). 
Although effectivity of the technique was well documented in 
patients with cardioinhibitory type VVS, there is no clear clinical 
data about the patients with ongoing syncope after CNA. We aimed 
to define our approach in a patient with ongoing syncope complaints 
after CNA.

Case Report
A 30-year-old male had been suffering from recurrent episodes of 

syncope. On his medical recording, 25 months ago, he was admitted 
to our center with similar complaints despite of treatment with 
midodorine hydrochloride (5 mg/day). He had 6 syncope episodes 
which occurred with upright posture and prodromal symptoms in 
preceding 6 months accompanied by type 2B response according 
to the New Vasovagal Syncope International Study (VASIS) 

classification on Head-up tilt table test (HUT) [Figure 1][5]. The 
frequency of the syncopal spells was twice a week, but intensity and 
frequency of episodes considerably increased recently. The patient 
was offered pacemaker implant in another institution, however, was 
reluctant to accept and asked for a second opinion at our center. 
Before performing ablation, conventional treatment modalities 
consisting of optimal fluid intake and counter-pressure maneuvers 
were attempted. Within the scope of our previous study, the patient 
underwent CNA to attenuate the cardio-inhibitory component of 
VVS 24 months ago [Figure 2][6]. During the procedure, the three-
dimensional geometry of both atria was created by using the electro-
anatomical mapping system (EnSite Velocity, St Jude Medical, 
Sylmar, CA, USA). As defined by Pachon et al[7], the compact and 
the fibrillar atrial myocardium were detected. The potentials showing 
complex fractionated pattern with ≥ 4 deflections at filter settings 
of 300-500 Hz were considered as fibrillar atrial myocardium and 
tagged. Continuous high frequency stimulation (HFS) was then 
delivered to the presumed ganglionated plexi sites with a frequency 
of 20 Hz, amplitude of 0.1-1mA, and pulse duration of 1-10 ms for 
5 seconds per each site. Subsequently, HFS was started by applying 
progressive voltage increases until a parasympathetic response was 
induced. The sites showing a parasympathetic response were assigned 
as ablation target. RF energy was delivered with power of up to 35 
W and a maximum temperature of 43°C with a cooling rate of 18 
mL/min until elimination (<0,1 mV) of targeted electrograms and 
positive parasympathetic responses. As a routine protocol of our 
previous study, to check the real denervation achievement, atropine 
response, sinoatrial and atrioventricular nodes functions were 
evaluated before and after the procedure.

Through out 15 months following the procedure, he had been 
attending our outpatient clinic, he had no attacks of syncope without 
any medications. Ten months ago, the patient was admitted again to 
our center after two syncope episodes within 1 month. After resting 
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in a supine position for 20 minutes, the patient was tilted at an angle 
of 70 degrees for 40 minutes. Neither syncope nor hypotension was 
induced. A sublingual glyceryl trinitrate was applied with the tilt 
table at 70 degrees, his systolic blood pressure dropped from 100 to 
30 mmHg without bradycardia or asystole [Figure 3]. Within a few 
seconds, overt syncope occurred and the tilt table was immediately 
returned to a horizontal position.  

Given the vasodepressor response during HUT, we speculated that 
the episodes were partially due to vasodilatation and that CNA was 
not strong enough to prevent his syncope. Therefore, we attempted 
administration midodrine hydrochloride. The tilt table test was 
performed again with the patient taking midodrine hydrochloride 
5 mg/day and syncope was not induced even by the administration 
of sublingual nitroglycerin [Figure 4]. He was discharged with this 
medication. At the end of 9 months follow-up period, he has had no 
attacks of syncope.

Discussion
     We have described a case of resolution of recurrent syncope 
after sequential interventional and medical treatments for VVS. 
Pathophysiological nature of VVS was detected by well interpreted 
HUTs. The present case demonstrated that the major component of 
syncope or the response to HUT might change according to applied 
treatments. A similar phenomenon may be one of the reasons of 
ongoing syncope episodes despite normal functioning pacemaker. 
Thus, we considered that a well interpreted HUT may provide 
valuable clinical information in following patients who undergo 
CNA and change our approach.

Previous reports demonstrated that CNA might be an alternative 
to permanent pacemaker in well selected patients with VVS[6,8]. 
Although short-term results after CNA are promising, ratio of 
positive response may be up to 23% of patients at post-procedural 
HUTs[8]. Since the type of positive response is not clearly indicated 
in the studies, there is no clinical data on what to do next. As it 
demonstrated in the present case, syncope or prodromal symptoms 
may recur after CNA with a different mechanism. To explain the 
different types of VVS, different degrees of activation or depression 
of the autonomous nervous system are be used: (1) cardioinhibitory 
VVS is associated with an activation of the parasympathetic nervous 
system which provokes bradycardia; (2) vasodepressor VVS primarily 
originates from the acute loss of sympathetic stimulation which 
causes a drop of blood pressure; (3) Nevertheless in most cases a 
combined mechanism is seen and called as mixed VVS. In the present 
case, pre-procedural HUT demonstrated a decline in blood pressure 
was accompanied by a fall in heart rate would suggest a mixed type 
VVS. Despite this suggestion, the nature of the spontaneous syncope 
could not be fully explained. It is well known that a HUT solely 
based diagnose might be deceivable. For evaluation of the syncope 
mechanism, Holter or Loop recordings could add valuable clinical 

Figure 1:  Hemodynamic parameters during head-up tilt table test were 
obtained before cardioneuroablation procedure.

Heart rate decreased with 6 seconds asystole in the passive phase and the patient lost 
consciousness transiently (red rectangle, cardioinhibitory type). Although there was a slight 
decrease in blood pressure, it did not fall below the baseline values. The test was performed under 
midodrine treatment. BP, blood pressure; CI, cardiac index (The CI was computed as stroke volume 
which was calculated from the impedance signal X heart rate; DBP, diastolic blood pressure; HR, 
heart rate; mBP, mean blood pressure; SBP, systolic blood pressure; SI, stroke index (The SI was 
calculated by dividing stroke volume by body surface area); TPRI, total peripheral resistance index 
(The TPRI was calculated as mean blood pressure divided by CI).

(A) Antero-posterior view, (B) Postero-anterior view. Red spheres indicate ablation lesions. During 
high frequency stimulation on the right inferior pulmonary vein, significant prolongation on 
RR interval is seen in surface ECG and intracardiac electrograms. In fibrillary myocardium, the 
incursion of the nervous fibres into the myocardium causes anisotropic conduction interrupting 
the cell connections. This anisotropic conduction detected as heterogeneous segmented spectrum 
with frequencies deviated to the right. In compact myocardium, due to well connected cells, 
spectral analysis demonstrates a homogeneous and unipolar spectrum. Images of high frequency 
stimulation and spectral (Fast Fourier Transform) analysis were modified from our previous work 
(Ref. 13). BCL, basal cycle length; CS, coronary sinus; HFS, high frequency stimulation; IVC, inferior 
vena cava; LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary vein; RSPV, right 
superior pulmonary vein; SVC, superior vena cava.

Figure 2: Electroanatomical mapping view and demonstration of vagal 
response to high frequency stimulation
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data, especially when syncope episodes have been so frequently 
reported. If we could demonstrate a collapse in the absence of 
marked bradycardia, it would have provided some basis for our 
consideration. Wieling et al[9] reviewed the classic literature related 
to the mechanisms underlying VVS and concluded that reduction 
in cardiac output through bradycardia, rather than vasodilation, 
may be the primary cause of the hypotension of VVS. The idea 
that CNA may prevent the development of bradycardia or asystole 
due to parasympathetic hyperactivity and be effective in resolving 
cardioinhibitory VVS is based on these general assumptions.

In our case, the contribution of the vasodepressor component was 
probably not detected in the pre-procedural HUT due to the fact 
that the increase in parasympathetic activity was more pronounced. 
However, after successful vagal denervation, the vasodepressor 
response became obvious. Kim et al[10] recently assessed the 
determinants of VVS during glyceryl trinitrate-stimulated HUT 
and demonstrated that syncope might be related with systemic 
vascular resistance rather than cardiac output. In our case, HUT was 
demonstrated glyceryl trinitrate-stimulated vasodepressor response 
after CNA. So, we prescribed midodrine hydrochloride to deal with 
vasodepressor response which is a potent peripherally acting alfa 1 
agonist. In our previous published article, we performed the technique 
in some mixed cases. Although syncope episodes and asystole are 
no longer seen, there was a significant hypotension response during 
HUTs. Therefore, our case might be an additional clue to demonstrate 
that CNA may present not such adequate clinical results in mixed or 
vasodepressor syncope as those observed in purely cardioinhibitory 
syncope.

Limitations
In our case, the passive phase of HUT lasted longer than 30 minutes. 

Protocols with shorter passive phases, followed by sensitization 
with nitrate or isoproterenol, are linked with greater specificity 
than protocols with a more prolonged passive phase[11]. That may 

raise the question whether HUT response after denervation was a 
true vasodepression or simply a false positive. In the present work, 
continuous HFS was applied to detect localization of ganglionated 
plexus. However, using an atrioventricular nodal functional response 
to continuous HFS to locate ganglionated plexi may not be sufficient 
to locate the sites as those observed with synchronized HFS[12]. 
Thirdly, one of the important issues related CNA is to check, as 
a hard end point, the real denervation achievement. Although we 
evaluated immediate autonomic functions, it requires a method for 
extracardiac vagal effect evaluation at the end of procedure[13]. Lastly, 
there is no primary scientific evidence of direct association between 
vagal response during clinical syncopal situation and parasympathetic 
response site in the HFS application during electrophysiological 
study.

Conclusion
Parasympathetic hyperactivity based bradycardia or sympathetic 

withdrawal guided vasodilatation contributes varying grades to VVS. 
Although there are serious concerns about sensitivity and specificity, 
a well interpreted HUT might be used to reveal partial contribution 
of different components in VVS. The concept of CNA may offer 
an alternative way to treat recurrent cardioinhibitory VVS cases. 
Further studies are warranted to investigate the utility of CNA in 
these conditions.
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pressure divided by CI).
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Introduction
Atrial fibrillation (AF) is the most common cardiac arrhythmia, 

and it is associated with a reduced quality of life and an increased 
number of adverse outcomes such as stroke, heart failure, increased 
number of hospitalizations, and mortality[1]. Rarely, syncope could 
be the first presentation of AF[2]. We present a case of a 76-year old 
patient with recurrent unexplained syncope, initially diagnosed with 
silent AF based on injectable loop recorder findings. Anticoagulation 
was initiated and a MicraTranscatheter Pacing System was implanted 
after a presyncopal episode of pause. AF ablation reversed the natural 
history of the disease questioning the need for anticoagulation and 
pacing.

Case Report
A 76-year old female patient experienced a first episode of 

syncope one year ago. She had a history of hypertension treated 
with irbesartan and diabetes under oral antidiabetic medication. 
She was also treated with bisoprolol and clopidogrel after a 
percutaneous coronary intervention in left anterior descending 
artery 2 years ago. Electrocardiogram, holter monitoring, resting 
and stress echocardiography as well as carotid sinus massage were 
unremarkable. Syncope recurred twice in the following year. There 
wasno report of angina or palpitation prior to the episodes and the 
patient was referred for electrophysiological evaluation.

Electrophysiology study showed normal baseline conduction with 
an HV interval of 50ms, a normal corrected sinus node recovery 
time of 130 ms and a normal atrioventricular block cycle length 

of 350 ms.Multiple short-lasting episodes of AFwere inducedby 
programmed atrialstimulation without evidence of pause at the time 
of conversion to sinus rhythm. A miniaturized injectable loop recorder 
(Reveal LINQ™ Insertable Cardiac Monitor, Medtronic, Inc.) was 
implanted. An episode of AFlasting 15 minutes was transmitted by 
remote telemonitoring in the first week after implantation and oral 
anticoagulation was initiated (CHA₂DS₂VASc score =5). Two weeks 
laterthe patient experienced presyncope and a pause of 5.8 seconds at 
the time of conversion of AF (lasting 87 minutes) to sinus rhythmwas 
recorded ([Figure 1], lower pannel).

A miniaturized single-chamber pacemaker (Micra Transcatheter 
Pacing System, Medtronic Inc, Mounds View, MN, USA) was 
implanted based on expected minimum pacing needs ([Figure 1], 
upper panel) . A threshold of 0.38 V at 0.24 ms was achieved, and 
two tines were engaged in the myocardium. Injectable loop recorder 
remained at place aiming to follow up the performance of Micra 
Transcatheter Pacing System.

Shortly after the leadless pacameker implantation, atrial AF 
episodes became frequent, long-lasting and severe symptomatic 
(EHRA stage III) without syncope relapse. The patient reported no 
angina during AF episodes despite the increased ventricular response 
of each episode in accordance with the absence of ischemia in stress 
echocardiography. Off-label pill in the pocket administration of 
propafenone was used initially in order to minimize hospitalization for 
pharmacologic cardioversion. Subsequently, chronic antiarrhythmic 
treatment was initiated but both sotalol and dronedarone failed. 
Pulmonary vein isolation by means of cryoballoon ablation was finally 
performed 8 months after injectable loop recorder implantation. 
Antiarrhythmics were discontinued right after AF ablation. The 
patient remains absolutely free of AF episodes based on the injectable 
loop recorder 1 year follow up.
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An injectable loop recorder was implanted in a 76-year old patient due to recurrent unexplained syncope.In the first week after implantation, 

asymptomatic short-term atrial fibrillation was recorded and oral anticoaguation was prescribed. Two weeks later the patient suffered a 
presyncope and a 5.8 seconds pause was recorded at the time of conversion of atrial fibrillation to sinus rhythm. A Micra Transcatheter 
Pacing System was implanted based on the minimum pacing needs.

Atrial fibrillation episodes became frequent and severe symptomatic without syncope relapse. Antiarrhythmic treatment was initiated and 
failed and the patient underwent pulmonary vein isolation 6 months later. Antiarrhythmics were discontinued right after atrial fibrillation 
ablation.The patient remains free of atrial fibrillation episodes based on the injectable loop recorder 1 year follow up.
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AF are shortness of breath, tiredness, chest pain, fatigue, dizziness and 
rarely loss of consciousness (syncope)[1]. In older individuals, syncope 
when associated with paroxysmal atrial fibrillation should suggest 
the presence of underlying sinus node dysfunction. Tachycardia-
bradycardia syndrome is the most common presentation of sick 

sinus syndrome. Syncope occurs as tachycardia terminates with 
protracted sinus pauses. Subsidiary pacemaker failure is enhanced by 
medications such as beta-blockers. Electrophysiology test has minor 
diagnostic value for the identification of tachycardia-bradycardia 
syndrome in the absence of sinus bradycardia[4]. Injectable loop 
recorder, even more in its miniaturized form, is the gold standard 
aproach for syncope management in these cases[5]. Permanent pacing 
is recommended in patients with recurrent syncope in the setting 
of tachycardia-bradycardia syndrome to prevent symptoms[6]. Micra 
Transcatheter Pacing System was offered based on the minimum 
pacing needs and patient’s preference[7]. Injectable loop recorder 
remained at place aiming not only to follow up the performance of 
Micra Transcatheter Pacing System, but also to estimate the burden 
of AF by exploiting the presence of AF diagnostic algorithms.

Although injectable loop recorder was impanted due to recurrent 
unexplained syncope, it first revealed the occurence of short-lasting 
asymptomatic AF episodes. AF is a prothrombotic state and 
tends to increase the risk of cardioembolic stroke in susceptible 
individuals, based on CHA₂DS₂VASc score[1]. Although the 
minimum duration ofAF episode necessating the administration of 
oral anticoagulants is not established, (15 minutes in our case)oral 
anticoagulation was initiated based on the increased stroke risk in our 
patient(CHA₂DS₂VASc score of 5 – age > 75 years, female, diabetes 
and hypertension while coronary artery disease was notobstructive).

In accordance with the natural history of the disease, AF episodes 
became gradually more frequent and lasted more[8]. Main AF 
symptoms were shortness of breath and tiredness, while syncope did 
not recur. Off-label pill in the pocket administration of propafenone 
was used for pharmacologic cardioversion taking into account the 
absence of ischemia in our revascularized patient. Subsequently, 
antiarrhythmic treatment rather than AF ablation was preferred 
despite the IIa indication[1]. Type IIIantiarrhythmic drugs were the 
sole choice, but both sotalol and dronedarone soon failed. Pulmonary 
vein isolation, by means of cryoballoon ablation, was finally performed 
8 months after injectable loop recorder implantation as a Class I 
indication, instead of amiodarone administration. Antiarrhythmics 
were discontinued right after AF ablation. The patient remains 
absolutely free of AF episodes based on the injectable loop recorder 
1 year follow up.

The alternative of first line AF ablation after documentation of 
tachycardia-bradycardia syndrome was discussed before proceeding 
to pacemaker implantation. Current guidelines support AF ablation 
rather than pacing in symptomatic patients based on retrospective 
or observational studies[9],[10]. It is speculated that the AF ablation 
strategy is a more etiologic treatment option, since sinus node 
remodeling caused by atrial tachyarrhythmia, including AF, can lead 
to reversible sinus node dysfunction. Our decision to follow a pacing 
strategy was based on the initial absence of palpitation (beyond 
syncopal episodes), on the age of our patient (76 years old, while 
the mean age of the cohorts examining ablation vs pacing was well 
below 70 years)and the need for anticoagulation, taking into account 
the plausible detrimental consequences of a traumatic syncope in an 
anticoagulated elderly patient.

In conclusion, pulmonary vein isolation in this older patient with 

Discussion
A third of patients with AF may have no symptoms. The commonest 

symptoms are palpitations. Other commonly reported symptoms of 

Figure 1:

SA pause of 5.8 seconds at the time of conversion of atrial 
fibrillation (lasting 87 minutes) to sinus rhythm was recorded in the 
miniaturized injectable loop recorder (lower panel). A miniaturized 
single-chamber pacemaker (Micra Transcatheter Pacing System, 
Medtronic Inc, Mounds View, MN, USA) was implanted based on 
expected minimum pacing needs (upper panel).

Figure 2:

Succesive antral occlusion of left superior (A), left inferior (B), 
right superior (C) and right inferior (D) pulmonary veins during 
Pulmonary Vein Isolation procedure using Cryoballoon technology. 
Implantable Loop Recorder interrogation showing the burden of 
atrial fibrillation before ablation, and the complete elimination of 
the disease since then at 1 year follow up (E).
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AF, succesfully interrupted the natural history of the disease, as it is 
documented in implantable loop recorder follow up, questioning the 
need not only for pacing but also for anticoagulation.
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Introduction
Pulmonary vein isolation (PVI) using cryoballoon (CB) is a well 

known and effective strategy in treatment of paroxysmal atrial 
fibrillation (AF). To deal with high recurrence rates, alternative 
adjunctive modalities such as ablation of non-pulmonary vein (PV) 
trigger or vagal ganglia (VG) have been suggested. It was previously 
demonstrated that CB may cause substrate modification affect beyond 
PVI[1]. During CB application, vagal responses (VRs) consisting of 
bradycardia, asystole, and/or atrioventricular block may occur[2-4]. Due 
to the close spatial relationship between left atrial VG and PVs, VR 
is thought to have occurred through the intrinsic autonomic nervous 
system effects of CB ablation. However, the underlying mechanism 
and association between VR during CB application and the cardiac 
autonomic nervous system remain unclear.

In the present case, we aimed to define a new method which 
predicts autonomic modification effect of CB application using atrial 
electrogram (EGM) characteristics and VRs.

Case Report
A 54-year-old man diagnosed with drug resistant paroxysmal AF 

was referred to clinic for CB ablation. The procedure was carried 
out under conscious sedation with intravenous administration of 
midazolam. After achieving the left atrium (LA) with the standard 
technique, a steerable 15 F over-the-wire sheath (FlexCath Advance, 

Cryocath) was positioned in LA. The Achieve™ Mapping Catheter 
(Medtronic) was then inserted into the inner lumen of the CB 
(Arctic Front Advance, Cryocath) and placed distal to the catheter 
within PV and LA.

Before PVI, left and right atrial anatomy was assessed by 
electroanatomical mapping system (Ensite Velocity, St Jude Medical, 
Sylmar, CA, USA). Bipolar endocardial EGMs were displayed at 
filter settings of 30–500 Hz and 300–500 Hz (for EPS and spectral 
analysis, respectively) using EP Workmate (St Jude Medical, Sylmar, 
CA, USA) and measured at a sweep speed of 400 mm/s.

The following parameters were measured at baseline and after 
CB applications in each PV: atrium–atrium (AA), atrial-His 
(A–H) intervals and characteristics of the atrial EGM (duration, 
amplitude, and number of deflections). The EGMs were grouped as 
previously defined[5]: Normal (<4 deflections) EGM, low-amplitude 
fractionated EGM (LAFE) (≥4 deflections, <0.7 mV) and high-
amplitude fractionated EGM (HAFE) (≥4 deflections, ≥0.7 mV) 
[Figure 1].The sites demonstrating HAFE or LAFE pattern on 
2.5 centimeters outside of PV ostia were tagged on the mapping, 
in an effort to predict the relationship between VR and EGM 
characteristics during CB application. A twenty-percent increase on 
A-A or A–H interval or was defined as significant VR during PVI
using CB. VRs during balloon thawing and deflation were excluded
from the analysis. When more than one CB applications were
performed at the same or close anatomical site, the first response
was assessed in the analysis. The endpoint of the successful acute
ablation procedure was confirmed by demonstration of entry and exit
conduction block after CB application. All EGMs and map were
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The effects of cryoballoon (CB) ablation in non-pulmonary vein sites have not clearly elucidated. Herein we present a new definition 

method which helps to predict autonomic modification effect of CB application using atrial electrogram (EGM) characteristics and vagal 
responses (VRs). A 54-year-old man underwent pulmonary vein isolation (PVI) for paroxysmal atrial fibrillation. Both atria were mapped with 
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were tagged on the mapping to predict the relationship between VR and EGM characteristics during CB application. CB application in the 
PV demonstrating intensive fractionated EGMs caused a significant VR. We concluded that our case may be starting point to understand 
mechanism of PVI induced VR during CB application.
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recorded in sinus rhythm.

The numbers of evaluated points in the LA were 1365. Fractionated 
EGMs were observed at 65 (4.8%) sites (39 HAFE and 26 LAFE) 
in the LA. The great majority of fractionated EGMs (89%) were 
located on the left side of the left atrium. Twenty-one of 58 left 
sided fractionated EGMs were excluded from the final analysis due 
to distance from PV ostia. In the final analysis, 23 HAFE and 14 
LAFE and 4 HAFE and 3 LAFE areas were detected around the 
left and right PVs, respectively. In the twenty-fifth second of CB 
application in the left superior PV, a significant prolongation on AA 

PVI was not achieved with the first freeze cycle. On these PVs, CB 
applications didn’t result in any VRs.

A significant decrease on basal cycle length and atrioventricular 
Wenckebach point (from 850 ms to 670 ms and from 350 ms to 
240 ms, respectively) were detected following the procedure [Table 
1]. Clinical assessments, 12-lead electrocardiograms, and 24-hour 
Holter-monitor recordings were obtained at the baseline and at 1, 
3, and 6 months after the initial ablation. At the end of 12 months 
follow-up period, there were no new atrial tachycardia or AF episodes.

Discussion
 To the best of our knowledge, this is the first case investigating 

parasympathetic effects of CB application using atrial EGM 
characteristic during sinus rhythm. Our findings suggest that 
fractionated EGMs may predict VR during PVI using CB.

It was previously demonstrated that VRs during CB application 
might be a clue of VG ablation or modification[2-4].Yorgun et al[3]

evaluated the effect of VR as a surrogate for cardiac autonomic nervous 
system modulation in 145 consecutive patients who underwent PVI 
by CB and investigated whether VRs during CB were associated 
with success rates during follow-up. Surprisingly, they found that 
VRs requiring atropine administration or temporary pacing is 
related with lower recurrence rates. In a similar way, Giannopoulos 
et al[5] demonstrated that coincidentally elicited VR during left atrial 
ablation causes lower AF recurrence rates. Therefore, a technique 
which defines anatomical location of VG may increase ablation 
success obtained with PVI-alone in patients with paroxysmal AF.

Table 1:  Heart rate and heart rate variability parameters before and after 
cryoballoon ablation.

Parameters Baseline Follow-up (Months)

HR, bpm

Minimum 43 59 55 52

Mean 65 80 78 71

Maximum 111 113 110 111

Heart Rate Variability by time domain

SDNN (ms) 148 112 125 136

RMSSD (ms) 53 29 36 48

pNN50 (%) 26 14 18 23

Heart Rate Variability by frequency domain

LF(ms2) 6.4 4.9 5.1 5.9

HF (ms2) 6.1 3.8 4.2 5.5

LF/HF ratio 1.8 1.9 1.8 1.7

interval was observed [Figure 2]. Due to non-responsiveness to atrial 
pacing and asystole, ventricular back-up pacing was started with 100 
bpm. Complete PVI was achieved at the 67 seconds of application. 
The CB freeze was limited to 240 seconds and no additional freeze 
application was delivered. PVI was achieved with a single freeze 
cycle in the left inferior and the right superior PVs. An additional 
freeze application was delivered in the right inferior PV because 

Figure 1:  Electroanatomical endocardial bipolar voltage mapping of atria in 
posteroanterior (A) and anteroposterior (B) views

Figure 2:  12 lead ECG recording during cryoballoon application in the site
causing significant vagal response

Atrial electrogram and scar maps were performed before pulmonary vein isolation. Fractionated 
electrograms on 2.5 centimeters outside of PV ostia were tagged and included in the final analysis. 
Purple and gray colors indicate healthy and dens scar atrial myocardium, respectively. Please see 
the text for details.

At the beginning of cryoballoon application basal cycle length is 700 ms. In the twenty-fifth second 
of freezing on the left superior PV, a 43% prolongation on AA interval from 700 ms to 1000 ms is 
seen. Please see that pacing from coronary sinus catheter with a cycle length of 400 ms is started 
immediately. The first pacing shoot does not capture atrium or ventricle. The next two shoots 
cause ventricular capture. The forth shoot captures atrium and is conducted ventricle with normal 
atrioventricular conduction. The fifth shoot captures atrium but is not conducted ventricle due to 
atrioventricular block. After cessation of pacing, there is no spontaneous atrial or ventricular beat. 
The next beats are related with ventricular pacing.
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Lellouche et al[6] investigated whether there is any relationship 
between specific atrial EGM patterns and VRs to ablation during 
sinus rhythm. They identified 3 different left atrial EGM patterns 
related with VR: normal, LAFE, and HAFE and demonstrated that 
fractionated EGMs, specifically those with high amplitude were 
associated with a greater VR during ablation. The present report 
demonstrated that a similar approach may be used to predict VR 
during CB application, too.

On the basis of human autopsy studies, atrial VG were identified 
on five distinct anatomical localizations[Figure 3]: (1) the superior 
surface of the right atrium (superior right atrial ganglion), (2) the 
superior surface of LA (superior left atrial ganglion), (3) the posterior 
surface of the right atrium (posterior right atrial ganglion), (4) the 
posterior medial surface of LA (posteromedial left atrial ganglion), 
and (5) the inferolateral aspect of the posterior LA (posterolateral 
left atrial ganglion)[7].To determine anatomical location of VG 
during electrophysiological study, following three approaches have 
been used, so far[8] : (1) high frequency stimulation (HFS) application 
distinguishes normal atrial myocardium and VG sites with two 
different responses. If it causes a VR which is defined as significant 
prolongation of the PR or RR intervals, it means that this area is rich 
in vagal innervation. In normal atrial myocardium sites, no effect or 
non-significant changes on the PR or RR intervals are seen after 
HFS application; (2) the fast Fourier transform analysis differentiates 
compact (normal) atrial myocardium which demonstrates a well-
defined homogeneous shape with one high power fundamental 
frequency and fast, uniformly decreasing harmonics like an atrial 
action potential and fibrillar atrial myocardium which shows low 
power fragmented and heterogeneous profile due to the incursion of 
the nervous fibers into the myocardium; (3) anatomical approach is 
performed in empirically identified sites.

   There are some major limitations of each of three strategies described 
above. For example, HFS may cause significant discomfort due to 
high amplitude stimulation. Conscious patients may not tolerate 
more than 15 V and general anesthesia may be needed. Although 
spectral analysis technique is more comfortable, it requires additional 
equipment and extends the procedure time. Lastly, due to different 
definitions for anatomical location of VG, empirical anatomic 
ablation may cause partial vagal denervation due to the inability to 
cover all fields.

Our case demonstrated that intracardiac EGM characteristics may 
be used to predict VR during CB application. Fractionated EGM 
pattern may be associated with a VR during CB ablation. However, 
there is no consistent definition of fractionated EGM in sinus rhythm. 
Although amplitude and duration of EGM are used for definition, 
the number of deflections was found as the strongest predictor of 
VR by Lellouche et al[6]. Likewise, we demonstrated in this case 
that amplitude or duration of EGM didn’t have an effect on VR. A 
potential explanation for this response is that fractionated pattern 
may be related with heterogeneous and anisotropic conduction due 
to incursions of vagal fibers into myocardium. At this point, the 
question why VR was seen only after CB application on the left 
superior PV may come to the fore. Our most likely explanation for 
this issue is that the LAFE-HAFE ratio around the left superior PV 
is significantly higher than in other localizations. Thus, we considered 
that the VR occurred only in the left superior PV ablation but not in 
other PVs, despite the presence of abnormal EGMs in the right PVs 
or the left inferior PV in this case.

In a recently published study, Takahashi et al[9] investigated the 
association between and clinical implications of VG and epicardial 
adipose tissue (EAT) in LA. With this aim, HFS was performed at 
three sites within each of the five major anatomical LA VG (superior 
left, inferior left, anterior right, inferior right, and Marshall tract VG) 
to elicit VRs. Interactaction between the five VG areas and VR sites, 
left atrial EAT, and complex fractionated atrial EGMs was examined. 
Left atrial EAT overlapped 93 ± 14% of five major anatomical VG, and 
the VR sites. The EAT -based ablation eliminated 97.6% of the VR 
sites. A similar study evaluated the relationship between VR during 
CB ablation and the cardiac autonomic nervous system modulation 
by evaluating EAT locations[4]. EAT locations and changes in heart 
rate variability parameters were compared between the VR and non-
VR groups, using Holter monitoring before ablation, immediately 
after ablation and one month after ablation. The VR group exhibited 
greater EAT volume overlaying the LA-left superior PV junction 
(6.1±3.6 cm3 vs 3.6±3.3 cm3, p=0.039) than the non-VR group. 
Three-dimensional computed tomography.

Reconstruction images of the LA, PVs, and EAT were not available 
in the present case. Well-designed studies need to be conducted to 
investigate HAFE-LAFE sites and EAT location relationship. The 
present case demonstrated that PVI using CB may result in partial 
VG ablation due to close proximity of PVs and VG. However, the 
largest number of VG -an average of 194 of the 458 per heart- is 
located on the posterior surface of the right atrium adjacent to 
the interatrial groove, and this VG contains much more neurons 
compared with the others[7]. In our recently published article, we 
demonstrated that vagal denervation may be achieved only by right 

Figure 3: Schematic view of vagal ganglia according to animal and human
studies

Please pay attention similar anatomical localization of ganglion A and superior or anterior right 
ganglion, ganglion B and posterior or inferior right ganglion, and ganglion C and inferior left 
ganglion. The figure was modified from our previous work with the permission of the editor in 
chief (Ref. 8). Both posteromedial and posterolateral ganglia were defined together as inferior left 
ganglion. Please see the text for details.
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atrial ablation in patients with functional atrioventricular block[10]. 
So, relying on partial VG ablation achived by CB may not be enough 
for a satisfying degree of vagal denervation and adjunctive right atrial 
ablation is expected to improve the results in these patients.

There are some limitations of the present work. Firstly, we did not 
compare EGM characteristics with the commonly used methods 
such as HFS or the fast Fourier transform analysis. A HFS from 
the point of HAFE or LAFEs might be at least needed to clarify 
this issue. In the present case, the great majority of HAFE and 
LAFEs were found in PV-left atrial junction which sites were 
compatible with typical locations of VG. Although the present case 
demonstrates a relationship between the abnormal EGMs and VR 
during CB application, the VR in this report may be due to vagal 
temporal response by pushing a balloon occlusion to PV, rather than 
an effect of VG modulation surrounding LA. We did not check the 
fractionated EGMs after CB ablation in terms of elimination of the 
potentials. So, it cannot be speculated that diminishing the abnormal 
EGMs or denervation of VG is the main reason of suppression of 
the VR occurrence in the present case. This report does not have 
sufficient result and strong evidence supporting the association due 
to case report nature. Further large-scale studies are needed to clarify 
this issue.

In conclusion, the present case may be starting point to understand 
mechanism of PVI induced vagal reflexes during CB application.
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Electrophysiology
An intracardiac demonstrates the electrical activity of heart with 

providing position and structure, voltage and duration of arrhythmia 
so as to certifying the accurate diagnosis. Intracardiac records obtain 
knowledge from high right atrium, coronary sinus, his bundle and 
right ventricular apex while extracardiac electrocardiography leads 
are I, II, III, aVL, V1 and V6. Those leads are helpful for planning the 
diagnosing and guiding strategy while ablation procedure is being 
performed.

Different mechanisms induce arrhythmias, for example; 
impairment of impulse generation causes bradyarrhythmias and sick 
sinus syndrome, sinus arrest, also deterioration of impulse propagation 
in the cardiac pathway systems known as atrioventricular node block 
brings indications for pacemakers.

Tachyarrhythmia originates with one of the three certain pathologic 
mechanisms; the most common one is reentry mechanism, the 
others are increased automaticity in conduction cycle and triggered 
activity from another unusual cardiac focus. Reentry causes from an 
unexcitable area which is surrounded by an electrical pathway circle. 

Two pathways with different conduction velocities, initial pathway 
allows retrograde conduction  while the other pathway is on refractory 
period. If anomalous conduction exits between atria and ventricles, 
that is an example of Wolf – Parkinson –White (WPW) Syndrome 
which is an anatomical reentry.  Supraventricular tachycardia (SVT), 
WPW Syndrome, a typical atrioventricular nodal reentry tachycardia 
(AVNRT), sustained monomorphic ventricular tachycardia, atrial 
fibrillation (AF) and atrial flutter (AFL) is generally caused by reentry 
mechanism. Variety of metabolic effects, such as  ischemia, hypoxia, 
increased sympathetic activity, acid base instability, hypokalemia, 
hypomagnesaemia can be the cause of increased automaticity. 
Abnormal automaticity originated from electrical discharge of non-
pacemaker cells.

Ventricular arrhythmia caused  by  ischemia   or electrolyte 
imbalance, can be categorized under increased automaticity. QT 
prolongation, which can lead to polymorphic ventricular tachycardia 
(VT), is an example to triggered activity. Exceeding after-
depolarization can trigger the tachyarrhythmia as well. Calcium and 
catecholamine imbalance facilitates reaching the threshold potential.

Ablation procedures are potent alternatives of pharmacologic 
therapy in patients with cardiac conduction problems. These 
procedures are usually performed under sedation with using the 
standard monitorization techniques. Any increase in the complexity 
of procedure, significantly raises the effort of operator, the procedure 
becomes more time consuming so sedation with more depressed level 
of consciousness will be required.

EP laboratories, are  used both for  diagnostic  for  certain www.jafib.com Feb-Mar 2018 | Volume 10| Issue 5

Abstract
Many clinical challenges have been encountered in electrophysiology laboratories (EP) while implanting intracardiac defibrillators for 

lethal arrhythmias, using pacemakers for bradyarrhythmias, placing pacemakers with multiple leads in patients with heart failure and 
cardiac ablation procedures. In this environment, anesthesiology plays a very critical role to ensure patients comfort, as well as maintains 
operator’s convenience and facilitate management of undesired situations.

EP laboratories are mostly used for diagnosis of certain heart diseases. Mean while, with the exponential increase in interventional 
procedures in our decade, electrophysiologists’ need to cooperate with the anesthesiologists more frequently.

The literature is still unclear about the effects of anesthetic agents on cardiac conduction pathways, but as we know with our previous 
data, the most agents we are using currently have more or less effect on the cardiac conduction systems. In this review, we aimed to describe 
the safe anesthesia methods in cardiac  diagnostic procedures and have a closer look up the anesthetic outcomes of these procedures. This 
article comprehensively reviews the anesthesia practice encountered in electrophysiology laboratories.
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agents to prevent incisional discomfort and small amount of 
intravenous sedation. While pacemakers can be implanted under 
sedation, some studies suggest deeper levels of unconsciousness 
provided with sedation in the course of intracardiac defibrillator 

heart  diseases, interventional procedures such as ablation 
and device implantations. In this risky and stressful 
environment,anesthesiologists,interventional,
cardiologist and other staff should work collaboratively and move 
together (Figure 1A,1B).

Device Implantation
Device implantations including pacemaker, intracardiac 

defibrillators (ICDs), Cardiac resynchronization therapy (CRT) can 
be performed under sedation and local anesthetics.

Pacemakers are the backbones of bradyarrhythmia treatment. 
ICDs, are expected to end certain reentry tachycardias by their anti-
tachycardia pacing and expected to terminate malign arrhythmias 
such as VT and ventricular fibrillation (VF) by sequent defibrillation 
therapy. The patients require cardiac device frequently eldery and 
have many comorbidities, history of heart failure, myocardial 
infarction. Especially, heart failure patients may not stay long time in 
supine position. Device implantation complications rise along with 
advancement of device. CRT devices bring more complication rates 
rather than single chamber pacemakers. Mostly seen complications 
related with procedure are tamponade and pericardial effusion 
due to cardiac perforation and myocardial injury, pneumothorax, 
intrathoracic bleeding. Generally, patients require local anesthetic 

and fentanyl doses in biventricular devices with longer procedure 
times versus others. Only 11% patients described discomfort about 
procedure.

ICD implantation was performed under conscious sedation 
achieved with midazolam, morphine, promethazine and etomidate 
was administered for defibrillation threshold testing (DFT). 
Conscious sedation with combined hypnotic agents also additional 
etomidate to ensure sedation was found safe with low complication 
rates(3). It is feasible for electrophysiologists to implant devices with 
local anesthetics and sedation upon patient’s requirement. Lately, 
with the advances in device technology, necessity for DFT has stuck.   
      Previously, surgically situated pericardial defibrillators with large 
generators placed in abdomen, left their place to percutaneously 
implantable defibrillators with smaller generators. Today,   

Figure 1: View of a electrophysiology laboratory during ablation procedure.

Figure 3: Atrial flutter, seen in ablation procedure .

Figure 2: Resistant atrial flutter ablation with 3D mapping developed after 
atrial fibrillation ablation.

implantation. Particularly, during tunneling of leads and testing 
the threshold of defibrillation, anesthesiologists perform sedation. 
Most researches so far, are performed by using midazolam and the 
extending effect equivalents like propofol. Fentanyl is preferable 
since it has analgesic effect as well. A remarkable point in here is, 
with the more extending effect and deeper anesthetic sedation it 
needed, anesthesiologists will stand for more technical supply and 
medication, which eventually affect the total cost of procedure (1).  

Fox et all (2) mentioned  using  local anesthetics and light sedation in 
patients who undergo cardiac implantation is safer than using general 
anesthesia (GA). Five hundred implantations have been scanned 
and there were not any significant difference between midazolam 

Figure 4: Sinus rhythm restored after procedure.
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subcutaneous cardioverter defibrillators with miniaturized generator 
sizes have been successfully used. Subcutaneous intracardiac 
defibrillators (s-ICD) consist of a single tripolar parasternal lead 
and a generator connected with lead, mostly implanted at left sternal 
midline intersected at 5th or 6th rib. s-ICDs are especially useful 
for pediatric cases with congenital heart diseases and cases that have 
previously failed ICD implantation due to struggles for finding the 
transvenous access. This procedure has rather less risk in the aspect 
of pneumothorax and vascular complications than conventional 
procedures. With EFFORTLESS and IDE  studies, the efficacy and 
safety of s-ICDs were demonstrated(4).

      On the account of  large dissection area and tunneling process, most 
anesthesiologists tend to prefer GA. According to studies, monitored 
anesthesia care (MAC), which contents sedation or local anesthetic 
with hemodynamic follow up is also effective, feasible and reliable. 
MAC does not reduce patients comfort, complicate management 
of procedure and increase intubation requirements. MAC provides 
adequate sedation and analgesia in the experienced hands(5).

Ablations  
     Re-entrant arrhythmias constitute large majority of arrhythmias 
and are feasible for catheter ablation with using radiofrequency or 
cryothermal energy. Energy is conveyed to site by catheter and drives 
the point electrically inert. Femoral, subclavian, internal jugular and 
brachial vein accesses are usually used to introduce electrodes and 
catheters. Left side enterprises are performed with either transseptal 
approach or retrogradely through aorta.   

Ablation procedures require sedation; especially ablation of   
WPW, atrioventricular nodal reentrant tachycardia (AVNRT), AFL 
and other reentrant tachycardias can be tolerated by patients while 
they are under their spontaneous breathing and relatively take shorter 
time. AF and VT ablations are relatively longer procedures and are 
required GA or conscious sedation.  

Atrial Fibrillation
AF revealed from ostium of pulmonary veins in the left atrium. 

Transoesophageal echocardiography is a must before ablation to 
ensure that there is not any thrombus in left atrial appandage. Access 
is obtained mostly via femoral vein and catheters are introduced 
into left atrium by passing through foramen ovale on the interatrial 
septum after systemic heparinization. Certain techniques are used 
to ablate culprit tissue. Radiofrequency ablation (RFA) heats 
myocardial tissue with convection of heat. Extending RFA beyond 
the myocardium may cause thermal injury to joining tissues like 
esophagus. This damage may result with left atrial – esophageal fistula 
formation. Basically, limiting the ablation energy (25 to 35 W ) and 
restricting duration under 30 seconds are the most common clinical 
approach to minimize thermal injury. Irrigation with saline from 
the tip of catheter restricts the ablation area and concentrates the 
energy to a small endocardial area. Cold flow via catheter reduces the 
risk of esophageal injury but continuous monitorization of luminal 
esophageal temperature is strongly recommended to avoid any excess 
heating of adjacent tissues. Esophageal temperature monitoring 
is associated with decreased complication rates. There is not any 
necessity to evaluate esophagus with imaging tools previously, but 
luminal esophageal temperature probe is better inserted under 

fluoroscopic guidance, positioned behind posterior wall of left atrium. 
Optimal contact is required between esophageal wall and the probe 
to ensure accurate temperature(6).

Unbounded saline infusion may result with pulmonary edema 
by fluid overload, so the anesthesiologist and electrophysiologist 
should limit the administered fluid amount and apply intravenous 
furosemide upon for total balance. Cryoballoon ablation (CBA) is 
balloon based catheter, balloon is inflated in every pulmonary vein 
and the conduction of ectopic rhythm is blocked via cryothermal 
energy given to myocardial tissue. Certain handicaps of CBA are 
mostly associated with phrenic nerve paralysis and structural damage 
concluded with pulmonary vein stenosis. Anesthesiologists should 
avoid using neuromuscular blockade in order to unnoticed phrenic 
nerve stimulation at ablation site. According to previous studies, GA 
has better outcomes than conscious sedation or/and MAC. Although, 
GA costs slightly more than the other anesthetic techniques, GA has 
better results and more effective in cardiac ablation procedures. GA 
provides greater comfort for both patient and for operator in this 
kind of relatively long procedure. It restricts patients movements that 
may cause an unwanted distortion in critical anatomic plan as well 
as anesthesiologist can control respiratory rate and depth during the 
procedure which prevents any uncontrolled respiratory movement(7).

Some anesthetic agents effect the cardiac ionic balance and can 
change propagation thresholds during process. Propofol, which is the 
most  frequent agent  used both in GA and deep sedation, effects R-R 
interval, atrial electrical activity. In experimental studies, Propofol 
increases AF cycle length in right atrium, but has opposite effect 
on left atrium. Additionally, propofol tends to organize right atrium 
electrical activity but induces chaotic conductions in left atrium(8).  

  
Lastly developed technology, remote magnetic catheter navigation 

significantly reduces fluoroscopy time and less effected by respiratory 
movements during procedure. Remote magnetic catheter navigation 
system minimizes the impacts of respiration so conscious  sedation 
also can be safely and effectively performed comparing to conventional 
techniques (9).

Atrial Flutter
AFL is a macro-reentrant atrial rhythm, less common arrhytmia 

than AF and arises from right atrial chamber. AFL can be 
counterclockwise transmitted around tricuspid annulus also called 
typical flutter or clockwise direction called atypical (reverse) flutter. 
A rare form, intra-isthmus flutter usually occurs after AFL ablation 
(Figure 2). Initial treatment of AFL commonly synchronous DC 
cardioversion with low energy approximately about 50J and can be 
gradually increased depending on clinical conditions (Figure 3, Figure 
4). Procainamide, amiadarone, diltiazem, verapamide, adenosine are 
other pharmacologic cardioversion choices which are commonly 
used in clinics. To interrupt AFL transmission, ablation is performed 
between inferior vena cava and tricuspid valve. Sedation is adequate 
in this procedure because the procedure is shorter, much comfortable 
and less painful than AF ablation. Agitated patients may need deeper 
sedation with close hemodynamic follow-up. During RFA, patients 
usually feel a short, mild pain caused by heating catheter. A recent 
study in the literature compared remifentanyl (a potent, short acting 
analgesic drug) and propofol (as short acting intravenous anaesthetic, 
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of medication during the ablation procedure reduces transactional 
success. Sevoflurane is a volatile liquid anesthetic used as an inhaler 
agent for induction and maintenance of GA. Although sevoflurane 
has been proven to reduce the sinoatrial conduction time and atrial – 
His interval time, this effect of sevoflurane has not been encountered 
clinically for now, both in atrioventricular and accessory pathways(14).

Ventricular Arrhythmias
In patients with ventricular arrhythmias typically have a serious 

cardiac pathology such as ischemic heart disease, congestive heart 
failure or cardiomyopathy. VT and VF are the most common life 
threatening arrhythmias, can cause sudden death by progressive 
hemodynamic deterioration, patients require rapid evaluation.

Premature ventricular contractions (PVCs) are benign ventricular 
arrhythmias, can also be seen in healthy people. As the frequency 
increases, PVCs give a feeling of discomfort and palpitations, 
very frequent ones can cause tachycardiomyopathy. Unifocal early 
ventricular beats arising from the right ventricular outflow tract have 
a risk to turn into a malignant arrhythmia such as non-sustained 
VT, VT or VF. PVCs arising from distal of Purkinje fibers, PVCs in 
patients with long QT, PVCs in patients with Brugada Syndrome are 
more likely to trigger a malignant ventricular arrhythmia(15).

     Conscious sedation and analgesia are provided with propofol, 
midazolam, fentanly, ketamine administration. In case of necessity 
to enhance PVCs; propofol, midazolam sedatives are discontinued. 
To trigger early beats, isuprel is administered and atrial, ventricular 
burst pacing are performed during infusion. Isuprel enhances cardiac 
conduction and used for ventricular arrhythmia induction after 
standart process of  ventricular pacing. Isuprel  should be used carefully 
in patients with coronary artery disease while since isuprel is a cardiac 
stimulant, enhances blood pressure and augments vasoconstriction. 
There is not any significant difference between midazolam, propofol, 
fentanyl and ketamine along mapping and inducing PVCs. Short 
acting sedatives would better to choose and anesthetics can titrated 
to low doses or can be discontinued upon adequate PVCs(16).

     VT is a fast and improper electrical activity arises from ventricular 
myocardium, triggered with ischemia, sympathetic activity, heart 
failure and electrolyte imbalance.

      Frequently, underlying reason of the VT is the ischemic heart disease. 
Heart failure with fibrotic myocardial region, structural heart diseases 
and idiopathic channelopathies can be the other frequent reasons 
as well. So far, outcomes of pharmacotherapy in hemodynamically 
unstable patients with VT and VF have not reached the satisfactory 
levels. Although antitachycardia pacing and ICD shocks are another 
favorable and effective way of treatment, patients usually suffer from 
great discomfort and pain with repetitive shocks. Unresponsiveness 
to medical treatment and recurrent arrhythmic attacks optimally 
need to manage with VT mapping and ablation. Focal VT source 
arises due to triggered activity or enhanced automaticity and frequent 
sources are right ventricular and left ventricular outflow tract (Figure 
5)(17).

 Scar tissue produces reentry in ischemic heart diseases, 
cardiomyopathies, arrhythmogenic right ventricular dysplasias 

used to induce GA) in the aspect of patients’ anesthetic outcomes 
who undergo AFL ablation. In the group of patients who subjected 
to remifentanyl anesthesia suffered from induced muscular rigidity 
and in this group more patient needed ventilatory support. In 
contrast with the other group (remifentanyl), the patients subjected 
to propofol had longer recovery times and faced with decreased blood 
pressure. Patient/operator satisfaction feedbacks were similar in both 
groups (10).

Inhaled Nitrous Oxide (N₂O) is a rarely used potent anesthetic-
analgesic and alleviates operation related anxiety as well. N₂O causes 
vomiting attacks but it is still feasible and safe for relieving patients’ 
discomfort during AFL ablation(11).

Other Supraventricular Tachycardias
       SVTs mostly encountered as an episodic attack and comprised of 
a regular rhythm with narrow QRS complex (except multifocal atrial 
tachycardia (MAT) and aberrant conduction SVT). SVTs mostly 
refer atrial tachycardia, AVNRT and atrioventricular reciprocating 
tachycardia (AVRT). Catheter ablation is an amenable and favorable 
treatment method for resistent and repetitive arrhythmias. SVT 
triggered via a reentry mechanism commonly seen in healthy patients, 
due to premature atrial and ventricular beats arouse tachycardia. 
AV node blocking agents and other antiarrhythmic medication 
is convenient as an initial treatment. RFA procedures to cure 
frequent SVT’s including AVRT, AVNRT and atrial tachycardia are 
accomplished with increased success rates (12).

     A previous study in patients underwent SVT ablation, there was 
not significant difference in induction rates of propofol and ketamine 
while stimulating arrhythmia. In patients underwent ketamine 
seduction has shortened the atrial conduction time, increased the 
heart rate and with stimulation of sympathetic nervous system 

Figure 5: Mapping and ablation of a right ventricular outflow tract 
tachycardia.

enhanced blood pressure. Overall ketamine is suitable for patients 
with bradycardia and patients who had suffered from hypotensive 
episodes. Ketamine induces unspecified arrhythmia arising from 
myocardial tissue; this may facilitate electrophysiological studies and 
ablations(13).

   RFA of preexitation syndromes with accessory pathways have 
over 90% success rates. An electrophysiologic change with any kind 
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to avoid hypoxia. Conscious sedation would reduce awareness and 
improve patients comfort without rendering the patient completely 
unconscious. Reduced awareness can cause tongue injury which is 
the most common airway trauma in cardioversions. Basicly, placing 
a soft bite block before starting cardioversion will help to prevent 
tongue trauma. Short acting hypnotics like propofol, etomidate 
dexmedetomidine, thiopentone, diazepam are suitable for setting 
up the patient. Propofol is the most commonly used agent acting 
about 5 – 10 minutes with a single rapid injection. Propofol does 
not have analgesic effect, adding dexmedetomidine to propofol 
supply analgesia to patient however, additional hypotensive effect 
complicates usage in hemodynamically unstable cases(21).

General Management and Considerations
   In EP laboratories, patients have wide variety of different 
characteristics. Physicians deal with young patients presented 
with AV blocks, accessory pathways and eldery group with many 
comorbidities, heart failure and mortal arrhythmias. Preoperative 
anesthesiologist examination is essential to decide anesthesia type, 
ventilation options and useful to anticipate any kind of potential 
complications.

Device implantation mostly require local anesthesia and usually 
supported with sedative agents. For GA and deeper sedation laryngeal 
mask, airway, suction apparatus and intubation tube should be kept 
ready in case of any respiratory depression required rapid sequence 
induction. The monitoring devices are essential to safe procedure. 
The following utilities must be included: Electrocardiography, non 
- invazive blood pressure, temperature, pulse oximeter. External
defibrillation and pacemaker pads must be placed on chest wall in
all cases. Urethral catheterization is a routine medical procedure for
prolonged procedures to calculate fluid balance. When neuromuscular 
blockage is performed while CRT implantation, physician should be
alert to avoid pacing of phrenic nerve. Invasive arterial monitorization 
should be decided upon patients comorbidities abd hemodynamic
status. Radial arterial cannulation is more feasible and safe rather
than femoral artery for hemodynamic monitorization. Subclavian
or internal jugular lines allow central venous pressure measurement
used to assess cardiac preload and volume status whether patient has
volume overload(22).

Chronic obstructive pulmonary disease, advanced heart  failure 
patients may get worsened due to long procedure times in supine 
position, also sedation induces respiratory depression may leads 
fatal consequences. Patients presenting with ventricular arrhythmias 
are companion with hemodynamic instability. This challenging 
cases can be supported with inotropic agents, intra – aortic 
balloon pumps and this kind of cases should be managed with 
consensus of electrophysiologist and anesthesiologist. Also, during 
electrophysiological interventions large venous and sometimes arterial 
sheaths are being used and in some cases septal punctures are created. 
Multiple catheter usage and prolonged procedure times rise thrombi 
risk. Despite, sheaths are flushed with heparin, there is still risk of 
clot formation, thereby can cause cerebrovascular accident. Systemic 
heparinization is monitored by targeted activated clotting time 
and is better kept over 300s(22). A cerebral oximeter monitorization 
facilitates early recognizing of any kind of cerebrovascular accident 
happens while on ablation procedure.

and able to cause sustained VT which are all feasible  for catheter  
ablation(18).

    Retrograde access through aorta or transseptal approach via right 
atrium is both enable for catheterization of left ventricle. Epicardial 
access is an option in case of unsuccessful endocardial trial or if 
the source of VT positioned adjacent to epicardium. Epicardial 
access is performed percutaneously with subxiphoid approach 
or the second option preferred in patients whose adhesions make 
the procedure impossible for surgery with or without sternotomy. 
Many of institutions perform VT ablations under anesthesiologist’s 
coverage. A preoperative anesthesia consultation is a must, history 
of illness, history of operations, any kind of anesthesia received, 
any kind of allergy, chest x-ray, family history, laboratory values, 
electrocardiography, cardiac functions, vitals, physical examination 
and airway assessment with Mallampati score comprised preoperative 
anesthesia evaluation. Anesthesiology and ablation procedure should 
be planned according to VT etiology since this effects of the choice 
of hemodynamic expectations and anesthetic agents. Patients’ vitals 
and hemodynamic changes should be well monitored. Inducing VT 
by activation mapping may collapse the hemodynamic stability and 
inotropic support and/or mechanical intervention may be necessary. 
RFA catheters have a tip that continuously infuses saline which has 
an approximate rate of 2 ml/min. As length of procedure considered, 
anesthesiologist should be alert about excess fluid loading and 
decompansation of heart failure. Urine output must be followed 
closely and diuretics should be administered according to the fluid 
balance.

   However it is not exactly clear that anesthetics suppress VTs, 
electrophysiologists prefer patients awake in the course of arrhythmia 
induction. To maintain patients comfort and serenity, a low dose 
sedative agent can be administered. To prevent unsuccessful VT 
stimulation, European Heart Rhythm Association (EHRA) suggests 
avoiding from GA, deeper sedations. Additionally, neuromuscular 
blocking agents should be avoided to see any responsiveness of 
phrenic nerve during procedure(17, 19).
Short – running interventions such as right ventricular and left 
ventricular outflow tract VT ablation, can be undergo with sedation 
or MAC, but in long lasting transactions like fibrotic tissue or 
scar originated VT ablations  GA must be the preferred option to 
maintain patients comfort during process(20).

Electrical Cardioversion
Electrical cardioversion (EC), is generally used to end up 

tachyarrhythmia and restore sinus rhytm by electrical shock. EC 
should be performed under the circumstances of accessibility to 
advanced life support equipment, anesthetic support.

A Tachyarrhythmia can evolve into a life-threatening situation, 
frequently with deterioration of hemodynamics and require emergent 
intervention to maintain hemodynamic stability. Unstable patients 
should undergo emergent EC. EC is a relatively painful procedure in 
conscious patient. A short sedation lasted up in a few minutes with 
slightly losing the consciousness is the aim of anesthesiologist before 
EC. With ventilation support, patient can be prevented from apnea 
which is promoted by sedative and anesthetic agents. Oxygen with 
mask, ventilation bag or nasal cannula during administration helps 
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monitoring of arterial blood gases, oxygenation, acidity and carbon 
dioxide level. In case of hypercarbia, frequencies of respirations are 
reduced to conventional rates. Trapped air in distal alveolar areas 
increases the distal airway pressure, may cause barotrauma (24). HFJV 
may stimulate pulmonary reflexes and cause coughing. To suppress 
coughing reflexes, depth of anesthesia would better be increased to 
an adequate depth. HFJV is a reliable alternative in atrial septum 
puncture, AF ablation.

     A retrospective study included 188 cases underwent pulmonary 
vein isolation to treat AF under HFJV. All cases underwent ablation 
under GA and intubated before procedure. 13 of them converted 
to conventional positive pressure ventilation, because of increased 
pCO2 or decreased PaO2 (25).

     Propofol is the most preferred agent provides both sedation and 
GA in ablation procedure however; it has minimal effects on QT 
interval and conduction system. It also represses catecholaminergic 
activity, inhibits ion channels of myocardium.

     Compared to propofol, volatile anesthetics such as sevoflurane has 
been showed that has some prolongation effects on QT interval and 
co-use of it with propofol will reverse its effect on QT interval (26). 
Volatile anesthetics have variable effects on rhytm however opioids 
have limited effects in terms of electrophysiology. Enflurane is the 
most potent volatile anesthetic that has affects on accessory pathways.

A reduction of ischemic and reperfusion arrhythmia was 
showed in dogs underwent anesthesia with isoflurane, desflurane 
and sevoflurane. Desflurane and sevoflurane significantly reduces 
arrhythmia incidence when compared with halothane(27).

    A study in pediatric population, compared desflurane and 
fentanly as an anesthetic for RFA of supraventricular arrhythmias. 
According to study both agents do not have significant different 
effects on electrophysiological measurements and SVT was inducible 
in both groups. Dexmedetomidine is a sympatholytic agent blocks 
a2 receptors. It has shown that dexmedetomidine may suppress 
supreventricular arrhythmias(28). Desflurane reduced mean arterial 
pressure and enhanced heart rate(29).

Conclusion
     Patients in EP laboratories, have comorbidities like congestive heart 
failure, ischemic heart disease, arrhythmias etc., so each case needs 
to be individually planned for appropriate anesthesiology. Mostly, 
electrophysiology catheterizations laboratories are not particularly 
meet the needs of anesthesia department; anesthesiologists have 
limited access to support devices in case of any emergent situation. 
As a result of technical limitations, cases should be well planned; 
anesthesiologist plays a crucial role on procedure. Cardiac anesthesia 
departments should develop a special concept for qualifying their 
approach in EP laboratories and work for the advance adaptation to 
this totally new environment.
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Environment
   EP laboratories submit different environment rather than 
conventional operation rooms. Foreign location brings some 
difficulties to anesthesia providers. EP laboratories mostly located 
apart from main operation rooms and intensive care units, therefore 
there is a limited access to advanced respiratory equipments, some 
drugs not used commonly in laboratory, support from anesthesia 
team. C – arm fluoroscopy device, over the patients head makes it 
difficult for the anesthesiologist to reach the patient’s respiratory 
tract and may cause delays for urgent interventions. Hybrid EP 
laboratories are one of the recent developments, this laboratories 
contain positive ventilation, sterilization and surgical equipments. 
These labs are expected to reduce mortality and morbidity due to 
procedural complications and improve outcomes.

Monitorization, Ventilation and Anesthesia 
     Patients undergoing procedure in EP laboratories may not tolerate 
long procedure times and painful interventions, thus cases require 
anesthesia continuum from minimal sedation to GA. Deep sedation 
is a good alternative for patients who are anxietic or inable to stand 
still. GA may be required for longer procedures, patients who have 
significant cardiovascular or pulmonary diseases and intubation 
necessity.

    Trentman et al(23) reported 186 patients who were underwent 
various kinds of ablations with planned MAC anesthetics. Twenty of 
them converted to GA via endotracheal tube insertion or laryngeal 
mask airway, 54 of them required insertion of oral-pharyngeal 
airway or nasal airway. Thus, 40% (74/186) of the patients received 
MAC anesthetics required an airway intervention. Consequently, 
according to these results, entirely from sedation to GA, all kind 
of anesthetic interventions should be performed by anesthesia 
providers. Laboratory must be prepared for any kind of emergent 
airway intervention.

Oxygen supplementation may be received by nasal cannulas, 
face masks with 2 – 4 L /min. Motionless is essential for ablations 
especially for AF ablation. GA is a better selection in such cases. 
GA can be maintained with inhalation, intravenous anesthetics or 
combination of them. Respirations of patients are provided with 
positive pressure mechanical ventilation and during ablations, 30 – 
60 seconds temporary arrests can be necessary to ensure stability. 
EP operators may request breath holding to maintain chest stiffness 
during ablation process. Cerebral oximeters provide monitorization 
of cerebral perfusion, hemodynamic status and increased arterial 
carbon dioxide levels.

High frequency jet ventilation (HFJV) is a type of mechanical 
ventilation which increases respiration rate over 100 breaths per 
minute, also known as lung protective ventilation used frequently in 
acute lung injury. Anesthesiologists are using this technique in EP 
laboratory to prevent rapid and excess movements of chest wall. Tidal 
volume in HFJV significantly lower than conventional ventilation, end 
tidal carbondioxide monitorization has an appearance like saw tooth. 
During critical periods requiring absolute stability, HFJV lessens 
chest walls movement. While using HFJV, another intravenous 
anesthetic may be necessary to maintain awareness because of 
changed breathing circuit and also an arterial line will help close 
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Introduction
Atrial fibrillation (AF) is the most common heart rhythm disorder 

of clinical significance[1]. AF is one of the leading etiologies of 
cardiogenic is chemic strokes, increasing the risk for stroke by five-
fold as compared to patients without AF[2]. Over 2.5 million people 
in the United States are currently diagnosed with AF[3], and every 
hour approximately 15 of these patients will suffer from a stroke[4]. 
In patients with nonvalvular AF, the most common site for thrombus 
formation is the left atrial appendage (LAA), which accounts for 
>90% of detected thrombi[5],[6]. The LAA can be categorized into
one of four groups based upon its anatomy on CT scan (cactus,
cauliflower, chicken wing, and windsock), and cauliflower LAA
has been associated with increased risk for stroke in patients with
nonvalvular AF[7]. Thus, targeted interventions to occlude the LAA
have been proposed in an effort to reduce the risk for stroke in
patients with AF[8],[9],[10]. Our aim is to review the various methods of
surgical LAA closure and their efficacy, surgical closure devices that
are both currently available and under-development, and finally the
evidence in support of LAA closure in a variety of patients. Although
the particular morphology of the LAA may be an important

consideration for placement of endo-luminal devices, it has little 
effect on surgical closure.

Methods of Surgical Closure and Efficacy
A variety of surgical approaches to LAA occlusion have been 

proposed, including suture exclusion (via endocardial or epicardial 
ligation), suture excision, stapler exclusion/excision with or without 
suture reinforcement, snares/suture loops, epicardial exclusion clips, 
and others still currently under development. All of these techniques 
have the primary goal of complete exclusion of the LAA in order to 
prevent thrombus formation. Nearly two decades ago, the completeness 
of LAA endocardial ligation was evaluated systematically for the first 
time with surprising results: in patients that had undergone mitral 
valve surgery and LAA exclusion,transesophageal echocardiography 
(TEE) was done for cause and identified incomplete exclusion in 
36% of patients, half of whom also had spontaneous echo contrast 
or thrombus in the remaining LAA and 22% of whom had suffered 
a thromboembolic event after their initial surgery[11]. Although this 
may represent a select population because TEE was done for cause, 
these results called into question the assumption that surgical closure 
is routinely complete and highlighted the need for surveillance 
of completeness of LAA exclusion, which must be applied for all 
proposed techniques.

In the Left Atrial Appendage Occlusion Study (LAAOS), 77 
patients undergoing coronary artery bypass grafting at increased risk 
for stroke were randomized to LAA occlusion via suture ligation 
or stapler (n=52) versus control (n=25)[12]. During this pilot study, 
20% of patients randomized to LAA occlusion had appendage tears 
requiring intraoperative suture repair. Eight weeks postoperatively, 
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Abstract
Occlusion of the left atrial appendage (LAA) may protect against stroke in patients with atrial fibrillation. While percutaneous LAA closure 

devices have demonstrated efficacy in stroke reduction, surgical LAA occlusion has been performed with mixed results to date. Although 
surgical exclusion via internal sutures or noncutting stapler is ineffective due to recanalization of the LAA, surgical excision and certain 
exclusion devices including the AtriClip device are effective methods to achieve complete closure of the LAA. No data currently exists to 
support routine, prophylactic LAA closure at the time of cardiac surgery, but this practice may benefit certain patients at high risk for stroke. 
The currently enrolling Left Atrial Appendage Occlusion Study (LAAOS) III is the largest study to date designed to assess the efficacy of LAA 
occlusion for stroke prevention. The results of this trial will inform future clinical practice regarding stroke prevention with surgical LAA 
occlusion for patients with atrial fibrillation. Meanwhile, the ATLAS trial is investigating the efficacy of LAA occlusion in surgical patients who 
do not have atrial fibrillation but are at increased risk for developing it post-operatively.
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TEE revealed that suture exclusion had been successful in only 45% of 
patients, and stapler exclusion was successful in only 72% of patients. 
Failure was defined as residual flow into the appendage or residual 
“neck” greater than 1cm. Despite the limited success in achieving 
complete occlusion, three factors led the authors to conclude the 
LAA occlusion deserved further evaluation in larger studies: (1) LAA 
occlusion did not significantly prolong cardiopulmonary bypass time 
or increase postoperative complications including bleeding and AF, 
(2) a learning curve of 4 cases, after which success rates doubled from
43% to 87%, was identified, and (3) only 2.6% of patients experienced
a periprocedural stroke and no further strokes occurred at mean 1
year follow-up.

Given the findings of the LAAOS study and others, the Cleveland 
Clinic retrospectively reviewed TEEs of patients with prior surgical 
LAA closures at their center to determine which technique was most 
effective in achieving complete closure[13]. Among 137 patients, only 
40% of closures were deemed to be successful. However, surgical 
excision (73% success) significantly outperformed both suture 
exclusion (23%) and stapler exclusion (0%). This is because when the 
appendage is left intact, over time the sutures or staples closing the 
orifice gradually erode through the wall of the appendage allowing it 
to reopen. And even when surgical excision did not achieve complete 
exclusion, no thrombi were detected in these patients.

Additional evidence in favor of surgical excision was provided by 
Lee and colleagues, who demonstrated that, although the overall risk 
for late neurologic events in patients undergoing AF surgery was low, 
surgical excision was associated with a lower risk for stroke or transient 
ischemic attack (TIA) as compared to all other LAA occlusion 
techniques including suture ligation and stapler exclusion/excision 
(0.2% vs 1.1%; p = 0.001)[14]. Based upon these retrospective findings, 
the authors then designed a pilot prospective randomized controlled 
trial to compare 3 surgical LAA occlusion techniques in 28 patients: 
internal suture ligation, stapler excision, and surgical excision[15]. The 
overall failure rate in this trial, defined as persistent stump >1cm or 
persistent flow between the left atrium and LAA on TEE, was 57%, 
with no significant differences among the groups. Importantly, early 
(intraoperative) failure was noted in 32% of patients, allowing for 
reintervention during the index surgery. Nevertheless, the findings 
of this study led Gillinov to conclude in his editorial commentary 
that surgeons’ confidence in LAA occlusion is misplaced and that 
device-based management of the LAA may represent a solution to 
the shortcomings of surgical management[16].

Surgical Closure Devices
     Due to the shortcomings of traditional surgical techniques 
for LAA occlusion, several surgical devices have been developed. 
Ironically, all of these devices are designed to occlude, rather than 
excise, the LAA, despite the previously presented evidence in favor of 
excision among the traditional techniques. The effectiveness of these 
devices depends primarily on their ability to sustain a high occlusion 
pressure as compared to suture ligation and stapling. Although the 
Tiger Paw System (Maquet Medical Systems, Wayne, NJ) initially 
received FDA 510(k) clearance in 2013, the FDA issued a Class I 
recall of the device in 2015 after reports of LAA tears leading to 
adverse events and death during use of the device[17]. Other devices 
such as the Cardioblate Closure Device (Medtronic, Fridley, MN) 

and the Sierra Ligation System (Aegis Medical Innovations, Inc., 
Vancouver, BC)are still considered investigational[18]. The most 
robust clinical experience currently available involves the AtriClip 
device (Atricure, Dayton, OH), designed as a parallel, self-closing 
clamp with cloth covering that exerts uniform pressure at the base 
of the LAA. This device aims to achieve atrophy of the LAA due 
to occlusion pressure with additional proposed advantages over 
traditional techniques including rapid deployment, the ability for 
reorientation and reapplication, electrical isolation of the LAA (to 
potentially reduce LAA arrhythmogenicity), and minimal risk for 
tears, bleeding, and circumflex artery injuries[19].

  In the EXCLUDE trial, 70 patients at risk for AF and stroke after 
cardiac surgery underwent LAA occlusion with the Atriclip device[20].  
Patients were assessed with transesophageal echocardiography 
intraoperatively and with CT scan at 3 months. Success was defined 
as Occlusion with no residual neck > 1cm and no leaks or migration. 
Device success was achieved in >95% of cases, and no device-related 
adverse events or perioperative mortalities occurred. After 3 months, 
>98% of patients undergoing TEE or computed tomography (CT)
imaging had complete LAA exclusion. The first long-term results for
the AtriClip device evaluated 40 patients with AF undergoing elective 
cardiac surgery with planned concomitant ablation and AtriClip
placement[21]. Although 10% of patients suffered early, non-device-
related mortality, the remaining 36 patients were serially evaluated
with computed tomography (CT) at 3, 12, 24, and 36 months. With
a 3.5 year mean duration of follow-up, 100% of clips were found
to be stable without any displacement, and no intracardial thrombi,
LAA perfusion, nor LAA stump were detected. Most importantly,
no strokes, TIAs, or other neuro events (aside from a single, unrelated
TIA 2 years postoperatively in a patient with a carotid plaque) were
reported. Very recently, a totally thoracoscopic approach for AtriClip
placement has been reported with a 94% success rate at 3-months as
evaluated by CT, proving the feasibility of performing LAA occlusion 
as a stand-alone procedure in select patients[22]. Further studies of
AtriClip and other LAA occlusion devices are on the horizon and
will certainly be informative regarding the safety and effectiveness of
these devices. 

When Should LAA Be Closed?
Given that the LAA serves as the primary source of thrombus in 

patients with AF who suffer from stroke, closure of the LAA has been 
proposed as a logical way to prevent adverse neurological events in 
certain patients. Indeed, the PROTECT AF (Watchman Left Atrial 
Appendage System for Embolic Protection in Patients with Atrial 
Fibrillation) trial was the first to demonstrate the non-inferiority 
of “local” occlusion of the LAA by any device versus warfarin 
anticoagulation in patients with nonvalvular AF[23]. In patients with 
a contraindication to anticoagulation, the percutaneously placed 
Watchman device has been shown to reduce strokes by 77% (1.7% 
vs 7.3% expected byCHADS2 score)[24], and the now-discontinued 
percutaneous PLAATO device reduced stroke rate by 55% (3.8% vs 
6.6% expected)[25].

LAA closure in patients with AF?
Both randomized controlled trials and registry data for percutaneous 

LAA occlusion devices are increasingly supporting a role for 
percutaneous LAA occlusion as an alternative to anticoagulation in 
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data; with permission, R. Whitlock).
LAA closure in patients without AF?

While there is evidence to support the practice of LAA occlusion 
in patients with AF undergoing cardiac surgery, the practice of 
prophylactic LAA closure in patients without AF undergoing 
cardiac surgery does not appear to be effective. A recent large-
scale, propensity-matched analysis of prophylactic LAA closure 
demonstrated that this practice was actually associated with an 
increase in early, postoperative AF (adjusted odds ratio 3.88) and did 
not decrease the risk of stroke or mortality[33].

Although routine LAA ligation in all-comers is contraindicated, 
further study is required to determine whether prophylactic LAA 
closure may be efficacious in certain patient groups at high risk for 
developing postoperative AF. For example, both the CHADS₂ and 
the CHA₂DS₂-VASc score have been demonstrated to predict the 
occurrence of postoperative AF following cardiac surgery:[34] could 
these scores be used to assign LAA closure to select patients? The first 
LAAOS study, during which routine LAA closure was performed 
in patients at increased risk for AF (CHADS₂>2), served as a pilot 
investigation into this very question .Because successful closure was 
achieved in only 45% of cases, it is difficult to conclude from this data 
that LAA closure should be performed routinely in patients without 
AF, even if they may be at high risk for developing postoperative 
AF; however, a significant learning curve was identified, whereby 
surgeons achieved nearly 90% success after their first four cases.

    Due to this promising signal of significantly increased efficacy of 
LAA closure after a brief learning curve, a large-scale randomized 
trial investigating prophylactic LAA closure in patients without 
preoperative AF at high risk for the development of postoperative 
AF is also currently underway. The ATLAS trial is randomizing 
patients without a documented history of AF but who are at high 
risk for the development of postoperative AF(CHA₂DS₂-VASc ≥2 
and HASBLED >3) who are undergoing elective cardiac surgery 
to LAA exclusion with the AtriClip or no concomitant AtriClip 
placement. The primary objective of this study is to compare the 
incidence and impact of postoperative AF among the two treatment 
arms. Interestingly, a prespecified secondary analysis of this trial is 
to evaluate the healthcare resource utilization (length of stay, re-
admission, and costs of care for AF) in each study group. The ATLAS 
study intends to enroll 2,000 patients at up to 40 sites throughout the 
United States.

Conclusion
  The LAAOS III and ATLAS trials will be the largest trials to 
investigate the efficacy of LAA occlusion for stroke prevention at 
the time of cardiac surgery in patients with AF and without AF at 
the time of surgery, respectively. The results of these trials are eagerly 
anticipated. Previous experience suggests that traditional surgical 
exclusion techniques are ineffective due to recanalization of the 
LAA. Surgical excision is effective if a cul-de-sac is not left behind 
by the surgeon. The AtriClip device also appears to be an effective 
method for LAA occlusion. There is currently no data to support 
routine, prophylactic LAA closure in an all-comer cardiac surgery 
patient population, but, with time, select patient populations who 
stand to benefit from this practice may be identified.

select patients[26], but these data cannot automatically be extrapolated 
to surgical LAA ligation. An early meta-analysis of the composite 
effectiveness of a variety of surgical LAA occlusion techniques 
concluded that there was insufficient evidence to support LAA 
occlusion in patients with AF undergoing cardiac surgery, primarily 
due to limited success rates (55-65%) and some evidence suggesting 
incomplete occlusion may actually increase the risk for adverse 
neurological events[27]. On the other hand, individual reports had 
provided evidence in favor of effective stroke reduction after LAA 
ligation, even if incomplete (6.7-fold risk reduction for incomplete 
ligation vs 11.9-fold risk reduction for complete ligation vs no 
ligation)[28]. Thus, the early experience with surgical LAA occlusion 
suggested that while complete LAA ligation may be beneficial, the 
complications associated with the procedure were not insignificant 
and the rate of successful closure (and therefore stroke protection) 
were, at best, limited.

With further investigation, however, accumulating evidence 
began to support the practice of surgical LAA excision or exclusion 
in conjunction with surgical ablation for AF for longitudinal 
thromboembolic morbidity prevention. This practice ultimately 
received a Class IIA recommendation (level of evidence C, “limited 
data”) in the 2017 Society of Thoracic Surgeons (STS) clinical 
practice guidelines[29]. The primary study cited in support of this 
recommendation was an updated meta-analysis that demonstrated 
significant reductions in stroke at 30-days (0.95% vs 1.9%, p=0.005) 
and at latest follow-up (1.4% vs 4.1%, p=0.01) in patients with AF 
undergoing LAA occlusion during cardiac surgery versus those with 
AF not undergoing this additional procedure at the time of surgery[30].  
LAA occlusion was also associated with a significant reduction in all-
cause mortality (1.9% vs 5% at latest follow-up, p=0.0003) in this 
study.

The LAAOS II study, designed as a pilot randomized investigation 
into LAA occlusion in patients with AF undergoing cardiac surgery 
demonstrated two key findings relevant to the question of performing 
LAA closure in patients with preoperative AF[31]. First, among a 
nearly 2,000 patient cross-section of cardiac surgery candidates, 
>10% had preoperative AF and nearly half of these met eligibility for 
randomization. Second, LAA closure was demonstrated to be safe 
after 51 patients had been randomized to occlusion vs no occlusion, as 
no detectible differences in mortality or major adverse cardiovascular 
and cerebrovascular events among the groups at 1-year.

Due to the success of this pilot study, the LAAOS III trial 
has been initiated to assess the impact of LAA occlusion on the 
incidence of ischemic stroke or TIA detected by neuroimaging and/
or systemic arterial embolism in patients with AF and CHA₂DS₂-
VASc ≥2 undergoing cardiac surgery on cardiopulmonary bypass[32]. 
This multicenter, international trial is randomizing a target goal of 
4,700 patients to LAA occlusion versus no occlusion at the time of 
cardiac surgery. Although amputation with double-layered linear 
closure of the LAA is the preferred and recommended technique for 
occlusion, stapler or other FDA-approved device closure of the LAA 
will also be permitted. Of note, purse-string closure of the LAA is 
not a permissible technique for patients enrolled in LAAOS III. As 
of the beginning of 2017, over 2,800 patients had been enrolled with 
an evenly-distributed case-mix of concomitant surgery (unpublished 
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Introduction
It is well known, that rhythm disorders play a pivotal role in patients 

with hypertrophic cardiomyopathy (HCM) and that ventricular 
arrhythmias are the major course of sudden cardiac death especially 
in young HCM patients[1]–[5]. Nevertheless, up to date the impact of 
atrial fibrillation (AF) in these patients is not well understood and in 
most cases detected by chance as a cause of heart failure or stroke[6]–

[7]. Early recognition and treatment of AF is essential to improve 
both, quality of life and clinical outcome. This review article gives an 
update about incidence, implication, diagnosis and therapy of atrial 
fibrillation in HCM.

Incidence of AF in HCM
HCM is the most frequent monogenetic cardiomyopathy with a 

prevalence of 1:500[8] Depending on the localization and degree of 
hypertrophy, HCM patients may present with various pathoanatomic 
and pathophysiologic anomalies, such as left ventricular outflow 
tract obstruction, mitral regurgitation, diastolic dysfunction and/or 
myocardial ischemia and fibrosis [Figure 1] and [Figure 2]. AF is 
the most frequent arrhythmia in HCM. Its prevalence depends on 
the severity of the disease with 22 % in a general cohort[7] and up to 
32% in a cohort prior to ICD and pacemaker implantation[9] [Table 
1]. The incidence for de-novo AF in a general HCM cohort is about 
2% per year[7–10].

Although the majority of HCM patients are asymptomatic, some 
develop heart failure, present with palpitations or suffer from stroke 

[10]–[13] [Table 1]. In all these devastating conditions, AF plays a key 
role[6].

Pathophysiology
 A regular atrial contraction is necessary for left ventricular filling 

and function especially in HCM patients with impaired diastolic 
function[14]. In this context, the presence of atrial arrhythmia impairs 
left ventricular outflow obstruction, mitral regurgitation, diastolic 
dysfunction and myocardial ischemia[14].

The interaction between AF and the pathophysiological and 
-anatomical changes in HCM is complex. It is known that atrial
fibrillation reflects both, the trigger and the result of morphological
and physiological changes in cardiac anatomy[5]. In HCM, multiple
changes may trigger atrial fibrillation [Figure 3]. As demonstrated in
MRI scans, myocardial fibrosis disturbs a regular electrical activity
leading to enhanced ectopy in atrial and ventricular myocardium[15]. 
Thick myocardium with reduced diastolic relaxation leads to higher
left ventricular pressure resulting in elevated left atrial pressure.
This process may induce atrial stress ultimately leading to atrial
enlargement and the development of AF. In some HCM patients
with LVOT obstruction, mitral valve anatomy and function are
altered leading to valve insufficiency that further enhances the left
atrial volume[16]. Mitral regurgitation is present in up to 30% in
HCM patients[16].

For many years, a high LVOT gradient was the key determinant 
in the diagnostic and therapeutic approach in HCM. However, 
recent studies have shown that additional parameter should be used 
to predict patient´s outcome: On a stepwise multivariate survival 
analysis, exercise capacity during stress echocardiography, abnormal 
heart rate recovery, and atrial fibrillation independently predicted 
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Abstract
Atrial fibrillation is common in hypertrophic cardiomyopathy with a prevalence of 22-32 %. The impact of atrial fibrillation on overall 

survival, left ventricular function, thromboembolic stroke and quality of life is crucial. This review enlightens incidence, pathophysiology, and 
clinical symptoms. Early recognition of atrial fibrillation is essential. Monitoring methods for early detection are described. Finally effective 
therapy options are discussed including oral anticoagulation and the role of interventional catheter-based ablation in the treatment of atrial 
fibrillation in HCM patients.
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patient´s outcome, whereas the LVOT gradient was not associated 
with atrial fibrillation and had no impact on the outcome[17-19].

Clinical Symptoms and Implications
 Maron et al. defined three distinctive modes of death in HCM: 

sudden and unexpected death (51%), progressive heart failure (36%), 
and HCM-related stroke associated with AF (13%)[20]. Sudden 
cardiac death is most common in young patients, whereas heart 
failure and stroke-related death occur more frequently in midlife and 
beyond[10].

The clinical presentation of HCM patients with AF is unspecific: 
some patients present with signs of heart failure (dyspnoea, 
hypotension, pulmonary edema, chest pain), arrhythmia (palpitations, 
presyncope, syncope) and/or stroke. However, many patients with 
AF do not have any symptoms and the AF is classified as subclinical. 
In our own experience, the majority of HCM patients with a cardiac 
rhythm management device and de-novo AF were free from clinical 
symptoms (88%)[9]. The incidence of subclinical AF was higher in 
this HCM cohort compared to other patients treated with cardiac 
rhythm management (CRM) devices such as patients with sick sinus 
syndrome[21], atrioventricular block[22],[23] or stroke[23],[24]. Only patients 
with ischemic cardiomyopathy and an ICD had an equivalent high 
incidence of de-novo AF[25].

The impact of AF on survival of HCM patients is discussed 
controversially[6],[26]. Olivotto et al. reported a HCM-related 
mortality of 1.7% per year and confirmed AF as an independent risk 
factor for cardiovascular death, heart failure, and stroke[6],[22]. Siontis 
et al. demonstrated that AF is associated with a nearly 50% increased 
relative risk for overall mortality[26]. However, in this study AF did 
not affect cardiac mortality[26]. One trial identified just paroxysmal AF 
but not permanent AF as an independent determinant of outcome, 
including the risk of HCM-related death[27], which was explained 
by the fact that paroxysmal AF in HCM patients may be frequently 
subclinical and therefore untreated. Of note, HCM patients with 
paroxysmal AF demonstrate exercise intolerance despite being in 
sinus rhythm at the time of exercise testing[28].

Interestingly, in a few case reports atrial fibrillation was anticipated 
to trigger sustained ventricular tachycardia and sudden cardiac death 
in HCM patients[29],[30]. Nevertheless, as valid data are missing atrial 
fibrillation is not classified as a major risk factor for sudden death in 
the current guidelines[5].

Stroke and HCM
     Patients with HCM have a high risk for stroke or thromboembolic 
events. Stroke is an important determinant of mortality, especially in 
older patients. Since symptomatic and subclinical AF is the main cause 
of thromboembolic stroke, early detection of AF is crucial for further 
therapy, particularly with regard to a required oral anticoagulation. 
Recently published reports have suspected the left ventricular apex 

Table 1: Prevalence of Atrial fibrillation and stroke in non-referral bias HCM 
cohorts

Author Year Number 
of patients 

Prevalence 
of AF 

Prevalence of 
Stroke or TIA

Masri et al[18] 2015 1005 19% 3%

Guttmann[58] 2015 4815 12.5% 3.6%

Siontis[26] 2014 3673 18% n.a.

Tian[6] 2013 654 24% n.a.

Maron[33] 2009 900 21% 6%

Olivotto[7] 2001 480 22% 21% for patients with AF , 

2.6% for patients without AF

as an alternative source of thromboembolic complications in HCM 
patients[31],[32]. In unselected HCM patients, stroke and peripheral 
embolism occur with a prevalence rate of 6% and an incidence of 
0.8% per year[7],[33] [Table 1]. However, in our own cohort of HCM 
patients who received a CRM device a much higher incidence of 
thromboembolic stroke could be detected (18%)[9].

Figure 1:  Left atrial enlargement in Hypertrophic Cardiomyopathy

Two-dimensional transthoracic echocardiography in a 40-year-old male patient with HCM and 
persistent atrial fibrillation showing an enlarged left atrium with LVOT hypertrophy (IVS 20mm).

Two-dimensional transthoracic echocardiography in the same 40-year-old male patient with HCM 
and persistent atrial fibrillation showing an enlarged left atrium and significant eccentric mitral 
regurgitation

Echocardiography and magnetic resonance tomography
     Echocardiography is the method of choice for HCM diagnosis. 
However, so far, no specific echocardiographic risk factor for the 
development of AF has been identified in these patients. A variety 

Figure 2:   Mitral regurgitation in Hypertrophic cardiomyopathy
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of pathologic alterations associated with HCM, such as diastolic 
dysfunction, left atrial enlargement, myocardial fibrosis, and 
myocardial ischemia, may promote the development of AF[17],[35], 

[36] [Figure 1] and [Figure 2]. Some studies reported that left atrial 
dilation was related to an adverse outcome[6], [37]. Magnetic resonance 
tomography can add optional information, especially regarding 
the fibrotic burden[38]. Nevertheless, the extent of late gadolinium 
enhancement was inferior to the left atrial size as the strongest 
determinant for predicting AF prevalence, which was the strongest 
determinant of AF[38]. Diastolic dysfunction was also confirmed as a 
predictor for AF in this MR study[38].

Treatment
Therapeutic options for HCM patients with AF do not differ from 

those without HCM. Early detection and therapy of AF is essential 
in the management of HCM. Two aspects in the management of AF 
in HCM are important: a timely oral anticoagulation even after one 
single episode of AF and an appropriate rhythm or rate control using 
medical and interventional options[39],[40].

Rhythm control strategy
We strongly suggest attempting a rhythm control strategy for 

every symptomatic patient with newly detected AF. Even though at 
the moment no data are available comparing a rhythm control versus 
rate control strategy in HCM, maintaining sinus rhythm as long as 
possible and restoring sinus rhythm as soon as possible is beneficial 
for both: control of symptoms and improvement of hemodynamics[40].
In symptomatic patients, we prefer a rapid electrical cardioversion 

to restore sinus rhythm according to the 2014 AHA/ACC/HRS 
and the 2016 ESC guidelines[5],[41]. Although, medical cardioversion 
is an alternative to electrical cardioversion, no controlled trials exist 
investigating different drugs in this regard. Suggested drugs to restore 
and maintain sinus rhythm are amiodarone, sotalol, disopyramide 
and dofetilide[5].

Amiodarone is considered as the best option for rhythm control 
because it is safe and effective in HCM patients[40]. For other 
antiarrhythmic drugs, there are no valid data regarding the value. 
We do not recommend class I antiarrhythmic agents (flecainide, 
disopyramide), sotalol, or dronedarone in HCM, because of their 
possible side effects like ventricular arrhythmia, atrioventricular 
conduction delay, QTc prolongation (sotalol) or anticholinergic 
syndromes (disopyramide)[40]. Dofetilide as a class III antiarrhythmic 
agent and an alternative for amiodarone is not available in Europe 
and Australia.

In all cases of HCM with AF a Beta-blocker is the basis of therapy[5]. 
Beta-blockers modulate sympathetic activity and improve ventricular 
contractility, so LVOT gradient lowers, diastolic dysfunction is 
improved, and the incidence of supraventricular and ventricular 
arrhythmia is reduced[40].

Patients with recurrent AF may benefit from interventional catheter-
based radiofrequency ablation, but randomized controlled trials are 
missing.

Many studies confirmed that catheter ablation is safe and effective 
for patients with HCM. However, the overall success rate is lower and 
usually more ablation procedures are required to achieve sinus rhythm 
compared with patients without HCM[42] [Table 2]. Santangeli et al. 
investigated the role of pulmonal vein isolation in patients with AF 
and HCM (28% paroxysmal AF). In this study, the success rate was 
low and additional procedures were needed. After a median follow-
up of 42 months, only 49% of the patients remained free from AF/
atrial tachycardia. All patients needed an additional procedure, in 
which pulmonal vein antrum and posterior wall remained isolated 
in 82% of the cases, but extra-PV triggers were documented in all 
patients[43].

 In a recent metaanalysis including 15 studies, single-procedure 
freedom from atrial arrhythmia at the latest follow-up was 45 %[44]. 
With multiple procedures, the final overall success rate was calculated 
with 66 %[44]. The final success rate was much higher in patients with 
paroxysmal AF with 72 % compared with only 47 % in persistent 
AF[44]. In many cases, even after successful ablation, antiarrhythmic 

Figure 3: Pathophysiology of Atrial Fibrillation in Hypertrophic 
Cardiomyopathy

Author Year Number 
of patients 

Paroxysmal 
AF 

Follow-up 
in months 

Patients in 
sinus rhythm 

Santangeli[43] 2013 43 28% 40 49%

Dareijko[59] 2013 30 47% 12 53%

Di Donna[60] 2010 61 57% 29 67%

Bunch[61] 2008 33 64% 18. 62%

Gaita[62] 2007 26 50% 19 64%

Kilicaslan[63] 2006 27 52% 11.5 70%

LA: left atrial diameter, LADP: left atrial diastolic pressure 10

Table 2:  Trials investigating Catheter Ablation in HCM patients with AF 
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Although long-term studies with novel oral anticoagulants 

are missing to date, few case reports exist showing direct oral 
anticoagulants to be as effective and save in HCM patients[31], [57].

    In conclusion, we recommend lifelong oral anticoagulation for 
every HCM patient with documented atrial fibrillation independent 
of her or his individual CHA₂DS₂-VASc Score to reduce the risk of 
stroke[33].

Conclusion
Atrial fibrillation is a major complication and reason for worse 

outcome in patients with HCM. Close and thorough investigations 
using ECG, Holter- ECG and implantable loop recorders, are 
extremely important to recognize and treat AF in a timely manner. 
If AF is detected, oral anticoagulation is indicated independently of 
the CHA₂DS₂-VASc Score. Rapid electrical cardioversion should be 
attempted to restore sinus rhythm. Beta-blockers and Amiodarone 
and in some cases interventional catheter-based radio frequency 
ablation are options to maintain the patient in sinus rhythm.
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therapy is required to maintain sinus rhythm[44]. Without anti-
arrhythmic drugs, the single-procedure success rate at latest follow-
up was 32.9% and after multiple procedures 50.4%[44]. The risk for 
HCM patients to experience a relapse after a single catheter ablation 
therapy is about 2 times higher compared to patients without HCM 
[42],[45],[46]. Left atrial dilation, mitral regurgitation, atrial fibrosis, left 
outflow tract obstruction, and persistent AF are linked to lower 
success rates of catheter ablation[42],[47],[48]. The best strategy for 
the ablation procedure (pulmonal vein isolation vs. pulmonal vein 
isolation combined with atrial modification) and the optimal energy 
force (radiofrequency ablation vs. cryoablation) is under discussion. 
Adding left atrial linear ablation to pulmonal vein isolation increased 
the success rate in one single center study[49]. Kuck et al. demonstrated 
that cryoablation is as safe and as effective as radiofrequency ablation 
in a general AF cohort[50]. In contrast to this observation, the success 
rate of cryoablation in HCM was low, but this trial observed only 
four HCM patients with AF[51].

Considering the present data, we do not recommend surgical 
ablation as first line or stand-alone ablation strategy. Compared to 
surgical ablation strategies the observed complication rate for catheter 
ablation procedures in HCM was low[42] with a higher success rate[52]. 
However, the Maze procedure, with concomitant septal myectomy 
or mitral valve replacement if indicated, appears to be feasible in 
patients with hypertrophic cardiomyopathy and refractory atrial 
fibrillation[53],[54].  

Rate Control Strategy
Until now, no data exist investigating a rate control strategy in 

patients with permanent AF in HCM. In line with other studies 
investigating a rate control strategy, we suggest beta-blockers or 
calcium antagonists for rate control, if a rhythm control strategy fails. 
Positive inotropic drugs such as digitalis are contraindicated[55]. AV-
nodal ablation is a final option to avoid high heart rate in patients 
without sufficient rate control[56].

Oral Anticoagulation
Maron et al. proved in a large cohort analysis of  900 HCM 

patients, that the cumulative incidence of stroke and peripheral 
embolism among patients with atrial fibrillation was significantly 
higher in non-anticoagulated patients compared with patients 
receiving warfarin[33]. New data are in line with these observations 
and show a 1.0% yearly risk for stroke and embolic events[12].

In contrast to patients without HCM, we do not have a validated 
risk score to define patients who benefit from oral anticoagulation. 
Even if the CHA₂DS₂-VASc  Score is zero, patients with HCM 
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Atrial Fibrillation as a Cause of Incident Heart Failure: A Discrete 
Clinical Phenotype
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In a recently published research paper by Dhawan and 
Gopinathannair[1] it was presented the clinically important relationship 
between arrhythmia and induced cardiomyopathy. It was stated 
correctly that this association is under-recognized and potentially 
reversible. In the present letter, it is underlined the clinical conundrum 
of the atrial fibrillation (AF) and heart failure (HF) coexistence with 
the appearance of multiple clinical phenotypes. Both AF and HF are 
common cardiac disorders with significant cardiovascular morbidity 
and mortality. The generation of multiple heterogeneous syndromes 
that follows the AF-HF coexistence is not always clearly defined 
and often each clinical entity begets the other one. But, among the 
clinical phenotypes produced it is possible to identify an under-
recognized and concealed subgroup of patients with pre-existent AF 
followed by incident HF that represents a distinct clinical phenotype. 
This subgroup represents a sizeable cohort of patients with a variety 
of important contributing clinical comorbidities or predictors or 
risk factors and ill defined pathophysiological mechanisms. In such 
complex clinical phenotypes the clinical problem is multifaceted 
with potential interconnections and interactions with comorbidities 
and other risk factors. Most probably this cohort of patients with 
AF is predisposed to incident HF because of myocardial or volume-
related structural changes like ventricular hypertrophy, left atrial 
or ventricular dilatation and diastolic dysfunction. Recognition of 
this vulnerable subgroup of patients with AF will permit specific 
therapeutic interventions aiming to change the unfavorable electrical 
and mechanical remodeling of left atrium or left ventricle. While the 
intimate relationship between AF and HF has been recognized, the 
frequency and clinical significance of the proposed phenotype has 
not been adequately evaluated and remains a clinical and therapeutic 
conundrum [Figure 1]. In the 2013 report of the American College 
of Cardiology Foundation/American Heart Association Task 
Force (ACCF/AHA) on Practice Guidelines for the “management 
of heart failure”, the AF section is included under the chapter of 
“Important Comorbidities in HF”[2]. Also, in the AF section, it 
is recorded that “for patients who develop HF as a result of AF, a 
rhythm control strategy should be pursued” and “it is important to 
recognize that AF with a rapid ventricular response is one of the 
few potentially reversible causes of HF”[2]. Despite this recognition, 
in both sections was underrated the existence of a separate clinical 

phenotype characterized by pre-existent AF followed by incident 
HF. Singh et al[3] state that “there is a subset of patients with AF 
who are predisposed to HF” and “identifying the exact phenotype is 
challenging due to the complexity of many contributing parameters”. 
Acknowledgement of the clinical importance of AF-HF association 
and recognition of the primary role of AF as a cause of HF should 
change the general notion that AF is only a comorbidity of HF. 
This clinically concealed subgroup should be given the status of 
a discrete clinical phenotype and recognized as such in medical 
disease taxonomy. It must be recognized that the proposed clinical 
syndrome is a separate phenotype of high epidemiological and 
clinical importance. Moreover, this recognition underlines the 
therapeutic strategy involved with prompt rhythm or rate control 
in order to avoid further HF progression and clinical deterioration. 
Two pertinent questions are raised related to the nature of AF-HF 
coexistence of the proposed clinical phenotype: what exactly causes 
the emergence of incident HF only in some of the patients with 
pre-existent AF and if the clinical subtype of HF with preserved 
ejection fraction (HFpEF) is more common than HF with reduced 
ejection fraction (HFrEF) [Figure 2]. For this purpose, large number 
of patients with AF should be followed-up both in observational and 
prospective randomized future clinical trials. Network data mining 
in patients with HF and AF is an important tool together with 
information and communication technologies to collect biological 
and clinical material related to pre-existent AF / incident HF 
phenotype. Technologies like network data mining may tract down 
from medical and other scientific literature relevant biological and 
clinical networks of importance for HF and AF patients. Network 
data mining from a variety of published or future clinical trials could 
detect relevant networks from genetics to clinical phenotypes and 
unveil specific robust networks related to comorbidities and genomic 
or nongenomic risk factors involved in the genesis of pre-existent AF / 
incident HF phenotype[4]. This approach may facilitate to understand 
and interpret the hidden pathophysiology and pathoetiology of 
the pre-existent AF and its progression to clinically significant 
HF. Future extensive clinical research in this field will facilitate the 
establishment of new diagnostic and therapeutic approaches.
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Figure 1: Comorbidities and pathophysiological changes are driving the
clinical coexistence between AF and HF.

Figure 2: A distinct phenotype of pre-existent AF progressing to incident HF, 
either as HFpEF or HFrEF subtype.
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